CESKA ZEMEDELSKA UNIVERZITA V PRAZE
Fakulta agrobiologie, potravinovych a prirodnich zdroju

Katedra ochrany rostlin

CESﬁAu )
ZEMEDELSKA
UNIVERZITA V PRAZE

Hodnoceni ucinkl prirodnich a nesyntetickych prostredkii

ochrany na vybrané Skidce a jejich pfirozené nepratele

doktorska disertaCni prace

Autor: Ing. Michal Skalsky

Skolitel: prof. RNDr. Ing. FrantiSek Kocourek, CSc.

Praha 2020



Podékovani

Rad bych touto cestou podékoval prof. RNDr. Ing. Frantisku Kocourkovi, CSc. za jeho cenné
rady, doporuceni a odborné konzultace potiebné pro sepsani piedkladané disertaéni prace. Rovnéz
bych chtél podékovat prof. Ing. Pavliu Rysankovi, CSc. za vstiicnost a pomoc pii ziskani potiebnych

informaci a podkladi.



Obsah

L VO oo 4
2. CHEPIACE ... 6
3. Literarni PFERIEd ............c.co.oooiiii 6
3.1. Syntetické pripravky pouZzité v experimentech ... 8
3.2. Prirodni a nechemické prostiedKy 0Chrany.............cccoorinies 11
3.3. Skiidci ovocnych plodin, u kterych byl hodnocen vliv prostiedki ochrany .................... 17
3.4. Predatori Skiidct ovocnych plodin, u kterych byl hodnocen vliv prostiedki ochrany 18

A, VYSIEAKY ..o 21
4.1. Utinnost pripravkid na prirodni bazi vochrané proti puklici $vestkové
Parthenolecanium corni (Bouché, 1844). ..o 21

4.2. Utinnost agrochemikalii proti listohlodovi podlouhlému Phyllobius oblongus........... 29
4.3. Synergické vlivy herbicidu na bazi glyfosati a tank mixovych smacedel na slid’aky..38
4.4. Utinky tzv. ,ekologicky Setrnych“ agrochemikalii na slunéfko vychodni
Harmonia axyridis (Coleoptera: CocCiNelidae)..............ccccouviviriiniriiiiiiiniiisicecesessees 45

. DHSKUZE ... 52
5.1. Utinnost pripravki na prirodni bazi vochrané proti puklici $vestkové
Parthenolecanium corni (Bouché, 1844) ..o 52

5.2. Utinnost agrochemikalii proti listohlodovi podlouhlému Phyllobius oblongus.............. 54
5.3. Synergické vlivy herbicidu na bazi glyfosati a tank mixovych smacedel na slid’aky. 56
5.4. Utinky tzv. ,ekologicky Setrnych“ agrochemikalii na slunéfko vychodni
Harmonia axyridis (Coleoptera: CocCIiNEldae)..........ccccvvvevvieciereiieieeeeeeeee e 58

B. ZLAVETY ... 59

B 1 =Y = L 1 - 61



1. Uvod

Problematika aplikace insekticidl a jejich vlivu na Zivotni prostiedi je velmi Siroké téma. Jsou
znamy ruzné letalni a subletalni u€inky insekticidii aplikovanych v ovocnych sadech nejen na cilové
organismy, kterymi jsou razné druhy skidct, ale také organismy necilové, a to predevSim na
opylovace (Park et al. 2015; Sandrock et al. 2014; Whitehorn et al. 2012; Muratet & Fontaine 2015)
a ruzné druhy predatorti (Niedobova et al. 2016; Xiao et al. 2016; Simsek et al. 2016). Neustala,
nékolikaleta aplikace konvencnich chemickych insekticidi omezeného spektra ucinnych latek, vedla
v n¢kterych ptipadech k ukonceni jejich pouzivani, napii. neonikotinoidy ¢i organofosfaty. Nejen z
téchto divodi je vytvaien tlak na nalezeni novych u¢innych latek, které by mohly nahradit u¢inné
latky dosud bézné pouzivané. Soucasné je pozornost zamétena na hledani ucinnych latek, predevsim
na ptirodni bazi, za ucelem snizeni rizika vzniku rezistenci a snizeni negativniho dopadu pesticidi na
zivotni prostiedi a zdravi lidi. Proto se hledd mozZny potencidl vyuziti i€innosti ptipravkil ziskanych
naptiklad z vyluht z rostlin (napf. Quassia amara Linnaeus, 1762, Pongamia pinnata Linnaeus,
1758, vyluhy z moftskych fas, atp.), preparatii na bazi entomopatogennich hub ¢i pidnich bakterii
(napt. Bacillus thuringiensis), riznych druhi oleji (pomerancovy olej, citrusovy olej, petrolejovy
olej, fepkovy olej aj.) atd.

Nekteré ptirodni nebo nesyntetické pripravky a prostiedky na ochranu rostlin mohou
piedstavovat vyrazné riziko pro uzite¢né organismy (Biondi et al. 2011; Kang et al. 2007a; Kang et
al. 2007b). Proto je zadouci testovat vliv téchto latek nejen na Skodlivé, ale také na uzite¢né
organismy a v systémech péstovani ovoce aplikovat pouze ty, které predstavuji co nejmensi riziko.
Samotné testovani pfedstavuje rovné€Z velkou vyzvu pro inovaci postupll ochrany ovoce proti
Skodlivym organismim v systémech integrované a ekologické produkce, nebot’ tradi¢ni hodnoceni
toxicity chemického oSetfeni vyuzivaného v zemé&d¢lstvi na necilové organismy je smcrované na
studium letalni davky nebo koncentrace, coz je nedostatecné zjisténi skutecného efektu oSetfeni
ptipravkem. V poslednich dvou desetiletich jsou ¢im dal astéji zjisStovany tzv. subletalni vlivy po
styku bezobratlych uZite¢nych organismil s prostfedky na ochranu rostlin nebo jejich rezidui.
UziteCny organismus neni pfimo usmrcen, ale je naruSena naptiklad schopnost lovu kofisti nebo je
ovlivnéna schopnost sameckl nalézt partnerku, déale byva ovliviiovana schopnost uceni a
neurofyziologie testovanych organismi (Behrend & Rypstra 2018; Desneux et al. 2007; Korenko et
al. 2016; Niedobova et al. 2016). Tyto zmény chovani mohou zistavat u zasazenych jedinci po
zbytek jejich zivota (Sih 2011). Subletalni vlivy mohou mit zaroven na populace uzite¢nych
bezobratlych totozny dopad jako vlivy letalni, nebot’ populace predatorti po styku s nékterymi

prostiedky na ochranu rostlin pfestavaji plnit v ekosystému svou funkci. Mezi velmi vyznamné



uzitecné organismy v sadech patii pavouci (Araneae), slunécka (Coccinellidae), zlatoockoviti
(Chrysopidae) (Pekar & Kocourek 2004; Nedvéd 2014 a 2015; New 1975). Tito zivo€ichové maji
dalezité postaveni v trofickém fetézci. Jsou pfirozenymi antagonisty Sktidct v sadech a pro ucely
testovani latek na ochranu rostlin a jejich rezidui se daji pouzit jako modelova skupina.

Ochrana ovocnych plodin proti $ktidcim v rezimu integrované produkce ovoce (dale IP) s
moznosti vyuziti syntetickych ptipravkl na ochranu rostlin (nedostate¢na ucinnost, selekce rezistence
apod.), je mnohdy velmi obtizna a komplikovana. Situace v ekologickém péstovani ovoce (dale EP)
konzumentl po ovoci péstovaném v EP, lze ocekéavat, ze bude nartistat i tlak na mnozstvi
vyprodukovaného ovoce v tomto rezimu péstovani. Proto je zapotiebi nalézt jiz zminéné nové
pfipravky a prostfedky na ochranu rostlin, ptfipadn¢ ucinné latky a jiné metody ochrany proti
Skidciim, které by bylo mozné racionaln€ vyuzit nejen v IP, ale také v systémech ekologického
péstovani ovoce.

S ohledem na vySe uvedené skuteCnosti a fakta byla disertatni prace zamétena na ziskani
novych poznatkii o potencidlné efektivnich, novych Uc¢innych latkach proti zivocisnym Skidcim
ovoce, a to piedevSim za celem rozsifeni soucasného, jiz velmi omezeného, spektra ptipravkil na
ochranu rostlin. Pfi komplexnim pojeti integrované ochrany je potfeba vnimat také vliv pesticidii na
uzitecné organismy. Proto se disertacni prace vénuje také rozsiteni znalosti o subletalnich a letalnich
vlivech na vybrané predatory.

Tématicky souvisi tato disertacni prace také s aktualni koncepci strategie Evropské komise
Farm to Fork, jejiZ soucasti je naptiklad opatieni, aby se do roku 2030 omezilo celkové pouZzivani a
smérnice o udrzitelném pouzivani pesticidi, posili ustanoveni o integrované ochrané rostlin a podpofi
rozsahlejsi vyuzivani bezpecnych alternativnich zpiisobli ochrany sklizné pted Skodlivymi organismy

a chorobami.



2. Cil prace
Zakladnim cilem diserta¢ni prace je zhodnoceni t¢innosti pfirodnich a nesyntetickych prostiedki
ochrany vici vybranym s$kiidcim ovoce a jejich pfirozenym nepiatelim, které jsou vyuzitelné v

systému integrované i ekologické produkcei ovoce.

Hypotéza 1: Riizné prostiedky ochrany s ta€innymi latkami s riznym mechanismem ucinku vykazuji

rozdilné ucinky na vybrané druhy zivocisnych skiidci a jejich pfirozenych neptatel.

Hypotéza 2: Piirodni a nesyntetické prostfedy ochrany maji stejny potencial ochrany ovocnych

plodin proti sktidetim jako konven¢né pouzivané chemické preparaty.

3. Literarni piehled

Intenzifikace zeméd¢lstvi se ve velké mite projevuje v oblasti péstovani ovoce, kdy ma tento
zpusob hospodareni velmi vyznamny vliv na negativni ptsobeni chorob a skiidct. Pfestoze dochazi
Skodlivymi organismy, jsou stile zdvazné. Zaroven se samotné naklady na aplikaci ochrannych
opatieni zvysuji, coz v kone¢ném dusledku snizuje konkurenceschopnost tuzemskych péstiteli ovoce
v jiz tak problematickém obdobi, jaké nyni ovocnaistvi zaziva (Kocourek et al. 2015).

Vétiina péstitelti ovoce v CR pecuje o své vysadby ve tiech zékladnich rezimech hospodaten.
Hospodaii bud'to v konvencnim rezimu ochrany, v systému integrované produkce ovoce nebo v
systému ekologického péstovani ovoce. Kazdy z téchto zplsobl péstovani ovoce vice ¢i méné
zavazuje ovocnafe k plnéni pevné stanovenych zavazk v navaznosti na ziskani statnich dotaci.
Integrovana produkce svymi nafizenimi a pozadavky usiluje o ekonomickou produkci ovoce vysoké
kvality pii uplatnéni dostupnych ekologicky Setrnych metod péstovani a minimalizace nezadoucich
vedlejSich G€inkli pouzivanych agrochemikalii pfi sou¢asném zajiSténi intenzity produkce, udrzeni
vysadeb v dobrém zdravotnim stavu a plném vyuziti vynosového potencidlu rostlin. P&stitelé zarazeni
do IP museji zérovent dodrzovat zasady integrované ochrany rostlin (IOR). Definice integrované
ochrany rostlin je, dle Smérnice Evropského parlamentu a Rady 2009/128/ES z roku 2009,
nasledujici: ,,Integrované ochrana rostlin je peclivé zvazovani veskerych dostupnych metod ochrany
rostlin a naslednd integrace vhodnych opatteni, kterd potlacuji rozvoj populaci skodlivych organismt

a udrzuji pouzivani ptipravki na ochranu rostlin a jinych forem zasahu na Grovnich, které lze z
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hospodarského a ekologického hlediska odlivodnit a které snizuji ¢i minimalizuji rizika pro lidské
zdravi nebo zivotni prostiedi“. Z hlediska skodlivych organismu lze fici, ze IOR je systém, ktery
slu¢uje a vyuziva vSechny zndmé metody regulace Skodlivého vyskytu houbovych chorob a
zivoc¢isnych Skudct. Kromé piimych metod chemické a mechanické ochrany obsahuje 1 metody
nepiimé, jako je volba stanovisté a odridy, obdélavani pady, fez, podpora prirozenych predatorti atd.
Vyznamnou soucdsti piimé ochrany rostlin je vyuzivani biologickych metod a dostupnych
biopreparatl a ptipravkil na bazi feromont, registrovanych v Registru piipravkl na ochranu rostlin
spravovaného UKZUZ. Hlavni ideou IOR je provadéni ochrannych opatieni pouze v ptipadg, Ze doslo
k ptekroceni prahu Skodlivosti daného $kodlivého organismu. Z tohoto divodu by méli ovocnafi
vénovat maximalni mozné usili samotnému monitoringu Skodlivych organismi. Aby piipadné
ochranné zéasahy byly efektivni a ptfesné cilené, je nezbytné sledovat také vyvojova stadia
jednotlivych Skiideti pro stanoveni spravného terminu oSetfeni. Tim dojde ke zvySeni efektivity
ochrany a minimalizuje se pocet nezbytnych ochrannych zasahti a s tim souvisejici mnozstvi rezidui
pesticidnich latek v zivotnim prostiedi (Kloutvorova et al. 2015; Kloutvorova et al. 2011; Lansky et
al. 2005).

Pokud zaélefiujeme nové ptipravky a pomocné prostiedky do systémid ochrany ovoce, je
potieba, aby se jednalo o latky efektivni, tedy ucinné k potla¢eni daného skodlivého organismu.
Vhodnym zdrojem pro nalezeni takovychto pifipravki jsou zkuSenosti ze zahranici (Francie, Italie,
Némecko, Rakousko, Velka Britanie, USA atd.), kde je mnohem vice rozsitena ekologicka produkce
a systémy ochrany zahrnuji rizné ucinné latky pfirodniho plivodu. Soucasné je vSak tfeba ovéfit
moznosti vyuziti téchto latek pro podminky CR, nebot’ u¢innost jejich aplikace mize byt ovlivnéna
klimatickymi podminkami regionti v CR, které ovliviiuji vyvoj chorob a $ktidcti specificky pro dané
oblasti. Rovnéz také vliv odlisnych péstovanych odrid, jiné pidni vlastnosti, specifické spektrum
zastupcl jednotlivych skupin organismli apod. mohou rozhodovat o uspéSnosti zvoleného
ochranného opatieni. Zaroven je ale potieba znat vedlejsi vliv ptipravka na necilové organismy, a to
predevs§im na predatory. U vétSiny prostredkil registrovanych jako hnojiva ¢i pomocné prostredky
na ochranu rostlin neni tento vedlejsi, at’ uz letalni ¢i subletalni, vliv na predatory znam. Pokud tedy
chceme Uspé$né zvladnout ochranu proti Zivo€isnym Skiidclim ovoce, je potieba spravné zaclenit do
praxe komplex vice faktort, které spolu ale velmi uzce souviseji. Pfirozeni neptatelé Skadci piispivaji
k trvalé udrzitelnosti agroekosytému (Rigby & Céceres 2001) a to tim, Ze pfedstavuji velmi vyznamné
moznosti, jak pfispivat k potlatovani Skodlivych organismt nechemickou cestou (Barzman 2015).
Hodnota bezobratlych uzitecnych organismi za poskytované ekosystémové sluzby byla ve Spojenych
statech vycislena na né€kolik miliard dolarGi ro¢n¢ (Isaasc et al. 2009; Losey & Vaughan 2006;

Wyckhuys et al. 2013). V soucasnoti se v zemich Evropské Unie registruji pomocné prostiedky na
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ochranu rostlin, které nepodléhaji béznému systému hodnoceni a schvalovani jako je tomu u
ptipravkli na ochranu rostlin. Tyto prostiedky zlepSuji vitalitu rostlin a mohou mit také vedlejsi
insekticidni u¢inky. Nékteré jsou urCeny také do systému ekologické produkce.

Proces zaclenéni latek na ptirodni bazi do systému ochrany ovoce podporuje svym zamétenim
plnéni cili integrované produkce, resp. integrované ochrany ovoce. Nové biologické ptipravky a
pomocné prostiedky na ochranu rostlin se ve vétSiné piipadli zakomponuji také do systému
ekologické produkce ovoce. Vzniknout tak nové moznosti ochrany a celkové nové systémy ochrany
ovocnych plodin za ekologicky ptiznivych podminek pro Zivotni prostfedi. AvSak nestaci znat pouze
data o ucinnosti jednotlivych ptipravkl proti skiidciim. Je nutné se zaméfit také na Sirsi pojeti této
problematiky a hodnotit i mozné fytotoxické ucinky na oSetfeny porost, negativni vlivy na necilové

organismy atp.

3.1. Syntetické pripravky pouzité v experimentech

Reldan 22 (chlorpyrifos-methyl)

Utinn4 latka ze skupiny organofosfati chlorpyrifos-methyl se vyznaduje $irokym spektrem
ucinnosti na fadu druhii Skiidci v zeméd¢lstvi. Na hmyz pusobi kontaktné, poZerové a fumigacné.
Ma nizkou rozpustnost ve vodé, latka je velmi t€kava a neni mobilni. Na zdkladé téchto vlastnosti
existuje malé riziko vyluhovani do podzemnich vod. Pro savce neni vysoce toxicky, ale je
klasifikovan jako inhibitor acetylcholinesterazy a je povazovan za neurotoxicky. Dale je také
drézdivy a senzibilizujici pokoZku. Chlopyrifos-methyl je velmi toxicky pro ryby a vodni organismy
s dlouhodobym rezidualnim G¢inkem a stfedné toxicky pro ptaky, vodni rostliny, fasy a Zizaly (PPDB:
Pesticide Properties DataBase 2019).

Chlopyrifos-methyl, resp. komeréni ptipravky Reldan 22 a Pyrinex M22 s touto u¢innou
latkou jsou klasifikovany jako zvlast nebezpecné pro véely a jejich aplikace je mozné aZ po skonceni
letové aktivity vcel. Jsou, resp. byly povoleny, k aplikaci max. 1x za vegetacni obdobi. Na zacatku
roku 2020 bylo Evropskou komisi rozhodnuto o zdkazu pouZzivani G¢innych latek chlorpyrifos a
chlorpyrifos-methyl v ¢lenskych statech EU.

Do experimentii byl Reldan 22 zahrnut jako standardni ptipravek s Sirokym spektrem
ucinnosti proti mnoha druhiim sktidcti ovocnych plodin a diky své neselektivnosti byl tento ptipravek
zatazen také do pokusti zaméfenych na vliv vybranych pfipravkil na necilové organismy, v naSem

ptipadé na larvy a dospélce slunécka vychodniho (Harmonia axyridis).



Mospilan 20 SP (acetamiprid)

Pusobi jako systémovy, kontaktni a pozerovy jed. Je to heterocyklicky aromaticky
neonikotinoid, vysoce rozpustny ve vodé, t€kavy. Co se toxicity tyce, jedna se o tc¢innou latku mirné
toxickou pro savce, vysoce toxickou pro ptaky a zizaly a stiedné toxickou pro vétSinu vodnich
mohou poskytnout neddvno publikované vysledky vyzkumu, béhem néhoz byl identifikovan enzym
podilejici se u vcel a cmelakii na metabolizaci neonikotinoida acetamiprid a thiacloprid. Autofi studie
identifikovali enzym z komplexu enzyma cytochromu P450, ktery je odpovédny za metabolizaci
téchto ucinnych latek na méné toxické produkty. To je dano zménou ve struktuie téchto dvou latek,
kterou se odliSuji od ostatnich neonikotinoidti (imidakloprid, klothianidin a thiamethoxam), jez jsou
povazovany za vysoce rizikové pro vcely. Acetamiprid se dle vysledku studii v ptidé nekumuluje,
pomérné rychle se aerobné rozklada, na jeho biodegradaci se podileji také piidni mikroorganismy.
Jako insekticidni u¢inna latka ma uplatnéni v ovocnarstvi, zelinafstvi a zahradnictvi, Acetamiprid ma
ovicidni, larvicidni a adulticidni ucinky. Jeho Gcinnosti je vyuzivano v ovocnafstvi predevSim v
ochran¢ proti msicim, pilatkdm, obalec¢iim a dalSim druhtim Sktdct. (PPDB: Pesticide Properties
DataBase 2019; Kundoo et al. 2018)

Otazkou je, jak dlouho bude jesté mozné piipravky s tcinnou latkou acetamiprid pouzivat.
Nové totiz doslo na zacatku roku 2020, stejné jako v ptipadé ucinnych latek chlorpyrifos a
chlorpyrifos-methyl, k ukonéeni pouzivani nejbéznéjsiho z neonikotinoidt, uc¢inné latky thiacloprid.
Bylo vydano rozhodnuti Evropské komise o ukonceni pouzivani pro ¢lenské staty EU. Zasoby lze
spotiebovat do 3. inora 2021. Acetamiprid tedy ziistava zatim posledni G¢innou latkou ze skupiny
neonikotinoidu, ktera je jesté povolena k pouzivani bez omezeni.

Do experimentil byl zafazen pfedevSim jako jeden z nejbéZnéji pouzivanych insekticidl v

ovocnafstvi v CR s §irokym spektrem pouziti, a to v mnoha ovocnych plodinach.

Roundup klasik Pro (glyfosat)

Ptipravky s u€innou latkou glyfosat jsou Sirokospektralni systémové herbicidy. Celosvétoveé
je glyfosat nejpouzivanéjsi herbicidni ucinnou latkou. Vyuziti naléza pfti aplikaci za ti€elem likvidace
plevelil v polnich plodinach, ale v také v ovocnych sadech, lesnické produkei, v pé¢i o méstskou zelen
au laické vetejnosti (zahradkari). Princip u¢inku glyfosatu je inhibice enzymu zapojeného do syntézy
aminokyselin. Jeho u¢innost je tedy pouze pii aplikaci na rostouci rostliny a neni ho mozné pouzit
jako preventivni oSetfeni. Pti aplikaci je glyfosat pevné vazan v pudé, nepfedpoklada se tedy prusak
do spodnich vod, degraduje v zavislosti na podminkach v priiméru 45 dnii. Oproti pid¢, ve vodnim

prostiedi degraduje pomaleji. I proto jsou ptipravky obsahujici u€innou latku glyfosat povazovany za
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nebezpecné pro vodni prostiedi. Co se tyce rizika pro ¢loveka, ten mize byt glyfosatu vystaven
kontaktem, vdechnutim ¢i pozfenim. Samotny Cisty glyfosat je pro ¢lovéka pouze mirné toxicky.
Vlivy glyfosatu, jakozto u¢inné latky, byly v kontextu s zivotnim prostfedim v minulosti
hodnoceny jako miniméaln¢ Skodlivé (Baylis 2000). Nutno podotknout, Zze samotna ucinna latka se do
zivotniho prostiedi bézné neaplikuje. Aplikuje se prostiedek obsahujici i¢innou latku a rizné piidatné
latky, mimo jiné také smacedla. Takovato smés ma pozménéné vlastnosti a neni ekotoxikologicky
hodnocena, a to i piesto, v jak obrovském rozsahu se tyto smési dostavaji do zivotniho prostiedi. Pro
konkrétni predstavu, ucinna latka glyfosat je obsazena ve vice nez 750 rtiznych produktech (Guyton
et al. 2015) a za posledni dekadu ji bylo do Zivotniho prostiedi aplikovano 6,1 miliard kilograma
(Benbrook 2016). Navic samotni vyrobci celé fady piipravkd s obsahem glyfosati (napt. Monsanto
2019) doporucuji pridavat k témto produktim bézné¢ dostupnd tzv. tank-mixova smacedla, pro
zvySeni efektivity u€inné latky. Pfestoze sméacedla maji schopnost ménit povrchové napéti a umoziuji
lepsi pronikani u¢inné latky do cilového organismu, nepodléhaji zadnému hodnoceni ve smyslu vlivu
na uziteCné organismy, a to samé plati pro tank-mixové smési piipravki na bazi glyfosati a tank-
mixovych smacedel. Jako modelova skupina pro zkoumani vlivii uvedenych agrochemikalii a jejich
smési, byli zvoleni slid’aci rodu Pardosa. Tito pavouci se bézné vyskytuji ve velkych populacnich
hustotach v celé fad¢ agroekosytémd, lesnich ekosystému, parcich i v zahradach, maji denni aktivitu
a pohybuji se po zemi, proto je velkd pravdépodobnost, Zze se dostanou do pfimého kontaktu s
postiikem. Pavouci vSeobecn€ jsou vyznamnou soucasti potravnich fetézcli a jsou schopni v
globalnim métitku zkonzumovat 400 — 800 miliond tun kofisti roéné (Nyffeler & Birkhofer 2017).
Nejen v agroekosystémech, ale v podstaté¢ vSude, kde se herbicidy na bazi glyfosatu pouZzivaji,
muizeme najit pavouky, ktetfi se vyznamnou mérou podileji na regulaci $ktidcl, coz berou v uvahu
hlavné takové zpusoby hospodareni, jejichZ cilem je zachovani trvalé udrzitelnosti (Barzman 2015).
Byla publikovana celd fada studii, které poukazuji na abnormdlni reakce pavoukl pii styku s
herbicidy a na jejich zmény v predacnim chovani (napf. Behrend & Rypstra 2018; Korenko et al.
2016). Zmény v preda¢nim chovani nastavaji i po kontaktu s tank-mixovymi smacedly (Niedobova

et al. 2016). Nicmén¢ o vlivu tank mixt herbicida se smacedly na pavouky se nevi téméf nic.
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3.2. Prirodni a nechemické prostiredky ochrany

a) Entomopatogenni viry, bakterie

V CR jsou v ochrané ovocnych plodin pouZzivany preparaty obsahujici viry rodu
Betabaculovirus. Jedna se o selektivni prostiedek ochrany, diky virulenci pro jeden nebo nékolik
malo druhd Skudct z fad motyla. Entomopatogenni viry se jako pfirod¢ blizkd metoda ochrany
pouzivaji predevSim v systémech ochrany proti obaleCi jablecnému (virus granuldézy obalecCe
jable¢ného — Cydia pomonella granulovirus, neboli CpGV) a obaleci zimolezovému (virus granulézy
obale¢e zimolezového — Adoxophyes orana granulovirus, neboli AdorGV). Housenky obalece
jable¢ného napadené virem CpGV se po nékolika dnech piestavaji pohybovat, nepiijimaji potravu,
nespradaji vlakna a nakonec hynou. Pfi aplikaci ve spravném terminu a dostatecnou davkou hynou
po vylihnuti z vajicek dfive, nez vytvoii zavrtek do duzniny nebo k jadtinci. Aplikace CpGV se
pouziva zejména pii oSetfeni proti prvni generaci obalece jable¢ného, ato v 3-5 opakovanych davkach
po 5 az 10 dnech. Virus AdorGV nezabrani zptisobeni §kod na plodech, protoZe zplisobuje vleklou
infekci, diky které umird jedinec az v poslednim vyvojovém stadiu. Upfednostiiuje se tak jarni
osetfeni proti pfezimujicim housenkam 2. a 3. instaru, které Skodi pozerem predevsim na listech ¢i
kvétech (Sauer et al. 2017a; Kocourek et al. 2015; Kloutvorova et al. 2011).

V oblasti vyuziti bakterii v ochrané ovocnych plodin proti Skidciim se vyuZiva poZerového
ucinku entomopatogenni bakterie Bacillus thuringiensis, pfesnéji Bacillus thuringiensis ssp. kurstaki.
Bakterie tohoto kmene jsou UCinné proti housenkam pid'alek, obaleCe jablecného, obalece
Svestkového, obalece vychodniho, obalece jablonového a dal§im druhim slupkovych a pupenovych
obalecu. Ve svéte se také pouziva Bacillus thuringiensis ssp. tenebrionis v ochrané proti kvétopasovi
jablofiovému. V CR neni ale preparat s touto bakterii k dispozici. Po pozieni bakterie Bacillus
thuringiensis dochazi u skudce k paralyze stieva jiz béhem nékolika hodin. Jedinec piestava piijimat
potravu, resp. zptsobovat $kody. Uginnost této bakterie ma ale také své specifika. Spory jsou velmi
rychle inaktivovany slune¢nim zéafenim a spodni hranice, pii které mohou byt spory pfijaty Zirem
hostitele je 15 °C (Weeks & Parris 2020; Branscome et al. 2019; Kocourek et al. 2015; Kloutvorova
etal. 2011).

b) Hlistice a ¢lenovci

Pé&stitelé ovoce maji moZnost v ramci nechemickych metod ochrany aplikovat ¢i introdukovat
rizné druhy bioagens, mezi kterymi se uplatiiuji predevSim hlistice a dravi rozto¢i. Z hlistic se
pouzivaji zastupci z Celedi Steinernematidae a Heterorhabditidae. Na cilové skiidce ucinkuji diky
symbiodze s bakteriemi, které infikuji hostitele. Pfi oSetteni jsou aplikovany zalivkou nebo postiikem

larvy tfetiho vyvojového stupné. Co se tyce konkrétnich druhti, Steinernema feltiae se pouziva v
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ochran¢ proti smutnicim, Steinernema carpocapsae proti piezimujicim housenkam obalece
jable¢ného a Heterorhabditis bacteriophora proti pidnim larvam brouk a housenek (napf.
lalokonosci) (Kocourek et al. 2015; Kloutvorova et al. 2011; Ciche 2007).

Z dravych rozto¢u se v ovocnafstvi nejvice pouziva introdukce rozto¢e Typhlodromus pyri za
ucelem redukce populaci roztocti. Dale se pak naptiklad v jahodnikovych porostech vyuziva dravych
rozto¢t Amblyseius californicus, Amblyseius cucumeris a Phytoseiulus presimilis (Lorenzon et al.
2018; Kocourek et al. 2015; Kloutvorova et al. 2011).

c) Botanické insekticidy, oleje a anorganické latky

Stim, jak v poslednich letech dochdzi k vyznamné redukci portfolia konvencnich
syntetickych pfipravki na ochranu rostlin, nastava trend hledani novych, Kk pfirodé SetrnéjSich
alternativ. Mezi tyto alternativy patfi zejména pravé piipravky a prostfedky ochrany na bazi
botanickych extrakti, olejli a anorganickych latek. Ve vétsing ptipadech se jedna o latky, které ptisobi
po kontaktu se sktidcem, ktery nasledné€ hyne. Z oleji se v soucasn¢ dob¢ nejvice v ovocnarstvi
pouziva fepkovy olej Ekol, a to bud’ samostatné v ramci oSetieni proti ptezimujicim Skudctiim, a nebo
samostatné jako smacedlo. Déle se pouziva také napiiklad ptipravek na bazi extraktu ze semen Stromu
Azadirachta indica, komercni nazev NeemAzal T/S (Kocourek et al. 2015; Kloutvorova et al. 2011;
Isman et al. 1991).

Na trhu jsou dostupné nékteré dalsi olejnaté ptipravky a prostfedky, které jsou v soucasné
dobé pouzitelné zejména pro zahradkare a drobné péstitele, protoZe se prodavaji ve formeé malobaleni.
Jedna se napiiklad o ptipravek Rock Effect, produkt obsahujici olej z Pongamia pinnata. Je mozné
si také zakoupit dievni $tépku z kefe hotkoné obecné (Quassia amara) a vyrobit si tak potiebny
extrakt. Nicméné€ ucinna latka quassin, kterd se diky extrakci ze dfevni hmoty ziska, je uvedena v
Anexu I (European Commission 2020). Cesti ovocnafi tak maji zakazano tuto ué¢innou latku
aplikovat. V dohledné dobé se pravdépodobné uskute¢ni registrace piipravku na bazi ptirodniho
pyretrinu, ktery se ziskava jako extrakt z kopretiny starckolisté (Chrysanthemum cinerariaefolium),
pro pouziti ptimo do ovocnych plodin. Popis této latky je uveden nize.

Mezi anorganické latky pouzivané v ovocnaistvi patii sira, ktera se ispé$né vyuziva v ochrané
proti vinovniklim a hal¢ivelim, a to 1 v pribéhu vegetace. Dale se pouziva také kaolin, ktery je
aplikovan v predjafi za ticelem synchronizace kladeni mery hrusnové. Kaolin se v zahrani¢i vyuziva
ve vEtsi mife, a to predevsim v ramcei sytému ochrany proti octomilce japonské (Drosophila suzukii).

Nosnym piipravkem, ktery je v ovocnéistvi pouzivan k ochrané proti riiznym druhtim sktidct,
je ptipravek SpinTor s ucinnou latkou spinosad, Coz je metabolit pidniho mikroorganismu,

aktinomycety Saccharopolyspora spinosa (Kocourek et al. 2015; Kloutvorova et al. 2011).
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d) Feromony

Synteticky vyrobenych feromoni se vyuziva v ovocnafstvi nejen pro potieby monitoringu
ruznych druhti sktidcii (obaleci, Stitenky, nesytky, a dalsi), ale také jako nechemicka metoda ochrany.
Feromonové odparniky rozmisténé po celé plose sadu vylucuji samici feromon. V dasledku piesyceni
dané vysadby sami¢im feromonem nejsou samecci schopni identifikovat samic¢ku a spéfit se s ni.
Samicky zlstavaji neoplodnény a dochézi k redukci populace. Tato metoda je vhodna do systémut
integrované ochrany, velké uplatnéni nachazi také v ekologické produkcei ovoce a v rdmci péstovani
ovoce urcen¢ho pro détskou vyzivu. Metoda mateni samcii nezanechava na ovoci zadna rezidua, je
bezpecna pro zivotni prostiedi a zdravi lidi, je selektivni k danému druhu Skiidce, neovliviluje
negativné populace uziteCnych organismli a nedochazi k selekci rezistentnich jedinct k pouzitym
feromontm. Nutno podotknout, Ze aplikaci feromonovych odparnikii nedojde k tak rychlému sniZeni
Skodlivosti daného skiidce. Ke snizovani populace Skidce a jeho Skodlivosti dochdzi postupné. Je
idealni doplnit tuto metodu o oSetfeni porostu piipravky na bazi entomopatogennich vird nebo
Bacillus thuringiensis. Dalsim rizikem pfi zavedeni této metody je to, Ze v disledku omezeni aplikace
syntetickych pesticidi, které jsou v n€kterych ptipadech neselektivni, dochéazi k rozvoji sekundarnich
Skodlivych organismd, ZivociSnych skidcil a virt (mSice, Cervci, proliferace jablong, aj.).

Od roku 2006 se v CR pouzivaji feromonové odparniky v ramci tzv. metody dezorientace
samci proti obaleci jablecnému (Isomate C Plus) a obaleci zimolezovému (Isomate CLR). V dalSich
letech byla tato metoda roz$ifena o dal$i druhy sktidct, a to obalece vychodniho, obalece §vestkového
a obalecl z rodu Grapholita (Isonet A) a také nesytku jabloniovou (Isomate P) a nesytku rybizovou
(Isomate Z). Nov¢ nabizi firma Bayer feromonové odparniky s obchodnim ndzvem RAK 1+2 M,
které budou pravdépodobné¢ v dohledné dobé pouzitelné také v ochrané jadrovin proti obale¢im
(Kocourek et al. 2015; Kloutvorova et al. 2011; Kutinkova et al. 2009).

Dale je niZe uveden piehled konkrétnich piipravka a prostfedkli ochrany na pfirodni bazi,
které byly zahrnuty do experimentti. Nutno podotknout, ze u nékterych pomocnych prostiedka nejsou
k dispozici podrobnéjsi informace o slozeni, mechanismu ucinku atp. Jednim z diivodi je fakt, Ze se
mnohdy jedna o produkty (hnojiva, atd.), u kterych neni pii procesu registrace vyzadovana podrobna
dokumentace souvisejici s ptipadnymi vlivy na necilové organismy jako je tomu u klasickych
pfipavki na ochranu rostlin, CozZ samoziejmé plyne ze samotného charakteru pomocnych prostredkt

na ochranu rostlin. Také proto byly podrobeny testovani prave tyto latky.

Agrovital
Multifunk¢ni pomocna latka (pinolene 96 %), pouzivana predevsim jako smacedlo, podporuje

a prodluzuje kontaktni i systémovou uc¢innost ptipravkli na ochranu rostlin a chrani je proti odparu 1
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pted tletem vétrem a smyvem destém. Vlivem plsobeni vzduchu a UV zafeni Agrovital na povrchu
rostlinnych pletiv polymerizuje a vytvaii pruznou polopropustnou vicevrstevnou membranu piirodni
zivice. Piipravek je urcen také pro ekologické zemédélstvi. Do pokust zaméfenych na vliv smacedel
samotnych ¢i v kombinaci s u¢innou latkou glyfosat byl tento ptipravek zahrnut s ohledem na jeho

¢etné aplikace v zemédélstvi (Niedobova et al. 2019; Agrofert 2019).

Boundary SW

Jedna se o pomocny prostiedek na ochranu rostlin s obsahem dusiku a uhliku biologického
ptavodu. Jde o kapalny extrakt ziskany fyzikalni metodou z fermentovanych motskych hnédych tas,
doplnény o extrakt ze sukulentl. Obsazené biologicky aktivni latky extrahované z moiskych fas a
sukulentil zvySuji odolnost rostlin proti abiotickym faktorim, stimuluji tvorbu kotfenového systému,
a tak podporuji jejich zdravy rist a vyvoj (ICAS 2017).

Tento produkt ziskal certifikaci Ecocertu, jakozto produkt vhodny pro ekologické hospodaieni
v Evropé a Americe (Group ECOCERT 2019). V CR byl registrovan k aplikaci jak v rezimu
integrované ochrany, tak v rezimu ekologické produkce zeleniny a ovoce. Nicméné na zacatku roku
2019 bylo prokazino prostfednictvim rozborit UKZUZ, ze Boundary SW obsahuje zakazanou
ucinnou latku matrine a v dasledku toho byl tento prostiedek ochrany stazen z prodeje a byla zakdzana
jeho aplikace. Boundary SW mél velky potencial jakozto akaricidni prostiedek v ochrané ovoce a
zeleniny proti roztocim (svilusky, vlnovnici, hal¢ivci). Nalezend G€inna latka matrine, kterd je
povazovéna jako akaricidni, doklada i¢innost, jenz byla zji§téna v provadénych testech ve VSUO

Holovousy.

EKOL

Pomocny prostfedek na ochranu rostlin s fyzikalnim pisobenim na zivoci$né skudce. Plisobi
kontaktné, proto je potieba pfi aplikaci dokonale smacet porost aplika¢ni kapalinou. EKOL obsahuje
90 % tepkového oleje a 10 % etoxylovanych mastnych kyselin. Pouziva se bud’to samotny, naptiklad
proti pfezimujicim $ktidcim ovocnych plodin v ramci ptedjarniho oSetfeni nebo jako smacedlo v
tank-mixu s pesticidy. V minulych letech byl proti pfezimujicim Skiidcim aplikovan tank-mix
ptipravkli EKOL a Reldan 22. Vzhledem k ukonceni pouZivani pfipravkii Reldan 22 je mozné proti
pfezimujicim Sktidetim aplikovat jiZ pouze samotny EKOL ve vysSich davkach, a to alesponi 20 1/ha.
EKOL se dale pouziva v ochrané okrasnych dfevin a révy vinné. EKOL je povolen pro aplikaci v

ekologickém a integrovaném systémil péstovani ovoce.

14



FerrumQil

FerrumOil je tekuté foliarni hnojivo s obsahem Zeleza, hot¢iku a dusiku zvySujici odolnost
rostlin proti Skiidctim a houbovym chorobam. Stopové prvky (Fe, Mg) jsou v komplexu s kyselinou
citronovou, ¢imz je hnojivo velmi rychle absorbovano pletivy rostlin. FerrumOil obsahuje také
pfirodni mastné kyseliny a terpeny, které zajisti pfilnavost a rovnomérné naneseni hnojiva na listovou
plochu rostliny. Pfirodni mastné kyseliny a terpeny v hnojivu snizuji riziko napadeni rostlin zravymi
Sktudci a naptiklad vyskyt padli. Dle vyrobce je oblast vyuziti nejen v ovocnarstvi, ale také ve

vinohradnictvi a zelinaistvi (BIOKA 2019).

Konflic

Jedna se o pomocny prostfedek na ochranu rostlin, ktery obsahuje 50 % rostlinnych extrakti
(Quassia amara) a 50 % draselného mydla. V Evropé je tento prostfedek pouzivan k ochrané proti
larvam Skidcl a minujicim motylim. S ohledem na ptitomnost extraktu z Quassia amara se
predpokladala ucinnost zejména proti savym Skidcim. Tato teorie nebyla v ramci pokust

provedenych ve VSUO Holovousy prokazana.

PREV-B2

V ovocnafstvi je pouzivan jako kapalné foliarni hnojivo s obsahem bdru a pomeran¢ového
oleje. Krome vyuziti jako hnojiva je PREV-B2 doporucovan jako vhodny prostiedek aplikovany za
ucelem snizZeni populaci savych a zravych sktidcti. Mechanismus G¢inku je kontaktni, nejefektivnéjsi
proti drobnym Skidcim (mSice, molice, svilusky aj.). Po zasazeni Skiidce dojde vlivem oleje k
vysuSeni jeho t€la a nasledné ke smrti (Skalsky 2015). Do roku 2019 byl PREV-B2 povolen v rezimu
integrované a ekologické produkce ovoce a zeleniny. Jeho distribuce firmou Biocont sice skonila,
ale na trhu je komer¢né stale k dostani. Nejefektivnéjsi byl PREV-B2 v oblasti ochrany ovocnych
plodin proti mSicim, které byl schopen v rdmci kontaktni €innosti velmi efektivné redukovat. Jako
olejnaty prosttedek s povolenym pouzitim 1 v rezimu ekologické produkce byl tento ptipravek zahrnut
do pokusu zaméteného na studium jeho ptipadného vlivu na vyznamného predatora msic, slunécko
vychodni (Harmonia axyridis). V soucasné dob¢ jiz PREV-B2 neni registrovan k pouziti. Existuji ale

dalsi ptipravky a prostfedky ochrany s obsahem pomerancového oleje, napr. Pomol, Wetcit, apod.

Pyrethrum
Piipravek na bazi ptirodniho pyrethrinu ziskaného z kvéti chryzantém (Chrysanthemum
cinerariaefolium) se pouziva v zahrani¢i v ekologickém zeméd¢lstvi (Maina et al. 2016). Ptirodni

pyrethriny nejsou perzistentni a velmi rychle podléhaji biodegradaci a rozpadaji se ptisobenim svétla
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nebo kysliku (Sarwar & Salman 2015). Jako insekticidni latka vykazuje velmi dobrou G¢innost proti

hmyzim skiidcim. Pyrethriny ptisobi toxicky na nervovy systém hmyzu.

Siltac EC

Mechanismus uc¢inku pfipravku Siltac je fyzikéalni, zaloZzen na technologii 3D-IPNS
(trojrozmérnad imobilizujici polymerni sitova struktura). Siltac EC obsahuje polymerni latky,
predevsim silikonové polymery. Na molekularni urovni se vytvaii trojrozmérna polymerni sit. Po
aplikaci na porost a po kontaktu se $kiidcem dochazi k vytvofeni specifické struktury podobné
tenkému lepkavému filmu na povrchu téla daného sktidce. Tato struktura dané Sktidce okamzité
imobilizuje a zneskodnuje. Na rozdil od syntetickych ptipravkii na ochranu rostlin neptisobi Siltac
toxicky nebo biochemicky. Vzhledem k tomu, Ze neobsahuje dal$i chemické pfimési, nezanechava
74dna rezidua. Fyzikalnim ptisobenim ptipravku nedochazi ke vzniku rezistence ani po opakovanych
aplikacich (ICB PHARMA 2019).

Piestoze neni tento produkt jesté na ¢eském trhu, ma velky potencial v ochrané proti riznym
druhiim Skidct ovocnych plodin, jako jsou napiiklad sviluSky, vinovnici a hél¢ivei, mSice, Stitenky
a mery. Ve VSUO Holovousy byl Siltac EC tisp&$né testovan a diskutuje se s vyrobcem 0 mozné

registraci v CR.

SpinTor

Ptipravek SpinTor obsahuje ucinnou latku spinosad, coZ je pfirodni produkt ziskany
fermentacni ¢innosti bakterii Saccharopolyspora spinosa, ktera se bézné vyskytuje v pude. Jako
piirodni produkt se spinosad (smés dvou biologickych komponentt - spinosynu A a spinosynu D)
vyznacuje mimoiadné nizkou toxicitou vici ¢loveku a teplokrevnym Zivo€ichiim. Spinosad je u¢inna
latka s poZerovym a kontaktnim insekticidnim uG¢inkem. Tato latka ovliviluje aktivitu neuront
hmyzich jedinci, u kterych nastava jiz po n€kolika hodinach smrt. Doposud nebyla u cilovych skiidct
zjisténa rezistence. Uinnost se vyuziva predev§im v ochrané proti §kidcim z fadu motyla
(Lepidoptera), broukti (Coleoptera), dvouktidlych (Diptera) a tfasnokiidlych (Thysanoptera). Naopak
nepusobi na savy hmyz (Bacci et al. 2016; Gazit et al. 2013; Linduska et al. 1998; Kerns 1996).

Wetcit

Smacedlo obsahujici ethoxylované alkoholy (8,1 % w/w), pomeranCovy olej a
dodecylbenzensulfonat sodny. Wetcit mé penetracni vlastnosti uréené do tank mixu vétSiny piipravki
na ochranu rostlin. Pouzivd se pro zlepSeni funkce insekticidli, akaricidd, fungicidl, herbicidu,

pomocnych prostiedkli a kapalnych hnojiv. Ptiznivé ovlivituje smacivost a ptilnavost aplikacni
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kapaliny, omezuje ulet postiiku, umoziuje lepsi distribuci i na ty ¢asti rostlin, které nejsou pfi aplikaci
pfimo zasazeny. Pravé s ohledem na Siroké spektrum pouzitelnosti pti aplikaci bylo toto smacedlo

zafazeno do testovani.

3.3. Skiidci ovocnych plodin, u kterych byl hodnocen vliv prostiedki

ochrany

Listohlod podlouhly Phyllobius oblongus (Linnaeus, 1758)

Dospély jedinci s charakteristicky protahlym noscem dosahuji délky téla cca 4—7 mm. Krovky
jsou vétSinou hnédé nebo ¢erné. Pronotum je ve srovnani s krovkami tizké a ¢erné zbarvené. Tykadla
a koncetiny jsou dlouhé, smolové hnéd¢. Pii pohledu na ovocny strom Ize listohloda zpozorovat nejen
na listech a kvétech, ale také v riznych zahybech a Skvirach. V pribéhu roku se setkavame s jednou
generaci. Dospéli brouci se vyskytuji na ovocnych devinach v prib&hu jarniho obdobi, kdy se zivi
kvéty a listy. Pozd&ji dospélci opoustéji hostitelskou rostlin a samicky kladou vajicka 2 — 5 cm pod
povrch ptidy v obdobi od konce jara do zacatku 1éta. Larvy jsou rhizofagni, po vylihnuti se zivi kofeny
riznych plevell a trav, jako je napt. Lamium, Rumex ¢i Poa. Larvy béhem roku prochézi péti instary
a prezimuji v konecné fazi svého vyvoje. Ke kukleni dochézi v hlinénych pouzdrech brzy na jare
nasledujiciho roku, pficemz toto obdobi trva pfiblizné¢ 17 dni. Tento nosatcovity brouk poSkozuje
ovocné dieviny oziranim listi a kvéti, pfipadné vyziranim pupent. Listy okusuje obvykle od kraje
smérem ke stiedu. Hostitelskymi rostlinami jsou jablon, hrusen, tfeSen, viSen a merunka (Kloutvorova

et al. 2015; Kocourek et al. 2015).

Puklice Svestkova Parthenolecanium corni (Bouché, 1844)

Samici Stitky 4-6 mm velké, ovalné a vyrazné vypouklé, zvrasnéné, svétle hnédé az hnedé.
Uvnitf §titkt jsou ulozena bila ovalna vajicka o velikosti 0,3 mm. Nymfy jsou z pocatku ploché a
ovalné, svétle zelené, cca 0,5 mm dlouhé. Pozdéji zplostelé s elipsovitym tvarem téla, hnédavé az cca
1 mm dlouhé. Nymfy po ukon¢eném piezimovani jsou hnédé, cca 2 mm dlouhé. Puklice $vestkova
ma jednu generaci za vegetacni obdobi. Rozmnozuje se vétSinou partenogeneticky. Samecci se
objevuyji jen vzacné. Pfezimuji nymfy 2. instaru v pazdich plodnych nebo listovych trni, a to prevazné
na 2-letém drevé. Na jatfe se béhem dubna rozlézaji a trvale pfisavaji na vétvich. Trvalé pfisati 1ze
rozpoznat podle vyluCovani voskovych nitek na povrchu téla. Béhem kvétna se nymfy méni

v samicky kryté voskovym Stitkem. Kazda samicka je schopna naklast n¢kolik stovek vajicek pod
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ochranny §tit a potom odumird. Odumfielé samicky chrani Stitky sniiSky vajicek. Prazdné Stitky
zustavaji na vétvich i nékolik let. V Cervnu se z vajicek lihnou nymfy prvniho instaru, které saji na
listech. Svlékanim se méni v nymfy 2. instaru. Pfed opadem se nymfy sté¢huji prevazné na dvouleté
vetvicky, kde prezimuji. Nymfy puklic Skodi sanim na listech a vétvich. Vylu¢ovanim medovice
dochdzi k sekundarnimu rozvoji ¢erni. Pfi siln¢j$im napadeni mtize dojit ke snizeni plodnosti stromu.
Hostitelskymi rostlinami jsou slivon, angrest, josta, broskvon, liska, ofesak a vinna réva (Kloutvorova

et al. 2015, Kocourek et al. 2015).

3.4. Predatori Skidci ovocnych plodin, u kterych byl hodnocen vliv

prostredkii ochrany

Slunécko vvchodni Harmonia axyridis (Pallas 1773)

Slunécko vychodni je brouk, ptivodem pochazejici z vychodni Asie. V minulosti byl tento druh
slunécka zamérné introdukovan na dal$i kontinenty v¢etné Evropy (Iperti & Bertand 2001). V ramci
biologické ochrany rostlin proti riznym druhtim $ktdct je slunéko vychodni velmi efektivnim
predatorem. Na druhou stranu lze vnimat i jeho negativni dopady na ptivodni druhy slunécek, které
jsou slunéckem vychodnim vyznamné potlacovany. Také mnohymi lidmi je toto slunécko Casto
povazovano za Skodlivého brouka, a to z n¢kolika divodii: migrace do lidskych obydli, nepfijemné
pachnouci tekutina produkovana pii obrané, pokousani lidské pokozky ¢i problémy pti zpracovani
vina v ptipadé, Ze se ve zpracovanych hroznech nachazel dospélec slunécka vychodniho (Nedvéd
2014).

Prvni nalez slunééka vychodniho v Ceské republice byl zaznamenan v roce 2006. Od roku 2007
probihalo Sifeni po celé republice. Od zacatku Sifeni je slunécko vychodni nalézano v ovocnych
sadech. V tfeSnovych sadech likviduje msSici tfeSiiovou (Myzus cerasi). V hrusnovych sadech
eliminuje meru skvrnitou (Cacopsylla pyri), na jablonich msici jablonovou (Aphis pomi). Slunécko
vychodni je také schopné snizovat populaci vinatky krvavé (Eriosoma lanigerum), ktera ma télo kryté
voskovou vrstvou a pro mnohé predatory je timto nedostupnd. Stejné tak si poradi i se msici
Svestkovou (Hyalopterus pruni), ktera je téz pokryta popraskem vosku. Na broskvoné je slunécko
vychodni lakano pii napadeni msici broskvonovou (Myzus perzicae) (Nedvéd 2014).

Dospélci slunécka vychodniho jsou 4,9-8,2 mm dlouzi a 4,0-6,6 mm Siroci. T¢€lo je mirné
vyklenuté, zkracené ovalné (Kuznetsov 1997). Slunécko vychodni je velmi rozmanité ve zbarveni
krovek a mirné¢ proménlivé ve zbarveni S§titu (pfedohrudi). Zbarveni je podle védct dédicné a

pravdépodobné spojené s fadou riznych alel (Honek 1996). Hlava mize byt Zluta nebo Cerna se
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Zlutymi znac¢kami (Kuznetsov 1997). Stitek (pronotum) je nazloutly s dernym oznadenim uprostied.
Tyto skvrny mohou byt ve tvaru ¢ernych te¢ek, dvou zaktivenych ¢ar, mohou byt ve tvaru pismene
M nebo Cerného lichobéZzniku. Bo¢ni okraje Stitku jsou nazloutlé. Krovky (elytra) mohou byt
zlutooranzové az Cervené s 0-19 Cernymi skvrnami nebo Cerné s cervenymi skvrnami. Spodni ¢ast
téla mize byt zlutooranzova az ¢erna (Kuznetsov 1997). U dospélcti slunécka vychodniho najdeme
dulezity rozpoznavaci znak — pficnou liStu na zadni ¢asti krovek. Ostatni druhy slunécek, které maji
také tuto liStu, jsou jinak o hodné mensi (Nedvéd 2014). Nicméné vliv na zbarveni a skvrnitost ma
také teplota, které byla vystavena kukla, potrava larev nebo pribéh piisobeni vnéjsich vlivia (Koch,
2003). Harmonia axyridis je druh vytvaiejici celou fadu variet. V Evropé jsou nejcastéjsi var.
succinea, var. spectabilis a var. conspicua.

Vaji¢ka jsou ovalna, dlouha asi 1,2 mm. Cerstvé nakladena vaji¢ka maji svétle Zlutou barvu a
postupné tmavnou. Pfiblizné 24 hodin pied vylihnutim jsou vajicka Sedocernd. Kladena jsou
v tésnych sntiskach po 20-70 kusech, prilepend vzpiimené jednim koncem k podkladu (Nedvéd
2014).

Larvy prochazeji ¢tyimi instary. Larvy prvniho instaru méii v rozmezi od 1,9 do 2,1 mm, ve
¢tvrtém instaru 7,5 az 10,7 mm. T¢€lo je pokryto mnoha vybézky. Na bfiSe maji hibetni vybézky tii
hroty a bo¢ni vybézky dva hroty (tzv. scoli). Instary 1ze od sebe relativné snadno odlisit na zdkladé
zbarveni. Prvni instary obecné maji tmavé Cerné zbarveni (Rhoades 1996). Larvy druhého instaru
maji par Zlutavych skvrn na prvnim zade¢kovém clanku. Larvy tietiho instaru maji oranZové zbarveni
fady vybézki na 1.-5. zadeckovém clanku. Larvy ctvrtého, posledniho, instaru maji oranZové
zbarvenou 1 kutikulu v okoli téchto vyb&zkt a také Zlutooranzové prostiedni vybézky (Nedvéd 2014).

Kukla vSech druhti slunécek je mumiova, tj. s astecné k télu pfitmelenymi koncetinami a
ktidelnimi pochvami. Koncem zadecku je pfitmelena k podkladu. Na zadeCku ma téZ zbytky svlecené
larvalni kutikuly. Kukla slunécka vychodniho se od jinych druhti nejlépe pozna podle vyristki na
zbytcich larvalni svlecky. Velikosti i zbarvenim je podobna kukle slunécka sedmite¢ného. Je 5-7 mm
dlouha, zakladni zbarveni je jasn¢ oranzové s cernymi skvrnami proménlivého rozsahu podle teploty
pfed zakuklenim. Ostatni velké druhy slunééek maji kuklu jinak zbarvenou. Kukla slunécka
vychodniho ma vyrazné vétsi slévajici se skvrny na stfedo a zadohrudi a na 2. a 3. zadeCkovém c¢lanku
nez na ostatnich ¢astech téla (Nedveéd 2014).

Celkovy vyvoj trva v pruméru asi jeden mésic (Potter et al. 2005). Délka Zivota dospélce se
pohybuje od 3 do 90 dnii. Nékteti dospélci se mohou dozit tii let (Trnka 2009). V prabéhu vegetace
vytvaii nejCastéji dvé generace. Plodnost samicek je vysoka, v laboratornich podminkach muze

vykazovat celkova maximalni plodnost az 3819 vaji¢ek (Koch 2003), v pfirodé dosahuje poctu okolo
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2000 (Potter et al. 2005). Dospélci slunécka vychodniho jsou schopni se §ifit na vzdalenost vice nez
50 km za rok (Van Lenteren et al. 2008).

Slid’aci rodu Pardosa (druhova skupina Pardosa lugubris)

Mensi, $tihli slid’aci s napadné ztizenou piedni ¢asti hlavohrudi, jejiz strany jsou témér svislé.
Hlavohrud’ v o¢ni ¢asti témét tak Sirokd jako o¢ni pole, takZze postranni o¢i se ocitaji téméf na jejim
okraji. Hlavohrud’ obvykle s rtzné Sirokou svétlou stfedovou podélnou paskou. Samice tvori
cockovité az téméet kulovité kokony. Vylihla mlad’ata se néjaky ¢as zdrzuji na hibeté zadeCku samice.
Na svété je znamo 533 druhd, u nas se vyskytuje 24 druhi (Kurka et al. 2015).

Vsechny tii blizce piibuzné druhy (Pardosa alacris, Pardosa lugubris a Pardosa saltans) ziji
na obdobnych mistech, nékdy i1 spolené na jednom stanovisti. Pobihaji od jara po suchém listi. Samci
pfed samicemi bubnuji do suchého listi a mavaji makadly. Podle charakteristickych semaforovitych
pohybti makadel, které jsou u jednotlivych druhi odlisné, samice poznaji samce svého druhu. Samice
tvoii ¢ockovity kokon modravého, modrozeleného, hnédavého nebo Sedavého zbarveni (Kurka et al.
2015).

Délka t¢la dospélct Pardosa lugubris a Pardosa alacris je 5-7 mm, hlavohrud’ samice ma
tmaveé hnédé zbarveni s bélavym podélnym centralnim prouzkem, dosahujicim az k pfednim ocim,
okraje tizce bélavé lemované. Nohy jsou hnédavé, tmavé krouzkované, zadeCek cCervenohnédy,
skvrnity. Zbarveni u samce byva kontrastngj$i, nohy nezteteln€ krouzkované, femury cerné, zadecek
svétle Sedy, kontrastni k cernym boktim hlavohrudi. Pardosa lugubris a Pardosa alacris jsou velmi
blizce piibuzné druhy, u kterych je odliSeni mozné prakticky pouze u samcti a to podle makadel, ktera
jsou u Pardosa alacris kratsi a jsou kontrastngji zbarvena. Oba druhy se v CR vyskytuji hojné od
nizin po stiedni a vyssi polohy (Kurka et al. 2015).

Pavouci jsou v ovocnych sadech, stejné jako v dalsich typech agroekosystémil, nejpocetnéjsi
skupinou predatorti. Pfestoze je pocetnost pavoukt na tak vysoké urovni, jejich funkce, coby
predatora sktidct, je znacné€ sniZzena. A to vzhledem k tomu, Ze se pavouci zivi Sirokym spektrem
kofisti oproti napt. slunécklim, zlatoockam ¢i dravym plosticim. I tak bychom se méli snazit pfi
managementu sadl aplikovat postupy, které by sniZzovaly riziko ohrozeni populaci pavoukl na
minimum. Bylo totiZ mnohokrat prokazéano, ze diky pavoukiim dochézi ke snizeni pocetnosti Skidet,
jako jsou mery, obale¢i a dal$i zastupci drobného az stiedné velkého hmyzu s mékkym télem.

Pravé slid’aci rodu Pardosa se nabizeji jako idealni modelova skupina pro zkoumani vlivi
vySe zminénych agrochemikalii a jejich smési. Tito pavouci se bézné¢ vyskytuji ve velkych

abundancich v celé fad¢é agroekosytémd, lesnich ekosystémt, parcich i v zahradach, maji denni
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aktivitu a pohybuji se po zemi, proto je velkéd pravdépodobnost, Ze se dostanou do piimého kontaktu

S postiikem.

4. Vysledky

4.1. Ulinnost p¥ipravki na pFirodni bazi v ochrané proti puklici

Svestkové Parthenolecanium corni (Bouché, 1844).

Vystup A: Skalsky, M., J. Niedobova and Popelka, J. 2019: The Efficacy of European Fruit
Lecanium, Parthenolecanium corni (Bouché, 1844) Control Using Natural Products. Horticultural
Science. 2019, 46(4). DOI: 10.17221/215/2017-HORTSCI. (IF 0,925)

Charakteristika problematiky

Cilem této studie bylo porovnat ucinnost pfirodnich insekticidii a konvenéniho tank-mixu
insekticidu s oleji za ucelem redukovat prezimujici nymfy puklice Svestkové v ovocnych sadech.
Zamérem bylo nalézt ekologicky Setrnéj$i moznost ¢asné jarniho oSetieni proti jednomu ze Skidct
ovocnych plodin, zejména peckovin, a to v obdobi, kdy pfirozeni neptatelé puklic a dalSich
necilovych organismi jsou ve vétSing€ piipadd ve fazi pfezimovani. Nékteré tyto druhy, pasivné
ptitomné v sadech, mohou byt negativné ovlivnény aplikaci G¢inné latky chlorpyrifos-methyl, a to
diky jejimu Sirokospektralnimu pouziti. V neposledni fad¢ je tato Uc¢inna latka nebezpecna diky
mechanismu G¢inku, ktery neni pouze kontaktni, ale také fumigacni. BE&Zné je ochrana ovocnych
plodin proti puklici $vestkové sméfovana do obdobi rozlézani mladych nymf letni generace.
Dtvodem pro hledani efektivniho ptipravku ¢i prostiedku obsahujicicho u¢innou latku/latky na
pfirodni bazi je rozsiteni spektra i€innych latek pouzitelnych k ochrané proti puklicim a také snizeni

zatéze Zivotniho prostredi rezidui konvencnich pesticidi.

Metodicky postup

Z vysadby slivoni VSUO Holovousy byly na konci tnora 2017 odebrany puklicemi
infestované vétve slivoni. Pokusy byly realizovany v laboratornich podminkéach pii 21 ° C a pfti
ptirozené fotoperiod¢. Napadené letorosty slivoni byly oSetfeny vybranymi piipravky a prostiedky

na ochranu rostlin - Boundary SW, Konflic, Ekol (10 I), Ekol (20 I), Ekol (30 I) a tank-mix Ekol +
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Reldan 22. Kontrolni varianta byla oSetfena destilovanou vodou. Davkovani bylo stanoveno dle
doporuceni od vyrobce a odpovidalo polnim davkam registrovanym k aplikaci v ovocnych sadech.
V ramci pokusu byly pouzity dva zpisoby aplikace testovanych latek. V prvnim pokusu byly
letorosty s puklicemi oSetfeny ru¢nim rozprasovac¢em. U druhého experimentu byla pouzita smaceci
metoda, kdy byly napadené vétve puklicemi smaceny v jednotlivych piipravcich na dobu 5 sekund.
V ramci kazdé z Sesti variant byla hodnocena 4 opakovani. Kazdé opakovani ¢italo 100 nymf (n =
400 pro kazdé opakovani, celkem N = 5600), u kterych byla hodnocena imrtnost a nasledna ac¢innost.
Po oSetfeni byly vétve umistény do odmérnych valci s vodou, aby se zamezilo jejich zasychani.
Vysledna Gc€innost byla hodnocena po 12 dnech. Pod binokuldrnim mikroskopem bylo pocitano
mnoZstvi zivych a mrtvych nymf puklice $vestkové. Uinnost piipravkdl byla stanovena dle

Abbottova vzorce (Abbott 1925):

n in T after treatment
Corrected % = (1 - ) * 100
n in Co after treatment

n = Insect population , T = treated , Co = control

Data byla dale podrobena statistické analyze s pouZitim statistického softwaru Past 3.11,

Wilcoxonova testu a Hornovy metody.
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Abstract: European fruit lecanium, Parthenolecanium corni (Bouché, 1844) is among the leading worldwide pests of
fruits such as plums, currants, jostaberry, grapevine and many others. This study is focused on testing the effectiveness
of natural insecticide treatments compared with conventional insecticides on overwintering nymphs of the European
fruit lecanium. In February of 2017, two experiments were conducted under laboratory conditions. The tested products
were Boundary sw* (plant extract), Konflic® (plant extract), Ekol® (canola oil) and a tank-mix of Ekol® + Reldan 22°
(canola oil and chlorpyrifos-methyl) as a chemical standard, The most effective product tested was the chemical standard
tank-mix of Ekol® and Reldan 22%, which was 100% effective in all experiments. High efficiency was also achieved with
Ekol” (canola oil) in high concentrations. We can summarize, that using canola oil in high concentration has almost the
same effect as the chemical standard. Using canola oil against European fruit lecanium meets the principles of Integrated
Pest Management (IPM) and also the need to design cropping systems that are less dependent on synthetic pesticides,

Keywords: pest; orchards; overwintering nymphs; natural insecticides

European fruit lecanium, Parthenolecanium cor- the spring months (mainly in March and April),
ni (Bouché, 1844) (Hemiptera: Coccoidea), is a nymphs migrate to young twigs and remain there
Paleartic polyphagous species with a worldwide for the rest of their life cycle. During May, nymphs
distribution (BEn-Dov 1993; HoMMAY et al. 2007).  moult to become adult females, which are sessile,
This pest infests a wide range of host plants, includ-  Their body is oviform and convex, with the size of
ing plums (Prunus sp.), currants (Ribes sp), walnut ~ 4-6 mm. Each female produces hundreds of eggs,
(Juglans regia), hazelnut (Corylus avellana), grape  which remain under the female’s waxy shield. Old,
(Vitis vinifera) and many others (ULGENTURK, empty waxy shields remain on the tree trunks and
Toros 1999; Kocourexk et al. 2015; Sieva et al.  branches for many years. Nymphs of the first instar
2016; CABI 2017). European fruit lecanium pro-  hatch in June and are light green, flat and oval, with
duces one generation per year. The main hiberna-  alength of 0.5 mm. The nymphs then moult and be-
tion stage is the second-stage nymph, which oc-  come second instar, which overwinter on two year-
curs on the undersides of host plant branches. In  old branches. Nymphs are red-brown to brown

Supported by the Ministry of Agriculture of the Czech Republic, National Agency for Agricultural Research (NAZV),
Project No, QK1710200; by the Ministry of Education, Youth and Sports, project LO1608 ~ Pomology Research Center within
the National Sustainable Development Strategy.
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coloured, flat and elliptical-shaped, with a body size
of approximately 2 mm (Koszraras, KozAr 1988;
LANSKY et al. 2005; Kocourek et al. 2015). Young
summer nymphs suck plant sap mostly from the
leaves and, when the population reaches high levels,
may cause serious damage. Nymphs produce honey-
dew, which also damages leaves and fruits (SForza
2000). Honeydew serves as a substrate for saprophyt-
ic fungi, for example black sooty mould that reduces
transpiration and photosynthesis in plants (BASHEER
etal. 2011). The worst damage is considered to be the
defoliation of plants, and, in a severe infestation the
plant may even die (JarosHviL et al. 2008). Our ob-
jectives was to find an effective treatment that is com-
patible with an integrated pest management (IPM) in
orchard system, which uses all options to reduce pest
populations giving priority to non-chemical meas-
ures. One of the principles of IPM is that a combi-
nation of non-chemical methods that may be indi-
vidually less efficient than pesticides can synergize to
provide effective control (BARZMAN et al. 2015).

The aim of this study was to compare the effective-
ness of natural insecticides and conventional tank
mixes of insecticides with oil additives against the
overwintering nymphs of European fruit lecanium.
Our intention was to find environmentally friendly,
sustainable and effective treatments for early spring
application against this serious pest to prevent high
population levels when natural enemies and other
non-target species are overwintering, The common
summer applications of insecticides are directed at
the first-instar nymphs, which disperse in the foli-
age to feed, but also threaten non-target species. The
reasons for selecting naturally based plant protection
products for this experiment were to extend the range
of control options against European fruit lecanium
and reduce the risks posed by conventional pesticides.

https://doi.org/10.17221/215/2017-HORTSCI
MATERIAL AND METHODS

At the end of February 2017, infested plum branch-
es were sampled at the Research and Breeding In-
stitute of Pomology Holovousy (RBIP) in the Czech
Republic for use in two experiments. Infested plum
branches were treated with the following plant pro-
tection products: seaweed/succulent extract (Bound-
ary SW¥, ICAS); Quassia amara extract (Konflic®,
Atlintica Agricola); canola oil (Ekol”, PROXIM s.ro.)
separately at 3 rates and tank-mixed with Chlorpyri-
fos-methyl (Reldan 22%, Dow AgroSciences s.r.o); plus
a control (distilled water). Ekol® and Reldan 22* have
been used as a chemical standard for several years.
Ekol” consists of 90% canola oil and is commonly
used in orchards especially during early spring. The
organophosphate chlorpyrifos-methyl (Reldan 22%)
is a broad-spectrum insecticide. Reldan 22% with
Ekol” as an additive is commonly used in apple and
sour-cherry orchards and is recommended for use as
a tank-mix (GALL 2015), so, this combination served
as a chemical standard. Boundary SW* and Konflic®
are relatively new products that are almost unknown
to fruit growers. Konflic”¥ is a biopesticide contain-
ing 50% Quassia amara (L.) extract and is used for
protection against aphids, whiteflies, caterpillars and
other pests. Boundary SW™ is a biopesticide con-
taining seaweed and succulent extracts and used for
protection against various fruit and vegetable pests.
Details of all treatments used in our experiments are
summarized in Table 1.

The efficacy of both biopesticides against Europe-
an fruit lecanium is unknown. All plant protection
products were used at rates recommended by their
manufacturers: Boundary SW* (3.5 I/ha), Konflic®
(3 /ha), Ekol™ (10, 20, and 30 I/ha), Ekol® + Rel-
dan 227 (1 /ha + 2.7 l/ha). Ekol” is commonly used at

Table 1. Plant protection products used in treatments and information about distributor, rate, active ingredient

Treat.

Rate

No. Trade name Distributor (1/ha/1,000 | water) Active ingredient
1 Control - -
2 Boundary SW C:ﬁ:;';}“:"“’;:&“xe) 35 vegetal amino-acids, fatty acids
) Quassia amara extract 50% + potassium soap

s Koullic Atksticn Agricalo, S:A. 3 mixture of natural plant fertilization 50%
4 Ekol PROXIM s.r.o, 10 canola oil 90%
5 Ekol PROXIM s.r.o, 20 canola oil 90%
6 Ekol PROXIM s.r.o. 30 canola oil 90%

PROXIM s.ro. + Dow canola oil 90% +
7 Elol + Reldan 22 A!roSdenoel 5,10, 1427 chlorpyrifos-methyl 225 g/l
196
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tree rates according to the height of the tree canopy.
All three rates of this product were tested in our ex-
periment. All experiments were performed under
laboratory conditions at a temperature of 21°C and
natural photoperiod (L : D, 16 : 8). Two methods of
application were employed. In the first experiment,
there were five branches infested with nymphs treat-
ed by directly spraying with a sprayer Solo 423 Port
(Solo Germany). All agrochemicals were tested at
the field recommended concentrations for orchards,
according to the product labels and following the
instructions provided by the Central Institute for
Supervising and Testing in Agriculture (2019). For
the second experiment, the immersion method was
used for another five branches infested with nymphs.
Infested branches were immersed in treatments and
control for 5 seconds. Experiments tested six candi-
date treatments plus a control, each consisting of four
replicates; each replicate consisted of 100 nymphs
(n = 400 per treatment, total N = 5,600 for both ex-
periments). The nymphs, treatment and distilled
water control for each branch were used only once.
After treatments, branches were placed into volu-
metric cylinders with water to prevent drying out.
Treatment efficacy was evaluated after 12 days. Live
and dead nymphs were counted and recorded under
a binocular microscope. The formula used for calcu-
lating the percent reduction of pest populations, by
the tested products used the following formula after
HenpErSON and Tivton (1955), who referred to it
as a modification of AssoTT (1925), as commonly
used for the calculation of plant protection product
efficacy (Nour-ELDIN, SHOLLA 2015; EMaM1 2016;
RopriGUEZ-GONZALEZ et al. 2017),
Abbott’s formula (AssoTT 1925):

Efficacy (%) = (1 - n in T after treatment/n
in Co after treatment) x 100

where: 1 - insect population; T — treated; Co - control

Data were analysed using Past 3.11 statistical soft-
ware (HAMMER 2015). As there were a small number
of values in each test, we preferred robust to classi-
cal statistical methods. To compare each treatment
to the standard Reldan 22" tank mixed with Ekol®
separately, the Wilcoxon test was applied. To describe
differences in pest population, Horn's pivot method
was applied for computation of a 95% confidence in-
terval, which is recommended for small sample sizes
(< 20) (Horn 1983). Both the pivot half-sum and piv-
ot range methods are robust in addressing outliers in
small samples (DUSEK et al. 2009).
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As there is no variability of Ekol” (1 1/ha) + Reldan 22
values, we were not able to compute, test or express
confidence for this treatment.

RESULTS AND DISCUSSION

Currently, integrated fruit production relies on
the incidental control provided by various plant
protection products that are applied against other
pests and the basis for plum tree pest protection
is spray against overwintering pests in the early
spring (before leafing out) (Kocourex et al. 2015).
Oil plant protection products are widely used in
plum orchards and are very effective against a wide
range of overwintering pests. The mode of action
for many oils is suffocation and water loss (Cop-
PING, DUKE 2007). We have found that an Ekol®
treatment is very effective against overwintering
nymphs of European fruit lecanium, ifconcentrate
spraysare used (Ekol® at 20and 301). Abbott’s effica-
cy of canola oil (Ekol®) also varied according to the
application method and rate (Table 2). The 10 I/ha
rate showed a large difference in efficacy: 32.1%
from the spray application and 98.0% from immer-
sion. The 20 I/ha rate had 89.0% and 90.1% efficacy
respectively. The results of Ekol” as an immersion
treatment are comparable and not significantly dif-
ferent in mean number of live nymphs after treat-
ment. As expected, the highest efficacy (98.60% in
both experiments) was achieved with Ekol® at the
rate of 30 I/ha. SkALsSKY (2016) also reported insuf-
ficient efficacy of Ekol”™ at 10 1/ha against European
fruit lecanium. Experiences with other types of oils
are also known from Poland and England GANTNER
etal, (2004) found that paraffin oil (Promanal 60 EC”,
Neudorff) reduced the number of European fruit
lecanium larvae by an average of about 80%. Also,
Warprow and Lupram (1975) achieved 100% ef-
ficiency by using a suspension of tar oil in a spring
application. Tank-mixes of Ekol™ (1 1/ha) and
Reldan 22¥ caused 100% mortality of overwinter-
ing nymphs. According to the Wilcoxon test, the
Ekol” treatment can achieve the same results as the
tank mix, when it is applied by immersion (Table 2,
Figs 1 and. 2). The other two natural plant protection
products, Boundary SW* and Konflic™ had insuffi-
cient efficacy when sprayed. There was a statistically
significant lower mean number of live nymphs us-
ing Ekol 10 and Boundary SW as an immersion. The
lowest efficacy was obtained in the Konflic” treat-

197



Original Paper

Horticultural Science (Prague), 46, 2019 (4): 195-200

https://doi.org/10.17221/215/2017-HORTSCI

Table 2. Efficacy of products tested against European fruit lecanium 2017. Efficacy computed according to Abbott’s
formula. Wilcoxon test applied for compare each treatment to the standard (Reldan 22 + Ekol)

1. test (spray) 2. test (immersion)

95% Horn's 95% Horn's

Treatment Abbott’s median number conf. limits for Abbott's median number conf. limits for
efficacy (%) of nymphs mean number efficacy (%) of nymphs  mean number of

of nymphs nymphs
Control *89 (83.1; 94.9) 88.5* (85; 91)
Boundary SW 26.5 64 (47.8; 80.2) 844 16* (1.9; 21.1)
Konflic 6.7 *835 (71; 96) 18.7 73 (56.5; 84.5)
Ekol 10 321 *57.5 (34.6; 80.4) 98 1 (0; 6.2)
Ekol 20 89.0 *15 (0; 34.2) 90.1 10* (2.3;12.7)
Ekol 30 98.6 2 (0; 5) 98.6 1 (0;3.7)
Ekol (1 1/ha)
+ Reldan 22 100.0 0 (0; 0) 100.0 0 (0; 0)

P-value: *< 0.1. **< 0.05. ***< 0.001

ment, 6.7% as a spray and 18.7% as an immersion.
The mean value of live nymphs (ranging from 71%
to 96% for spraying and from 56.5% to 84.5% for im-
mersing) is comparable to the results of the Control
(roughly between 83% and 95% for both treatments).
Boundary SW¥ also had lower efficacy in the spray
experiment (26.5%), but higher in the immersing ex-
periment (efficacy of 84.4%) and the mean is compa-
rable to the canola oil results, SKALSKY (2016) also
found that both products had low efficacy against
European fruit lecanium. Boundary SW consists of
seaweed and succulent extract, which are effective
against mites and also leaf-rolling beetles Coenor-
rhinus aequatus (Coleoptera: Attelabidae) (Germar,
1824) (HANkINs, Hockey 1990; SkaLsky 2017).
However, several studies confirm sufficient insecti-
cidal effects of Konflict's” active ingredient, Quas-

100%
90%
80%
70%
60%
é son
A0%
30%
20%
10%
o%

Boundary Konflic Ekol10  Ekol20 Ekol30  Ekol +

SwW Reldan 22

Varlant
198
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sia amara (Sapindales: Simaroubaceae) extract. For
example, Psora et al. (2010) found that applications
of Quassia amara wood extract reduced apple sawfly
Hoplocampa testudinea (Hymenoptera: Tenthredini-
dae) (Klug, 1814) infestation of fruitlets. Also, MAN-
ceso et al. (2000) recorded the anti-feedant acitivity
of mahogany shoot borer Hypsipyla grandella (Lepi-
doptera: Pyralidae) (Zeller). Summer is the second
period when it is possible to treat plum trees against
European fruit lecanium, because nymphs disperse
during this period. In practice, treatment targeted
against this pest is not applied in the summer. Rather,
there is incidental control provided by the neonicoti-
noids used (for example Calypso 480 SC*, Mospilan
20 SP™), which are applied against Plum Fruit Moth
Cydia funebrana (Lepidoptera: Totricidae) (Treitsch-
ke, 1835) or aphids (ANpRrEEV, KUTINKOVA 2010;

m L. test (spray)
m 2. test (immersion)

Fig. 1. The efficacy (according to Abbott’s
formula) of the tested plant protection
products against overwintering nymphs
of European fruit lecanium (Parthenole-
canium corni) in 2017
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Mean amount of nymphs with 95% Horns confidence limits

Control Konflic

Boundary SW  Ecol 10

Treatment

<~ 1. test (spray)
2. test (immersion)

Ecol 20

Ecol 30 Ecol + Raldan 22

Fig. 2. Number of live nymphs 12 days after treatment along, with 95% confidence limits, Horn's pivot method

Kocourex et al. 2015). Kocourek et al. (2015) sum-
marized active ingredients that are effective against
European fruit lecanium: fenoxycarb, spirotetramat,
spirodiclofen, sulfoxaflor, buprofezin and sulphur.
Only fenoxycarb and sulphur-based preparations
are suitable for Integrated Pest Management. Insec-
ticide applications during vegetative periods have
many disadvantages. One of the most problematic
side effects of insecticide application is the increased
mortality of pollinators, which are attracted by hon-
eydew (SANTAS 1985). The active ingredient chlor-
pyrifos-methyl is used in many European countries
and also in Australia and the USA (Pesticide Proper-
ties DataBase 2018). Currently, the active ingredient
chlorpyrifos-methyl is formulated to Reldan 227, Al-
though the tank-mix of Reldan 22" and Ekol” in con-
centrations of 11/ha has been shown to be 100% effec-
tive, the use of the higher concentration of Ekol® by
itself showed almost the same effectiveness (Table 2,
Figs 1 and 2). Therefore, we can recommend the
use of higher concentrated Ekol” against European
fruit lecanium in orchards in the early spring. The
advantages of oil plant protection products are that
such products are environmentally friendly and of-
fer the possibility of long-term sustainable methods
to protect against this pest. Further investigation is
necessary focusing on the effects of oil-based plant
protection on antagonists of European fruit leca-
nium in early spring.
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4.2. Ulinnost agrochemikalii proti listohlodovi podlouhlému Phyllobius

oblongus

Vystup B: Skalsky, M., Oufednickova, J., Niedobova, J. and Hortova, B. 2020: Efficacy of
agrochemicals against Phyllobius oblongus. Plant Protect. Sci., 56: 116-122. DOI:
10.17221/75/2019-PPS (IF 1,13)

Charakteristika problematiky

Listohlod podlouhy je polyfagni §kiidce listnatych stromil. V centralni Evropé, véetné CR, je
listohlod podlouhly povazovan za vyznamného sktidce ovocnych skolek (Morris 1997; Balan et al.
2001; Bayley et al. 2010; Mark¢ et al. 2017). Dospéli brouci mohou zptsobovat poskozeni mladym
stromkim v pribchu jara Zirem na listech, pupenech a kvétech (Savic 1963; Witter & Fields 1977;
Billiald et al. 2010). V soucasné dob¢€ nejsou dostate¢né znalosti o systému ochrany sadd a ovocnych
Skolek proti tomu Skddci z pohledu efektivnich pripravkia a prostiedkd na ochranu rostlin
aplikovatelnych v ptfipadé pfemnozeni a potieby eradikace. Je zndmo pouze pouzivani
Sirokospektralniho insekticidu obsahujiciho u¢innou latku chlorpyrifos-methyl Reldan 22 (Gall
2015). Chlorpyrifos-methyl je v8ak velmi nebezpe¢ny pro Zivotni prostiedi, necilové organismy a
zdravi lidi. Proto byla tato u¢inna latka zakazana v riznych statech EU, od roku 2020 jiz také v CR.
Z tohoto divodu byla vypracovana niZe ptiloZend studie, s cilem nalezeni novych perspektivnich
pesticidll jako néhrady za chlorpyrifos-methyl pro ucely kontroly populaci listohloda podlouhlého

V jarnim obdobi.

Metodicky postup

Pokusy zamétfené na hodnoceni Uc¢innosti vybranych ptipravkdt na ochranu rostlin proti
dospélcim listohloda podlouhlého byly uskuteénény v letech 2017 a 2018 v ramci laboratornich
pokust ve VSUO Holovousy. Dospéli jedinci byli odebrani z vysadeb VSUO Holovousy, s.r.0.
(ttesng, jabloné€, hrusn€). Listohlodi byli po odebrani z vysadeb premisténi do klimaboxu s
nastavenymi podminkami prostiedi (22 £ 1 ° C, 75 £ 5% relativni vlhkosti, 16 : 8 hod. svétlo/tma
fotoperioda). Brouci byli uloZeni v plastovych nadobéch (12 x 12 x 6 cm; 10 jedinct/1 nddoba) a byla
jim v pravidelnych intervalech poskytnuta potrava (neoSetfenymi listy tfeSni) a voda (navlhéeny
tampon).

Pro zvyseni miry vypoveédni komplexnosti experimentu byly provedeny tfi typy pokust, v
ramci kterych byla zkoumana rezidualni, kontaktni a pozerova u¢innost sedmi ptipravki ¢i prostredki

na ochranu rostlin. Jako kontrola byla pouzita destilovana voda. Pro kazdy experiment bylo pouzito
29



160 dospélych jedincti (celkem N = 480). Pro jednotlivé varianty oSetieni bylo kazdy rok pouzito pét
broukt ve ¢tytech replikacich (celkem 20 broukt), opét jako kontrola destilovana voda. Kazdy brouk
byl testovan pouze jednou. Vsechny latky byly testovany pii koncentracich a polnich davkach
stanovenych dle Registru ptipravki na ochranu rostlin (UKZUZ) a doporuéenych vyrobcem.

Za ucelem stanoveni rezidudlni G¢innosti byla kazda testovana varianta aplikovana pomoci
Potterovy véze (Burkard Scientific), a to jak na dno Petriho misky (pramér 5,5 cm), tak také na vnitini
¢asti vicka. Petriho misky se po aplikaci nechaly uschnout. Nasledn¢ byl do kazdé Petriho misky
umistén jeden brouk spolu s neoSetfenym listem jako potravou a kouskem navlhCené buniciny.
Metodika pokusu stanovujici kontaktni i¢innost vybranych piipravkl byla obdobnd. VSichni dospélci
listohloda podlouhlého byli oSetieni pomoci Potterovy véze. Bezprostiedné po postiiku byli brouci
umisténi do €istych Petriho misek (prumér 5,5 cm). Zdroj potravy a vody byl poskytnut stejné jako v
ptipadeé tarzalniho testu. PoZerovy ucinek testovanych latek se stanovoval tak, Ze byly smaceny disky
listd tfe$ni o praméru 25 mm na 3 sekundy do ptipravku. Po oschnuti byly listy pfemistény do Petriho
misek. Kazdému broukovi byl nabidnut jeden osetieny disk listu. Hodnoceni ucinnosti bylo
provedeno 24, 48 a 72 hodin od aplikace pfipravki, respektive prvniho kontaktu s oSetienou
variantou. Vysledna data byla statisticky zpracovana - Abbott's correction, ANOVA, Tukeyova HSD
testu (a = 0,05), STATISTICA 10.

30



Original Paper Plant Protection Science, 56, 2020 (2): 116-122

https://doi.org/10.17221/75/2019-PPS
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Abstract: The contact, residual, and ingestion efficacy of two conventional insecticides was compared with that of ano-
ther five environmentally friendly agrochemicals in a laboratory for the control of the European snout beetle. Very good
efficacy was observed for the conventional product Reldan 22 after all types of exposures. The conventional Mospilan®
20 SP showed good efficacy after ingestion. SpinTor” was very effective 72 h after ingestion and contact, and Siltac®
EC showed comparable efficacy with conventional insecticides 72 h after ingestion and residual contact. SpinTor® and
Siltac™ conform to the principles of organic farming and integrated pest management (IPM) and are able to replace
both the tested conventional products in young fruit plantations and nurseries. Pyrethrum PNC - 17, FerrumOil, and

Boundary SW did not sufficiently control the beetle.

Keywords: weevil; orchards; plant protection products; contact efficacy; residual efficacy; ingestion efficacy

The European snout beetle |[Phyllobius oblon-
gus (Linnaeus, 1758)] is a pest of broadleaf trees, It
was even included to the international important
species in relation to damaging poplar trees (Tille-
se et al. 2006). In central Europe and Great Britain,
P. oblongus is also found in fruit plantations (Morris
1997; Balan et al. 2001; Bayley et al. 2010; Markoé et
al. 2017), where adult beetles can cause serious da-
mage to young fruit trees during spring. They feed
on leaves, buds, and flowers (Savic 1963; Witter
& Fields 1977; Billiald et al. 2010). Targeted con-
trols do not exist in orchards and we do not have
sufficient knowledge of the efficiency of agrochemi-
cals in the event of an outbreak of this pest. Only
broad-spectrum insecticides containing chlorpy-
rifos-methyl (Reldan 22™) have been widely used
against the pest (Gall 2015). Although the efficacy
of chlorpyrifos-methyl against various pests is high,
it is also detrimental to beneficial arthropods, with
prolonged use (Suma et al. 2009; Mansour et al.
2011; Lozowicka 2015). In addition, evidence exists
for negative consequences on the human population
(Trasande 2017; PAN Europe 2018). For this reason,

use of chlorpyrifos-methyl to protect orchards has
been withdrawn in a number of countries in the EU.

Consequently, there is a need for alternative ag-
rochemicals for the control of the European snout
beetle for early spring orchard protection.

Neonicotinoids are effective in lower doses com-
pared to other conventional insecticides. The ne-
onicotinoid product Mospilan™ (20 SP, Mospilan,
Czech Republic) (acetamiprid) is approved for foliar
application on a range of pests of fruit and vegetable
crops (Kundoo et al. 2018)

SpinTor™ (SpinTor, spinosad, Czech Republic) is a
metabolic product of the actinomycete Saccharopo-
lyspora spinose (Bacci et al, 2016), Spinosyns are ex-
pected to have great potential because these agroche-
micals show a greater selectivity toward target insects
while being relatively harmless to most beneficial

arthropods and mammals (Cleveland et al. 2001)
and have a proven efficacy for controlling a wide
range of pests in agriculture (Kerns 1996; Linduska
et al. 1998; Gazit et al. 2013).

Pyrethrum PNC - 17 (pyrethrins) is a product
class extracted from chrysanthemum plants and

Supported by the Ministry of Agriculture of the Czech Republic, Project No. QK1710200, and by the Ministry of Education,
Youth and Sports, Project No. LO1608 - Pomology Research Center within the National Sustainable Development Strategy.
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generally short of persistence (Sarwar & Salman
2015), and have broad usage in organic agriculture
(Maina et al. 2016). They exhibit an excellent knoc-
kdown effect against flying insects, but weevils have
been known to be resistant to pyrethrins for a very
long time (Lloyd & Parkin 1963; Kikuta et al. 2012).

The vast majority of insecticides are biologically
active on the nervous or metabolic pathways in the
target insects, but it also is possible to find agro-
chemicals that act purely physically. For example,
Siltac® EC (ICB Pharma, Poland) is a silicone-based
product, which immobilises the insects that feed on
the plants (ICB Pharma 2019).

Some fertilisers claim to protect against diseases
and pests (Reuveni & Reuveni 1998; Nour-Eldin &
Sholla 2015). For example, Boundau'ym SW (ICAS,
Italy) claims to have insecticidal side effects and
is sold as a fertiliser. It contains extracts from se-
aweed and succulent plants (ICAS 2018). Another
fertiliser, FerrumQil® (Bioka, Slovakia), contains
natural fatty acids and terpenes (Bioka 2019). Some
terpenes and natural acids are known to have in-
secticidal properties (Perumalsamy et al. 2015;
Dambolena et al. 2016).

Using laboratory tests to test for the residual,
contact and ingestion efficacy, the aim of this stu-
dy was to find an effective insecticidal treatment
that would prevent damage to young trees from
P. oblongus. The agrochemicals used in the study
were selected on the basis of their current (recently
approved) and potential (probably approved in the
future) use in orchards. We also focused on agro-

chemicals (SpinTor”, Pyrethrum PNC - 17, Siltac”
EC, Boundary® SW, and FerrumQil®) that would fit
into an Integrated Pest Management (IPM) Progra-
mme and be compliant with organic crops (Rigby &
Caceres 2001; Barzman).

MATERIAL AND METHODS

The experiments were conducted under laboratory
conditions in 2017 and 2018 with adult P oblongus
collected by hand into plastic tubes within agro-
chemically untreated apple, pear, and cherry nurser-
ies of the Research and Breeding Institute of Pomolo-
gy Holovousy, Horice, Czech Republic (50°22'24.9"N,
15°34'53.2"E). The beetles were housed together in
laboratory conditions (22 + 1°C, 75 + 5% relative hu-
midity, 16 : 8 light/dark photoperiod) in plastic catch-
es (12 x 12 x 6 cm) two weeks prior to the laboratory
experiment. They were fed ad libitum with untreated
cherry tree leaves and water was provided on a mois-
tened piece of tissue.

Application of agrochemicals. In three experi-
ments, the residual, contact, and ingestion efficacy of
seven agrochemicals were investigated. Distilled wa-
ter was used as a control. For each experiment, 160
adult individuals (80 adult individuals in each year)
were used (total N = 480). Five beetles in four replica-
tions (altogether 20 beetles) were used each year for
each agrochemical treatment, again with distilled wa-
ter as a control. Each beetle was tested once. All agro-
chemicals (Table 1) were tested at the concentrations
and field doses recommended for orchards, according

Table 1. The specifications of the agrochemicals studied for the possible effects on P. oblongus

Trade name and

formulation Type Distributor Active ingredient Specification Dose/ha
Mospilan® 20 SP C Ao C};;':‘L:l Farops Acetamiprid Insecticide 0.25 kg
» 3D-IPNS - polymers physically based plant
ac™ B0 = 1R e Silicones+siloxanes protection product 5L
Boundary® SW EF ICAS SRL fermented seaweed extract and uuxili'uy plant 25-4.0L
succulent extract protection product
FerrumOil* EF Bioka s.r.o. Fe.Mg, fertilizer 20-6.0 L
N+ terpenes, limonene, geraniol

SpinTor” EF Dow AgroSciences x.r.o. Spinosad insecticide 0.6 L
Reldan 22" C Dow AgroSciences s.r.o, Chlorpyrifos-methyl bﬂ::t:m;:um 27L
Pyrethrum PNC - 17 EF In registration process Pyrethrum insecticide 047 L
C ~ conventional; EF - enviromental friendly
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to the product labels, and while following the instruc-
tions provided by the Central Institute for Supervising
and Testing in Agriculture (2018), which provides the
exact rules on how to use plant protection products (a
very important group of agrochemicals).

For the residual efficacy tests, each treatment was
sprayed using a Potter precision laboratory spray
tower (Burkard Scientific, UK) into the bottom of
a Petri dish (5.5 cm in diameter) and also into the
inner part of the lid. The standard application was
between 1.5 and 2 mg/cm?, which is equivalent to
wet deposit of a pesticide for a volume of 400 L/ha
in orchards. Each Petri dish and its lid were then al-
lowed to dry under a laboratory hood. One beetle was
placed into each treated Petri dish along with an un-
treated leaf as food and a piece of moistened tissue
to provide water. Each Petri dish was marked with
an exclusive code consisting of an abbreviation for
the treatment and number of the repetition.

For the contact efficacy test, each beetle was
sprayed using the Potter tower. The amount of mate-
rial applied was the same as for the residual efficacy
methodology. Immediately after spraying, the bee-
tles were placed into clean Petri dishes (5.5 cm in
diameter) and water and food were provided as in
the residual efficacy test,

For the ingestion effect test, cherry leaf disks (25 mm
in diameter) were submerged (dipped) into the agro-
chemical treatment for 3 seconds. Each leaf disk was
dried, then placed in the Petri dish with one beetle,

Efficacy assessment. The mortality of each indi-
vidual was recorded 24, 48, and 72 h after the direct
treatments (spraying), the first contact with
the treatment residues on the Petri dish or the first
contact with the treated cherry leaf disk.

Statistical analysis. Abbott’s method (1925) was
used for testing the agrochemical efficacy (e.g.,
Rodriques-Gonzdles et al. 2017), The data were
transformed using an arcsine transformation. The
untransformed means and standard errors are re-
ported in the figures. The differences in the mor-
tality of P. oblongus among the tested insecticides
were analysed using a repeated-measures ANO-
VA with the exposure time as the repeated factor.
The group means were compared using Tukey's
HSD test (a = 0.05). All the analyses were perfor-
med with STATISTICA 10 (version 10), All the
laboratory experiments were conducted twice
and, because the results from the two experimen-
tal runs were similar (variance between the two
runs < 0.05), the data were combined for analysis.
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RESULTS

For each insecticidal mode of action, the insecticide
treatment, exposure time, and their interactions signif-
icantly affected the mortality of P oblongus (Table 2).

Residual effect of the tested agrochemicals. The
efficacy was dependent upon exposure time (Table 2)
for the P. oblongus exposure to the product residuals.
The effectiveness of the insecticides generally increased
over time, except Pyrethrum, which had the same effi-
cacy at all exposure times (a mortality of only 5%). Rel-
dan 22% was the most effective insecticide; the morta-
lity was 100% at all the exposure times. Siltac® EC was
also effective (a mortality of 65% at 72 h), with Mospi-
lan® 20 SP, FerrumOil®, Boundary” SW, SpinTor®, and
Pyrethrum PNC - 17 causing the lowest mortality in
the P. oblongus at all the exposure times (Figure 1),

Contact effect of the tested agrochemicals. Rel-
dan 22" had the highest efficacy when P. oblongus was
sprayed directly with the products. The efficacy was
70% at 24 and 48 h, and 85% at 72 hours (Figure 1).
Similarly, the efficacy from direct application of
SpinTor® was 50% at 48 h and 85% at 72 hours, The
lowest efficacy was observed for Boundary® SW,
FerrumOil™ and no mortality was recorded after
the Pyrethrum PNC -~ 17 application. The efficacy
of the insecticides was significantly affected by the
exposure time (Table 2),

Ingestion effect of the tested agrochemicals.
The most effective insecticide in the dipped leaf

Table 2. The analysis of variance results from the labora-
tory testing for the efficacy of the agrochemicals accord-
ing to the treatment, time, and their interaction on the
mortality of P. oblongus

Lr;se.:!f;dd mads Factor df F P
TR 4804 < 0.0001
Residual T 2 2999 <0.0001
TR=xT 12 4.01 0.0004
TR 8.18 < 0.0001
Contact x 2 2853 <0.0001
TRxT 12 389  0.0005
TR 6 1653 < 0.0001
Ingestion T 2 4582 < 0.0001
TRxT 12 510 < 0.0004

The data for the analysis of variance were combined from
the two experimental runs; df - degree of freedom; F - F
value, P - significance level; TR - treatment; T - time
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Figure 1. (A) The residual, (B) contact
and (C) ingestion (product applied
directly to a petri dish) effect of the
agrochemicals on the mortality of
P. oblongus

The results are presented as a mean
percentage effect + SE of the agro-
chemicals on the mortality of P. oblon-
gus; the bars with the same letter do
not differ significantly at P < 0.05; the
different colours of the bars represent
the exposure time (24, 48 and 72 h)

119



Original Paper

Plant Protection Science, 56, 2020 (2): 116-122

ingestion tests was Reldan 227 and its efficacy was
dependent upon the exposure time (60, 90 and 100%
at 24, 48, and 72 h, respectively). It was followed
next by Mospilan® 20 SP (the efficacy was 60, 65 and
80% at 24, 48, and 72 h, respectively) and SpinTor”
(an efficacy of 70% at 48 h and 85% at 72 hours).
A high efficacy was also observed for Siltac™ EC (30%
at 48 h and 85% at 72 hours). Pyrethrum PNC - 17
had zero efficacy, and a very low efficacy was recor-
ded for FerrumOil”, and Boundary® SW (Figure 1C).

DISCUSSION

Seven agrochemical products were evaluated
under laboratory conditions for the control of £. ob-
longus adults with the aim of identifying the pro-
ducts suitable to replace the broad-spectrum in-
secticide chlorpyrifos-methyl.

Spinosad (SpinTor”) had poor efficacy upon contact
with the dried residue (10% after 24 h), the highest
efficacy occurred 72 h after direct contact (85 %), and
after ingestion (85%). Bazok et al. (2016) achieved the
highest effectivity of a spinosad by ingestion (36.36%)
and ingestion combined with direct contact (45.45%)
on the sugar beet weevil, Bothynoderes punctiven-
tris (Germar, 1824) (Coleoptera: Curculionidae) and
100% mortality after 24 h (direct spraying) was ob-
served via contact with SpinTor” residues on Phyl-
lobius oblongus (Skalsky et al. 2015).

Mospilan® 20 SP had low efficacy after residual con-
tact on P. oblongus adults, and its highest effectivity
was achieved by ingestion (80% after 72 hours). This
product has, however, been effective against the stra-
wberry blossom weevil, Anthonomus rubi (Herbst,
1795) (Coleoptera: Curculionidae) (Labanowska et
al. 2000). Thiamethoxam, a second-generation neo-
nicotinoid, has been proven effective 72 h after in-
gestion of treated leaves against the eucalyptus snout
beetle adults, Gonipterus scutellatus (Gyllenhal in
Schénherr, 1833) (Coleoptera: Curculionidae), but
the efficacy was insufficient 72 h after direct contact
(Echeverri-Molina & Santolamazza-Cardone 2010),

Pyrethrin was relatively ineffective in our study on
P. oblongus by all three methods of exposure, However,
the efficacy of pyrethrum can be improved in formu-
lation with other insecticides, such as piperonylbuto-
xide, gamma-cyclodextrin, or botanical oils (Watts &
Berlin 1950; Biebel et al. 2003). Wanyika et al. (2009)
found pyrethrins are effective against maize weevils
|Sitophilus zeamais (Motschulsky, 1855)] (Coleoptera:
Curculiondiae) when applied with oils extracted from
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Azadirachta indica A. de Jussieu (neem tree), Thevetia
peruviana (Pers.) K. Schum, and Gossypium hirsutun:
Linnaeus. Natural pyrethrum extracts are very quick-
ly degradable by UV (ultraviolet) light and lose their
insecticidal activity. Therefore, it is necessary to make
them photostable in pesticide formulations (Maina et
al. 2016). Based on the references cited above, it is po-
ssible that the efficacy of Pyrethrum PNC - 17 could
be improved by the addition of oils to the tank mixes,
or when this active ingredient will be formulated into
the final product. However, further investigation is
warranted, due to the high probability of resistance.

According to the manufacturer, the mode of action
of Siltac™ EC is to physically create a thin, sticky film
on the body of the insect that immobilises and rapidly
eliminates them. The product is recommended for
use on fruit trees and berries to control aphids, spi-
der mites, rust mites, psyllids, and scale larvae (ICB
Pharma 2019). However, our experiments indicate
that this product may have other modes of action.

Both fertiliser products, Boundary® SW and
FerrumOQil®, were low in the lethality of P. oblongus. In
a previous study, however, Boundary® SW was 100%
effective against the leaf-rolling beetles, Anthonomus
pomorum (Linnaeus, 1758) and Tatianaerhynchites
aequatus (Linnaeus, 1767) 24 h after being spray-
ed irectly using a hand sprayer (Skalsky 2017). To our
knowledge, FerrumOil” has never been tested for its
effect on pests. This product did not show any poten-
tial for acting against P. oblongus.

Our study offers an initial screening of agrochemi-
cals, which require further investigation and field tes-
ting in commercial crops for the control of P. oblongus.
Our laboratory tests showed a huge potential for Spin-
Tor” and Siltac™ EC, both of which could be incorpo-
rated into organic and IPM crops to reduce foliar and
flower damage to fruit trees by P. oblongus. However,
further field testing is required to support this.
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4.3. Synergické vlivy herbicidu na bazi glyfosati a tank mixovych

smacedel na slid’aky

Vystup C: Niedobova, J., Skalsky, M., Oufednickova, J., Michalko, R. and Bartosova, A. 2019:
Synergistic effects of glyphosate formulation herbicide and tank-mixing adjuvants on Pardosa
spiders. Environmental Pollution. 249: 338-344 (IF 5.7)

Charakteristika problematiky

Agrochemikalie v zivotnim prostfedi mohou skutecné negativng ovlivnit populace uzite¢nych
bezobratlych organismu, jako jsou predatofi (Biondi et al. 2012; Desneux et al. 2007; Galvan et al.
2006; Niedobova et al. 2016). Stale vice studii, které poukazuji na skuteénost, ze potlacovani populaci
Skidci mlize byt negativné ovlivnéno letalnimi a subletalnimi vlivy pesticidii na pavouky (Benamu
etal. 2010; Benamu et al. 2013; Brown et al. 2015; Evans et al. 2010; Korenko et al. 2016; Niedobova
et al. 2016). Subletalni vliv piipravki a prostiedkii na ochranu rostlin mize u pavouki zpusobit
znizeni schopnosti hledat potravu, ovlivnéni plodnosti a pohybovych schopnosti jedinct (Brown et
al. 2015; Benamu et al. 2013; Everts et al. 1991; Niedobova et al. 2016). Preda¢ni aktivita pavoukd,
jez je spojenda se schopnosti nalézt kotist, mize byt zakladnim faktorem negativné/pozitivné
ovliviiyjicim populace pavoukd.

Celosvétove nejprodavanéjsim pesticidem jsou herbicidy na bazi glyfosatu. Od konce 70. let
20. stoleti se spotieba glyfosatu zvysila ptiblizné stokrat (Myers et al. 2016). Za poslednich 10 let
bylo do agroekosystémt aplikovano cca 6,1 miliardy kilogramt glyfosatu a jeho spotieba v globalnim
m¢éfitku stale roste (Benbrook 2016). Zmény v chovani pii hledani potravy, po vystaveni herbicidt
na bazi glyfosatu, byly u pavoukd jiz popsany (Behrend & Rypstra (2018), Benamu et al. (2010),
Korenko et al. (2016) a Rittman et al. (2013)). Herbicidy na bazi glyfosatu jsou prodavany jiz jako
konec¢né formulace, resp. produkty, bez bliz§iho popisu obsahu dalSich latek jako jsou napt. smécedla,
a to zduvodu obchodniho tajemstvi. Pesticidy obsahuji zakladni wG¢inné latky, které jsou
toxikologicky testovany (Desneux et al. 2007). Déle pak obsahuji také specifické piidavné latky,
jejichz slozeni a obsah podléhaji obchodnimu tajemstvi (Mesnage et al. 2014; Surgan et al. 2010).
Velmi vyznamnd jsou v tomto ohledu smacedla, kterd jsou soucasti mnoha pesticidi (Cox and
Surgan, 2006). Smacedla zvySuji ucinnost a dalsi vlastnosti takovych smési pesticidi (Holland 1996).
Pouze velmi mélo studii bylo vénovano problematice sméacedel a jejich subletalnimu vlivu na uzite¢né
¢lenovce. Pravé tomuto tématu se vénuje predkladand studie, konkrétné tedy zkoumani predacni
schopnosti a naslednym zménam V Case u slid’akit rodu Pardosa po piimé expozici glyfosatu

samotného, v kombinaci se smacedly a smacedly samotnymi.
38



Metodicky postup

Subadultni pavouci a dospélé samice rodu Pardosa (N=177) byli odebrani z lesa na
Vyskovsku. Pavouci byli determinovani dle Nentwig et al. (2018) jako komplex druht Pardosa
lugubris/alacris. Tito pavouci se vyskytuji v ovocnych sadech, kde se bézn¢ aplikuji herbicidy na
bazi glyfosatu a jejich tank-mixy se smacedly. Pavouci rodu Pardosa jsou predatofi s denni aktivitou,
a proto mohou byt nize zminénymi prostiedky pfimo zasazeni.

Pavouci byli umisténi do plastovych valcovych lahvicek s navlhé¢enym vatovym tamponkem.
Vsichni jedinci byli krmeni ad libitum octomilkou obecnou Drosophila melanogaster (Meigen, 1830)
po dobu Sesti dnii. Pied pokusem se nechali pavouci hladovét po dobu sedmi dnti dle Niedobové et
al. (2016).

Pavouci byli ndhodné¢ vybrani do Sesti skupin v ndvaznosti na testované varianty: Roundup
klasik Pro, Wetcit, Agrovital, Roundup klasik Pro + Wetcit, Roundup klasik Pro + Agrovital a
kontrola. Kazdé skupina, resp. varianta, obsahovala 29 - 30 jedinct. Jednotlivi pavouci byli oSetfeni
pod Potterovou vézi (vyrobce Burkard Scientific) pfi tlaku 50 kPa, aby bylo dosazeno nésttiku 2
mg/cm? £ 10 %. lhned po aplikaci byli pavouci umisténi jednotlivé do Petriho misek s filtra¢nim
papirem na dné. Kazdému pavoukovi byly nabidnuty tfi octomilky. V rdmci prvniho
experimentalniho dne byl zaznamenavan kazdou hodinu pocet usmrcenych octomilek (celkem
ctyfikrat). Soucasné byly odebrany mrtvé octomilky a byly nahrazeny Zivymi, vZdy do poctu 3 ks pro
jednoho pavouka. Pfi statistickém hodnoceni byla brana do tivahy velikost jedinct, ¢as a ptipravek ¢i
kombinace ptipravkii. Pro hodnoceni byly pouzity Linear mixed effects models (LME), pracovalo

se v programu R.
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ARTICLE INFO ABSTRACT

Article history: Glyphosate-based herbicides are the world's most consumed agrochemicals, and they are commonly
Received 9 January 2019 used in various agroecosystems, including forests, as well as in urban zones and gardens. These herbi-
m‘:;l‘:"‘”‘ form cides are sold as formulations containing adjuvants. Other tank-mixing adjuvants (most often surfac-

tants) are commonly added to these formulations prior to application. According to the manufacturers of
agrochemicals, such tank mixes (as these are known in agronomic and horticultural practice) have
modified properties and perform better than do the herbicides as used alone. The effects of these tank
mixes on the environment and on beneficial arthropods are almost unknown. Therefore, we studied
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:;y;:"”' whether a herbicide formulation mixed with adjuvant has modified effects on one of the most common
Surfactant genera of ground-dwelling wolf spiders vis-a-vis the herbicide formulation and adjuvants themselves.
Herbicide Specifically, we studied the synergistic effect in the laboratory on the predatory activity (represented by
Tank mix the number of killed flies) of wolf spiders in the genus Pordosa after direct treatment using the
Foraging behavior glyphosate-based herbicide formulation Roundup klasik Pro*, Roundup klasik Pro® in a mixture with the
surfactant Wetcit®, Roundup klasik Pro* in a mixture with the surfactant Agrovital®, and the surfactants
alone. We found that pure surfactants as well as herbicide-and-surfactants tank mixes significantly
decrease the predatory activity of Pardosa spiders in the short term even as Roundup klasik Pro* did not
itself have any such effect. Our results support the hypothesis that plant protection tank mixes may have
modified effect on beneficial arthropods as compared to herbicide formulations alone. Therefore, testing
of pesticide tank mixes is highly important, because it is these tank mixes that are actually applied to the

environment.
© 2019 Elsevier Ltd. All nights reserved.
1. Introduction 2006; Niedobova et al, 2016). Increasing evidence suggests that

Agroecosystems, but also ecosystems of gardens, parks, and ur-
ban greenery, are inhabited by numerous beneficial arthropods that
are useful in terms of the valuable ecosystem services and biodi-
versity they provide (Miller, 2008; Pekir and Kocourek, 2004), Ag-
rochemicals in the environment have many direct negative effects
and can seriously affect beneficlal invertebrate organisms such as
predators (Biondi et al, 2012; Desneux et al, 2007; Galvan et al,
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pest suppression can be weakened by plant protection products
having lethal but also sublethal effects on spiders (Benama et al,
2010; Benamd et al., 2013; Brown et al, 2015; Evans et al, 2010;
Korenko et al, 2016; Niedobova et al, 2016; Niedobovd et al,
2018). Reduced foraging behavior, changes in fecundity, and
changes in mobility are examples of sublethal effects that have been
found in spiders after agrochemical exposure (Brown et al. 2015;
Benami et al, 2013; Everts et al, 1991; Niedobova et al, 2016;
Niedobova et al, 2018), Predatory activity, which is connected
with foraging behavior in spiders, may be a very important feature
of the food web and consequently a driver of population and com-
munity dynamics, and so contact with agrochemicals could shift
these very important food web linkages within the environment,
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The world’s best-selling agrochemicals are glyphosate-based
herbicides. Since the late 1970s, glyphosate consumption has
increased approximately 100-fold (Myers et al, 2016). Glyphosate
is the active ingredient contained in more than 750 different
products used in numerous agroecosystems as well as for urban
and home application (Guyton et al, 2015). These products are also
commonly used as desiccants due to their ability to accelerate
harvest of soybeans and other oil seed crops, dry edible beans,
wheat, barley, and many other crops (Bennet and Shaw, 2000;
Blackburn and Boutin, 2003; Gottrup et al., 1975; McNaughton
et al, 2015; Mitsis et al, 2011; Whigham and Stoller, 1979). Over
the past decade, 6.1 billion kilograms of glyphosate have been
applied to agroecosystems, and their global consumption continues
to grow (Benbrook, 2016). Changes in foraging behavior after
exposure to glyphosate-based herbicide formulation in spiders
have been reported by Behrend and Rypstra (2018), Benamdi et al.
{2010), Korenko et al. (2016), and Rittman et al, (2013).

Glyphosate herbicides are sold as formulations. Pesticide for-
mulations generally contain active ingredients, which are toxico-
logically tested (Desneux et al, 2007), as well as specific additives,
which are classified as inert and their specification is a trade secret
(Mesnage et al, 2014; Surgan et al., 2010). Adjuvants are among the
very important such additives, and large proportions of them are
commonly included into plant protection products (Cox and
Surgan, 2006). These materials enhance the activity or other
properties of a pesticide mixture (Holland, 1996). The consumption
of agronomic adjuvants is increasing. It has been projected that the
agricultural adjuvants market has been expanding at a compound
annual growth rate of 5.6% in recent years and that it will reach the
value of $3.18 billion by 2019 (MarketsAndMarketscom, 2015),
Neither toxicological evaluation nor authorization is required for
adjuvants (Commission Regulation (EC) No 1107/2009), although it
has been found that they can have lethal effect on various organ-
isms, including beneficial arthropods (Cowles et al., 2000; Druart
et al, 2010; Goodwin and McBrydie, 2000; Sims and Appel,
2007). Only very rarely have surfactants and their sublethal ef-
fects on beneficial arthropods been studied. Niedobova et al. (2016)
did, however, find that agronomic surfactants significantly affected
short-term predatory activity of Pardosa agrestis (Westring, 1861)
spiders.

Although in the past glyphosate herbicides have been described
as minimally harmful to the environment (Baylis, 2000; Lundgren,
2009; Howe et al, 2004), in 2015 the World Health Organization’s
International Agency for Research on Cancer classified glyphosate
as “probably carcinogenic to humans” (Guyton et al, 2015),
Numerous studies have shown glyphosate-based herbicide for-
mulations to be harmful to human cells and to rat liver cells, and
adjuvants have been found to be the cause of toxicity (Mesnage
et al, 2013; Mesnage et al, 2015; Peixoto, 2005). These findings
are very serfous, because agronomic adjuvants are also offered
separately for tank mixing. Most commonly these adjuvants are
surfactants and are mixed with the formulated product and water
in the sprayer tank before field application (Hochberg, 1996 Leaper
and Holloway, 2000), This procedure produces chemical tank mixes
with completely unknown effects on beneficial arthropods, the
terrestrial environment, and human health, Although Cedergreen
(2014) reviewed the cocktail effect and synergistic interactions
within the environment of chemicals in mixtures, studies dealing
with mixtures of formulated pesticides and adjuvants are still
lacking, despite the frequent use of such mixtures, It is very
important, therefore, to determine the real effect of the pesticide
tank mixes actually applied and to identify which compounds of
tank mixes or their combinations could negatively affect the
ecosystem services provided by beneficial arthropods, These
ecosystem services have been valued at several billion dollars
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annually in the United States alone (Wyckhuys et al, 2013). Because
such natural enemies as predators and parasitoids are able signif-
icantly to suppress pest populations, they are today valued com-
ponents of pest management programs that are directed to
agricultural sustainability (Barzman, 2015; Furlong and Zalucki,
2010).

Spiders are ideal model organisms for testing the effects of ag-
rochemicals on beneficial arthropods. Ground-dwelling spiders,
and in particular wolf spiders (Lycosidae), are the most ubiquitous
generalist predators in the temperate zone (Wise, 1993). Their prey
spectrum consists of species at different trophic levels, including
herbivore pest species, and therefore they are able to reduce pest
populations significantly (Birkhofer et al., 2008; Kuusk et al,, 2008;
Oelbermann et al,, 2008; Oelbermann et al, 2009; Wise, 1993). To
our knowledge, agrochemical mixtures of herbicide and surfactant
have been studied only once, the result being that such mixture was
shown to be lethal to therndiid spiders (Evans et al., 2010). The lack
of evidence about tank mixtures of herbicide and surfactant is
surprising, because agrochemical mixtures are commonly applied
to field and forest agroecosystems, as well as to urban parks and
gardens.

Because predatory activity in spiders is directly connected with
pest suppression, our research was directed to studying prey cap-
ture efficiency and its changes over time in lycosid spiders of the
genus Pardosa after direct exposure to the glyphosate formulation
Roundup klasik Pro*, to Roundup klasik Pro® in a mixture with the
surfactant Wetcit®, to Roundup klasik Pro® in a mixture with the
surfactant Agrovital®, and to the surfactants alone. The impact of
mere disturbance caused by agrochemicals can be sometimes
comparable with lethal effect, because spiders cease attacking prey
(e.g.. Michalko and Kosuli¢, 2015).

2. Materials and methods

2.1. Studied species, collection, care, and preparation for
experiments

The genus Pardosa is a widely distributed ground-dwelling
generalist predator in agroecosystems of the temperate zone
(Lang. 2003). This genus also is used as a model organism for
studying the effects of herbicides and surfactants (Michalkova and
Pekar, 2009; Niedobovd et al, 2016, Korenko et al, 2016; Behrend
and Rypstra, 2018), Subadult and adult females (N = 142) were
collected in agrochemically untreated light forest at Drnovice,
Czech Republic (49.2779258 N, 16.9373344E). On 24 April 2018,
spiders were collected by hand separately into plastic tubes (13 mm
in diameter and 60 mm long) each containing a moistened piece of
facial tissue,

Spiders in plastic tubes were placed into laboratory conditions
(22£1°C, 75+ 5% RH and 16:8 [light:dark] photoperiod). With
reference to Nentwig et al. (2018), they were determined as Pardosa
lugubris group, which consists of two closely related species in
central Europe: Pardosa lugubris (Walckenaer, 1802) and Pardosa
alacris (C. L. Koch, 1833). Adult females of the two species are
mostly indistinguishable (Kronestedr, 1992, 1999). These species
are among the most common Pardosa species in Europe (Nentwiy
et al, 2018), Both species occur on the ground in orchard agro-
ecosystems (Cejka et al, 2018), where glyphosate-based herbicides
are commonly applied at ground level in the rows between orchard
crops (Pesticides Action Network Europe, 2017). The two species
also occur in urban parks and light forests (Fedonak et al, 2012,
Kurka et al, 2015), where glyphosate-based herbicides are the
most commonly used pesticides in forestry (Mibajlovich et al.,
2004; Rolando et al, 2017). Spiders of the genus Pardosa are
ground-dwelling with diurnal activity and may therefore come into
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direct contact with herbicide tank mixes, because these agro-
chemicals are usually applied during the daytime without re-
strictions due to the flight activity of the bees.

Spiders were fed ad libitum with fruit flies Drosophila mela-
nogaster (Meigen, 1830) (Diptera: Drosophilidae) for 6 days in total.
Fruit flies are well accepted by Pardosa spiders (e.g, Behrend and
Rypstra, 2018; Korenko et al, 2016; Niedobova et al., 2016). Prior
to the experiment, spiders were then fasted for 7 days as described
by Niedobova et al. (2016).

2.2. Agrochemical characteristics, preparation, and spraying

We used a commercial formulation of the herbicide Roundup
klasik Pro*, which contain 360 g/l of glyphosate. This formulation is
produced by Monsanto Europe SA. As surfactants, we used two
products regarded as compatible with organic farming. The first,
Wetcit”, is a surfactant distributed by Oro Agri International Lid
(Fresno, CA, USA.). Active ingredients are alcohol ethoxylate (10 g/
1) and orange oil (50 gf1). Wetcit* is recommended for use with
insecticides, fungicides, herbicides, and foliar fertilizers (Oro Agrl,
2018). The second, Agrovital®, is a surfactant manufactured by All
agrochemicals were tested at the recommended field concentra-
tions for orchards, according to the product labels, and following
the instructions provided by the Central Institute for Supervising
and Testing in Agriculture (2018), In actual practice, Roundup kla-
sik Pro® is generally applied at the dose of 6 1/ha with 200 I/ha of
water. Concentrations for surfactants were: 0.3% for Wetcit and
0.14% for Agrovital. All agrochemicals were diluted in distilled
water. The equivalent applied dose for spraying was recalculated to
2.06 mg/cm?, Distilled water was used as a control treatment,

2.3. Laboratory testing

Spiders were divided into three categories according to size:
small (mean [range|=156mm [1.3-1.83]), medium (mean
[range] =216 [1.84-237]), large (mean [range]=254mm
[2.38-2.9]) to standardize their natural prey capture rate proba-
bility. Length and wide of prosoma was used as an aspect of size.
This measurement was included into statistical analysis, Spiders
from each category were then randomly selected into six treatment
groups: Roundup klasik Pro® (N = 20), Wetcit® (N = 25), Agrovital®
(N = 25), Roundup klasik Pro* + Wercit* (N = 24), Roundup klasik
Pro* + Agrovital® (N =22), and Control (N = 26). Spiders were
placed into small plastic chambers and treated under a Potter
precision laboratory spray tower (Burkard Scientific) at 50 kPa of
pressure to achieve agrochemical deposits of 2 mg/em? + 10%. This
is the concentration recommended by the International Organiza-
tion for Biological Control for ecotoxicological experiments on
beneficial arthropods (Hassan, 1994). Immediately after spraying.
spiders were placed into Petri dishes (5 cm in diameter) with filter
paper on the bottom and with a piece of moistened facial tissue,
Each Petri dish was marked with an exclusive code, consisting of an
abbreviation for the treatment and number of the spider, Each
spider was used only once. The methodology of studying short- and
long-term predatory activity followed Niedobova et al. (2016). Fruit
flies D. melanogaster were provided in the number of three in-
dividuals to each spider. During the first day (the day of spraying)
the numbers of killed or consumed flies (recorded as death flies)
were recorded each hour, four times in total, Killed or consumed
flies were replaced with lives ones to maintain the constant density
of three flies each hour. The experiment continued over the next 4
days with the same spiders, the difference being that killed or
consumed flies were recorded and replaced with live ones every
24, In total, then, we obtained four records for each spider of
short-term predatory activity and four records for each spider of

42

249 (2019) 338344

long-term predatory activity. Spiders that molted 3 days before the
spraying, during the experiment, or within 24 h after completion of
the experiment were excluded from further analyses. The reason
for this is that spiders which are soon to molt do not accept food
and spiders which have just molted are very sensitive to agro-
chemicals (Heimbach et al,, 2000). We also conducted an additional
experiment where we observed the mortality of flies during 4 h. We
established 30 Petri dishes each with 3 flies (N = 90) and observed
the mortality for 4 h.

2.4. Statistical analyses

All statistical analyses were carried out in the R environment (R
Development Core Team, 2014). We used linear mixed effects
models (LME) to analyze the relatively short-term (4 h) and long-
term (5 days) effects of agrochemicals on the mean predatory ac-
tivity of Pardosa spiders. The individuals' identifications repre-
sented the random effects. The fixed effects consisted of the main
effects treatment, time, size, and all their possible two-fold and
three-fold interactions (Table 1). The terms were removed by
backward selection according to the rule of marginality and their
significance. Time acted as a factor, as we had only four-point
measurements and the relationship might not be linear. When
we investigated the long-term effect, the response variable was log.
(x + 1) transformed to approach normality. We also added the
varldent (treatment, time) and varExp (size) variance functions to
deal with the heteroscedasticity. In the figures, we present only the
effects of treatment and time for the population mean size (Le.,
carapace length = 2.3 mm) because the size served only as a co-
variate that could affect the results, and the relationship between
size and predatory activity was not size-specific (Table 1),

3. Results

In this study, we found no lethal effect of the tested agrochem-
icals and their mixtures on Pardosa spiders, but we found effects on
predatory activity caused by commonly used field doses and
application rates. There was a significant interaction between
treatment and time (LME, P = 0.004, Fig. 1, Table 1), During the first
hour, only the mixture of Roundup klasik Pro* and Agrovital® and
the Wetcit" significantly reduced the predatory activity of spiders in
comparison to the control (contrasts, P <0.028), Other treatments
did not differ significantly (contrasts, P> 0.109). During the second
hour, only the mixture of Roundup klasik Pro® and Wetcit* and
Agrovital® reduced the predatory activity in comparison to the
control (contrasts, P<0007). Other treatments did not differ
significantly from the control (contrasts, P > 0,084). During the third

Table 1
Results from linear mixed effects models investigating the effect of pestickies on
Pardosa spiders. Significant effect of pesticides is highlighted in bold.

Duration Term Fovalue dar Povalue

Short-term Treatment 17 sn2 0137
Size 383 "2 <000
Time 261 3339 <0001
Treatment: Size 07 S0 0591
Treatment: Time 23 15339 0.004
Size: Time 14 1336 0235
Treatment: Size: Time 15 15321 o

Loag-term Treatment 10 sm 0442
Slze 68.5 1is <0001
Time 59 3344 <0001
Treatment: Size 20 5106 0.083
Treatment: Time IR 15,326 0344
Stze: Time 21 3326 0.095
Treatment: Size: Time 10 1531 0464
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Roundug b Pro*

Foundup besh Pro® » Wetat™ Wedait®

Fig. 2. Pardose sp. sprayed with tested products and their Surface of spid

L

8 disrupted and spiders are wetted after treatments by pure surfactants, herbicide

and surfactant mixtures, but also herbicide alone.

hour no treatment differed from the control (contrasts, P> 0,120).
During the fourth hour, only Wetcit* reduced the predatory activity
(contrasts, P = 0.048) while other treatments did not differ signifi-
cantly from the control (contrasts, P > 0.106), The differences among
treatments in number of killed flies were not blurred by the natural
mortality of flies, which was low during the 4h of experimental
trials (3%, authors unpubl.). There was no significant long-term ef-
fect of the agrochemicals on the mean behavior (LME, P = 0.083,
Table 1). We also found out, that Pardosa spiders were completely
wetted after all agrochemical treatments (Fig. 2).

4. Discussion

Our objective was to test whether the commonly used glypho-
sate herbicide Roundup klasik Pro”, the Roundup klasik Pro” in a
mixture with the surfactant Wetcit", the Roundup klasik Pro” in a
mixture with the surfactant Agrovital®, and the surfactants alone
affect the predatory activity of the widely distributed wolf spider
species from the Pardosa lugubris group,

We did not find the lethal effect of the tested agrochemicals.
Lethal effect of glyphosate-based herbicides also had not been
found in previous studies (Behrend and Rypstra, 2018; Benamd
et al, 2010; Korenko et al, 2016; Michalkovd and Pekar, 2009;
Wrinn et al, 2012). A lethal effect of adjuvant and pesticide
mixture has been detected in the theridiid spider Steatoda capensis
(Evans et al, 2010), in the hymenopteran parasitoid wasp Tamarixia
radiata (Waterson, 1922) (Cocco and Hoy, 2008), and also in two
predatory mites, Metaseiulus occidentalis (Nesbitt, 1951) and Hem-
icheyletia wellsing Summers & Price, 1970 (Ray and Hoy, 2014),

We also did not find changes in predatory activity after Roundup
klasik Pro® treatment, although a number of other authors have
found differences in predatory behavior after treatment with
glyphosate-based herbicide formulations. Behrend and Rypstra
(2018) found that foraging behavior of the lycosid spider Pardosa
milvina (Hentz, 1844) was affected after exposure to Buccaneer
plus®. Also, Benamd et al, (2010) recorded changes in consumption
pattern at 24 h post-treatment in the orb-weaver spider Alpaida

Fig. 1. Short-term comparkson of the number of flies killed by Purdosa spiders exposed to the water L and pure ad (A) or

veniliae (Kayserling, 1865). On the other hand, Michalkova and
Pelar (2009) did not find changes in capture and consumption of
flies in the lycosid spider Pardosa agricola (Thorell, 1856) after
exposure to residues of Roundup Biaktiv®. We believe that differ-
ences in results could be caused by differences in the methods of
herbicide application, dose, and spider species, as well as in her-
bicide composition, because different formulations are used in
various commercial products). Herbicides formulations based on
glyphosate include one or more adjuvants (Mesnage et al., 2015),
Mesnage et al. (2013 found that formulations of glyphosate-based
herbicide, which are always mixtures of active compound and ad-
juvants, were more toxic for human cells than was the active
ingredient glyphosate, Similar results were published by Peixoto
(2005) in relation to mitochondrial oxidative phosphorylation of
rat’s liver,

We found that both tank-mixing adjuvants affected predatory
activity of spiders in the short term. Adjuvant-treated spiders
preyed significantly less on flies in comparison to those in the
control group, Wetcit" significantly reduced predatory activity
during the first and fourth hours. Agrovital® significantly reduced
predatory activity during the second hour, Niedobova et al. (2016)
had reported that surfactants Saman®, Trend 90%, and Wertcit*
significantly affected short-term predatory activity of the lycosid
spider Pardosa agrestis. They found that Wetcit™ treatment in
minimally recommended concentration 1.5% caused predatory ac-
tivity by males to increase significantly, but that of females was not
affected, In our study, we did not evaluate sex-specific effect,
because we studied only females, We used the maximally recom-
mended concentration 0.3% and predatory activity of females
decreased, This surfactant’s mode of action on spiders is unknown
and requires further investigation, Because Wetcit” is also allowed
for organic farming, its negative effect on beneficial organisms was
not expected. The effect of Wetcit™ on spiders’ predatory behavior
could be caused by the orange oil compound, which is known to
have properties toxic to insects (Kim and Lee, 2014),

We also found that glyphosate herbicide and surfactant mix-
tures have synergistic effect on the predatory activity of Pardosa

herbicide and % of herbicide and

adjuvants (B), Superscripts indicate which groups (w « wetcit, a « agrovital, r+a « Roundup klasik pro + agrovital, r + w - mundup kiasik pro « mu)Muﬂ from the control
(P < 0.05) Points Indicate mean values and segment lines denote 95% confidence intervals,
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4.4. U¢inky tzv. ,,ekologicky Setrnych“ agrochemikalii na slunéiko

vychodni Harmonia axyridis (Coleoptera: Coccinelidae)

Vystup D: Niedobova, J., Skalsky, M., Faltynek, Z. F., Hula, V. and Brtnicky, M. 2019: Effects of
so-called "environmentally friendly" agrochemicals on the harlequin ladybird Harmonia axyridis
(Coleoptera: Coccinelidae). European Journal of Entomology. 116: 173—177. ISSN 1210-5759. DOI:
10.14411/eje.2019.018. (IF 1.0)

Charakteristika problematiky

Slunécka jsou velmi vyznamni predatoii mnoha druhi zivoéisnych skidct (Gao et al. 2009;
Harwood et al. 2009; Greenstone et al. 2010; Moser et al. 2011; Aslam et al. 2013; Zilnik & Hagler
2013). Jednim z celosvétové nejrozsifenejSich druhil naleZicich do celedi Coccinellidae je slunécko
vychodni (Harmonia axyridis), vyskytujici se v mnoha rtznych pfirozenych i zemédé€lskych
stanovistich (Brown & Miller 1998; Seo & Youn 2000; Koch 2003; Snyder et al. 2004; Brown et al.
2011). Tento druh je pfirozenym regulatorem naptiklad néasledujicich sktidcti ovoce - mSice tfesnoveé
Myzus cerasi (Fabricius, 1775), mery skvrnité Cacopsylla pyri (Linnaeus, 1761), mSice jablofiové
Aphis pomi (de Geer, 1773), msice $vestkové Hyalopterus pruni (Geoffroy, 1762), msice jitrocelové
Myzus persicae (Sulzer, 1776) atd. (Nedvéd 2014). Vzhledem Kk tomu, Ze je slunécko vychodni
aktivni ve dne, dostavaji se vSechna vyvojova stadia slunécka do kontaktu s aplikovanymi pesticidy.
I to je jednim z divodi, pro€ je slunécko vychodni pouZivano jako modelovy organismus védeckych
praci zaméfenych na studium vlivu pesticidii na uzite¢né ¢lenovece (Vincent et al. 2000; Michaud
2002; James 2003; Youn et al. 2003; Galvan et al. 2006). Piestoze je u pesticidi vyzadovano
hodnoceni a posuzovani rizik (Desneux et al. 2007), vedlejsi vliv téchto prostfedkd na uzite¢né
¢lenovce hodnocen neni. Proto byla zpracovana studie zaméfena na hodnoceni vlivu piipravki a
prostiedkli ochrany rostlin, obsahujici u¢inné latky na ptirodni bazi, na larvy a dospélce slunécka
vychodniho. A to v porovnani s Sirokospektralni u¢innou latkou toxickou pro mnoho necilovych

orgasnimd, chlorpyrifos-methylem (Reldan 22).

Metodicky postup

Piedmétem studie bylo testovani vlivu vybranych piipravku a prostiedki na ochranu rostlin
na mortalitu larev a dospélcii slunécka vychodniho. Pro testovani byly pouZzity dva prostfedky na
ochranu rostlin na ptirodni bazi s vedlejsimi insekticidnimi u¢inky Boundary SW a Prev B2. Pro
porovnani byl pouzit Sirokospektralni insekticid Reldan 22, organofosfat s ucinnou latkou

chlorpyrifos-methyl. Kontrolni varianta byla oSetfena destilovanou vodou. Larvy 4. instaru a dospélci
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byli odebrani z neosetfovanych vysadeb VSUO Holovousy, s.r.o.. Nasledné doslo k jejich pfemisténi
do laboratote, kde byli odchyceni jedinci umisténi do Petriho misek (primér 85 mm) s filtracnim
papirem na dné. VSem jedinciim byla poskytnuta potrava ad libitum v podob¢ msice jabloniové (Aphis
pomi) a vatovy tamponek jako zdroj vody. Larvy a dospélci byli nahodné rozd¢leni do ¢tyt skupin,
korespondujicich s planovanym poctem testovanych variant. Kazda skupina ¢itala 32 jedincd,
jednotlivé umisténych do Petriho misek (celkem N dospélych=128, celkem N larev=128). Kazda
larva nebo dospélec byli pouZiti pro testovani jen jednou. Nasledné byly dle doporuceni vyrobce
namichany vybrané agrochemikélie. Ptipravky byly aplikovany na testované jedince pomoci
farmaceutického aplikatoru, u kterého byla pfesné stanovena aplikovana davka. Jednalo se o davku
0,05 ml aplikovanou ze vzdalenosti cca 15 cm. Po oSetteni byla testovanym jedinciim opét poskytnuta
potrava a zdroj vody jako pied aplikaci. Pfedmétem hodnoceni bylo stanoveni mortality po 1, 10, 24,
34, 48, 58 a 72 hodinéch od aplikace ptipravkl. Dosazené vysledky byly podrobeny statistickému
zpracovani. Rozdily v ptezivani slunécek po aplikaci insekticidd byly hodnoceny v programu R
(pouzita byla analyza piezivani tzv. package “survival” in R x64 3.3.1). Jako proménné byly pouzity:
maximalni Cas, po ktery jedinci ptezivali oSetfeni insekticidy. Hodnotili se zivi a mrtvi jedinci. Déle
byl pouzit Kaplan-Maier test pro stanovovani piezivani s "vahou" log-rank tests (rho=0). Dospélci i

larvy posledniho instaru byli analyzovani zvIast.
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Abstract. A variety of plant protection products and other agrochemicals are used in ystems. Products approved for
Integrated pest management (IPM) or organic farming should have minimal negative side effects on beneficial insects. The Asian
harlequin ladybird Harmonia axyridis (Pallas, 1773) (Coleoptera: Coccinellidae) has become a widespread and important general-
Ist predator of certain agricultural pests, mainly aphids, throughout Europe. We studied the effects of two agrochemicals, Bound-
ary SW* (auxiliary ptant protection product) and Prev B2* (foliar boron fertilizer), usually regarded as “environmentally friendly”
and known to have insecticidal side effects against some fruit and vegetable pests (e.g., aphids, spider mites, weevils), on the last
larval instar and adults of Harmonia axyridis. The conventional organophosphate insecticide Reldan 22* was used as a chemical
standard for evaluating the lethal effect, because this product is usually effective against a broad spectrum of insects, and indeed
was immediately lethal for both the adults and larvae of this species. However, whereas Prev B2* had no effect, adult ladybirds
sprayed with Boundary SW* survived only for up to 25 h and also none of the larvae completed their development. Thus, although
our experiments were not made under natural conditions, the use of Boundary SW*® cannot be recommended for IPM and organic

farming in terms of safeguarding insect predators such as Harmonia axyridis until further more detailed testing.

INTRODUCTION

Crop protection is usually based on a broad range of chemical
pesticides and other agrochemicals, such as auxihary plant pro-
tection products, adjuvants and fertilizers, which can have insec-
ticidal side effects on beneficial arthropods (Desneux et al., 2007,
Evans et al,, 2010; Korenko et al,, 2016; Niedobovia et al., 2016),
Beneficial arthropods, such as predators are able to significantly
suppress pest populations in agro-ecosystems (Greenstone et al,
2010, Suenaga & Hamamura, 2015)

Ladybirds (Coleoptera: Coceinellidae) are very important bio-
logical control agents as their prey includes important pest taxa
(Gao et al, 2009, Harwood et al,, 2009; Greenstone et al,, 2010,
Moser et al, 2011; Aslam et al., 2013; Zilmk & Hagler, 2013).
One of the currently most widespread and abundant species of the
family Coceinellidae is the harlequin ladybird, Harmonia axy-
ridis, a generalist predator that imhabits & wide range of natural
as well as agricultural habitats (Brown & Miller, 1998, Sco &
Youn, 2000, Koch, 2003; Snyder et al., 2004, Brown et al., 2011).
This species may successfully regulate the abundance of aphids,

coccids, and many other pests. It is able to suppress black cherry
aphid Myzus cerasi (Fabncis, 1775), pear psylla Cacopsylla
pyri (Linnacus, 1761), apple aphid Aphis pomi (de Geer, 1773),
mealy plum aphid Hyalopterus pruni (Geoffroy, 1762), and green
peach aphid Myzus persicae (Sulzer, 1776) in orchards (Nedvéd,
2014). Because of its success in pest suppression, this beetle has
been introduced as a bioe | agent | the world (Kuroda
& Miura, 2003; LaRock et al, 2003, Pervez & Omkar, 2006,
Kinawy et al., 2008, Brown et al,, 2011; Adachi-Hagimon et al |
2011). However, besides the role of this species as a biocontrol
agent, the establishment of /1. axyridis outside its native Asian
range raised concerns about its possible negative effects on native
insects (Brown & Roy, 2018, Masetti et al., 2018),

Ladybirds are vegetation-dwelling and active during the day
(Hodek & Hongk, 1996, Seo & Youn, 2000, Nedvéd, 2014). They
may therefore come into direct contact with vanous plant protec-
tion products in agro-ccosystems. Harlequin ladybirds are also
used as a model organism for studying the effects of pesticides
on beneficial arthropods (Vincent et al,, 2000; Michaud, 2002,
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James, 2003; Youn et al, 2003; Galvan et al., 2006). Coccinel-
Iid susceptibility to plant protection products vanes with species,
type of treatment (Theling & Croft, 1988; Biondi etal , 2011)and
developmental stage (Banken & Stark, 1997; Youn et al., 2003).

Risk assessments are required for pesticides (Desneux et al
2007), but tests of agrochemicals, which could have insecticidal
side effects on beneficial arthropods, are not required. Insecti-
cidal side effects are referred 10 on product lzbels of some ferti-
lizers, surfactants or agents promoting resistance in plants (e.g.,
ICAS, 2017, Biocont Laboratory, 2018). These products contain
substances which are able to suppress some pests, but fall under
fertilizer legislation [Council Regulation (EC) No. 834/2007 of
28 June 2007 on organic production and labelling of organic
products and repealing Regulation (EEC) No, 2092/91] and are
officially sold as fertilizers. Although the proposed “Regulation
of the European Parliament and of the Council laying down rules
on the making available on the market of CE marked fertilising

and amending Regulations (EC) No. 10692009 and
(EC) No. 11072009 COM{2016) 0157 final - 20160084 (COD)"
is in the legislative process at present (Eur-Lex, 2017), there is
currently no effective legislation in Europe dealing with the eval-
uation of these auxiliary plant protection products.

This preliminary study tests the insecticidal activity of wo
agrochemicals regarded as “environmentally friendly™ for lar-
vae and adults of the widespread generalist predator H. axyridis
These agrochemicals were selected on the basis of their current
and potential use in agro-ecosystems, Boundary SW* is an sux-
iliary plant protection product containing biological ingredients
(scaweed and succulent extracts), which increase the resistence
of plants (ICAS, 2017) and also have insecticidal side effects
against sucking and chewing pests such as aphids, spider mites,
weevils and psyllids (Kloutvorova et al., 2015; Skalsky, 2017),
Prev B2* 15 a boron foliar ferulizer, which contains orange oil
(Biocont Laboratory, 2018). Prev B2* is highly efficient against
apple aphid (Skalsky, 2015). Orunge oil affects many species of
insects (Sheppard, 1984, Raina et al, 2007) including some ben-
eficial arthropods (Niedobovi et al, 2016),

MATERIALS AND METHODS

Compounds and species studied

Fourth-instar larvae and adults of Harmonia axyridis were used
for studying the effects of two agrochemicals regarded as “envi-
ronmentally friendly™ but with insecticidal side effects: Boundary
SW* (producer ICAS SLR, ltaly) and Prev B2* (producer Oro
Agni International Lid ). A broad spectrum insecticide (Reldan
22%) and a controd sprayed only with water were used for com-
parison. Reldun 22% is a broad-spectrum insec-
ticide and its active ingredient, chlorpyrifos-methyl, is also used
10 protect various crops in many Europeuan countries, as well as
in Australia and the United States (Li at al, 2015, Miclea et al |
2016, Pesticide Properties DataBase, 2018). Information on all
the plant protection products tested, their type, specification, dis-
tributor, active ingredients and use is listed in Table |

Collection and maintenance of Harmonia axyridis

Both adults and larvae were collected by hand on 12 June 2017
on apple trees in orchards of the Research and Breeding Institute
of Pomology Holovousy (RBIP), Holovousy, Czech Republic.
The plots where insects were collected were not previously treat-
ed with agrochemicals. Adults and larvae were placed separately
in Petri dishes (85 mm in diameter) with filter paper on the bottom
and reared under laboratory conditions at 22 = 1°C with a 16l -
8D photoperiod for a8 week prior to the experiment. Adults and
larvae were fed ad hibitum with apple aphid (Aphis pom) each
day and water was provided on a piece of cotton pad. Only larvae
of the last (fourth) instar were used in the experiments, Larvae
and adults were identified following Nedved (2014, 2015).

Laboratory testing

Larvae and adults were randomly divided into four treatment
groups. Each group consisted of 32 individuals and each indi-
vidual was placed separately in a petri dish (total N adults = 128,
total N larvee = 128), Each individual (larvae of last instar or
adult) was used only once.

The agrochemicals were diluted in distilled water in accord-
ance with the manufacturers’ instructions: 0.5% for Prev-B2*, 4%
for Boundary SW* and 0.27% for Reldan 22* The control group
was exposed only to distilled water. Treatments were applied by
direct spraying following the recommendation for field applica-
tion. A pharmaceutical pump sprayer with precisely measured
aerosol dose of 0.05 ml was used for spraying individuals in Petnt
dishes from a distance of 15 em. The amount of treatment solu-
tion sprayed on a Petri dish with an individual was recalculated
from field rates 1o the area of the Petri dish. Each Petni dish was
marked with an exclusive code for the treatment. A fler treatments
adults and larvae were fod and provided with water as previously.
Mortality was determined |, 10, 24, 34, 48, 58 and 72 h after
treatment. The criterion for death was immobility of individuals
when stimuluted with & fine brush.

Data analysis

Differences in the proportions that survived the effects of in-
secticides were analysed using Survival Analyses (package "sur-
vival” in R x64 3.3.1). We used the maximum time for which the
individuals survived as the time variable; individual treatments
and the data were censored for the dead or alive status. We calcu-
lated a Kaplan-Meler estimate of survival with weighted log-rank
tests (rho = 0). We ran the analyses separntely for effects of the
treatments on adults and larvae of the last instar

RESULTS

Adults

‘The survival of adults M axyridis (Fig. 1) was affected not only
by the conventional insecticide Reldan 22°, but also by one of the
tested “environmentally friendly ™ agrochemicals, Boundary SW*
The differences in the proportions that survived in the four treat-
ments were stroagly significant (X° = 86.9, df = 3, p << 0.001),

Table 1. Specifications of three plant protection products, two regarded as “environmentally friendly” and one conventional pesticide. used
In this study of thew possible effects on Harmonia axyndis, with an overview of distributor, active Ingredient and target crops.

Trade name __ Type Specification Distritutor Active ingredient Use

Boundary SW* andly m%uam“ e hoporas muu.mm
Prev-82¢ m"“""" Boron ferilzer g m;’,‘:;‘“ 12%): £rus, vegetables, rape, cereats
Reidan 22 Conventional  pomase " Loy AaroScances m;'”’“"'" g‘%ﬁwom
174

48



Eur ). Entomol. 116: 173-177,2019.

Surened of larvas andd aduits of Asvmenia anprid aaposed to plest protectus sroducts

Praporuon 1t sareeed

Aduin
é!
i : -mfmum
-} : L
| — Bundary SW
! | cmee Bebtan 22
g —
¥ T v v v v v T
. - » » R - - n

Tamve (houn ) since STt of treatment expomire

Fig. 1. Proportion of the larvae (top) and adults (bottom) of the lady
beetle H. axyndis that survived after exposure to two “environmen-
tally fnendly” (Boundary SW* and Prev B2%) and one conventional

m(mwmmmxmam plus a control (s~
tilled water) treatment. The x-axis is the number of hours from stan

of exposure and y-axis proportion surviving.

The Prev-B2* und coatrol treatments resulted in similar curves
with only a few deaths and had no effect on the survival of the
sdult ladybirds, whereas the conventional insecticide Reldan 22°
resulted in immediate death on spraying. Individuals exposed to
Boundary SW* survived only for up to 25 h.

Larval stage

The results of the treatments of larvae (Fig. 1) were similar
1o those for adults. There were significant differences in survival
(A7 =106, df = 3, p << 0,001), with no differences between the
control and Prev-B2* reatments, immediate death after treatment
with Reldan 22% and limited survival when treated with Bound-
ary SW*.

DISCUSSION

Even though none of the tests were camried out under natural
conditions, the present study demonstrated that different plant
protection products approved for IPM and organic farming can
vary widely in their adverse effects on larvae and adults of M.
axyridis. Although the method used (direct spraying in petri dish-
es with no possibility of escape) may represent the “maximum
challenge” scenano for the experimental insects, no statistically
significant decrease in survival of larvae or adults was recorded
when treated with Prev-B2*. Kolatik (2017) also reports that con-
tact with the residue of this product has no lethal effect on the

bumblebee Bombus terrestris. However, this study did not ad-
dress possible sub-lethal effects. Agrochemicals can in vanous
ways impair the performance of individuals that survive expo-
sure to a given treatment (Desneux et al., 2007; Niedobové et al
2016; Depalo et al., 2017). Prev-B2* contains orange oil, which is
reported to be toxic for the Formosan subterranean termite (Cop-
totermes formosanus Shiraki, 1909), house fly (Musca domes-
tica Linnaeus, 1758) and red fire ant (Solenopsis invicta Buren,
1972) (Sheppard, 1984; Raina et al., 2007). Orange oil is also a
component of the non-ionic surfactant Wetcit®, and Niedobovd et
al. (2016) report that Wetcit* affects the predatory activity of the
wolf spider Pardasa agrestis (Westring, 1861).

In contrast, direct contact with the “environmentally fnendly™
agrochemical Boundary SW* is lethal to both larvae and adults
of Harmonia axyridis, although death occurrs much later than
when similarly treated with Reldan 22 (Fig 1). Nevertheless,
Boundary SW* has been approved for IPM and organic farming
[Council Regulation (EC) No. 8342007 of 28 June 2007 on or-
ganic production and labelling of organic products and repealing
Regulation (EEC) No. 209291]. This product is also approved
by the American Regulation National Organic Program (Groupe
ECOCERT, 2018). Boundary SW* contains liquid extract of fer-
mented seaweed supplemented with an extract from succulents
(ICAS, 2017). This product has proved 100% effective aganst
leaf-rolling weevils Anthonomus pomorum (Linnaeus, 1758) and
Tatanaerhynchites aequatus (Linnseus, 1767) after 24 h when
direct spraying is used (Skalsky, 2017), Taskin et al (2014) report
that spraying the scale insect Planococens ficus (Signoret, 1875)
with this product results in mean mortalities of less than 20% after
25 h. We could find only & few stidies on Boundary SW* and its
effects on beneficial arthropods. Kolatik (2017) reports that con-
tact with residues of commonly applied field doses of Boundary
SW* did not affect the mortality of Bombies tervestris (Linnacus,
1758) under laboratory conditions. Further studies under natural
conditions are required to assess the ecological relevance of our
preliminary results showing negative effects of Boundary SW*
on Harmonia axyridis. However, Boundary SW* is primanly
used as a general growth promotor for crops (ICAS, 2017) and
therefore it is very likely that many beneficial arthropods come
into contact with this product in different agro-eccosystems.

A number of other stuchies on biopesticides and environmentally
friendly agricultural matenals also indicate they adversely affect
beneficial organisms, Bioadi et al. (2011) note lethal and sub-le-
thal effects of so-called blopesticides on the generalist predatory
bug Ortus laeviganes (Fieber, 1860). Kang et al. (2007a) repornt
that many environmental friendly sgricultural materials are toxic
for the important spider mite predator Phytoseiulus persimills
Athias-Hennot, 1957, Kang et al, (2007b) also tested environ-
mentally friendly sgricultural materials on developmental stages
of H. axyridis and they state that products containing plant ex-
tracts might reduce its percentage egg hatch. Pavela et al. (2013)
who studied the possibilities of using un extract of the seed of
Angelica archangelica as a biopesticide against the aphid pest
Acyrthosiphon pisum (Harris, 1776) also repoet its effect on the
cgas, larvae and adults of /. axyridis. They record slight toxicity
for the larvae of the 2nd-3rd instar at high concentration after
direct contact. To sum up, the above results (inchuding ours) indi-
cate that many agrochemicals, which are not listed us pesticides
(and a risk assessment of such products for beneficial arthropods
s not required) but have (or may have) msecticidal side effects,
should be tested for pesticidal effects against beneficial arthro-
pods (¢.g., Eur-Lex, 2017)
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5. Diskuze

5.1. U&innost pripravki na pv¥irodni bazi v ochrané proti puklici

Svestkové Parthenolecanium corni (Bouché, 1844)

V soucasné dob¢, kdy dochazi ke snizovani spektra ucinnych latek pesticidi v ochrané ovoce
proti zivo¢isnym $kidcim, jsou Castéji vyuzivany vedlejsi Géinnosti aplikovanych pesticida proti
dalsim pfitomnym Skidctim v porostu. V systému ochrany proti skiidecim ovoce je jako zéklad
povazovano oSetfeni proti pfezimujicim Skiidctim, které se provadi v pfedjafi, nejpozdéji do fenofaze
mysiho ouska. Pro potladeni prezimujicich $kadc se vyuZivaji olejnaté p¥ipravky, v CR nejéastgji
tepkovy olej, které je mozné pouzit ve vSech ovocnych plodinach. Mechanismem uc¢inku oleju je
uduseni a vysuSeni t¢l a vaji¢ek cilovych organismt (Copping & Duke 2007), jako jsou napiiklad
mSice, svilusky, jarnice, puklice atd. Do roku 2020 bylo mozné oSetfit ovocné plodiny proti
pfezimujicim Skidcim velmi G¢innou kombinaci fepkového oleje s t€innou latkou chlorpyrifos-
methyl. AvSak platnost pouziti uc¢inné latky chlorpyrifos-methyl byla v roce 2020 (16.4.2020)
ukoncena dle nafizeni Evropské komise, a neni tedy tento tank-mix mozné nadale aplikovat.
Predkladana studie se zabyvala pravé hledanim efektivni nahrady nebo alternativy pro toto oSetfeni,
a to v ramci dvou laboratornich pokust, které se liSily zplisobem aplikace ptipravkl a prostredkil na
ochranu rostlin na ptezimujici nymfy puklice $vestkové Parthenolecanium corni (Bouché, 1844).

Z dosazenych vysledkl je patrné, ze samotny fepkovy olej miize nahradit tank-mix fepkového
oleje s chlorpyrifos-methylem v ochrané proti puklici $vestkové v ramci o$etfeni proti piezimujicim
$ktidctim, ale pouze pii aplikaci vyssich davek oleji. U¢innost dle Abbotta se vyrazné lisila pouze u
oSetfeni postfikem oproti u€innosti 98 % u smaceni. Nedostatecna ti€¢innost davky 10 I/ha proti puklici
Svestkové je zminéna také v publikaci Skalsky (2016). U dalSich dvou variant vysSich davek se
ucinnosti jiz tak markantné neliSily. Pfi oSetieni puklic davkou 20 1/ha bylo dosaZeno G¢innosti 89 %,
respektive 90,1 %. U nejvyssi davky, 30 I/ha, byla pozorovana nejvyssi G¢innost, a to 98,6 % v obou
typech testli. ZkuSenosti S dalSimi druhy olejii jsou zndmy napiiklad z Polska a Velké Britanie.
Gantner et al. (2004) zjistili, Ze parafinovy olej (Promanal 60 EC®, Neudorff) snizuje mnozstvi nymf
puklice $vestkové v pruméru o 80 %. Pouzitim dehtového oleje v jarnim obdobi 1ze, dle Wardlow &
Ludlam (1975), dosahnout 100% uc¢innosti. Nutno podotknout, ze parafinovy ani dehtovy olej nejsou
v CR povoleny k pouziti. Dal3i testovana varianta, tank-mix Ekol (1 I/ha) a Reldan 22 prokéazal 100%
ucinnost v obou typech poktst. V tomto piipadé plnil fepkovy olej funkci smacedla a hlavnim
ptipravkem, ktery mél vliv na mortalitu nymf puklic, byl Reldan 22. Podle Wilcoxnova testu lze

aplikaci fepkového oleje Ekol dosdhnout metodou smaceni obdobnych vysledki jako v pfipadé tank-
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mixu Ekol + Reldan 22. Tato metoda je ale pouzitelna pouze v laboratofi. V ovocnaiské praxi se
oSetfuje porost posttikem pomoci rosi¢t. Pfi pohledu na vysledky je patrné, Zze tank-mix Ekol +
Reldan 22 je mozné, v pfipad¢ potieby redukce populace puklice Svestkové, nahradit aplikaci
fepkového oleje v davce alespon 20 l/ha a vice, kdy je dosazeno srovnatelné ucinnosti. Dalsi dva
testované prostfedky na ochranu rostlin obsahujici G¢inné latky na ptirodni bazi, Boundary SW a
Konflic, prokazaly nedostatecnou uc¢innost v ramci aplikace postfikem, Konflic také u metody
smaceni. Oproti tomu byla u Boundary SW pozorovana 84,4% ucinnost pii oSetieni puklic smaceci
metodou. Neucinnost téchto dvou produktl byla prokdzana také v publikaci Skalsky (2016).
Boundary SW obsahuje vytazky z moiskych fas a sukulentd. Uéinnost tohoto pomocného prostiedku
na ochranu rostlin byla prokazana proti rozto¢um a také zobonosce jable¢né Coenorrhinus aequatus
(Germar, 1824) (Hankins & Hockey 1990; Skalsky 2017). Pfestoze se Boundary SW jevil velmi
perspektivné v ochrané ovoce a zeleniny proti riiznym druhtim Skidct, ptedevsim roztocu, byla jeho
distribuce a pouziti zakazano, a to kvtili obsahu nepovolené u¢inné latky matrine. Co se tyce produktu
Konflic, n¢které studie dokladaji dostatecnou insekticidni i¢innost tohoto prosttedku, obsahujiciho
extrakt z Quassia amara. Psota et al. (2010) zjistil, ze aplikaci extraktu ze dfeva Quassia amara dojde
k redukci poskozeni jablek zplisobené pilatkou jable¢nou Hoplocampa testudinea (Klug, 1814).
Snizeni pozerové aktivity Hypsipyla grandella (Zeller) zaznamenali také Mancebo et al. (2000).

Druhou moznosti, kdy Ize osetfit slivoné proti puklici Svestkové, je obdobi rozlézani nymf
letni generace, coz byva zpravidla na zacatku letniho obdobi (Eerven). V tomto piipadé neni mozné
aplikovat ptipravky na bazi oleji s ohledem na moZnou fytotoxicitu zelenych ¢asti rostlin. Proto se
doposud aplikovaly pfedevsim neonikotinoidni pfipravky, jako napiiklad Calypso 480 SC a Mospilan
20 SP, a to vramci oSetfeni proti dal§im Skddcim, zejména proti obale¢i Svestkovému Cydia
funebrana (Treitschke, 1835) nebo msicim (Kocourek et al. 2015). Kocourek et al. (2015) zmifuje
dalsi G¢inné latky efektivni pro redukci puklice Svestkové - fenoxycarb, spirotetramat, spirodiclofen,
sulfoxaflor, buprofezin a siru.

Pokud se tedy zaméfime na oSetfeni pfezimujicich nymf puklice Svestkové v piedjafi,
mizeme zvolit aplikaci fepkového oleje v davce 20-30 1/ha. Tim dosahneme srovnatelné ucinnosti
jako pii aplikaci doposud nejcastéji pouzivaného tank-mixu fepkového oleje s ucinnou latkou

chlorpyrifos methyl. Aplikace fepkového oleje navic nezanecha v zivotnim prostredi zadna rezidua.
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5.2. U&innost agrochemikalii proti listohlodovi podlouhlému Phyllobius

oblongus.

Hodnoceni u¢innosti proti dospélctim listohloda podlouhlého Phyllobius oblongus (Linnaeus,
1758) bylo v ramci testovani tii riznych mechanismi u¢inku podrobeno sedm piipravki ¢i prostiedkt
na ochranu rostlin, a to v laboratornich podminkdch VSUO Holovousy. U&elem studie bylo nalézt
produkt vhodny k nahrazeni Sirokospektralni insekticidni u¢inné latky chlorpyrifos-methyl (Reldan
22), ktera byla v ramci testovani 100 % ucinnd proti listohlodim po 72 hodinych ve vSech tfech
typech pokusti.

SpinTor (spinosad) prokazal nizkou té¢innost (10 % po 24 hodinach) pfi tarsalnim kontaktu
listohlodi s rezidui piipravku, nejvyssi uc¢innost pak 72 hodin po ptimém osetfeni i v pozerovém testu
(85 %). Bazok et al. (2016) dosahl Géinnosti spinosadu proti ryhonosci fepnému Bothynoderes
punctiventris (Germar, 1824) a to 36,36 % pii pozerovém testu a 45,45 % pii pozerovém testu
v kombinaci s ptimym oSetfenim. Skalsky et al. (2015) zjistili 100% mortalitu dospélct listohloda
podlouhlého po 24 hodinach od aplikace po piimém oSetfeni a také po pfimém kontaktu s mokrym
reziduem.

Mospilan 20 SP (acetamiprid) mél nizkou u¢innost na listohlody pfi tarsalnim kontaktu a jen
0 néco vyssi pfi pfimém postiiku broukd. Nejvyssi ucinnosti dosahl Mospilan 20 SP v pozerovém
testu, kde byla pozorovana uc¢innost 80 % po 72 hodinach od aplikace. Tento ptipravek je u¢inny také
proti jinym $kodlivym brouktm, a to naptiklad proti kvétopasovi jahodnikovému Anthonomus rubi
(Herbst, 1795) (Labanowska et al. 2000). Z druhé generace neonikotinoid, 0Géinna latka
thiamethoxam, byla G¢innost po 72 hodinach od zahajeni pozerového testu, prokazana u Gonipterus
scutellatus (Gyllenhal in Schonherr, 1833), avSak 72 hodin po pifimém oSetfeni byla, stejné jako u
listohloda podlouhlého, zjisténa nedostatecna ucinnost (Echeverri-Molina & Santolamazza-Cardone
2010).

U ptipravku Pyrethrum (pyrethrin) byla prokazana neucinnost proti dospélctiim listohloda
podlouhlého u vSech tii testovanych mechanismt u€inku. Prestoze je v n€kolika studiich uvedeno, ze
se ucinnost pyrethrinu mize zvysit v ptipadé kombinace s dalsimi uc¢innymi latkami, jako jsou
napiiklad piperonylbutoxid, gamma-cyclodextrin nebo rostlinné oleje (Watts & Berlin 1950; Biebel
et al. 2003), zminéné u¢inné latky piperonylbutoxid a gamma-cyclodextrin nejsou v integrované
produkci ovoce v CR povoleny k pouziti. Wanyika et al. (2009) potvrzuji zvy$eni uéinnosti pii
oSetfeni pyrethrinu s rostlinnymi oleji vV ramci své studie, kde stanovili u¢innost proti pilousovi
kukuficnému Sitophilus zeamais (Motschulsky, 1855) u kombinace pyrethrinu s vyluhy z
Azadirachta indica A. de Jussieu (neem tree), Thevetia peruviana (Pers.) K. Schum a Gossypium

hirsutum Linnaeus. Extrakty z ptirodniho pyrethra jsou velmi rychle rozlozitelné UV zafenim, a tim
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ztraci svoji insekticidni Gc¢innost. Proto je nezbytné vytvéaret fotostabilni formulace pesticidi
obsahujici tuto u¢innou latku (Maina et al. 2016) a zaroven lze predpokladat, ze se bude tato uc¢inna
latka po aplikaci velmi rychle rozkladat, coz sice snizuje riziko zanechani rezidui v Zivotnim
prostiedi, ale je tim omezena také perzistence ucinné latky, a tudiz i jeji Gcinnost.

Pripravek Siltac EC piisobi fyzikaln€, vytvaii tenkou a lepkavou vrstvu na povrchu tél
osetfenych organismi, diky ¢emuz dochdzi k imobilizaci a ndsledné thynu jedince. Tento piipravek
je doporucovan k ochran¢é ovocnych plodin proti msicim, sviluskdm a dal§im rozto¢im, meram atd.
(ICB Pharma 2019). Z charakteru cilovych skupin skudct, které je Siltac EC schopen redukovat, 1ze
odvodit, ze jeho potencial nebude v ochrané proti Skiidciim typu listohloda podlouhlého. To potvrzuji
1 vysledky této studie, kdy byla vyhodnocena velmi nizka ucinnost po pfimém osetieni listohlodu.
Zajimavé jsou oproti tomu vysledky poZerového testu, kde byla zjiSténa 85% tc¢innost po 72 hodinach
od oSetfeni poskytnutych listt.

Oba pomocné prostfedky na ochranu rostlin, které jsou povazovany za hnojiva s vedlejsimi
insekticidnimi G¢inky, Boundary SW a FerrumQil, byly net¢inné v ramci testovani u¢innosti proti
dospélctim listohloda podlouhlého. U Boundary SW byla o€ekéavana vyssi i€innost, a to v ndvaznosti
na zavéry studie Skalsky (2017), kde je uvedena 100% ucinnost Boundary SW proti kvétopasovi
jablonovému Anthonomus pomorum (Linnaeus, 1758) a zobonosce jable¢né Coenorrhinus aequatus
(Germar, 1824) 24 hodin po pfimém osetfeni testovanych jedinci. Avsak FerrumOil nebyl nikdy
testovan na ovéfeni ucinnosti proti Skiidclim a ani v rdmci této studie nebyl prokazan potencial
Vv eliminaci Skodlivych broukd.

Tato studie je prvni komplexni studii, kterd se vénuje zkoumani ucinnosti pfipravkli a
prostiedkd na ochranu rostlin proti listohlodovi podlouhlému. Jako potencialni se Kk ochrané proti
listohlodlim jevi ptipravky Spintor a Siltac EC. Ptipravek SpinTor je v soucasné dobé& registrovan
Kk pouziti jak v rezimu ingerované produkce ovoce, tak v systému ekologického péstovani. Zaroven
muze SpinTor nahradit diky své ucinnosti Sirokospektralni chlorpyrifos-methyl. Siltac EC neni
doposud v CR registrovan. S ohledem na fakt, Ze se jedna o vysledky laboratornich pokusi, je nutné
dalsi testovani zaméfené na ovéfeni laboratornich vysledkll v rdmci provoznich oSetfeni v terénu,

resp. v ovocnaiskych a Skolkaiskych vysadbach.
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5.3. Synergické vlivy herbicidu na bazi glyfosati a tank mixovych

smacedel na slid’aky.

Cilem studie bylo otestovat subletalni vliv bézné¢ pouzivaného piipravku na bazi glyfosatu
Roundup Klasik Pro, a to jak samotného, tak v tank-mix kombinaci se smacedly Wetcit a Agrovital,
na Siroce rozsifeny druh pavouka, slid’aka hajniho Pardosa lugubris (Walckenaer, 1802). V ramci
hodnoceni nebyl zjistén letalni vliv testovanych ptipravki, tedy mortalita pavoukt. Skute¢nost, ze
herbicidy na bazi glyfosatu nemaji letalni vliv na uzite¢né organismy, byla publikovana jiz diive
(Behrend & Rypstra 2018; Benamu et al. 2010; Korenko et al. 2016; Michalkova & Pekar 2009).
Oproti tomu letalni vliv smacedel a tank-mixt byl zjistén u snovacky Steatoda capensis (Hann, 1990)
(Evans et al. 2010), u parasitoidni vosicky Tamarixia radiata (Waterson, 1922) (Cocco & Hoy 2008)
a také u dvou druht dravych rozto¢i Metaseiulus occidentalis (Nesbitt, 1951) a Hemicheyletia
wellsina (Summers & Price, 1970) (Ray & Hoy 2014). Dale nebyly v ramci pokusu zjistény zadné
zmény predacni aktivity po expozici pavoukii samotnym piipravkem Roundup klasik Pro.
K podobnému zavéru dospéli Michalkovd & Pekar (2009) v pokusech se slid’dkem piibieznim
Pardosa agricola (Thorell, 1856). Oproti tomu néktefi zahrani¢ni autofi popsali zmény predacni
aktivity po oSetieni glyfosatem ve svych studiich u riiznych druht pavouki (Behrend & Rypstra 2018;
Benamt et al. 2010). Rozdilnost v téchto vysledcich mtze byt zpusobena odlisSnymi metodami
aplikace herbicidu, davkovanim, druhem testovaného pavouka a v neposledni fad¢ také samotnou
ucinnou latkou, kterd se miiZze u jednotlivych komerénich ptipravki lisit. Herbicidni produkty na bazi
glyfosatu totiz ¢asto obsahuji jedno nebo i vice piidatnych smacedel (Mesnage et al. 2015). Mesnage
et al. (2013) zjistili, ze formulace herbicidi na bazi glyfosatu, které obsahuji smési u¢inné latky a
smacedel, byly vice toxické pro lidské buiikky nez samotna u¢inna latka glyfosat. Podobné vysledky
publikoval Peixoto (2005) ve vztahu k negativnimu ovlivnéni jater krys.

V naSem experimentu jsme zjistili, Ze obé smacedla maji v kratkém casovém horizontu vliv
na predacni aktivitu testovanych pavoukil. Pavouci osetfeni smacedly ulovili signifikantné méné
octomilek v porovnani s kontrolni variantou. Wetcit signifikantné snizil preda¢ni aktivitu pavouku
Vv prubéhu prvni a ¢tvrté hodiny, Agrovital v prubéhu druhé hodiny. Ovlivnéni kratkodobé predacni
aktivity bylo prokazano také ve studii Niedobova et al. (2016), a to u slid’aka rolniho Pardosa agrestis
(Westring, 1861) po oSetfeni smacedly Saman, Trend 90 a Wetcit. V piipadé Wetcitu bylo dale
zjisténo, ze po oSetfeni minimalni doporucenou koncentraci 1,5 % se naopak predacni aktivita
zvysila, ale pouze u sameckt. V ramci nasi studie nebyly stanoveny pohlavné specifické faktory,
protoZze byly testovany pouze samiCky. U téch byla, po nami stanovené maximalni doporucené

koncentraci 0,3 %, pozorovana jiz zminénd snizena predacni aktivita.
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Vliv Wetcitu na predacni chovani pavoukii mlize byt zpisoben obsazenym pomerancovym
olejem, o kterém je znamo, ze je v nékterych pripadech pro hmyz toxicky (Kim & Lee 2014).

Ze ziskanych vysledki testovani vlivu tank-mixa glyfosatu se smacedly je patrny synergicky
efekt ovliviiujici predacni chovani slid’aki. Opét v kratkém Casovém horizontu obé smési Roundup
klasik Pro s Wetcitem a také Roundup klasik Pro s Agrovitalem snizily signifikantné predacni
aktivitu v porovnani s kontrolou. Tyto vysledky mohou souviset s tim, ze smacedla pozménuji
fyzikélni vlastnosti agrochemikalii. V této souvislosti byly pofizeny mikroskopické snimky tél
pavoukt po oSetieni jednotlivych testovanych variant. Slid’aci maji ochlupené télo, které vytvari na
jeho povrchu urcité povrchové napéti. To chrani pavouky proti pronikani vody pfimo na jejich téla.
Ze snimki potizenych po oSetfeni smacedly bylo patrné, Ze toto povrchové napéti bylo naruseno,
diky ¢emuz mohou latky pronikat pfimo na téla pavoukd.

Pavouci nevykazovali z4dné zmény v chovani pfi lovu potravy od druhého do pétého
hodnoticiho dne. Je otazkou, zda mnozstvi tii octomilek bylo dostate¢né, a jestli by v ptipad¢
poskytnuti vétsiho poctu koftisti byly rozdily mezi oSetfenou a kontrolni variantou vyraznéjsi.

Vysledky této studie naznacuji, ze chovani predatorii skiidcii, v tomto ptipad€ pavouki, mize
byt v ekosystémech, kde se aplikuji herbicidy na bézi glyfosatu v kombinaci se smacedly, negativné
ovlivnéno. Otdzkou je, zda mohou mit tyto agrochemikalie dlouhodoby vliv na necilové organismy.
Existuje uréita pravdépodobnost, ze kontakt s agrochemikaliemi ovliviiuje chovani, vyvoj a plodnost
uziteénych ¢lenovel i pozdéji v prubéhu jejich zivota. Behrend & Rypstra (2018) zjistili, Ze po
kontaktu s herbicidem Buccaneer Plus (glyfosat) ovlivnilo chovani dal§iho instaru slid’aka Pardosa
milvina (Hentz, 1844). Schneider et al. (2009) ve své studii popisuji dlouhodoby vliv glyfosatu
Glyfoglex 48 na zlatoocko Chrysoperla externa (Hagen, 1861).

Zavéry predkladané studie ukazuji, ze herbicidy na bazi glyfosatu v kombinaci se smacedly a
smacedla samotna se mohou jevit jako doposud piehlizené potencidlni environmentalni riziko pro

suchozemské ekosystémy.
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5.4. U&inky tzv. ,ekologicky Setrnych® agrochemikalii na sluné&ko

vychodni Harmonia axyridis (Coleoptera: Coccinelidae).

Negativni vliv na dosp€lce slunécka vychodniho v podobé vysoké mortality byl potvrzen, dle
predpokladu, u konvenc¢niho insekticidu Reldan 22 (chlorpyrifos-methyl), ale zaroven také u
pomocného prostiedku na ochranu rostlin na pfirodni bazi Boundary SW. Po oSetfeni dospélct
ptipravkem Reldan 22 nastala smrt testovanych jedinct témét okamzité. V pripadé¢ Boundary SW k
uhynu slunécek dosSlo po 25 hodindch od oSetfeni. Byly zjiStény signifikantni rozdily mezi
jednotlivymi variantami v mnozstvi pfezivsich slunécek (X2 = 86.9, df =3, p << 0.001). PREV-B2
byl vyhodnocen jako netoxicky pro dospélce slunécka vychodniho. Vysledna kiivka témét kopirovala
ktivku kontrolni varianty. Vysledky oSetfeni larev 4. instaru slunécka vychodniho byly obdobné jako
u oSetieni dospélych jedincii. Byly stanoveny signifikantni rozdily v ptfezivani testovanych jedinct
(X 2 =106, df = 3, p 0,001). Stejné€ jako u pokusu s dospélci, také u tohoto experimentu nebyly
pozorovany prikazné rozdily u kontrolni varianty a PREV-B2. Naopak velmi rychld smrt larev
slunécek nastala po oSetfeni ptipravkem Reldan 22 a s urcitou ¢asovou prodlevou také u Boundary
SW.

Ptestoze byly experimenty realizovany v laboratornich podminkach, vysledky této studie
poukazuji na fakt, Ze pomocné prostfedky na ochranu rostlin registrované k pouziti v IP a EP se
mohou znacné liSit v jejich negativnich ucincich na necilové organismy, v tomto ptipadé larvy a
dospélce slunécka vychodniho.

Ackoliv byly prostfednictvim pouzité metody aplikace jednotlivych variant zasazeni testovani
jedinci pfimym postiikem, nebyl u oSetteni PREV-B2 zaznamenan statisticky vyznamny pokles
prezivani larev ani dospélcti. Kolatik (2017) ve své praci zminuje, ze PREV-B2 nema letalni vliv ani
na ¢melaka zemniho Bombus terrestris (Linnacus, 1758). Nevénuje se vSak vlivim subletalnim.
PREV-B2, obsahujici pomerancovy olej, je uvadén jako toxicky pro Coptotermes formosanus
(Shiraki, 1909), mouchu domaci Musca domestica (Linnaeus, 1758) a mravence Solenopsis invicta
(Buren, 1972) (Sheppard 1984; Raina et al. 2007). Pomerancovy olej je také obsazen ve smacedle
Wetcit, ktery dle studie Niedobova et al. (2016) negativné ovlivnil preda¢ni aktivitu slid’aka rolniho
Pardosa agrestis (Westring, 1861).

Druhy testovany prostfedek obsahujici latky na pfirodni bazi, Boundary SW, mé¢l statisticky
prokazatelny letalni vliv na larvy i1 dospélce slunécka vychodniho, prestoze smrt jedincii nastala
pozdé&ji nez po oSetieni konvencnim piipravkem Reldan 22. Piesto byl v dob¢ testovani Boundary
SW schvélen k pouziti v IP i EP ovoce i zelenin€. U Boundary SW byla prokazana ucinnost proti

kvétopasovi jablonovému Anthonomus pomorum (Linnaeus, 1758) a zobonosce jablecné
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Coenorrhinus aequatus (Germar, 1824) (Skalsky 2017). ZkuSenosti s testovanim Boundary SW
nejsou prakticky vice publikovany. Byly nalezeny pouze dvé publikace, jedna zamétena na skidce,
druha na opylovace. Taskin et al. (2014) stanovili ve své praci velmi nizkou G¢innost Boundary SW
(méné nez 20 %) na Cervce citronikového Planococcus ficus (Signoret, 1875). Z pohledu uzite¢nych
organismi byl testovan vliv Boundary SW na ¢melaka zemniho Bombus terrestris (Linnaeus, 1758).
U tohoto prostiedku vSak nebyl v rdmci laboratorniho testu pozorovan vliv na mortalitu ¢meldka
zemniho (Kolafik 2017).

Zkoumani vlivu pomeranc¢ovych oleji a olejii obecné na uziteéné bezobratlé organismy, by
meélo byt predmétem dalSich vyzkumnych aktivit. S ohledem na vysledky vyse uvedené studie by
bylo zadouci vénovat se obdobné problematice také konkrétné u Boundary SW. V soucasné dob¢ je
ale tento pomocny prostiedek na ochranu rostlin v CR zakazano pouzivat s ohledem na obsah

zakéazané ucinné latky matrine. DalSi testy jsou tedy bezpfedmétné.

6. Zavéry

Vysledky experimentt publikované v ramci této disertaéni prace byly rozdéleny do ¢tyf témat
zaméfenych na stanoveni G¢innosti vybranych piipravkl a prostfedktt na ochranu rostlin proti
Skudciim a zaroven pokusy zaméfené na zhodnoceni letalniho a subletalniho vlivu na dva druhy
vyznamnych predatori v ovocnych sadech. Do experimentli byly zahrnuty rGzné ptipravky a
prostfedky obsahujici i€inné latky na ptirodni bazi, a k tomu pro porovnani pfipravky konvenéné
pouzivané v ovocnarské praxi.

Pfi snaze nalézt alternativni zplsob ochrany ovocnych plodin proti pfezimujicimu Skldci
puklici $vestkové (Parthenolecanium corni) s ohledem na co nejnizsi zatizeni zivotni prostiedi bylo
zjisténo, Ze bé€zné aplikovanou variantu oSetfeni tank-mixem Ekol (fepkovy olej) + Reldan 22
(chlorpyrifos-methyl) je mozné nahradit vyssi davkou fepkového oleje samotného, a to jiz v davce
20 1/ha, u které byla zjisténa Gcinnost proti prezimujicim nymfam puklice $vestkové 90 %. Ostatni
dva testované prostiedky, také na ptirodni bazi, nevykazaly dostatecné signifikantni Gi¢innost. Jednalo
se 0 produkty Konflic a Boundary SW.

Druhym Skidcem, u kterého byla v rdmci studia stanovovana uc¢innost rtiznych ekologicky
Setrnych ptipravki a prostiedkl na ochranu rostlin v porovnani s konvenénimi, ptirodé mén¢ Setrnymi
insekticidy, byl listohlod podlouhy (Phyllobius oblongus). Dle ziskanych vysledk je mozné v
ovocnarské a Skolkatské praxi vyuzit zejména piipravku SpinTor (spinosad) a v ptipad¢ uvedeni na
Cesky trh také ptipravek Siltac EC (silikony+siloxany). V rdmci provedenych testli, zamétenych na

tfi zplsoby expozice piipravki (tarsalni, kontaktni a poZerovy), byla zji§téna Gi¢innost u piipravku
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SpinTor 85 % po 72 hodinach jak u kontaktniho, tak u poZerového pokusu. Ptipravek Siltac EC
vykazal uspokojivou ucinnost v tarsalnim pokusu - 65 % po 72 hodinich a vysokou ucinnost v
pozerovém pokusu — 85 % po 72 hodinéch. Jako standardni pfipravek byl zvolen Reldan 22, ktery
byl nejucinnéjsi ve vSech trech pokusech. Piesto je patrné, ze 1 proti tomuto skiidci je mozné zvolit
ekologicky Setrngjsi variantu aplikovaného ptipravku.

ProtoZe je potfeba znat nejen uCinnosti pripravki a prosttedkd na ochranu rostlin proti
Sktdctim, ale také jejich vliv na pfirozené neptatele, byly provedeny 2 pokusy zamétené na studium
letdlniho vlivu vybranych piipravki na vyznamného predatora Sktdch, slunéfko vychodni
(Harmonia axyridis), a subletalni vliv smacedel, glyfosatu a jejich kombinaci na pavouky rodu
Pardosa, konkrétn¢ na predacni aktivitu. Dle zjisténych vysledkti bylo prokazano signifikantni
sniZeni predacni aktivity béhem prvni hodiny (kontrast, P <0,028) po oSetfeni tank-mixem ptipravki
Roundup Klasik Pro (glyfosat) a Agrovital (pinolen) a také po oSetfeni samotnym smacedlem Wetcit
(pomerancovy olej). V ramci hodnoceni po dvou hodinach od aplikace byla vyznamné snizena
predacni aktivita pavoukii po oSetfeni tank-mixem Roundup klasik Pro (glyfosat) a Wetcit
(pomerancovy olej) a smacedla Agrovital (pinolen) (kontrast, P <0,007). Snizeni preda¢ni aktivity
bylo prokazano u smacedla Wetcit (pomerancovy olej) také po ¢tyfech hodinach od oSetfeni (kontrast,
P =0.048). U varianty oSetfené samotnym piipravkem Roundup klasik Pro (glyfosat) nebylo zjisténo
snizeni predacni aktivity.

Vysledky dalsi studie orientované na vliv pfirod€ blizkych latek na UZite€né organismy
poukazuji na fakt, Ze ani tzv. environmentalné Setrné prostiedky nemuseji byt nutné Setrné ke viem
slozkam Zivotniho prostfedi. Bylo prokazano, ze Boundary SW (extrakt z motskych tas a sukulenti)
zpusoboval statisticky vyznamnou mortalitu dosp€lct i larev slunéfka vychodniho (Harmonia
axyridis).

Zavérem lze konstatovat, ze spektrum syntetickych ptipravkd na ochranu rostlin v ovocnafstvi
vyznamné ubyva a je potfeba hledat alternativy pravé v piipravcich a pomocnych prostiedcich na
ochranu rostlin, které jsou ekologicky Setrnéj$i, nemaji vyznamné negativni vlivy na necilové
organismy a mohou byt zavedeny do ovocnafské praxe CR. Vysledky uvedené v predozené diserta¢ni
préaci vSak naznacuji, Ze ne vSechny pfipravky a prostfedky na ochranu rostlin, deklarované jako
ekologicky Setrné, takové skutecné jsou a je tedy potieba vénovat se této problematice v ramci dalSiho

vyzkumu.
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