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Abstrakt

Tvrdon smrekovy (Hylobius abietis) je Skodca ihli¢natych semenacikov a sadenic.
Dospelé jedince pozieraju koru sadenic, ¢im preruSuju tok zivin, a tym dochadza k
uhynutiu sadenic. Vo vysadbach, ako aj v prirodzenom zmladeni, dokaze spdsobit’ vel'ké
Skody. Preto je potreba ochranovat’ sadenice pred zerom. Vo svojej praci som otestoval
niekol’ko mozZnosti boja proti imadgam tvrdona smrekového. Hlavnymi cie'mi bolo
porovnat’ moderné biotechnologické metddy ochrany sadenic proti zrelostnému Zeru
tvrdonia smrekového, otestovat’ moznosti hromadného odchytu tvrdonia smrekového do
zemnych pasci a v laboratérnych podmienkach otestovat’ Gi¢innost’ entomopatogénnej
huby Beauveria bassiana na mortalitu imag tvrdona smrekového. Celkovo bolo
vykonanych osem experimentov, niektoré aj vo viacerych opakovaniach.

Z porovnania jednotlivych typov oSetreni sadenic vySlo, ze v laboratérnych
poloprirodnych podmienkach su viac poSkodzované neoSetrené sadenice smreka pred
duglaskou. Pri oSetrenych sadeniciach (KVAAE wax, Vaztak 10 EC) bola naopak viac
poskodzovana duglaska ako smrek.

Pri druhom experimente boli pouZité uz iba smrekové sadenice neoSetrené, a oSetrené
tromi metodami (KVAAE wax, lepidlo Vermifix a Vaztak Active) pri umiestneni dvoch
a Styroch imag v klietke. Najviac boli poskodzované neoSetrené sadenice. Z oSetrenych
sadenic boli najviac poskodené sadenice oSetrené Vermifixom, nasledovalo oSetrenie
Vaztakom a najmenej boli poSkodené sadenice oSetrené metodou KVAAE wax. Tieto
vysledky boli rovnaké pre dve, ako aj pre Styri imaga v klietke. Vo vonkajsich
podmienkach dokézu najlepSie ochranit’ sadenice vosk KVAAE typ F a C a insekticid
Vaztak Active, ostatné typy oSetreni, golieriky Snap guard a lepidlo Vermifix, dokazu
taktiez ochranit’ sadenice, ale nie uz v takom rozsahu.

Ako d’al$im cielom bolo otestovat’ moznosti hromadného odchytu tvrdona smrekového
do zemnych pasci. Najviac imag do zemnych pasci sme odchytili na borovicovu vetvicku
s alkoholom vo fTasticke. Z pouZitych syntetickych atraktantov najviac imag odchytil
atraktant alfa-pinén s etanolom v pomere 1 : 2. Tento atraktant v§ak odchytil o polovicu
menej imag ako borovicova vetvi¢ka. O nie¢o menej odchytil atraktant Hylodor. Dalsie
dva atraktanty odchytili iba Stvrtinové mnozstvo oproti borovicovej vetvicke.

Ako poslednym cielom bolo v laboratornych podmienkach otestovat uc¢innost

entomopatogénnej huby Beauveria bassiana na mortalitu imag tvrdona smrekového. Z



tychto pokusov sme vyselektovali kmen huby Beauveria bassiana AMEP20, ktory
najrychlejSie dokazal usmrtit’ iméaga tvrdona smrekového.

Tento kmen sme pouzili do nosica, s ktorym sme vykonali niekol’ko druhov testov. V
laboratornych podmienkach sme testovali niekol’ko ¢erstvych nosicov a niekol'’ko druhov
nepriaznivych vplyvov na nosice (mraz -18 °C, UVC ziarenie, imaga umiestnené na 24
hodin k nosic¢u, dvoj mesa¢né nosice).

Vykonavané boli dva experimenty. Obidva experimenty vysli podobne pre two months,
a to, ze dokazali usmrtit’ imaga v priebehu 17 dni. Ostatné osetrenia dosiahli v druhom
experimente 100 % mortalitu. Pri prvom experimente sme nedosiahli také dobré vysledky
a mortalita nedosiahla 100 % pri o$etreniach, okrem two months.

Dalsi experiment s nosi¢mi bol vykonany v poloprirodnych podmienkach v chovnych
klietkach. Pri tomto experimente sme porovnavali mnozstvo skonzumovanej kory na
sadeniciach, prezivanie sadenic a mnoZzstvo usmrtenych imag. Zistili sme, Ze na
skonzumovanej kore huba nema vplyv. Mnozstvo usmrtenych sadenic v klietkach s
nosi¢mi bolo mensie a mortalita iméag bola vacsia v klietkach s nosi¢om.

Ako posledny experiment sme testovali nosice priamo v teréne. Nosic¢e boli umiestnené
v troch blokoch a mali sme aj kontrolny blok. Dalii tyzdeni sme na plochu umiestnili
zemné pasce, do ktorych sme imaga odchytavali. Imaga boli po odchyteni umiestnené do
Petrino misiek. Sledovala sa mortalita imag sposobena entomopatogénnou hubou.
Najlepsiu mortalitu dosiahli imaga z bloku beetlebark 91 %. Nasledovali imaga z bloku
bark 62 %. Na bloku atractant , bola mortalita imag 51 %. Na bloku carrier, bola
mortalita 42 %. Na bloku control bola mortalita imag spdsobena hubou 18 %. Na nosi¢
sme podali v roku 2019 Slovensku patentovi prihlasku a v roku 2020 Medzinarodnu
patentovi prihlaSku. Zo vSetkych dosiahnutych vysledkov v tejto praci modZeme
pozorovat’, Ze akdkol'vek ochrana sadenic proti tvrdonovi smrekovému je lepSia ako

ziadna ochrana.

KPacové slova: tvrdon smrekovy, posSkodenie, ochrana sadenic, Beauveria bassiana,
nosic



Abstract

The large pine weevil (Hylobius abietis) is a pest of coniferous saplings and
seedlings. Imagoes feed on seedlings’ bark and thus they interrupt the sap flow, which
results in seedling mortality. It can cause great damage in planting and natural
regeneration. Due to this, seedlings should be protected against its feeding. In my work |
tested several possibilities how to cope with imagoes of the large pine weevil. The main
goals were to compare modern biotechnical methods of seedling protection against
maturation feeding of the large pine weevil, to test possibilities of mass trapping of the
large pine weevil with pitfall traps, and to test the effectiveness of entomopathogenic
fungus Beauveria bassiana on mortality of the large pine weevil imagoes under
laboratory conditions. In total, eight experiments were performed, some of them in
multiple repetitions.

The comparison of individual types of seedling protection revealed that under laboratory
semi-natural conditions untreated spruce seedlings were more damaged than Douglas fir.
In the case of treated seedlings (KVAAE wax, Vaztak 10 EC), Douglas fir was more
attacked than spruce.

In the second experiment we placed two and four imagoes in a cage and used spruce
seedlings only, some of which were left untreated, and others were treated with one of
the three methods (KVAAE wax, Vermifix glue, and Vaztak Active). Untreated seedlings
were damaged most. Out of treated seedlings, seedlings treated with Vermifix were
damaged most, followed by Vaztak and the least damaged seedlings were those treated
with KVAAE wax. The results were the same for two and four imagoes in a cage. Under
field conditions, KVAAE wax type F and C and Vaztak Active insecticide protected
seedlings best. Other protection types, i.e. Snap guard collars and Vermifix glue, were
also able to protect seedlings, but to a lesser extent.

The next goal was to test the possibilities of the large pine weevil mass trapping using the
pitfall traps. Most imagoes were caught in pitfall traps if a pine twig with alcohol in a
bottle were used as bait. From the synthetic attractants, most imagoes were caught with
alpha-Pinene attractant with ethanol in a ratio 1: 2. This attractant managed to catch only
a half of the imagoes caught with the pine twig. Hylodor attractant caught slightly fewer
imagoes. Two other attractants caught only one quarter of imagoes that were caught with

the pine twig.



The last goal was to test the effectiveness of the entomopathogenic fungus Beauveria
bassiana causing mortality of the large pine weevil imagoes under laboratory conditions.
From these experiments we selected the AMEP20 order of the Beauveria bassiana
fungus, which was able to kill imagoes of the large pine weevil within the shortest time.
This order was used in a carrier that was tested in multiple ways. Under laboratory
conditions we tested several fresh carriers, and several unfavourable conditions for
carriers (frost -18°C, UVC radiation, imagoes placed next to the carrier for 24 hours, two-
month-old carriers).

We performed two experiments. Both experiments provided similar results for two-month
that caused mortality of imagoes within 17 days. In the second experiment, other treated
caused 100% mortality. The first experiment did not provide such good results and 100%
mortality was observed only in the case of two months.

The subsequent experiment with carriers was performed in breeding cages under semi-
natural conditions. This experiment focused on the comparison of the amount of
consumed bark on seedlings, survival of seedlings, and the number of dead imagoes. We
found that the fungus did not have an impact on the amount of consumed bark. The
number of dead seedlings was lower, and mortality of imagoes was greater in cages with
carriers. In the last experiment we tested carriers directly in the field. Carriers were placed
in three blocks, and one additional block was a control one. One week after the beginning
of the experiment we placed pitfall traps, which were used for trapping of imagoes, at the
plot. After the imagoes had been caught, they were placed in Petri dishes. We monitored
mortality of imagoes caused by the entomopathogenic fungus. The highest mortality
imagoes with block beetlebark 91%. The second highest mortality wiht block 62%. In the
block with the attractant, was mortality of imagoes equal to 51%. In the block carrier,
mortality of imagoes was 42%. In the control block mortality of imagoes caused by
fungus was 18%. We filed a Slovak patent application for the carrier in 2019 and an
International patent application in 2020. From all achieved results in this work we can

conclude that it is better to do something to protect seedlings than to do nothing..

Key words: large pine weevil, damage, seedlings protection, Beauveria bassiana, carrier
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1. Uvod

Vymera lesov Europy bez Ruska je 202 139 km?, z toho priblizne polovicu tvoria
ihli¢naté lesy (fra-platform.herokuapp.com). Ihli¢naté lesy su nachylnejsie na zvysujici
sa pocet poskodeni ako st silné lesné poziare a veterné kalamity (Kurz et al., 2008; Seidl
et al., 2014). Na takto poskodenych a oslabenych stromoch sa moze popula¢na hustota
podkdrneho hmyzu vyrazne zvysit, co vedie k rozsiahlym vyskytom ohnisk podkorneho
hmyzu (Vega & Hofstetter 2015). Po vytazeni poskodenych porastov zostavavelké
mnozstvo pnov, na ktorych sa vyvija tvrdon smrekovy Hylobius abietis (Linnaeus, 1758)
(Coleoptera: Curculionidae) (Bejer-Petersen et al., 1962, Scott and King, 1974). Je
povazovany za Skodcu mladych lesnych porastov od zaciatku 20. storocia (Trdgardh,
1913). V Eurdpe je tento druh znaéne rozsireny a vyskytuje sa od juznych (Spanielsko,
Zas et al. 2006; 2014) az po severské krajiny (Svédsko, Finsko, Nordlander, 1990; 1991).
H. abietis sa vyvija v pfioch a korenioch umierajucich a uhynutych ihli¢natych stromov.
Vajicka st nakladené v malych jamkéch, na kore korenov, vyhryzenymi imagami
koncom jari (Scott and King, 1974; Nordenhem and Nordlander, 1994 Inward et. al.,
2012). Prejda Styrmi larvalnymi Stadiami pred kuklenim (Pye and Claesson, 1981).
Cerstvo vykuklené imaga vykonavaju zrelostny Zer na sadeniciach dva az tri tyzdne
pokial’ dosiahnu pohlavnii zrelost’ (Bejer Petersen et al., 1962; Nordenhem, 1989). Zivia
sa rastlinnym materialom s priemerom od 2 mm do 20 mm, pri¢om uprednostiiuji priemer
okolo 10 mm vo vietkych typoch potravy (sadenice, vetvy, korene) (Orlander et al., 2000;
Wallertz et al., 2005). Najvacsie Skody ale sposobuju na sadeniciach, pri ktorych kimenie
moze l'ahko viest’ k plnému obzratiu kory a naslednej smrti sadenice. Bez preventivnych
opatreni mdze byt imrtnost’ extrémne vysokd, viac ako 80 % (Petersson and Orlander,
2003). Je preskimané a dostupné vel'ké mnozstvo metdd ako znizovat’ Skody sposobené
H. abietis.. Mozno ich rozdelit' do niekol’kych kategorii: chemicka kontrola (Luoranen
and Viiri, 2005; Hardy et al., 2020; Willoughby et al., 2020; Lalik et al., 2020),
biologicka kontrola (Williams et al., 2013; Barta et al., 2019), fyzické bariéry (Petersson
et al., 2004; Hardy et al., 2020), priprava miest pred zalesfiovanim (Wallertz et al. 2018),
pouzitie vicSieho (Thorsen et al. 2001; Nordlander et al., 2011) alebo menSiecho
sadbového materidlu (Pettersson et al., 2008), oneskorené¢ vysadba (Moore, 2004),
pouzitie antiatraktantov (Unelius et al., 2018) a zvySeniea obranyschopnosti rastlin
(Lundborg et al., 2016; Zas et al. 2014). Kazda z pouzivanych metdéd dokaze znizit

poskodenie sadenic alebo znizit’ poCetnost’ tvrdofiov na ploche.
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2. Ciele prace
Porovnat’ moderné biotechnologické metddy ochrany sadenic proti zrelostnému
zeru tvrdona smrekového (Hylobius abietis). Otestovat’ moznosti hromadného odchytu
tvrdona smrekového do zemnych pasci. V laboratornych, poloterénnych a terénnych
podmienkach otestovat’ Géinnost’ entomopatogénnej huby Beauveria bassiana na

mortalitu imag tvrdoiia smrekového.
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3. Problematika

3.1. Bionémia a Zivotny cyklus

Tvrdon smrekovy, Hylobius abietis (Linnaeus, 1758) (Coleoptera:
Curculionidae), je vyznamnym lesnym §kodcom rozsirenym v celej Eurdpe a Azii (Scott
and King, 1974). Je nebezpeénym Skodcom v 15 eurdpskych krajinach, kde predstavuje
hrozbu na 3,4 milionoch hektarov lesov (Langstrom and Day, 2004). Bol povaZzovany za
Skodcu mladych ihlicnatych lesnych porastov od zaciatku minulého storocia (Tragardh,
1913).

Imago H. abietis je tmavohnedé so zltymi alebo svetlohnedymi S$kvrnami,
usporiadanymi v nepravidelnych radoch na krovkach (obr.1). Jeho velkost’ sa pohybuje
od 10 do 14 mm, hlava je prediZzena do vyrazného nosa s tykadlami a Gstnym otvorom na
jeho konci (Zubrik et al. 2013).

Hylobius abietis sa vyvija v piioch a korefioch umierajucich a uhynutych
ihli¢natych stromov. Vajicka st nakladené v malych jamkéach, na kore korenov,
vyhryzenymi dospelymi tvrdonimi koncom jari (Scott and King, 1974; Nordenhem and
Nordlander, 1994). Prejdu $tyrmi larvalnymi Stadiami pred kuklenim. Uvadza sa, ze
vajicka st ulozené v kore koreniov alebo pnov, tesne pod povrchom pddy, a larvy d’alej
migruju do korenov po vyliahnuti (Pye and Claesson, 1981). V zavislosti od mikroklimy
a kvality hostitel'skych pniov sa moze larva vyvinut’ v dospelé iméago pocas jedného roka
od nakladenia vajicok alebo sa larvy zakuklia a dospelé imago sa moze vyvinit az
nasledujuci rok. V chladnejSich klimatickych podmienkach trva vyvoj lariev zvycajne
dva roky a moéze trvat’ az pat’ rokov. AvSak 75 % jednotlivcov v Eurdpe sa vyvija do
jedného roka (Bejer-Petersen et al., 1962).

Dospelé tvrdone sa za¢nll prebudzat’ z hibernacie na jar, ked’ teploty dosahuja 8 —
9 °C (Munro, 1928; Nordenhem, 1989). Imaga sa na jar zivia korou ihlicnanov a inych
drevin, pricom dochéddza k pohlavnému dozrievaniu pred parenim a kladenim vajicok. Po
nakladeni vajicok na jar zostavaju imaga na mieste po zvySok leta. Niektori dospeli
jedinci vylezt z kuklovych komdérok na konci leta (jul az september), aj ked’ vel'ka ¢ast’
prezimuje v kuklovej komoérke (Nordenhem, 1989). Prezimovanie sa teda modze
uskutocnovat’ v tretej alebo Stvrtej instarovej faze a v dospelom S§tadiu. Priemerny bod
podchladenia pre larvy je -12,6 °C (Luik and Voolma, 1989). Tato teplota nie je obzvlast
nizka (Leather et al., 1993), a je to pravdepodobne jeho adaptaciou na chranené lokality

prezimovania. Dospelé tvrdone mozu zit” az Styri roky (Eidmann, 1979; Leather, 1999).
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Pomer pohlavia je okolo 50 : 50, aj ked” pomer odchytenych do pasce méze byt v rozsahu
od 20 % do 70 % samiciek, v zavislosti od ro¢ného obdobia (Langstrom, 1982; Tilles et
al., 1986; Djeddour, 1996; Lalik et al., 2019). Cerstvo vykuklenym sami¢kam, Vo svojej
prvej sezone kladenia vajicok, trva dva az tri tyzdne pokial’ dosiahnu pohlavnu zrelost,
sami¢ky v druhom alebo tretom roku s pripravené na okamzité parenie a kladenie
vajicok (Bejer-Petersen et al., 1962; Nordenhem, 1989). Po pareni samicky vyhl'adavaju
Cerstvé pne ihlicnatych stromov, pretoze si vhodné na kladenie vajic¢ok. Vyhryzaji jamky
v kore, do ktorych znasaju po jednom az piatich vaji¢kach (Salisbury, 1996). Obdobie
kladenia vajicok trva od méja do septembra, ale vrchol je v polovici maja az zaciatkom
juna (Bejer-Petersen et al., 1962; Lekander et al., 1985). Pne m6zu zostat’ vhodné na
kladenie vaji¢ok az tri roky (Nordenhem, 1989). Ked’ teplota klesé pod 8 °C, dospelé
tvrdone sa zahrabavaju pod zem a za¢inaju hibernovat (Munro, 1928). Casto sa

nachadzaju v rozhrani pody hrabanka dospelych lesnych porastov (Leather, 1999).

Obrazok 1. Hylobius abietis Hylobius pinastri
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3.1.1. Parenie

Bolo zistené, Zze imaga H. abietis rozpoznavaji opacné pohlavie na zaklade
feromoénov, na malé ale aj vacsie vzdialenosti (Selander and Jansson, 1977; Tilles et al.,
1988). Prchavé latky extrahované zrdézne starych imag vyvoldvaji rozne reakcie
(Selander et al., 1976) a imaga novej generacie oboch pohlavi nereaguji na sexualne
feromony niekolko tyzdinov (Selander, 1978). V procese parenia st pritomné dva
feromony, jeden produkovany samcekmi na podporu agregacie a druhy produkovany
samiCkami na stimulaciu parenia (Selander, 1978). Oba tieto feromony mézu byt G¢inné
len na kratke vzdialenosti. Orientacia na dlhé vzdialenosti je zaloZend na uvolfiovani
prchavych latok hostitel'skej rastliny z vhodného materialu, napr. vyrabané stromy
(Selander et al., 1974). Pri prichode na miesto, tvrdone, ktoré st na rubanisku, vyluéujua
agregacny feromon. Pohlavny feromoén pritahuje samcov k samiciam (Tilles et al., 1988),
ten zaroven sposobuje, Ze samice zostavaju nepohyblivé a umoznuji parenie (Selander
and Jansson, 1977). Dalgie §tadium spravania parenia, najmi identifikicia agregicie a
parenia feroménov, by mohlo viest k rozvoju silného nastroja na monitorovanie,

predpovedanie a kontrolu H. abietis.

3.1.2. Kladenie vaji¢ok a plodnost’

Kladenie vajicok a plodnost’ u hmyzu st ovplyvnené mnoZzstvom faktorov, napr.
velkost, dizka Zivota, vyziva pre imaga a larvy, a stimulanty rastlin (Leather, 1987; 1988;
Leather et al., 1995). Uginok, aky ma vyziva dospelych a prchavé latky hostitel'skej
rastliny na plodnost’ a dlhovekost’ H. abietis, nie je znamy. Larvalna vyziva moze byt
dolezita pri dosiahnutej vel’kosti dospelého jedinca, ale ked’ze H. abietis je relativne dlho
Zijuci hmyz, je pravdepodobné, Ze vyZiva imag a faktory, ktoré ju ovplyviuja, budi mat
najvyraznej$i vplyv na plodnost. AvSak imaga, ktoré pochadzajii z lariev, ktoré sa
vyvijaju v smrekovych piioch, sit mensie a menej plodné ako tie, ktoré sa vyvijaju v piioch
borovic (Guslits, 1970). Naj¢astejsie sa znasky vyskytuji v hornych 100 mm pnioch, hoci
vaji¢ka boli najdené v hibkach vicsich ako 400 mm (Pye and Claesson, 1981). V
terénnych podmienkach s tvrdym substratom sa nakladené vajicka nachadzaji v horne;j
Casti 50 mm. Larvy potom vykonavaju zer smerom nadol k vhodnej$im miestam kifmenia
(Pye and Claesson, 1981). Ked’ st oblasti pna blizsie k povrchu pody teplejsie ako tie,
ktoré su hlbsie pod zemou, vyvoj vajicok a lariev je rychlejsi. Rychly vyvoj zvysuje Sancu
na prezitie kvoli sirodeneckého kanibalizmu (Henry, 1995) a prirodzenym nepriatelom

(Pye and Claesson, 1981). Dospelé samic¢ky tvrdoniov mozu naklast’ minimalne 25 vaji¢ok
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v priebehu roka a ich vyliahnutie trva 12 — 14 dni pri 15°C (Salisbury, 1998). Existuje
pozitivna korelacia medzi vel’kostou samic, meranou dizkou elytronu a poétom vajic¢ok
obsiahnutych v reprodukénom trakte (potenciadlna plodnost’) (Christiansen, 1971a). V
Norsku sa priemerny pocet vajicok nachédzajucich sa vo vajcovodoch reprodukujicich

samic pohybuje od 2,4 do 3,6, hoci najvacsi pocet vajec zaznamenanych vo vajcovodoch
bol 13 (Christiansen, 1971a).

3.1.3. Larvalny vyvoj

Larva je belava, s hnedou hlavou, beznoh4, slabo oblukovito ohnut4 a dosahuje
velkost 12 az 23 mm. Kukla je volna, biela, midkka, s pomerne dlhymi a tzkymi
priveskami. Su na nej zretel'né Casti tela budiiceho iméga, vratane nosa (Zubrik et al.,
2013).

Vyvoj lariev je vel'mi zavisly od teploty a klimy. Generacny Cas (z vajicka na
vajitko) sa moze v zapadnej a strednej Eurdpe a juznej ¢asti Svédska menit’ od jedného
roka (Bakke and Lekander, 1965; Scott and King, 1974) aZ po $tyri roky na severe Finska
(Bejer-Petersen et al., 1962). Umiestnenie lariev v pni a osvetlenie piia slnkom tiez
ovplyviiuj vyvoj lariev. Larvy bliZSie k povrchu pddy sa vyvijaja rychlejsie ako tie, ktoré
su hlbsie v pni (Fraser, 1952; Bakke and Lekander, 1965) a tiez v pnioch, ktoré st
vystavené slnecnému Ziareniu dlhSie (Bakke and Lekander, 1965). Eidmann (1963)
skiimal vplyv teploty v laboratériu na larvy H. abietis a zistil, Ze vyssie teploty do 25°C
urychlili vyvoj a tiez ovplyvnili nastup a trvanie diapauzalneho obdobia od 60 do 220 dni
pri teplotdich medzi 10 °C a 20 °C, ale iba 17 dni pri 25°C. Christiansen (1971b) tiez
skamal vplyv teploty na vyvoj lariev a zistil, ze pri 23°C vyvoj lariev trval len 40 dni,
ked sa larvy vyvijali v kmenoch Pinus sylvestris L. Zistil tiez vyznamni negativnu
korelaciu medzi hustotou populdcie lariev a hmotnostou dospelych jedincov. Velkost’
dospelych sa vSak zvySuje ked’ sa larvy vyvijaju pri vyssSich teplotach (Inward et al.,
2012), na rozdiel od vacSiny druhov hmyzu (Kingsolver and Huey, 2008). Oteplovanie
klimy by preto mohlo viest’ k va¢Siemu poctu vacsich imag, ktoré sposobuju vécsie Skody
na jednotlivych sadeniciach. Okrem toho, vécsia matka znasa vécsie vajcia, z ktorych sa
liahnu silnejsie larvy, a nie je také vel’kd mortalita a nasledne by sa mohla zvysit’ velkost’

miestnej populécie.
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3.1.4. Stav a poskodenie Skodcami

Imaga H. abietis st $kodcami mladych ihli¢natych sadenic ako je Abies alba
Miller, Larix decidua Miller, Picea spp., Pinus spp, Pseudotsuga menziensi Franco
(Stoakley and Heritage, 1990; Wallertz et al., 2006; Thorpe and Day, 2008; Gradinariu et
al., 2012), ale zivia sa aj korefiimi alebo vetvami starSich ihlicnatych stromov (Eidmann,
1974; Orlander et al., 2000; Wallertz et al., 2006). Larvy H. abietis st lepsie prisposobené
na vyvoj v piioch borovic (Munro, 1928), imaga sa dokazu zivit' jemnou korou nielen
ihli¢natych drevin, ale aj r6znych hostitel'skych drevin, napr. lieska (Corylus avellana),
dub (Quercus spp.) a dokonca vres (Calluna vulgaris) (Munro, 1928; Djeddour, 1996).
Tvrdon smrekovy sa zivi rastlinnym materidlom s priemerom od 2 mm do 20 mm, pricom
uprednostiiuje priemer okolo 10 mm vo vSetkych typoch potravy (sadenice, vetvy,
korene) (Orlander et al., 2000; Wallertz et al., 2005). Iméga sa Zivia aj floemom vetiev
dospelych stromov, najvéacsie Skody ale spdsobuju na sadeniciach, pri ktorych kfmenie
moze 'ahko viest’ k uplnému obzratiu kory a naslednej smrti sadenice. Bez preventivnych
opatreni mdze byt imrtnost’ extrémne vysokd, viac ako 80 % (Petersson and Orlander,
2003). Je znamych niekol’ko faktorov, ktoré ovplyviuji Skody spdsobené imagami
tvrdotiov, st to rok vysadby vo vztahu k ¢asu tazby (Orlander and Nilsson, 1999), ¢as
vysadby vo vegetacnej sezone (Wallertz et al., 2016; Nordlander et. al., 2017a), typ pody
a pritomnost’ vegeticie obklopujticej sadenice (Petersson and Orlander, 2003; Orlander a
Nordlander, 2003; Nordlander et al., 2011), pritomnost’ materského porastu (Nordlander
et al., 2003a), typ a velkost  sadenic (Thorsén et al., 2001), kondicia sadenic (Wainhouse
et al., 20044, Zas et al., 2006), genetika sadbového materialu (Zas et al., 2017, Puentes et
al., 2018). Existuje niekol’ko prac, ktoré naznacuju, Ze niektoré dreviny, ktoré sa bezne
nachadzajii na miestach prijimania potravy, napr. jasen (Fraxinus excelsior), breza
(Betula pendula) a javor (Acer pseudoplatanus), moézu mat odpudzujice a mozno
dokonca toxické uc¢inky na imaga H. abietis (Leather et al., 1994; Manlove et al., 1997).
Ukézalo sa, ze verben6n asociovany s mikrobialnym rozpadom rastlinného tkaniva
odradza od kimenia H. abietis a moze napomahat’ pri vybere vhodného hostitel'a
(Lindgren et al., 1996). V terénnych skuskach vysledky s r6znymi prirodzenymi
navnadami z roznych Casti Europy ukazuju, Ze polena a klaty P. sylvestris su ovela
atraktivnejSie ako klaty P. abies (Langstrom, 1982), hoci v pripade chybajicich
borovicovych klatov su klaty Pices sitchensis atraktivnejSie ako polend inych druhov
ihlicnanov (Wilson and Day, 1995). Jednoduchy vyber testov v laboratériu ukazuje, ze

dospelé tvrdone preferuju ihli¢naté stromy pred listnatymi stromami, ako je breza alebo

17



javor. Vo vsetkych uvedenych $tadiach sa zistilo, ze P. sylvestris je najvyhodnejsia
potrava, pricom P. abies je druhd najblizsia (Leather et al., 1994; Djeddour, 1996;
Manlove et al., 1997). Aj ked’ st samicky t'azSie ako samce, mnozstvo sposobenych $kod
a druh krmiva sa medzi pohlaviami vyznamne nelisi (Djeddour, 1996). Preferenciou
potravinového materidlu méze mat’ priamy vztah k Stddiu vyvoja lariev. Uvadza sa, ze
larvy H. abietis sa vyvijaju rychlejsie v pnioch Pinus spp. ako v pripade Picea spp. (Bejer-
Petersen et al., 1962). Napriek vel'kému mnoZstvu prac vykonanych na ¢uchové reakcie
H. abietis na hostitel'ské prchavé latky (napr. Selander et al., 1973; 1974; 1976;
Nordlander, 1990; 1991; Nordenhem and Eidmann, 1991; Voolma and Sibul 2006;
Moreira et al. 2008; Olenici et al., 2016; Lalik et al., 2019) bolo relativne malo prac
zameranych na ucinky hostitel'skej rastliny na prezitie imag, plodnost a vyber miesta
kladenia vaji¢ok. V&c¢si doraz na tento aspekt bioldgie a spravania H. abietis moze
umoznit’ lepsie pestovanie lesov, ktoré su menej vhodné pre tvrdona, a tym by sa znizila

uroven poskodenia, ktoré¢ sa v sucasnosti pozoruje.

3.1.5. Migracia

Dospelce H. abietis su schopné migrovat’ na dlhé vzdialenosti (Munro, 1925;
Solbreck, 1980; Nilssen, 1984), ale je malo zndme o ich pohybe v rdmci urcitého uzemia,
ked’ sa vyroja zo svojho miesta zimovania a migruji do novej oblasti. K rojeniu a
naslednému letu v reakcii na vyparovanie vonnych latok hostitel'skej dreviny dochadza,
ked sa teploty pohybuji v rozmedzi 13 — 16°C, zvycajne pocas sedemtyzdiového
obdobia pocas maja a juna (Munro, 1928; Solbreck and Gyldberg, 1979; Schlyter et al.,
2004) a odhaduje sa, Ze niektoré tvrdone mozu preletiet’ niekol’ko kilometrov (Solbreck
and Gyldberg, 1979). Je zname, Ze jednotlivé tvrdone zostani na vhodnom mieste aj
niekol’ko mesiacov (Munro, 1925; Leather et al., 1995). Pohyb a obdobie pobytu na jedne;j
lokalite neboli dobre zdokumentované, hoci predbezné prace naznacuju, Ze niektoré
tvrdone sa v priebehu leta pohybuju len niekol'ko metrov (Swaine, 1951; Eidmann, 1968;
Leather 1999) a moZno niekol’ko sto metrov od pril'ahlych porastov (Munro, 1928; Zumr
and Stary, 1994). To je v sulade s uzko suvisiacimi severoamerickymi druhmi H. radicis,
o ktorych sa predpoklada, ze sa zriedkavo premiestnuju letom (Rieske and Raffa, 1990b).
Tvrdone vypustené na holé plochy v horucich letnych ditoch maji tendenciu odist’ z
miesta vypustenia a hladat’ tkryt pod podou alebo vo vegetécii, zatial co tvrdone
vypustené v starych porastoch maju tendenciu lietat’ smerom nahor ku korunam (Leather,

1999). Uloha, ktort v tomto scenari zohravaji hostite'ské prchavé latky rastliny, je do
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znaénej miery neznama. Struktira biotopov ma jednoznaéne vplyv na pohyb tvrdonov. V
terénnej Stadii, ktord zahfiiala porovnanie Cerstvych, jednoro¢nych a dvojrocnych
rabanisk autori zistili, Ze najviac imag bolo nachytanych na rabaniskach bez ponechanych
tazbovych zvyskov, zatial’ ¢o mnozstvo poskodenych sadenic v oblastiach s tazbovymi
zvy$kami a bez nich bolo podobné (Orlander et al., 1997).

Pred vytvorenim ucinnych stratégii kontroly sa musi dosiahnut' ovel'a vicsie
pochopenie faktorov, ktorymi je riadené spravanie dospelych tvrdonov. Je potrebné
vykonat' Studie o migracii tvrdoiov medzi miestami rozmnozovania a miestami
hibernacie. Ukazalo sa, ze larvy H. abietis sa pohybuju nielen v jednom pni, ale pri
nedostatku potravy migruju do dalSicho pna (Nordenhem and Nordlander, 1994;
Salisbury and Leather, 1998), a to mdze suvisiet’ s etanolom a alfa-pinénom (Nordenhem
and Nordlander, 1994). Larvy sa mézu Gspesne prestvat’ do vzdialenosti 350 mm, a hoci
su nachylné na predatorov ako su napriklad bystrusky, predpoklada sa, Ze riziko predacie
je nizSie ako riziko netGspe$ného vyvoja v rychlo sa zhorSujucom zdroji potravy

(Salisbury, 1996; Salisbury and Leather, 1998).

3.2. Sposoby ochrany sadenic
3.2.1. Chemicka ochrana sadenic

Chemické oSetrenie sadenic sa postupne stavalo hlavnym obrannym opatrenim
proti tvrdonovi smrekovému. V 50. a60. rokoch 20. storo¢ia sa Vv byvalom
Ceskoslovensku velmi intenzivne pouzivali insekticidy na ziklade chlérovanych
uhlovodikov s dlhou dobou pdsobenia, vktorych bola G€innd latka
dichlordifenyltrichloretan (DDT). Pre svoje negativne uc¢inky na c¢loveka, napr.
ovplyvinovanie nervového systému, naruSovanie metabolizmu, karcinogénne ucinky
(rakovina pecene), ovplyviovanie reprodukéného systému a vyvoja plodu (Harte et al.,
1991) boli pripravky na zéklade DDT postupne obmedzované az zakazané. Medzi prvymi
$tatmi, ktoré v roku 1970 zakazali DDT boli Nérsko a Svédsko. Jeho celosvetovy zakaz
pouzivania bol vydany az v roku 2001 Stokholmskym dohovorom o perzistentnych
organickych polutantoch (Milton 2011). V Ceskoslovensku bolo DDT zakéazané v roku
1974 (Mracek, 1984). V roku 1967 objavila skupina vedcov pod vedenim profesora
Elliota v Anglicku syntetické pyretroidné insekticidy. Bolo vyvinutych celkom 6 skupin
pyrethroidov s odliSnymi uc¢innymi latkami (bioallethrin, permethrin, cypermethrin,

deltamethrin, cyhalothrin, alfamethrin) (Elliott, 1977). Fyziologické uéinky syntetickych
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pyrethroidov priamo na H. abietis boli testované Dobrowolskim (2000). Zistil ze imaga
H. abietis ktoré sa zivili sadenicami oSetrenymi deltametrinom, mali rézne priznaky, ale
len mélo z nich pocas obdobia kfmenia uhynulo. Hlavnymi priznakmi boli ochrnutie
alebo ukonéenie kimenia. Po vystaveni pésobeniu deltametrinu vSak imaga H. abietis
hynuli pomaly alebo vobec. 5-diiové kfmenie bolo prili§ kratke na to, aby umoznilo
detekciu umrtnosti alebo inych zadvaznych toxickych symptomov deltametrinu. Uvadza
sa viak, Ze hodnota LD50 deltametrinu pre imaga po 10 diioch expozicie bola 0,71 mg ¢
a hodnota LD90 2,63 mg 9. Lempérierem and Julienem (2003) pouzili na ochranu
sadenic insekticid na baze karbosulfanu, ktory bol vo forme grantl a zapracovaval sa
priamo do pody v Case vysadby. Zistili, ze takto ochranené sadenice su dostatocne
chranené po dobu najmene;j tri roky od vysadby. Rose et al. (2005) ukazali, ze aplikacia
pyretroidného alebo neonikotinoidového insekticidu na mladé stromy (P. sylvestris)
zabranovala ich napadaniu H. abietis. Rose et al. (2006) testovali insekticid s obsahom
lambda-cyhalothrin. Zistili, Ze smrekové vetvicky st poskodzované 5 -7 krat menej oproti
neosetrenej kontrole. V poslednej dobe vzniklo vécsie mnozstvo prac, ktoré porovnavaji
chemické oSetrenie voéi fyzickym bariéram (Hardy et al., 2020; Willoughby et al., 2020;
Lalik et al.,, 2020). V tychto pracach st pouzit¢ rdzne insekticidy v réznych
koncentraciach a obsahuju iné G¢inné latky. Vsetky pouzité insekticidy dokazali znizit
mortalitu sadenic vo¢i kontrole o viac ako polovicu.

V stcasnosti sa postupne upusta od pouzivania insekticidov v lesnictve. Na Slovensku je
momentalne registrovanych a povolenych niekol’ko pripravkov na ochranu sadenic proti
tvrdotiovi smrekovému (Vaztak Active, Karate Zeon 5 CS, Lambdol, Fury 10 EW,
Greenfury, Zetta) (UKSUP, 2019). V Ceskej republike je momentalne povolenych
niekol’ko pripravok na oSetrovanie sadenic proti tvrdofiovi smrekovému (Alfametrin ME,
Decis Mega, Decis Protech, Forester, Vaztak Active, Vaztak Les) (Zahradnik and
Zahradnikova 2019).

Osetrovanie insekticidom je dovolené len jednotlivym postrekom sadenic. OSetrit’
sadenice jednotlivo sa dd tromi spdsobmi, ato oSetrenie sadenic v Skdlke priamo na
zahone pred vyzdvihovanim, namocenie nadzemnej cCasti zvdzkov v insekticidnom

roztoku pred vysadbou, postrek sadenic insekticidom po vysadbe (Varinsky 2011).
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3.3. Mechanicka ochrana sadenic
3.3.1. Voskovanie sadenic

Spolo¢nost Norsk Wax od roku 1992 vyvyja vosk KVAAE, ktory ma chranit’
kmienky sadenic pred zerom H. abietis. Vosk pokryje tenkou vrstvou kmienok sadenice
a pocas dvoch alebo viacerych vegetaénych sezon. V priebehu mnohych rokov bol vosk
KVAAE pouzivany, testovany a zahrnuty do S$tadii fyziologie rastlin a rastovych
charakteristik. Pridanim bieleho pigmentu do vosku sa sadenice chrania pred slne¢nymi
lucmi. Svetly vzhl'ad kmienka sadenic, ktory je vysledkom aplikacie vosku, tiez posobi
ako odstraSujuci prostriedok pre H. abietis. V predchadzajucich pokusoch sa vyskytovali
problémy s popraskanim vosku, ked’ rastliny rastli a zvicSoval sa ich priemer kmienka.
V roku 2010 boli do vosku zavedené nové prisady Setrné k zivotnému prostrediu, vd’aka
ktorym je vosk pruznejsi, a tie mu davaju spravne fyzikalne vlastnosti, aby bol schopny

drzat krok s rastom sadenice (http://kvaae.no/why/).

Obrazok 2. Voskovanie sadenic a voskovaci stroj

Pri zakladani lesa vybera lesnik zname metddy ochrany sadenic. Teraz mozete vyuzit
sadenice, ktoré budu chranené pred tvrdoniomi produktom, ktory neposkodzuje zivotné
prostredie. Vsetko v KVAAE bolo navrhnuté tak, aby chranilo rastlinu a zaroven zostalo

neskodné pre zivotné prostredie (http://kvaae.no/why/). Na Slovensko sa podarilo
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voskovaci stroj zakupit LESOM SR §. p. v roku 2013. Ide o tzv. ,,fontanovu masinu® s
dvomi fontanami (obr. 2). Je to v podstate jednoduchy pracovny stroj, do ktorého sa
vkladaji dosky stuhnutého vosku, pri¢om stroj pojme celkovo az priblizne 300 kg vosku.
V stroji sa tento vosk roztopi pri teplote 85 °C tak, aby mohol cirkulovat' cez tzv.
»fontanu®. Sadenice sa oSetruju ich vkladanim do fontdny a jeho aplikéaciou o Sirke
priblizne 10 — 15 cm od korenového krcka. Tymto spdsobom sa osetri priblizne 2000
sadenic za hodinu, pricom na jednu sadenicu sa spotrebuje asi 5 — 10 g vosku (na
obal'ované sadenice asi 4 g). Ked’ze vosk je po naneseni na sadenicu hortci, sadenica sa
zachladzuje v studenej vode a vosk okamzite tuhne. V zaujme zniZenia nakladov a
zjednodusSenia samotnej prevadzky s voskovacim strojom sa ochladzovanie sadenic spaja

s ich oSetrenim proti vysychaniu korefiového systému (Ondrus et al., 2014).

3.3.2. Pieskovanie sadenic Conniflex

Conniflex je novy, uéinny a ekologicky spdsob ochrany sadenic, ktory chrani

sadenice pred napadnutim tvrdofiom smrekovym. Tto metddu ochrany vyvinuli vedci zo

Svédskej univerzity polnohospodarskych vied (SLU) (Nordlander et al., 2009).

!

Obrazok 3. Sadenica oSetrena metédou Conniflex.
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Conniflex mozno jednoducho opisat’ ako pieskova bariéru na kmienkoch sadenice
(obr.3). Tymto sposobom je mozné oSetrovat’ iba krytokorenné sadenice. Sadenice
v sadbovacoch sa najskor umyji od necistdt za pomoci dyz, nasledne je nanesené lepidlo
na baze vody (http://www.bccab.com). Po naneseni lepidla sa sadenice oto¢ia do
vodorovnej polohy a posypt sa jemnym pieskom z dvoch stran (velkost’ ¢astic 0,2 mm)
(Nordlander et al., 2009). Proces ochrany sadenic je ukonceny v suSiacej jednotke na
vytvrdnutie lepidla. Tento proces trva 30 — 35 minut. Povlak je pruzny a s rastom sadenice
sa rozsSiruje (http://www.bccab.com). Nezavisli vedci vykonali pocetné terénne testy
Conniflexu, ktoré sa zacali pred niekol’kymi rokmi. Vysledky jasne demonstrovali
podobné urovne ochrany pri pouziti Conniflexu v porovnani s insekticidmi (Nordlander
et al., 2009; Nordlander et al., 2011). Osetrenie sadenic Conniflexom vSak na rozdiel od
insekticidov nemd Ziadny vplyv na Zivotné prostredie a je pre personal $kolky bezpecny.
Sadenice sa oSetria Conniflexom v $kdlke skor ako sa zabalia a odoslu vlastnikovi lesa.
Na uc¢innu ochranu pocas dvoch rokov je potrebné iba jedno oSetrenie v §kolke. Conniflex
sa mdze pouzivat’ na vSetky druhy sadenic v kontajneroch.

Metéda ochrany pieskovanim bola vyvinuta vo Svédsku a od roku 2003 je pouzivana v
praxi. Conniflex je spolupraca medzi BCC a 100 % dcérskou spolocnostou Sveaskog,

Svenska Skogsplantor (http://www.bccab.com).

3.3.3. Olepovanie sadenic

Ochrana stromov za pomoci lepu vo forme lepovych pasov je pouzivana hlavne
v zahradach na ovocnych stromoch alebo v lesnictve. Tieto pasy znizuju pohyb lariev
alebo nelietajucich samic z kmetiov do korun stromov (Webb et al., 1995; Berlinger et
al., 1997; Mayo, 2003). Ochrana sadenic za pomoci lepu je v Stadiu testovania. Tieto testy
boli vykonavané na zaklade toho, Ze sa lep aplikuje na ochranu inych stromov.
Predpokladame, ze sadenice, na ktoré je naneseny lep, nie su tak atraktivne pre Zer imag
tvrdonia smrekového. Lep imagam stazuje pohyb po kmienku sadenice, a tym to imaga
odradza, ale pri pokuse zrat’ koru aj s lepovou vrstvou sa lep dostane medzi hryzadla,
atak odradza imaga od prijimania takejto kory (obr. 4). Tento typ ochrany sadenic

mozeme zaradit’ do individualnej ochrany po vysadeni.
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Obrazok 4. Sadenica s nanesenym lepom Vermifix

3.3.4. Ochranné goliere

Ochranné goliere (0br.5) na ochranu sadenic boli vyvinuté koncom 70. rokov 20.
storocia po ustupe insekticidneho pripravku DDT (Lindstom et al., 1986). Na konci 80. a
zaCiatkom 90. rokov sa vyvinulo a otestovalo mnozZstvo dalSich kfmnych bariér,
napriklad ,,pancuchy* (Eidmann and von Sydow, 1989) alebo ,,BEMA* obal z plastovych
vlakien (Hagner and Jonsson, 1995). Dalsim vyvojom vzniklo viacej typov kfmnych
bariér.
Helast bio je 125 mm vysoky plastovy (polypropylénovy) valec so Styrmi tenkymi
pruzkami rovnakého materidlu, ktoré obklopuju korenovy substrat. Povrch valca je
hladky, ¢o st'azuje Splhanie imagam tvrdonov (Petersson et al., 2004).
Hylostop je 140 mm vysoky valec vyrobeny z tvrdého papiera potiahnutého
polyvinylchloridom (PVC). Koretiovy substrat obklopuju dva pruhy papiera bez PVC.
Vonkajsia horna ¢ast’ bariéry je potiahnuta fluonom (malé Castice polytetrafluoretylénu),
ktory znemoziiuje vySplhanie po bariére. Fluon je pre imaga klzky a nedokézu sa na tomto
povrchu udrzat’ (Eidmann et al., 1996).
The seedling cone je kuzel’ na sadenice s vySkou 280 mm vyrobeny z tenkého, mékkého,

priehl'adného plastu, ktory je perforovany, aby sa znizilo zahrievanie slne¢nym Zziarenim.
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Korenovy substrat obklopuju $tyri prazky z rovnakého materialu (Petersson et al., 2004).
Snap guard je ochranny kryt, Stit vyrobeny z polypropylénu s golierom v hornej Casti,
ktory stazuje preliezanie imag. Golier sa inStaluje otvorenim zamku, jeho umiestnenim
okolo sadenic zo strany a naslednym zatvorenim zamku. Golier sa zatla¢i 1 cm do zeme
aby sa predislo podlezeniu imag (Petersson et al., 2004).

Stopper je uzky lievik s vyskou 65 alebo 95 mm, vyrobeny z polypropylénu. Spétny golier
v hornej Casti stazuje prekonanie. Tento Stit ma podobny dizajn ako ochranny kryt Snap,
ale inStalovat sa ma v Case sejby apriamo V golieri vyrastu sadenice. Puzdro je

pripevnené ku koreiovému substratu dvoma kolikmi (Petersson et al., 2004).

Snap Tjrd Stop;er KANT
Obrazok 5. Rozne typy ochranych golierov (Petersson et al., 2004)

KANT je stit s vyskou 150 mm, ktory sa sklad4 z vnutorne;j trubice pripevnenej ku koreniu
a goliera, ktory zabranuje tomu, aby sa tvrdon dostal k sadenici. Golier ma spétny golier,
ktory je navrhnuty tak, aby ho tvrdone neprekonali. Pouzita verzia bola skorym

prototypom vyrobenym z priehl'adného plastu na baze skrobu (Petersson et al., 2004)
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V stcasnosti je na trhu dostupny ochranny golier typu Snap guard (obr. 6). Tento golier
je vyrobeny v dvoch prevedeniach, a to z polypropylénu, ktory sa da opakovane pouzit,
a biodegradovatel'ného plastu, ktory sa rozlozi po 4 rokoch (www.grube.sk). Nevyhody
ochrannych golierov su ich obstaravacia cena. Zamky na golieroch nie celkom dobre
priliehaju, ich zatvaranie je v niektorych pripadoch zlozité. Avsak najvacsiou nevyhodou
je, ze ak tvrdon prekona ochranny golier a dostane sa ku kmienku sadenice, len tazko sa
vie stadial’ dostat’. V golieri ma navySe ideadlne podmienky na skrySu a potravu, tak sa

tam zdrzi dlhSiu dobu a poziera koru sadenice, ¢im dbjde k jej skorSiemu thynu.

Obrazok 6. Ochrany golier typ Snap guard piit}’l v nasich exrimentoch
3.3.5. Lapacie kory

Hromadny odchyt H. abietis pomocou materialov, ktoré ich pritahuju, bol
praktizovany pred ochranou sadenic. Hromadny odchyt sa objavuje v literattire uz v roku
1839 (Ratzeburg, 1839).
Dalsie prace, ktoré popisuju pouzitie lapacich kor (obr. 7), pochadzaju z konca 19.
storo¢ia (Altum, 1889), z izemia sucasnej Ceské republiky ich popisuje Burket (1905).

Este Escherich (1923) kladie doraz na zber chrobakov a uplatnenie lapacich kor ako
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ochrannej metddy. Avsak uz Komarek (1924) upozornil, ze metédy odchytu chrobdkov
maju skor kontrolny charakter, ¢o potvrdil i rozsiahlymi vyskumami Schmidt (1934), kde
dospel k zaveru, ze by muselo byt odchytenych 96 % chrobakov, aby nedochadzalo
k premnozeniu tvrdona. Materidly pouzité na prilakanic H. abietis boli Cerstva kora,
Cerstvé vetvy alebo Cerstvé polend. V kazdom pripade sa kora, polend alebo vetvy
(ziskané z hostitel'skych druhov) rozmiestnili na rabanisko a po ur¢itom ¢asovom obdobi
sa spolu s nalakanymi chrobakmi odstranili. Nevyhodou je, Ze pritahovani dospeli jedinci
zostali nazive a musia sa zbierat’ a zabijat’ ru¢ne. Lapacie kory boli zatraktivnené vol'ne
umiestnenymi borovicovymi vetvickami do dvoch kusov smrekovej kory (Pfeffer et al.,
1961). Este v 80. rokoch 20. storo¢ia boli v Ceskoslovensku lapacie kory vyuZivané ako
obranna metdda s cielom znizit' pocetnost’ tvrdoniov na rubanisku (Novak, 1965). Pre
splnenie tychto o¢akdvani bolo vSak nutné pouzit’ na jeden ha i cez 100 kusov lapacich
kor. Praca potrebna na odobratie H. abietis z lapacej kory sa mdze znizit’ spracovanim
kory syntetickym pyretroidom alebo inym insekticidom tak, ze sa zabiji chrobaky. V
Eurodpe sa vSak tato metoda v sucasnosti pouziva iba v niekol’kych krajinach (Langstom
et al., 2004; Modlinger and Knizek 2009; Galko et al., 2012). Hlavnym doévodom

znizen¢ho pouZivania tejto metody ochrany sadenic je naro¢nost’ pripravy lapacej kory a

potreba castej kontroly a vymeny.

]

~ £ ‘4 > ‘
Obrazok 7. Lapacia kora
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Lapacie kory sa zhotovuju z platov Cerstvej smrekovej kory s lykom, do ktorych je
vlozena borovicova vetvicka, ktora moze byt' zbavena ihli¢ia. Vel'mi Casté je pouzitie
otravenych lapacich kor, kde pouzité vetvicky su namocené v insekticide, ¢o su
v sti¢asnosti v Ceskej republike bez vynimky syntetické pyrethroidy. Je vieobecne
zname, ze pyrethroidy maji pre hmyz odpudzujuci ucinok (Rose et al., 2005). Tato
vlastnost’ je pri kurativnom oSetreni kr¢ku sadenic vhodnd, ale v pripade lapacej kory,
ktora by mala tvrdone lakat’, nie je Ziaduca.

Pouzitie lapacich kor patri k tradicnym postupom v ochrane vysadieb proti H. abietis.
V praxi sa od pouzivania lapacich kor za ucelom znizenia pocetnosti tvrdona na
Slovensku uz upustilo. Tato metdda vSak zostava vhodna pre signalizaciu vyskytu imag
pred planovanym kurativnym postrekom. STN 48 27 12 uvadza na kontrolu minimalne
20 az 30 ks/ha lapacich kor. Lapacia kora je zhotovena z platu Cerstvej smrekovej kory
a je do nej umiestnend borovicova vetvicka. Rozmer kory sa odporaca 50 x 25 cm. Kora
sa prehne na polovicu, ¢im vznikne rozmer 25 x 25 cm. Umiestnit’ koru je najlepSie na
pddu medzi korenové nabehy cerstvych piiov. Borovicova vetvi¢ku v kore je potrebné
vymenit, ked’ je obZratd alebo po 7 dioch. Lapacie kory sa vymienaji najneskor po 14
dioch, alebo ak za¢nu plesniviet, je nutné ich vymenit’ aj skor. Kontrolu je potrebné

vykonavat’ kazdych 3 az 5 dni (Galko et al., 2016).

3.3.6. Zemné pasce

Ako pasce st najéastejsie pouzivané jednoduché plastové vedierka o objeme 1,2
I, kde vo vrchnej Casti pod vrchnakom je navitanych 10 otvorov o priemere 10 mm (obr.
8b). Pasca je do zeme zakopana tak, aby spodny okraj vstupnych dier bol zaroven

s terénom a imaga mohli do pasce jednoducho vchadzat'. Tento isty typ pasci pouzilo

28



viacero autorov (Tilles et al., 1986; Nordlander, 1987; Nordlander, 1990; Zumr and Stary
1992; Voolma et al., 2001; Erbilgin et al., 2001; Lalik et al., 2019).

dry pieces of

branches

AP dispenser ET dispenser

galvanized
funnel

plastic bottle

salted water

Obrazok 8. Rozne typy zemnych pasci a) pasca IBL-4, b) plastové vedra o objeme 1,2 1,

¢) lievikovita pasca s flasou 2 dcl

Su rézne modifikacie zemnych pasci, napr. v Pol'sku bol vyvinuty typ pasce IBL-4, ¢o je
V podstate PVC rara z obidvoch stran uzavreta a st do nej navftané otvory, do ktorych sa
zastr¢ia $pecialne lieviky, cez ktoré vchadzaju imaga do vnutra pasce (obr. 8a). Spodny
okraj vstupnych lievikov je zarovno sterénom, aby bolo umoznené jednoduché
vchadzanie imag (Skrzecz, 2003). Olenici et al. (2016) pouzili na odchyt lievikovy typ
pasce, kde v zemi bola umiestnena fl'aska o objeme 2 dcl. Nad fl'askou bol umiestneny
lievik, ktory sustred’oval chrobaky do pasce a lievik bol prekryty vrchnakom, v ktorom
boli navitané diery o priemere 10 mm, skadial’ prepadavali imaga (obr. 8c).

Vo vSetkych typoch pasci je moznost’ odchytdvat’ imaga hmyzu zivé, tzv. suchy typ
odchytov. Pri tomto type vSak vznika riziko Uniku imég z pasci. Tento typ je vhodné
pouzivat’ ak chceme ziskat’ chrobdky na d’alSie experimenty. Druhy typ odchytu je tzv.
mokry odchyt, kedy sa do pasce naleje tekutina. Je vhodné pre d’al$iu determinaciu pouzit’

propylénglykol s vodou v pomere 1 : 1, alebo ako lacnejsi variant postacuje aj voda
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s pridavkom 5 % NaCl. Zemné pasce nie si uspesné na odchyt ak sa do nich neumiestni
vhodny atraktant, ktory pritahuje imaga tvrdonia smrekového. Boli pouzité mnohé druhy
atraktantov, vratane drevenych valcov a diskov (Nordenhem, 1989; Sktodowski and
Gadzinski, 2001; Moreira et al., 2008; Kuzminski and Bilon 2009), ale na poévodnu
navnadu z pasci kory, t. J. borovicové vetvicky (Pfeffer et al., 1961), sa zabudlo. Tento
typ navnady sa pouziva iba v jednom modernom diele, v ktorom sa okrem kory pouzivaju
aj vetvicky zo smreka (Zumr and Stary 1992).

Alfa-pinén kombinovany s ectanolom je pre H. abietis velmi atraktivny, ¢o je
pochopitel'né, pretoze alfa-pinén je jednou zo zlucenin v Zivici ihlicnatych stromov (Tilles
et al., 1986). Pasce obsahujuce alfa-pinén s etanolom su ucinnejSie ako pasce, ktoré
obsahuju iba alfa-pinén alebo iba etanol (Nordlander, 1987). Medzi tieto atraktanty
zvyCajne patri pouzitie dvoch ,,odparovacov (kontajnerov, ktoré drzia atraktant a
uvolnuju jeho pachy) na zachytava¢ zrazky, t. j. alfa-pinén v jednom odparovaci a 70 %
etanol v druhom odparovaci (Tilles et al., 1986; Erbilgin et al., 2001; Nordlander, 1990;
Olenici et al., 2016). Tieto chemikalie sa pouZzivaji aj na zvySenie pritazlivosti kory a
inych prirodnych materialov (Moreira et al., 2008).

Pasce s atraktantmi moZzu byt pouzité ako na sledovanie, tak na kontrolu populacii
Skodcov (Nordenhem, 1989; Kuzminski and Bilon 2009). Takéto pasce spolu s
chemickou ochranou sadenic sa v Pol'sku ¢asto pouzivaju (Stocki, 2000). Pasce IBL-4
obsahujuce Hylodor, agrega¢ny feromén H. abietis (Skrzecz, 2003), chytili vyznamne
viac H. abietis ako prirodné navnady (konare, disky) (Kuzminski and Bilon, 2009).

3.4. Biologické metédy proti tvrdonovi smrekovému

Ide o cielavedomé vyuzivanie zivych organizmov alebo ich produktov pre
udrzanie Skodcov pod prahom hospodarskej Skodlivosti. Podstatou je cielené nicenie iba
uzkej skupiny Skodcov. Pri tvrdonovi k nim patria napriklad metody s vyuZitim
entomopatogénnych had’atiek, entomopatogénnych hub, parazitoidov, pripadne mravcov

(Vakula et al., 2015).

3.4.1. Entomopatogénne huby

Entomopatogénne huby (EPH) su prirodnymi antagonistami ¢lankonoZcov, ktoré
pomahaju pri kontrole hostitel'skej populécie a pri prevencii vzniku ohnisk (Vega et al.,
2012). Uskutocnil sa rozsiahly vyskum pouzitia EPH ako perspektivnych biokontrolnych

latok hmyzich Skodcov v pol'nohospodarstve a lesnictve (Lacey et al., 2015), a niektoré
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kmene boli uspesne licencované a komercializované (De Faria, 2007; Reddy, 2013). Tieto
huby sa povazuju za environmentdlne bezpecné (Zimmermann, 2007) a modzu sa
hromadne vyrabat (Jaronski, 2014). Vykazuju znacny potencial na kontrolu réznych
lesnych skodcov (Augustyniuk-Kram and Kram, 2012). O EPH je zname, Ze dokéazu
nakazit hmyz takmer vSetkych druhov a vyvojovych S§tadii, najmid Hemiptera,
Lepidoptera, Diptera, Coleoptera, Orthoptera a Hymenoptera (Ramanujam et al., 2014;
Khan and Ahmad, 2015). Predpoklada sa, ze samotna huba Beauveria bassiana Vuill.
(obr. 9a) dokaze zabit’ viac ako 750 rdznych druhov hmyzu (Ghikas et al., 2010). Je
dokazané, ze faktory prostredia ovplyviiujii prezivanie entomopatogénnej huby B.
bassiana. Najviac limitujucim faktorom na prezivanie spor je slneéné ziarenie (Gardner
et al., 1977; Huang and Feng, 2009; Posadas et al., 2012). Testy viacerych autorov v
laboratérnych podmienkach potvrdili, Ze aj kratke pdsobenie UV-C dokaze v priebehu 16
minut zabit’ 99 % konidii, UV-A a UV-B po 31 minttach (Krieg et al., 1981). Po oziareni
simulovanym slneénym svetlom Ignoffo and Garcia (1992) a Fargues et al., (1996) zistili,
ze po dvoch hodinach bola polovica konidii usmrtenych. PreZzitie konidii v oleji bolo
lepsie na skle (74 % mortalita po 60 minttach) ako na listoch (97 % mortalita po 60
minutach). Vyznamné rozdiely su aj v citlivosti na simulované slnecné svetlo medzi
izolatmi B. bassiana (Morley-Davies et al., 1995).

Daldim limitujiicim faktorom na prezivanie konidii je teplota. Pre B. bassiana je
optimalna teplota 23 — 28 °C, minimalna 5 — 10 °C a maximalna priblizne 30 — 38 °C, v
zévislosti od testovanych izolatov (Miiller-Kogler, 1965; Roberts and Campbell, 1977).
Tieto hodnoty neskor potvrdili ini vedci (napr. Hywel-Jones and Gillespie, 1990; Fargues
et al., 1997; Hallsworth and Magan, 1999). Bod usmrtenia spor je teplota 50°C pocas
doby 10 minut (Walstad et al., 1970). V Eurdpe sa niekol’ko vyskumov zameralo na
vyskyt EPH v populécii H. abietis a druhy vyskytu rodov Beauveria a Metarhizium, ktoré
boli zistené od lariev az po imaga. Vo vSeobecnosti su huby spojené s populaciou H.
abietis na konstantnej, ale relativne nizkej trovni (Williams et al., 2013; Wegensteiner et
al., 2015; Gerdin, 1977; Glare, 1967; Barta et al., 2019). Vysledky predchadzajucich a
nedavnych pokusov o pouzitie EPH proti H. abietis v laboratériach boli bud’
nekonzistentné, alebo nie prili§ sl'ubné (Williams et al., 2013; Ansari and Butt, 2012;
Samsinakova and Novak, 1967; Waldenfels, 1975; Wegensteiner and Fiihrer, 1988;
Wegensteiner, 1989; McNamara et al., 2018). Napriek tomu sa predpokladd, Zze huby
maju potencial na uspesnu implementaciu do integrovaného systému, ktory riesi problém

poskodenia sadenic tvrdoiiom smrekovym. Realizovatel'nost’ a udrzatel'nost’ ich pouzitia
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ako kontrolnych ¢initelov H. abietis v teréne zavisi od vyberu kmenov hub, formulacii

inokula a aplika¢nych technik.

Obrazok 9. Entomopatogénne huby a. Beauveria bassiana, b. Isaria fumosorosea,

c. Metarhizium anisopliae

3.4.2. Entomopatogénne had’atka

Je znamych viac ako 30 celadi hadatick (EPHa) parazitujicich alebo inak
spojenych s hmyzom (Poinar, 1990; Kaya and Stock, 1997). V désledku potencialu
biologickej kontroly sa uskuto¢nili vyskumy 7 ¢el'adi, Mermithidae, Allantonematidae,
Neotylenchidae, Sphaerularidae, Rhabditidae, Steinernematidae a Heterorhabditidae.
Poslednym dvom cel'adiam sa doteraz venovala najvicsSia pozornost’, pretoze sa mdzu
kultivovat, formulovat’” a pouzit na kontrolu Sirokého spektra hmyzich Skodcov v
kratkom Casovom obdobi (Lacey et al., 2001).
EPHa mdzeme n4jst’ vo vicSine ekosystémov celého sveta a na vSetkych kontinentoch
okrem Antarktidy. V sucasnosti je znamych viac ako 70 druhov ¢el’adi Steinernematidae
a 15 druhov z ¢el'adi Heterorhabditidae. Z tohto poétu bolo asi 40 druhov popisanych
v poslednych 10 rokoch. Na uzemi Ceskej republiky bolo popisanych 10 druhov rodu
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Steinernema a dva z rodu Heterorhabditis (Nermut' et al., 2012). EPHa cel'adi
Steinernematidac a Heterorhabditidae su letdlnymi patogénmi hmyzu. V prirode
zohravaju ulohu pri regulacii prirodzenej populécie hmyzu, ich hlavny typ aplikacie je vo
forme zalievky vodného roztoku ako biokontrolného ¢inidla. Jedine¢né partnerstvo medzi
EPHa a symbiotickymi patogénnymi baktériami pre hmyz pomohlo zabezpecit' ich
uspech ako ¢inidla pre biologicku kontrolu (Griffin et al., 2005).

Aj ked’ si Heterorhabditis a Steinernema osvojili rovnaky zivotny §tyl, patria do r6znych
rodov (Heterorhabditidae a Steinernematidae) (Blaxter et al., 1998). Medzi ich
podobnosti patri spojenie so symbiotickymi baktériami, o ktorych sa predpoklada, ze
pochadzaju z konvergentnej evolucie (Poinar, 1983). Obidve ¢el'ade, Steinernematidae
a Heterorhabditidae, maju jediné volne zijice $tadium infekéna larva (IL) treticho
instaru, ktora prenasa symbiotické baktérie z rodu Xenorhabdus a Photorhabdus v tomto
poradi (Boemare et al., 1993). IL m6ze do hmyzu vniknuit' cez ustnu dutinu, kone¢nik
alebo dychacie otvory a potom sa pohybovat’ smerom k hemolymfe. Niektoré druhy maja
schopnost’ preniknut’ cez kutikuly hmyzu (Bedding and Molyneux, 1982; Peters and
Ehlers, 1994). Napriklad Heterorhabditis je schopna tak urobit’ pomocou predného
dorzalneho zubu (Bedding and Molyneux 1982).

Steinernema carpocapsae (Weiser) vylucuje proteiny potlacujice imunitny systém
hostitel'a, ¢o by mohlo napoméhat’ uvol'fiovanie ich symbiotickych baktérii (Simoes,
1998). Nie je zname, ¢i sa podobné proteiny vylucujii Heterorhabditis (Forst & Clarke
2002).

Akonahle je IL vo vnutri hemolymfy hostitel'a, EPHa uvol'fiuji symbiotické baktérie.
Hemolymfa hmyzu je mimoriadne bohata na Ziviny a baktérie sa exponencialne mnoZia,
¢im spdésobuju smrt” hmyzu v priebehu 24 — 48 hodin. IL sa zivia symbiotickymi
baktériami a rozkladajiucim hostitel'skym tkanivom. Po zacati prijimania potravy sa EPHa
vyvijaji do Stvrtej larvalnej fazy a nasledne do Stadia dospelosti, aby sa rozmnozili. V
zéavislosti od dostupnych Zzivin a zdrojov sa vo vnutri hostitel'ského hmyzu médze
vyskytnut’ viac ako jedna generdcia EPHa (Dix et al., 1992).

Steinernema a Heterorhabditis maju odlisny spdsob reprodukcie. Prvi generaciu druhych
menovanych tvoria samooplodiiujiice hermafrodity, priCom samce a samice sa vyvijaju v
nasledujucich generaciach (Dix et al., 1992). Pokial’ ide o Steinernema, vsetky generacie
sa mozu reprodukovat’ prostrednictvom amfimixy (t. j. krizového oplodnenia u samcov a
samic) (Poinar, 1990). Preto vo vsSeobecnosti mézeme povedat, ze ked napadne

hostitel'sky hmyz iba jedna IL, Heterorhabditis je schopny rozmnozovat’ sa a vyvijat,

33



zatial’ Co vacSina Steinernema vyzaduje, aby boli pred rozmnozovanim pritomni dvaja
jedinci, jeden samec a jedna samica (Griffin et al., 2005).

Najskor su vaji¢ka kladené samicami alebo hermafroditmi do usmrteného jedinca, pri¢om
u starSich samic alebo hermafroditov sa vajicka vyliahnu v maternici a novovyliahnuté
larvy konzumujui najskor rodica a neskdr prechadzaju na hostitel'a. Prislusny proces je
znamy ako endotokia matricida (Johnigk and Ehlers, 1999). Ak je k dispozicii dostato¢ny
prisun potravy, larvy sa vyvijaju na dospelych a cely vyvoj sa opakuje. Ak st podmienky
vo vnutri mftveho hmyzu preplnené a stt obmedzené zdroje potravy, IL sa d’alej vyvijajua
iba do tretieho larvalneho instaru. U vel’kého hmyzieho hostitel'a sa mozu vyvinut’ stovky
tisic IL, ktoré sa vyroja z mftveho hmyzu v priebehu niekol’kych dni, a potom za¢na
hl'adat’ nového hostitel'a hmyzu (Griffin et al., 2005).

Ked sa IL dostanu z tela hostitel’a, zachovavaju si pokozku predchadzajuceho instraru
ako plast. Plast napomadha pri prevencii vysuSenia, zmrazenia a infekcie hubovymi
patogénmi, najmé u Heterorhabditis (Wharton and Surrey, 1994). Steinernema stracaju
svoj plast’ celkom I'ahko, ked’ sa pohybuji po pode, zatial’ o puzdro Heterorhabditis je
pevnejsie prichytené k telu a larvy ho tak lahko nezvle¢u (Dempsey and Griffin, 2003).
EPHa su sl'ubnym nastrojom na kontrolu tvrdona smrekového. Aplikuju sa na pne
inundativnym (zalievkovym) spdsobom, ked’ s pritomné larvy neskorého instaru alebo
Kukly prvej generacie tvrdonov, jeden az dva roky po vytazeni stromov (Torr et al., 2005;
Brixey et al., 2006; Dillon et al., 2006; 2007; 2008; Williams et al., 2013; Kapranas et al.,
2017a).

4. Material a metodika

Experimenty, ktoré boli vykonané, mozeme rozdelit' do troch kategoérii, a to:
ochrana sadenic mechanickymi achemickymi spdsobmi, ochrana za pomoci
entomopatogénnych hib a hromadny odchyt imég do zemnych pasci. Celkovo bolo

vykonanych osem laboratérnych a terénnych experimentov.

4.1. Experiment I. Poloprirodny experiment s r6znymi ochrannymi metédami
proti Hylobius abietis
Lokalita a material
Experiment sa zakladal v zatienenom vonkajSom insektariu nevystavenému

priamemu sInku na Stredisku lesnickej ochranarskej sluzby (LOS) v Banskej Stiavnici,
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Slovensko (48.464089, 18.904954) (obr. 10a), v chovnych klietkach o rozmere vyska 70
cm, §irka 50 cm, hibka 50 cm (obr. 10b). Dno klietok a ram je tvoreny drevotrieskou.
Ram je z troch stran tvoreny sietkou proti hmyzu, dvierka a vrch Klietky sa vyplnené
sklom (pril. ¢.1).

Iméaga tvrdona smrekového boli na pokus chytané priebezne pocas celej doby
experimentov do lapacich kor v Nizkych Tatrach (49.005810° N, 20.041072° E). Po
odchyte boli imaga umiestené do chladni¢ky s teplotou 4°C po dobu vlozenia k
sadeniciam. Na pokus boli vyberané Zivotaschopné imaga s priemernou velkostou 12
mm. Imaga boli ponechané v boxoch s predloZenou potravou a vodou, boli vybrané len
zretelne zdravé a nepoSkodené imaga, ktoré javili znamky rovnakej kondicie. Imaga boli
kazdé dva tyzdne vymieniané za nové imaga.

Sadenice na pokus dodal OZ Semenoles Liptovsky Hradok (LESY SR, §.p.). Boli pouzité
1,5 ro¢né krytokorenné sadenice smreka obycajného (Picea abies) a duglasky tisolistej
(Pseudotsuga menziesii), pestované v sadbovaci s objemom bunky 90 cm®. V kazde;
klietke bol umiestneny ¢repnik s rozmermi vySka 7 cm, Sirka vrchnd 40 x 40 cm, Sirka
spodné 32 x 32 cm, objem crepnika 10,08 1. Kazdy ¢repnik bol naplneny substratom pre
ihli¢naté dreviny KEKKILA PROFESSIONAL (Vantaa, Finland).

Posudzovali sme poskodenie kory mladych sadenic imagami H. abietis na neoSetrenych
sadeniciach a na sadeniciach osetrenych lepidlom Vermifix®, voskom KVAAE® typu C
a insekticidom VAZTAK®, ktory obsahuje alfa-cypermetrin.

Lepidlo Vermifix (biely mineradlny olej, oligoméry polyolefiny, rozpustadlo, plyn;
Papierne Moudry s.r.0., Zidlochovice, Ceska republika) (obr. 10c) sa striekalo priamo na
koru sadenic zo vzdialenosti 5 az 10 cm. Lepidlo bolo nanesené tak, aby tvorilo
rovnomernt, suvisll a tenku vrstvu na kmienku sadenice od substratu do vysky 15 cm.
Vosk KVAAE (hydrocarbon waxes (petroleum), microcrystalline, hydrotreated, rosin,
hydrogenated, Titandioxid; NORSK WAX, Stavern, Norsko) (obr. 10d) sa aplikoval na
stonky pred vysadbou, ponorenim sadenic do nadoby naplnenej roztavenym
(zahrievanym) voskom pomocou voskovacieho stroja. Po naneseni vosk rychlo stvrdne.
Aby sa prediSlo prehriatiu, oSetrené sadenice sa ihned’ ochladili vodou; rastliny sa

umiestnili na 7 m dlhy dopravny pas, na ktorom sa postriekali vodou.
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Obrazok 10. a) Vonkajsie insektarium, b) sadenice umiestnené v Klietke, c) sadenica

oSetrena lepom, d) sadenica oSetrena voskom

Sadenice boli oSetrené syntetickym pyretroidnym insekticidom Vaztak 10 EC v
experimente I a syntetickym pyretroidnym insekticidom Vaztak Active v experimente |1
(BASF SE, Ludwigshafen, Nemecko). Tieto mikroemulzie st stabilné na svetle a
nastriekaju sa na rastliny. Ako w¢innu latku obsahuje Vaztak 10 EC 100 g/I* alfa-
cypermetrinu a Vaztak Active obsahuje 50 g/I*! alfa-cypermetrinu. Tieto boli aplikované
v 1 % koncentracii bezprostredne po vysadeni. Kmienky sadenice sa postriekali pomocou
postrekovaca Solo 402 s dyzou typu FE, ktord rozprasovala kvapocky s priemerom 300
um. Podl'a vyrobcu su oba pesticidy ucinné 28 dni po aplikacii. Pocas dvoch
experimentov boli pouzité tri rézne spdsoby ochrany sadenic pred Zerom tvrdona

smrekového.
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Dizajn
Pokus 2016

V pokuse 2016 sa pouzilo desat’ rovnakych klietok. Kazda klietka obsahovala Sest’
sadenic (tri sadenice smreka obyc€ajného a tri sadenice duglasky tisolistej). Priemernd
vyska a priemer (v korennovom krcku) + smerodajné odchylka (SD) sadenic smreka bola
30,53 £6,78 cm a 6,84 +1,19 mm. Priemerna vyska a priemer korefiového kr¢ku sadenic
duglasky bol 34,32 +6,86 cm a 6,57 £1,19 mm. Sadenice sa zaliali 1 litrom vody
bezprostredne po vysadbe a potom 0,5 litrom vody v tyZzdennych intervaloch. V kazdej
klietke boli osetrené voskom KVAAE® dve sadenice (jeden smrek a jedna duglaska);
dal$ie dve sadenice (jeden smrek a jedna duglaska) boli osetrené insekticidom Vaztak 10
EC (obr. 11a) (1 % koncentracia); a zostavajuce dve sadenice (jeden smrek a jedna
duglaska) boli neoSetrené kontroly. Sadenice v kazdej klietke boli ndhodne usporiadané
do Sestuholnikového vzoru s 10 cm rozstupmi (obr. 11b). Usporiadanie sadenic bolo
v kazdej klietke rozdielne. Na zaciatku experimentu sa do kazdej klietky umiestnili dve
dospelé imaga H. abietis (neur¢ené pohlavie), ktoré boli kazdé 2 tyzdne nahradené
novymi imagami, ktoré boli vymienané skoro rano, kedy eSte imdga boli na sadeniach

alebo povrchu pody.

0y .1,“_. ‘.
Obrazok 11. Pokus v roku 2016. a) postrekovanie sadenic, b) vysadené sadenice pred

umiestnenym do klietok

37



Pokus 2016 prebichal 16 tyzdinov (od 3. maja 2016 do 23. augusta 2016). V
tyzdennych intervaloch bola vykonavana kontrola poSkodenia sadenic (plocha zozratej
kory), na zozrata Cast’ kory bol polozeny priehl'adny milimetrovy papier, aby sa zmerala
plocha poskodenia kazdej sadenice.

Pokus 2017

Na pokus 2017 sa pouzilo dvadsat” klietok. Kazda klietka obsahovala Styri
sadenice smreka obyCajného. Priemerna vyska a priemer sadenic (na korennovom krcku)
+ smerodajna odchylka (SD) na zaciatku experimentu boli 31,59+5,07 cm a 6,9+1,49
mm. Sadenice sa poliali 1 litrom vody bezprostredne po vysadbe a potom 0,5 litrom vody
v tyzdennych intervaloch. V kazdej klietke bola jedna sadenica smreka obycajného bud’
neoSetrena (kontrola), alebo bola oSetrena Vaztak Active 1 %, voskom KVAAE, alebo
lepidlom Vermifix. Sadenice v kazdej klietke boli nahodne usporiadané do §tvorca s 25
cm rozstupmi medzi sebou. Usporiadanie sadenic bolo v kazdej klietke rozdielne.

Na zaciatku experimentu sa do kazdej z 10 klietok umiestnili dvaja dospeli H. abietis
(neur¢ené pohlavie) a do kazdej z d’alsich 10 klietok sa umiestnili $tyria dospeli H. abietis
(neurcené pohlavie). Tieto boli nahradené novymi dospelymi kazd¢ 2 tyzdne. Experiment
sa uskuto¢noval 16 tyzdnov (od 9. maja 2017 do 29. augusta 2017). Kimne jamky boli

merané tyzdenne prichladnym milimetrovym papierom ako v pokuse 2016.

Statisticka analyza

Utinky oSetreni na poskodent plochu kory sme analyzovali pomocou linearneho
zmie$an¢ho modelu (RStudio, verzia 1.1.423 - © 2009-2018 RStudio, Inc., balik Ime4,
verzia 1.1-19; Bates et al., 2015). Poskodené plochy na sadeniciach v obidvoch pokusoch
boli transformované pomocou transformacie Yeo-Johnson (R, package best Normalize;
verzia 3.4.1; Peterson 2017) aby sa zlepSila homogenita rozptylu a normalnost’ distribucii.
Utinky ochrany sadenic sa analyzovali v dvoch ¢asovych bodoch v kazdom experimente,
t.j. v 8. a 16. tyzdni.
Kora korenovych krékov a kmienkov bola v priebehu pokusov poskodena a priemer
vacsiny sadenic sa zmensil. Okrem toho sa znizila vyska sadenic v dosledku poSkodenia
imagami. Tieto parametre boli vyluicené z d’alSich analyz.
Na analyzu posSkodenej oblasti v pokuse 2016 sme pouzili linearne hierarchické
(zmiesané) modely (linear mixed effects models — LMEM) zahtiajicimi oSetrenie a
druhy stromov (s. obycajny a d. tisolistd) ako fixné efekty a klietka ako nahodny efekt.

Interakéné terminy medzi oSetrenim a drevinou boli zahrnuté pre poSkodent oblast’,
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pretoze oba faktory boli vyznamné (p <0,05). Test vierohodnosti (log-likelihood ratio
test) porovnavajuci Gplny a znizeny model pri hladiny vyznamnosti p <0,05.

V pokuse 2017 sa udaje analyzovali osobitne pre 2 a 4 imaga H. abietis na klietku. LMEM
sa pouzil s lie¢bou ako s fixnym efektom a klietkou ako s nahodnym efektom.

Péarové rozdiely priemerov LS pre vybrané faktory v modeloch pre oba roky boli

vypocitané pomocou balika ImerTest (verzia 3.0-1; Kuznetsova et al., 2017).

4.2. Experiment Il. Terénny experiment s roznymi ochrannymi metédami proti
Hylobius abietis
Lokalita a material
Terény experiment bol zaloZeny na lesnej sprave Liptovska Teplic¢ka, oSetrenie
sadenic a ich prvé meranie bolo uskuto¢nené 9. 4. 2018. Zalozeny bol na holine (obr. 12),

ktora vznikla podkornikovou kalamitou v marci 2018. Nadmorska vyska na ploche je od

1134 do 1168 m. n. m. Zastupenie drevin na ploche 95 % smrek obyc¢ajny 5 % iné dreviny.

Obrézo 12V}'/kmnz'1 plocha na testovnie roznycdruhov ochranych eé
Sadenice boli oSetrované niekol’kymi spdsobmi.

Insekticidnym pripravkom Vaztak Active (BASF SE, Ludwigshafen, Nemecko)
Tieto mikroemulzie su stabilné na svetle a nastriekaji sa na rastliny. Ako u¢innu latku
obsahuje 50 g/I* alfa-cypermetrinu. Koncentracia pripravku je 1 % a aplikoval sa
kurativny postrek pred Zivnym zerom Skodcov na kmienku a hlavnych korenoch sadenic.

Davka aplika¢ného roztoku je 60 — 80 I/ha (1,5 — 2,01 nal00 sadenic). Preventivne sa
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aplikuje v aprili az ma4ji, kurativne podla potreby. Postrek sa usmerituje od oblasti
koreniového kréku sadenic do vySky minimdlne 15 centimetrov od zeme.

Lep Vermifix

Lep Vermifix v spreji je ureny na ochranu stromov pred lezicimi $kodcami a tiez k
priprave lepovych pasci vSetkého druhu. Lep je mozné nastriekat’ priamo na zrela koru
(borku) stromov, najlepSie zo vzdialenosti 5 — 10 cm v tenkej vrstve, pretoze Cerstvo
naneseny lep v silnejSej vrstve ma snahu stekat’. Lepom sa vytvori bariéra, ktora nedovoli
lezicim Skodcom prejst’. Lepova plocha je uplne aktivna deni po aplikacii. Pred pouzitim
treba dobre pretrepat’. Lepidlo Vermifix slazi k monitoringu a signalizaciu naletu ¢i
vyskytu Skodlivého hmyzu — skociek, molic, vosiek, nosacikov, smutnic, strapiek,
vrtalek, vrtul'i ¢eresnovej, mravcov, piadiviek a puklic na ovocnych stromoch, okrasnych
stromoch, sklenikovych kultirach, zelenine, izbovych rastlinach a pol'nych plodinach.
Vosk Kvaae wax typ C atyp F

Ochrana kmienkov ihli¢natych sadenic vrstvou parafinového vosku sa testovala od
polovice 90. rokov 20. storocia. Vosk poskytuje relativne dobry ochranny G¢inok proti
chrobdkovi najmenej prvy rok v teréne. Prvotné zlozenie vosku malo sklon k skorému
rozpadu, ale vyrobca vosku Norsk Wax neustale vyvijal nové varianty vosku s vyssou
toleranciou na UV ziarenie, ¢o zlepSuje ochranu aj v druhom roku po vysadeni. V prvych
pokusoch s voskom sa pouZili do vosku prisady, ktoré spdsobili poSkodenie kambia.
Vosk, ktory sa dnes pouZiva, je zmes, ktora ma bielu farbu a pri novych typoch voskoch
nebolo zaznamenané ziadne podobné poskodenie pri oSetreni. V naSich pokusoch sme
skusali dva varianty voskov, a to vosk typu C a F. Na sadenice bol vosk naneseny do
vysky 15 cm od korenového kréku. Na sadenice je vosk nanasany za pomoci $pecialneho
stroja priamo Vv lesnej skolke. Vosk sa roztopi a cirkuluje cez fontanu, do ktorej sa ponori
kmienok sadenice a nasledne sa sadenica schladi. Takto oSetrené sadenice st pripravené
na vysadbu.

Golieriky, ktoré sa nasadzuju na sadenice

V nasom experimente sme pouzili ochranny golier typu Snap guard, ktory je dostupny na
trhu. Tento golier je vyrobeny v dvoch prevedeniach, ato z polypropylénu, ktory sa da
opakovane pouzit' a biodegradovatelného plastu, ktory sa rozlozi po 4 rokoch
(www.grube.sk). Ochranny golier je Stit s golierom v hornej Casti, ktory stazuje
preliezanie imag. Golier sa inStaluje otvorenim zamku, ich umiestnenim okolo sadenic zo
strany a naslednym zatvorenim zdmku. Golier sa zatlac¢i 1 cm do zeme aby sa predislo

podlezeniu imag (Petersson et al., 2004).
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Dizajn

Na vyskumnej ploche bolo pouzitych 5 typov ochrannych metod a kontrola
(neoSetren¢ sadenice). Celkom bolo vysadenych 600 vol'nokorennych sadenic smreka
obycajného, vek sadenic bol 5 rokov. Priemerna vyska a priemer sadenic (na korennovom
kréku) = smerodajné odchylka (SD) na zaciatku experimentu boli 35,85 cm £11,2 cm
a 5,92 £3,22 mm. Sadenice boli zasadené do 10 blokov po 60 sadenic. V jednom bloku
bolo 6 radov, pricom kazdy rad predstavoval iny druh oSetrenia. Spon medzi jednotlivymi
sadenicami bol 1 x 1 m. Rozmiestnenie radov v jednotlivych blokoch bolo nahodné.

Opakované osetrovanie lepom a insekticidom bolo vykonané 12. juna a 10. augusta 2018.

Statisticka analyza

Udaje vel'kosti poskodenia sadenic sme testovali na normalitu rozdelenia Shapiro-
Wilk testom: W = 0.45563, p-value < 2.2e-16 a na homogenitu variancii Bartlettov test:
Bartlett's K-squared = 375.1, df = 5, p-value < 2.2e-16. Obidva testy vysli signifikantné.
Na zaklade charakteru tdajov, kde bol experiment rozdeleny do viacerych blokov a bola
narus$ena normalita a homogenita variancii, Sme G¢innosti ochrany sadenic vyhodnocovali
pomocou zovseobecnenych linearnych zmieSanych modelov (Generalized Linear Mixed
Model - GLMM) RStudio, verzia 1.1.423 - © 2009-2018 RStudio, Inc., balik Ime4, verzia
1.1-19; Bates et al., 2015). S Poissonovou distribuciou, log spojovaciou funkciou (log
link function) a Laplace metédou odhadu parametrov (Laplace approximation). Faktor
s fixnym efektom v modeli predstavuje oSetrenie sadenic a faktor s ndhodnym efektom
blok. Rozdiely medzi ochrannymi opatreniami boli analyzované odhadom marginalnych
strednych hodnot (Estimated Marginal Means) a Tukeyovov metdédou viacnasobného

porovnania (Russell 2020).

4.3. Experiment I11. Pouzitie zemnych pasci na odchyt imag Hylobius abietis.
Lokality a material

Pokusy sme uskuto¢nili v porastoch s. oby&ajného na 3tyroch lokalitach v Ceskej
republike a na dvoch lokalitach na Slovensku (obr. 13). Zastipenie smreka v porastoch
bolo najmenej 90 % (tab. 1).
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Obrazok 13. Umiestnenie Siestich vyskumnych lokalit pre testovanie atraktantov

v zemnych pasciach

Tabul’ka 1. Opis Studovanych lokalit, kde boli osadené zemné pasce

. . zastipenie
Krajina/lokality Ge,o graf{d{e Plocha Nadl,lforSka Orientacia Vznik holiny ~ smreka
suradnice (ha) vyska (%)
tazba
« 48.8890528N Juho-
CZ/Arnostov 13.9529108E 0.74 944-946 vjchodna Sepzth7b6r 95
vetrova
SK/Vysné Hagy SO1208LIN 515 12161220 Juma  kalamitamaj 95
20.102610E 2014
CZ/Kasperské  49.1343394N Juho- tazba
Hory 135876200 081 780785 i adnd Okwber2017 100
tazba
CZ/Kostelecn.  49.9198067N . s
C L 14 840943E 0.62 402404 Juzna December 90
2017
. . Podkoérnikova
SKéL“l'.t?lZ sk ;g'gg‘zggi'; 104 1115-1127  Severna kalamita 100
ephicia ' Februdr 2018
e Podkornikova
CZMaridnske  50.0246936N .5 g9 gy rovina  kalamita M4j 100
Lazné 12.7173419E
2017
Atraktanty a odparniky

Boli testované borovicové vetvicky a Styri chemické atraktanty. VSetky vetvicky (dlhé 50
mm a priemer 12 +2 mm) boli odrezané z jediného 50-ro¢ného stromu P. sylvestris dna
10. aprila 2018. Vek konara bol 4 — 6 rokov. Vetvicky sa skladovali v hermeticky
utesnenych polyetylénovych vreckach pri teplote -20 °C. Jedna rozmrazena vetvic¢ka bola

umiestnend do pasce a vedla vetvicky bola umiestnena 20 ml flasa obsahujuca
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etylalkohol (obr. 14a). Vrchnak fl'ase mal Sest’ otvorov s priemerom 2 mm a jeden otvor
s priemerom 4 mm. Na zavesenie fT'aSe v lapaci sa pouzila polypropylénova $nura, ktora
bola pripevnena k vicsej diere a k okraju lapaca (pril. ¢.2).

Dalej sme porovnavali $tyri druhy akraktantov. Jednym z nich bol Hylodor (obr. 14b),
(A) (Z.D. Chemipan), ¢o je komeréne dostupny odparnik, a atraktant (zmes organickych
a anorganickych 14tok) vyrobeny v Pol'sku (tab. 2). Dal§im typom odparniku bol
polypropylénovy tubus (obr. 14 c, d) vyrobeny spolo¢nostou Fytofarm Ltd. Co.
(Bratislava, Slovensko) (tab. 2). Polypropylénové tubusy sa pouZili pre d’alSie tri druhy
atraktantov a kontrolu. Po naplneni sa odparniky uzavreli a obsah sa uvolnil iba cez

polypropylénové steny.

Tabul’ka 2. Opisy atraktantov pouzitych v zemnych pasciach

Atraktant , Denny ZloZenie atraktantu POTer
vypar (g) ** zloziek
A—Hylodor 0.012 zmes organickych a anorganickych latok -
. zmes of alpha-pinene (1R)-(+)-alpha-pinene
Et;"ylpfap'”e”e ¥ 0.070 (98%) CAS7785-70-8, EINECS: 232087-8 +  1:2 %%
ethanol CAS: 64-17-5, EINECS: 200-578-6
L, 1st tube: 1.tubus : etanol CAS: 64-17-5, EINECS: 200-
C— Terpentinovy 0023 5786 100%
g:jeéeﬁei[:rlm 2nd tube: 2. tubus: terpentinovy olej CAS: 7785-70-8, 100%
0.241 EINECS: 232087-8
D— Terpentinovy zmes: terpentinovy olej CAS: 7785-70-8,
0.093 EINECS: 232087-8 + etanol CAS: 64-17-5, 2:] FHF*

H *
olej + ethanol EINECS: 200-578-6

PC—Borovicova

vetvitka + etanol vo 0.402 etanol CAS: 64-17-5, EINECS: 200-578-6 -

flasticke
* Odparnikmi pre tieto atraktanty boli polypropylénové tubusy (priemer = 23 mm, vyska = 49
mm, objem = 12.5 ml, vaha bez atraktantu = 3.5 to 4.0 g). Kazdy tubus obsahoval 6 mL
atraktantu. ** vypar v laboratérnych podmienkach bol 19.54 £1.73 °C, 36.53 £3.12 %; ***
Pouzilo sa podl'a Nordlander (1987); **** Pouzilo sa podl'a Moreira et al. (2008).

Dizajn

Zemné pasce sa skladali z vedier s objemom 1,2 1 s 10 otvormi (priemer 10 mm)
v hornej Casti lapaca (obrazok 14a). Pasce mali viecka a boli zakopané do zeme tak, aby
otvory, cez ktoré mohli chrobdky prechddzat’ boli na povrchu pody. Spodok kazdého
lapaca obsahoval 200 ml propylénglykolu (CAS: 57-55-6, EINECS: 200-338-0)
zmie$ané¢ho s vodou (pomer 1 : 1) a zmacadlo Tween 80 (Carl Roth, CAS 9005-65 -6).
Tato zmes zabila a konzervovala chrobaky, ktoré padli do pasce. Jeden odparnik v kazde;j
pasci, v ktorom bol umiestneny atraktant, bol zaveseny na hornom okraji kazdej zemnej

pasce tak, Ze visel pozdiz vnutornej steny lapa¢a a nad zmesou propylénglykol+voda.
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Celkovo bolo na jednej lokalite umiestnenych 36 pasci na plochu 22,0 x 28,5 m.
Vzdialenost’ medzi pascami bola 5 — 6 m v zavislosti od prekazok v teréne. Spomedzi 36
pasci sa na kazdej lokalite nachadzalo 24 chemickych atraktantov, 6 pasci obsahovalo
jednu borovicov vetvi¢ku + etanol vo fT'asi a 6 bolo bez akéhokol'vek atraktantu a slazili
ako negativna kontrola. Pasce boli rozmiestnené na ploche tak, aby sa Specificky typ

atraktantu nenachadzal v blizkosti toho istého typu atraktantu (obr. 15).

Obréazok 14. Zemné pasce s r6znym typom névnady. a) borovicova vetvicka + etanol 70
%, b) Hylodor, c) alfa - Pinene + etanol 70 %, d) terpentinovy olej + etanol 70 %

oddelene

Pokus sa zacal 13. aprila 2018 a skoncil sa 31. augusta 2018. Pasce sa kontrolovali kazdy
tyzden, na kazdej lokalite, v ten isty den v tyzdni; vSetky odchytené chrobaky sa odstranili
z pasce aumiestnili do oznaceného vrecka. V pripade pasci s vetvickami sa vetvicky
vymieali a do flia$ sa kazdy tyzden pridal Cerstvy etanol. V pripade pasci so syntetickymi

atraktantmi boli atraktanty nahradené pocas 8. a 16. tyZzdna experimentu.
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Obrazok 15. Umiestnenie pasci v teréne

Statistick4 analyza

Kumulativny pocet dospelych samcov H. abietis a dospelych samic chytenych do
vsetkych typov pasci sa nezhodoval s normalnym rozdelenim (obr. 16). Bartlettov test
homogenity variancii tykajuceho sa uinkov atraktantu a lokality bol signifikantny
(Bartlettova K -squared = 206,72, df = 5, p-hodnota <0,001 = 2,2 x 10%6). Na zaklade
vlastnosti udajov sme na vyhodnotenie pouzili zovSeobecneny linearny model

(Generalized Linear Model - GLM).

a

150
1
150 ©*

100
1

Frequency
Frequency

50
50

T T T T 1 T T T T 1
0 50 100 150 200 0 50 100 150 200

Obrazok 16. Frekvencné rozdelenie poétu dospelych samcov (a) a samic (b) H. abietis

chytenych do pasci na vSetky typy atraktantov
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Vysledky modelu GLM boli testované pomocou ANOVA na detekciu rozdielov a ich
vel’kosti medzi roznymi osetreniami a lokalitami. Statistické analyzy boli realizované v
programe R (RStudio, verzia 1.1.423, © 2009 — 2018 RStudio, Inc., balik Ime4, verzia
1.1-19, Boston, MA, USA).

4.4. Experiment IV. Laboratérny experiment s Beauveria bassiana na Hylobius
abietis

Lokalita a material

Experiment bol zalozeny v laboratoriu na LOS v Banskej Stiavnici (48.464011,
18.904514). V laboratériu bola pri pokuse konstantna teplota 22 +1 °C.
Imédga tvrdona smrekového boli na pokus chytané priebezne pocas celej doby
experimentov do lapacich kor v Nizkych Tatrach (49.005810° N, 20.041072° E). Po
odchyte boli imaga umiestené do chladnicky s teplotou 4°C po dobu vlozenia k
sadeniciam.
Sabourade dextrose agar (4 %) s nakultivovanou entomopatogénnou hubou B. bassiana
sa vhodi do pripraveného roztoku vody 500 ml azmacadla 0,05 % (hmotn./obj.)
Tween®80 vo vnutri 1000 ml reakénej banky. Banka sa 60 sekund ru¢ne pretrepavala a
mycelidlne zvySky sa zo suspenzie odstranili filtraciou cez sterilnu 10 pm nylonovi
membranu (Spectra Mesh®, Spectrum Chemical Mfg. Corp., New Brunswick, NJ, USA).
Koncentracia konidii bola stanovena pomocou Burkerovej pocitacej komodrky a
pozadovana koncentracia zasobnej suspenzie bola ziskana zriedenim s 0,05 %

(hmotn./obj.) Tween®80.

Dizajn

V laboratérnom teste s entomopatogénnou hubou B. bassiana sme zistovali
mortalitu imag sposobenou hubou a vplyv huby na prijem potravy. Celkovo jeden
experiment pozostaval zo 150 imag (15 samcov a 15 samiciek), ktoré boli jednotlivo
naockované suspenziami konidii pri $tyroch tirovniach koncentracie (1 x 10° do 1 x 108
konidii ml™?). Imaga boli oSetrené ponorenim do suspenzii poc¢as 10 sekind a dalsia
skupina 15 samcov a 15 samiciek boli oSetrené sterilnym 0,01 % (hmotn./obj.) Tween®80
ako kontrola. Nainfikované a kontrolné imaga boli individudlne umiestnené v Petriho
miskach (120 x 20 mm) s mokrym filtracnym papierom na dne pri 22 +1°C a prirodzenou
fotoperiodou. Do kazdej Petriho misky sa vlozila Cerstva borovicova vetvicka (priblizne

100 mm dlha a 7 mm hrubd). Borovicové vetvicky, pred ich pouzitim ako potrava, boli

46



povrchovo dezinfikované germicidnym (UV-C) ozarovanim pocas 30 minut za
aseptickych podmienok v laminarnej prietokovej komore.

Imaga boli monitorované 46 dni. Kazdé 3 alebo 4 dni bola zaznamenavana imrtnost’
all., 22. a33.dni sa vymienala potrava za novu. Mnozstvo poSkodenia potravou z
vetviciek sa vyhodnotilo modifikovanou metodou podl'a Leather et al. (1994). Plocha
poskodenia na vetvickach sa merala za pomoci transparentného milimetrového papiera,
ktory sa prikladal na jednotlivé zozrané plochy kory. Experiment sa uskutocnil v troch
opakovaniach (pril. ¢.3).

Stupen prerastania imag sa hodnotil vo vSetkych experimentoch rovnako podla
nasledovnej stupnice:

Stupnica pre hodnotenie:

1 - Zivy, 2 — mftvy, bez prerastania, 3 — mftvy, prerasteny do 1/3, 4 — mftvy, prerasteny

do 2/3, 5 — mftvy, prerasteny viac ako 2/3

Statisticka analyza

Letalne koncentracie pre najvirulentnejSie kmene sa testovali pomocou ANOVA a
post-hoc Tukeyho HSD testu na jednotlivé oSetrenia S porovnanim priemerov s hladinou
vyznamnosti (o = 0,05). Analyza sa vykonavala v programe Minitab 17® (© 2013
Minitab Inc., State College, PA, USA).

4.5. Experiment V. Vonkajsie testovanie Beauveria bassiana na smrekovych
sadeniciach
Lokalita a material
Experiment bol zaloZeny vo vonkajsich podmienka na LOS v Banskej Stiavnici
(48.463993, 18.904599). Na simulaciu externych podmienok bola pripravena vonkajsia
skuska na vyhodnotenie G¢inku B. bassiana na imaga H. abietis. Dvojro¢né sadenice S.
obyc¢ajného (vysoké 25 — 30 cm) sa vysadzali do kvetinacov (priemer 10 cm, objem 470

ml) a vo vonkajSich podmienkach sa rovnomerne rozmiestnili (obr. 17).

Dizajn

Skupina 147 sadenic bola osetrena suspenziou konidii (1 x 108 konidii ml ~ 1)
kmena AMEP20 pomocou ru¢ného postrekovaca Solo 402 s dyzou typu FE, ktora
rozpraSovala kvapdcky s priemerom 300 um. Kazda sadenica bola oSetrend 0,95 ml

suspenzie. Skupina 21 sadenic bola o$etrena sterilnym 0,01 % (hmotn./obj.) Tween®80
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ako kontrola. Dalsia skupina 21 sadenic bola tieZ o$etrena sterilnym 0,01 % (hmotn./obj.)
Tween®80, ale k tymto sadeniciam boli pridané iméaga nainfikované entomopatogénnou

hubou. Ku kazdej sadenici bolo pridané jedno imago.

Obrazok 17. Vonkajsie testovanie ucinku oSetreni smrekovych sadenic Beauveria

bassiana proti zeru Hylobius abietis

Zasadené sadenice v Crepnikoch boli prikryté valcovitym puzdrom z bieleho
polyamidového pletiva (otvor 0,5 mm), aby sa zabranilo tniku dospelych H. abietis. V
deni zacatia experimentu (deii 0) bol do kazdej z 21 kontrolnych sadenic a 21 sadenic
oSetrenych suspenziou vhodené jedno imago H. abietis neuréeného pohlavia. Pocas
nasledujucich Siestich dni (1. az 6. den) sa kazdy den infikovali d’alSie skupiny 21 sadenic
oSetrenych suspenziou dospelymi jedincami H. abietis. Spolu 147 jedincov oSetrenych
suspenziou a 21 kontrolnych stroméekov bolo zamorenych jedinym H. abietis. V skupine
21 sadenic postrieckanych Tween®80 sa v deni 0 pridalo jedno k jednej sadenici, ktoré
bolo osetrené rovnakou suspenziou konidii (1 x 108) ako postriekané sadenice jedinym
H. abietis, oSetrenic imag bolo zhodné ako je opisané pri teste v laboratornych

podmienkach. Mortalita H. abietis sa skontrolovala dvakrat v priebehu testu, 32 a 46 dni.
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Obrazok 18. Denné udaje o teplote a zrazkach pocas trvania experimentu

Vonkajsi test sa zacal 12. m4ja a skoncil sa 27. jina 2018. Priemerna dennd teplota sa
pohybovala od 11,9 do 21,0 °C (X = 16,7 °C) pocas biologického testu a denné celkové
mnozstvo zrazok sa pohybovalo od 0 do 8,8 mm ( X = 30,4 mm) (obr. 18). Denné tdaje

o teplote a zraZkach sa ziskali z miestnej automatickej meteorologickej stanice na LOS.

Statisticka analyza

Na testovanie zivotaschopnosti spor na sadeniciach bol pouzity Chi-kvadrat test.
Test sa pouzil na testovanie hypotézy, ze neexistuju ziadne rozdiely (o= 0,05) vo vyskyte
umrtnosti medzi imagami H. abietis priamo osetrovanymi suspenziou konidii a imagami
vlozenymi ku sadeniciam oSetrenych konidiami vo vonkajSom experimente. Analyza sa

vykonavala s pouzitim Minitab 17® (© 2013 Minitab Inc., State College, PA, USA).

4.6. Experiment V1. Laboratoérny experiment s nosi¢mi nainfikovanymi Beauveria
bassiana

Lokalita a material

Experiment bol zaloZeny v laboratoriu na stanici LOS v Banskej Stiavnici

(48.464011, 18.904514). V laboratoriu bola pri pokuse konstatné teplota 22 +1°C.
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Na vSetky experimenty boli pouzité imdga tvrdona smrekového ziskané z terénnych
podmienok z oblasti Nizkych Tatier (Lesna sprava Liptovska Teplicka, sever stredného
Slovenska) z lesnych porastov s dominantnym zastipenim smreka P.abies z nadmorskej
vysky 800 — 1000 m. n. m. Imaga boli ziskavané¢ odchytom do lapacich kor a nasledne
boli prevezené do laboratorii. Imaga boli skladované v chladnicke pri teplote 4°C
v boxoch s rozmerom 30 x 30 x 50 cm. Ako potrava boli v boxoch pouzité vetvy 20 az
25 cm dlhé kasky z borovice lesnej (Pinus sylvestris L.). Pred kazdym pokusom sa
najskor sledoval zdravotny stav imag. Na pokus boli vyberané zivotaschopné iméga s
priemernou velkostou 12 mm. Iméga boli ponechané v boxoch s predlozenou potravou
a vodou, boli vybrané len zrete'ne zdravé a neposkodené imaga, ktoré javili zndmky
rovnakej kondicie. Na experimenty boli pouzité iba imaga rovnakej velkosti a v dobrej
zdravotnej kondicii. Pohlavie sme urcovali podl'a rozdielnosti zadného sternitu samceka
od sami¢ky podl'a (Eidmann 1974).

Vo vsetkych experimentoch bola pouzita entomopatogénna huba B. bassiana, konkrétne
kment AMEP20, ktory sme vyselektovali v nasej predoslej stadii (Barta et al., 2019).
Vyvoj nosi¢a entomopatogénnych hub a jeho vyroba prebichala v laboratoriach LOS
Banska Stiavnica (N4rodné lesnicke centrum, Lesnicky vyskumny ustav) od roku 2015.
Nosi¢ entomopatogénnej huby B. bassiana je vyrobeny z materialu (Srot, mtka, vajcia),
na ktorom dokéze tato huba rast’ a nasledne vytvarat’ spory. Je v tvare gule o priemere 25
mm. Jeho povrch je prerasteny mycéliom hub, ktoré tvoria konidia, ktoré sa zachytia na
telo hmyzu a pri vhodnych podmienkach ho usmrtia. Inkubacia nosi¢a prebicha
nasledovne: vysterilizovany nosi¢ v autoklave sa zaleje suspenziou s koncentraciou
konidii 1 x 10 a vloZi sa do laminarneho boxu. Nosi¢ sa 5 — 7 dni necha inkubovat’ v
uplnej tme, za tito dobu sa vytvori na povrchu nosi¢a mycélium. Ked je vytvorené
mycélium, zapne sa na nosic svetlo, ¢im simulujeme podmienky vhodné na sporulaciu.
Po 5 — 7 diioch ako je nosi¢ osvetleny sa vytvoria konidiospory, ktoré su aktivne a po
prichyteny na hostitel'a za¢nu kli¢it’ a prerasti cez kutikulu do tela hostitel'a, a tym ho
usmrtia. Takto pripravené nosi¢e sme nasledne vkladali ku chrobdkom alebo niektoré z

nich boli vystavené nepriaznivym podmienkam.

Dizajn
Na jeden experiment bolo celkovo pouzitych 60 Petriho misiek s rozmerom 200
x 30 mm (obr. 19). Do jednej Petriho misky bolo umiestnenych 6 imag H. abietis (3

samce a 3 samice), samice boli na krovkach oznacené bielou farbou, aby sa dali rozlisit’.
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Celkovo bolo pouzitych 360 imag (180 samcov a 180 samic). Pokus bol zalozeny v
laboratornych podmienkach pri teplote 22+2°C a relativnej vlhkosti 60 £10 %.

Obrazok 19. Experiment s nosi¢émi prerastenymi Beauveria bassiana a ich dopad na

Hylobius abietis v laboratérnych podmienkach

Bolo spravenych 6 blokov po 10 misiek v roku 2016 a 2018. V kazdom bloku boli nosice
oSetrené inym sposobom aby sa simulovali r6zne nepriaznivé vplyvy (tab. 3).

Ako potrava imag bola v kazdej miske umiestnena borovicova vetvicka dlhd 150 mm s
priemerom od 7 do 12 mm a dva kusy mokrej buni¢iny. Potrava sa vymienala kazdych
10 dni. Bunicina sa pri vymene potravy opdtovne namacala. Pri vymene potravy sme na
kazdu gulu nakvapkali pipetou 1 ml vody. Umrtnost’ imag a nasledné prerastenie

mycéliom sa kontrolovalo kazdé 3 — 4 dni.
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Tabulka 3. Osetrenia experimentu testujuce dopad Beauveria bassiana na umrtnost’

Hylobius abietis v laboratériu

Popis oznacenie

2016 2018
Cerstvé nosice pod ziadnym negativnym vplyvom Fresh Fresh
nosiée vloZzené na 48 alebo 120 hodin pod UVC lampu UVC48h UVC 120 h

nosice vlozené do mraznicky na 48 alebo 120 hodin pri teplote - Frozen 48 h Frozen 120 h
18°C

imaga tvrdonia smrekového boli umiestnené k nosi¢om na 24 hodin  Beetles 24 h Beetles 24 h

a nasledne premiestnené do sterilnej Petriho misky *

dva mesiace staré nosi¢e skladované v chladnicke pri teplote 4 °C  Two months Two months

kontrolné chrobaky bez gule Control Control

* Po umrti imaga v bloku D bolo toto odobrané od ostatnych zivych imag, aby sa zamedzilo kontaktu s este
zivymi. Kazdé mftve imago bolo umiestnené do zvlast’ petriho misky s vlhkou buni¢inou a tam sa sledovalo
prerastanie.

Statisticka analyzy

Utinky nosi¢ov na umrtnost’ H. abietis v rokoch 2016 a 2018 sa analyzovali s
pouzitim zovSeobecnen¢ho linearneho modelu (GLM) s binomickym rozdelenim a
spojovacou funkciou logit link. Model bol prispésobeny mortalite, ako zavislej premene;j
a oSetreniu, ako nezavislej premennej. Odchylka bola odhadnutd pre kazdé oSetrenie.
Umrtnost’ sa oznaéila nasledovne: 0 Zivé imaga (vratane mftvych imag bez mycélia); 1
mrtvy chrobak prerasteny mycéliom. Nezavisla premenna ,,pohlavie bola z modelu
vyla€ena, pretoZe tato premennd nemala Ziadny vplyv na umrtnost’ ani v jednom z rokov
experimentu (p = 1). Data boli analyzované po 14 diioch experimentu, napr. jedna
kontrola (3 dni) predtym, ako pri jednom oSetreni zahynulo 100 % chrobakov. Ako
kontrolné opatrenie slizila skupina bez nosica (,,kontrola®): 1. skontrolovat’ ndhodnt
pritomnost’/Sirenie B. bassiana cez Petriho misky (PD); 2. umrtnost’ nesuvisiaca s
napadnutim. Na zdklade toho sme predpokladali, ze experiment sa uskuto¢nil v prostredi

bez spor Beauveria. OSetrenia sa porovnavali pomocou Tukeyovej metody.

4.7. Experiment VII. Pokus s nosi¢om Beauveria bassiana v poloprirodnych
podmienkach
Lokalita a material
Experiment bol zalozeny v poloprirodnych podmienkach vo vonkajsom insektariu
na stanici LOS v Banskej Stiavnici (48.464089° N, 18.904954° E) od 5. juna 2018 do
30.augusta 2018. Imaga tvrdona smrekového boli na pokus chytané priebezne pocas celej
doby experimentov do lapacich kor v Nizkych Tatrach (49.005810° N, 20.041072° E).

Po odchyte boli imaga umiestené do chladnicky s teplotou 4°C po dobu vlozenia k
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sadeniciam. Na pokus boli vyberané zivotaschopné iméga, s priemernou velkost'ou 12
mm. Imaga boli ponechané v boxoch s predlozenou potravou a vodou, boli vybrané len
zretelne zdravé a neposkodené imaga, ktoré javili znamky rovnakej kondicie. Imaga boli
dopinané kazdé dva tyzdne.

Sadenice na pokus dodal OZ Semenoles Liptovsky Hradok (LESY SR, $.p.). Boli pouzité
1,5 ro¢né krytokorenné sadenice S. obyc¢ajného pestované v sadbovaci s objemom bunky
90 cm®. Na pokus bolo pouzitych 20 chovnych klietok o rozmere: vyska 70 cm, Sirka
50 cm a hibka 50 cm (obr. 20a). Dno klietok a ram je tvoreny drevotrieskou. Ram je z
troch stran tvoreny sietkou proti hmyzu, dvierka a vrch klietky su vyplnené sklom. V
kazdej klietke bol umiestneny ¢repnik s rozmermi: vyska 7 cm, $irka vrchna 40 x 40 cm
a Sirka spodnd 32 x 32 cm, objem crepnika 10,08 1. Kazdy crepnik bol naplneny
substratom pre ihli¢naté dreviny KEKKILA PROFESSIONAL (Vantaa, Finland).

Dizajn

Do 20 chovnych klietok bolo zasadenych 80 sadenic smreka obycajného (obr.
20a), 4 sadenice v jednej klietke. Sadenice boli zasadené do Stvorca v rozstupe 25 cm a
do stredu medzi sadenice bola umiestnend lapacia kora. Neprehnut4 kora mala rozmer 10
x 20 cm, po prehnuti 10 x10 cm. Do kazdej klietky boli na za¢iatku pokusu umiestnené
4 imaga H. abietis. Kontrola sadenic sa vykonavala kazdé 2 tyzdne, vymienala sa lapacia
kora a kontrolovala sa zozratd plocha na lapacej kore asadeniach za pomoci
transparentného milimetrového papiera. Pri kontrole sa vkladali do klietok 4 nové imaga,
tie boli dopliiané §tyrikrét a staré imaga sa tam ponechévali. Do 10 klietok bol do vnutra
lapacej kory umiestneny nosi¢ s hubou B. bassina (obr. 20b) a 10 klietok bolo bez nosica
(kontrola).
Na konci experimentu sa hl'adali imaga H. abietis a to tak, ze sa substrat dokladne
prehrabal. RozliSovali sa tri Grovne imag, ato zivé, mftve a mftve So zndmkami
entomopatogénnej huby B. bassiana. Mitve imaga bez znamok B. bassiana boli
umiestilované samostatne do Petriho misky na navlh¢ent buni¢inu aby vznikli vhodné
podmienky na prerastenie. Imaga sa takto ponechali jeden tyzden a zhodnotilo sa, ¢i sa

prejavila infekcia.
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Obrazok 20. Experiment v poloprirodnych podmienkach. a) vysadené sadenice pred

pokusom, b) nosi¢ v lapacej kore s prerastenymi imagami

Statisticka analyza

V experimente sme analyzovali dve charakteristiky, a to mnozstvo
skonzumovanej kory na sadenici a lapacej kore a imrtnost’ chrobakov.
Ucinok na skonzumovanii plochu na sadeniciach a lapacej kére
Uginky nosi¢ov s B. bassiana na vel’kost’ poskodenej plochy kéry (mm?) na sadeniciach
a lapacich korach sme vyhodnotili pomocou dvojvyberového Welch-ovho t-testu.
Predpoklad normality udajov sa testoval pomocou Shapiro-Wilkovho testu normality a
predpoklad homogenity varidcie pomocou Leveneho testu. Oba predpoklady boli
porusené. Data boli preto transformované metdédou Ordered Quantile normalizing

transformation v programe R pomocou balika bestNormalize package (Peterson 2019).
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Mortalita Hylobius abietis

Utinky B. bassiana na mortalitu H. abietis sa analyzovali pomocou logistickej regresie s
funkciou logit link. Vstupné udaje boli v Sirokom binomickom formate. Podiel
chrobakov, ktori uhynuli v désledku infekcie huby Beauveria, sa pouzil ako binomicka
fixna premennd. Pritomnost/nepritomnost’ nosica s hubou bola nezéavisla premenné. Ako
vaha sa pouzil celkovy pocet chrobakov v skupine.

Vsetky udaje boli analyzované pomocou softvéru R 3.6.2 a RStudio 1.2.5033. balik Ime4,
verzia 1.1-19; Bates et al., 2015. Parové rozdiely priemeru LS vo vSetkych modeloch
vypocitali pomocou balika ImerTest (verzia 3.0-1; Kuznetsova et al., 2017). Logisticka

regresia sa vyhodnocovala na stupnici pomerov logaritmu.

4.8. Experiment VI1II. Testovanie nosi¢a entomopatogénnej huby v prirodnych
podmienkach

Lokalita a material

Experiment bol zalozeny na LS Liptovska Teplicka (48.957583, 20.112700) v
nadmorskej vyske 990 m n. m., s juhozdpadnou expoziciou. Zastipenie s. obycajného
bolo 100 %. Holiny vznikli po kalamitnej tazbe na jesen v roku 2018. Na vyskumnu
plochu boli umiestné nosi¢e entomopatogénnej huby B. bassiana. Umiestnenie nosi¢ov
do terénu bolo 17. jula 2019. Zber imag zo zemnych pasci bol 23. — 26. jula 2019. Zber
prebiehal dvakrat za den, aby sme zamedzili dlhému pobytu imag spolu v pasci, a tym
sekundarnej infekcie. Imaga sme vybrali z pasci za pomocou pinzety apo kazdom
odchytenom imagu sme pinzetu vydezinfikovali s 70 % etylalkoholom a utreli suchou
buni¢inou. Iméga zozbierané zo zemnych pasci boli po vybrati umiestiiované do Petriho
misiek. Do jednej misky boli vloZzené maximalne 3 imaga tvrdoila smrekového. V
miskach bola navlh¢end bunic¢ina o velkosti 2 x 2 c¢cm, ktora sluzila ako zdroj vody pre
imaga a potrava vo forme smrekovej kory o velkosti 2 x 2 cm. Misky s imagami boli
oznacené pismenom bloku a ¢islami, ktoré opisovali postavenie pasce. Nasledne sa imaga
preniesli do laboratdria, kde sme ich pravidelne sledovali. Kontrola bola vykondvana v
pondelok a vo Stvrtok pocas 8 tyzdiov. Teplota v laboratériu bola 22+2°C a relativna
vlhkost’ 60 %. Vlhkost’ v miskach bola 90 % a viac. Ak sme pocas kontroly zistili mftve
1mago, tak sme ho odobrali od zivych a nasledne bolo umiestnené do samostatnej misky,
aby nedosSlo k sekundarnej infekcii hubou. Do misky bola umiestnend navlhcend

buni€ina, aby vznikli vhodné podmienky na prerastanie huby.
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Dizajn

Vyskumna plocha bolo rozdelena do 4 blokov (obr. 21). Velkost’ jedného bloku
bola priblizne 15 % 25 m a vzdialenost’ medzi jednotlivymi blokmi 10 m. Vzdialenost’
medzi jednotlivymi kérami alebo nosi¢mi bola 5 — 6 m v zavislosti od terénu. Prvy blok
bola kontrola. Tu sa nachadzalo 24 kusov lapacich kor (4 rady po 6 kor) bez nosi¢a. Medzi
kory bolo osadenych 20 zemnych pasci (5 pasci v jednom rade). V druhom bloku bolo
umiestenych 24 nosicov (obr. 22c) (4 rady po 6 nosi¢ov). Medzi nosi¢e bolo osadenych
20 zemnych pasci (5 pasci v jednom rade). Treti blok pozostaval z 24 nosicov, ku ktorym
bol umiestneny atraktant (obr. 22b), v ktorom bol alfa-pinen s etylalkoholom v pomere 1
: 2 (4 rady po 6 nosicov). Medzi nosic¢e bolo osadenych 20 zemnych pasci (5 pasci v
jednom rade). Stvrty blok pozostaval z 24 lapacich kér, v ktorych bolo umiestnenych 24

nosicov (4 rady po 6 nosicov) (obr. 22a). Medzi nosice bolo osadenych 20 zemnych pasci

(5 pasci v jednom rade).

Obrazok 21. Rozmiestnenie pasci po ploche na testovanie nosi¢a entomopatogénnej huby

Zemné pasce sa skladali z vedier s objemom 1,2 I s 10 otvormi (priemer 10 mm) v hornej
Casti lapaca. Pasce mali vrchnaky a boli zakopané do zeme tak, aby otvory, cez ktoré
mohli vchadzat’ imaga, boli na povrchu pody. Ako atraktany do kazdej pasce boli pouzité
borovicové vetvicky (dlhé 50 mm a priemer 12+2 mm), ktoré boli odrezané z jediného
50-ro¢ného stromu P. sylvestris. Vetvicka bola umiestnena do pasce a vedla nej bola

umiestnena 20 ml fl'asa obsahujtica etylalkohol. Vrchnak fl'ase mal Sest’ otvorov s
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priemerom 2 mm a jeden otvor s priemerom 4 mm. Steny zemnych pasci sme nastriekali
teflonovym sprejom, ktory po uschnuti na stenach sposobil, ze imaga sa nevedeli po

stenach pasce vySplhat’ a odist’ z pasce.

Obréazok 22. a) lapacia kora s nosi¢om, b) nosi¢ s atraktantom, c) samostany nosic, d)
zakryty nosi¢ chraneny pred UV ziarenim, e) vyskumna plocha, f) pasca s odchytenymi

imagami

Tabul’ka 4. Osetrenia experimentu testujiiceho vplyv Beauveria bassiana na tmrtnost’

Hylobius abietis v prirodnych podmienkach

Popis Oznacenie
samostatny nosi¢ bez prirodzeného alebo syntetického atraktantu Carrier
nosic¢ pri ktorom bol umiestneny synteticky atraktant Atractant
nosi¢ umiestneny v lapacej kore Bark
kontrolny blok bez nosi¢ov Control
imaga pozbierané priamo z lapacich kor BeetleBark
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Statisticka analyzy

Utinky kazdého oSetrenia (tab. 4) na mortalitu H. abietis sa analyzovali pomocou
GLM s binomickym rozdelenim a spojovacou funkciou logit link. Mortalita vstupovala
do modelu ako zavisla premenna a oSetrenie ako nezavisla premenna. Mortalita bola
oznacena ako: 0 zivé alebo mftve imaga bez prerastenia; 1 mftve iméaga prerastené B.
bassiana. Mortalita bola analyzovana uprostred a na konci experimentu. Liecby sa

porovnavali pomocou Tukeyovej metody.
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5. Vysledky

5.1. Experiment 1. Poloprirodny experiment s r6znymi ochrannymi metédami
proti Hylobius abietis

Pokus v roku 2016

Osetrenie voskom aj insekticidom vyznamne znizilo poskodenu plochu kory
zapric¢inené zerom tvrdona smrekového (obr. 23 a, b). Po 8 tyzdnoch trvania pokusu
poskodenie sadenic smreka obycajného bolo priemerna plocha kimnych jamiek (vosk =
0,4 mm?, insekticid = 4,5 mm?; obidve p <0,001) a sadenic duglasky tisolistej (vosk = 9,0
mm?, p <0,001; insekticid 12,8 mm?, p = 0,006) v porovnani s kontrolou (smrek = 301,2
mm?, duglaska = 144,5 mm?) (obr. 24 a, ¢). Priemerna plocha kfmnych jamiek bola nizsia
u voskovanych sadenic ako u sadenic oSetrenych insekticidom (smrek: p = 0,074,

duglaska: p <0,001).
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Obrazok 23. Tyzdenné zmeny poskodenia kmienkov Hylobius abietis na neosetrenych
sadeniciach (kontrola), oSetrenych voskom KVAAE, insekticidom Vaztak. a) sadenice

duglasky tisolistej, b) sadenice smreka obyc¢ajného

Na konci experimentu (16. tyzden) boli G¢inky oSetrenia na plochu kimnych jamiek
vyznamné iba pre sadenice s. oby¢ajného (kontrola = 562,2 mm?, vosk = 24,0 mm?,
insekticid = 13,6 mm?; p <0,001 pre obidve osetrenia). Priemerna plocha kimnych jamiek
bola nizsia u osetrenych sadenic d. tisolistej ako u kontrolnych sadenic, ale uc¢inky neboli
Statisticky vyznamne odligné (kontrola = 317,0 mm?, vosk = 141,5 mm?, insekticid = 76,7

mm?; p> 0,1 pre obidve oSetrenia) (obr. 24 b, d).
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Obrazok 24. Plocha poskodena kimenim Hylobius abietis na kmienkoch sadenic
neoSetrenych (kontrola), oSetrenych voskom KVAAE, alebo insekticidom Vaztak
sadenice duglasky tisolistej (a a b) alebo sadenice smreka obyc¢ajného (c a d) v 8. tyzdni
a 16. tyzdni v pokuse 2016 (hruba iara median; boxplot.25 % a 75 %; stipce minimum a

maximum)

Voskovy povlak fungoval lepsie ako insekticid na oboch druhoch rastlin po 8 tyzdnoch,
ale na konci experimentu bola plocha kfmnych jamiek pri oSetreni insekticidmi mensia
ako pri sadeniciach osetrenych voskom. Priemerna plocha jamiek po kimeni v 16. tyzdni
bola vyznamne vysSia u kontrolnych sadenic smreka obycajného ako u kontrolnych
sadenic duglasky. Oproti tomu oSetrené sadenice smreka boli vyznamne menej
poskodené ako osetrené sadenice duglasky. Pocas experimentu U v désledku kimenia dve

sadenice smrekov a jedna sadenica duglasky (vSetky neoSetrené).
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Pocas vymeny chrobakov sme nasli 131 mftvych chrobakov z celkového poctu 160

chrobakov pouzitych v experimente (dmrtnost’ = 81,9 %).

Pokus v roku 2017
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Obrazok 25. Plocha poskodend kimenim Hylobius abietis na kmienkoch sadenic
neoSetrenych (kontrola), oSetrenych insekticidom Vaztak, oSetrenymi lepidlom Vermifix
a voskom KVAAE na smrekovych sadeniciach pri dvoch iméagach (a a b), Styroch
imagach (c a d), 8. tyzden a 16. tyzden v pokuse 2017 (hruba ¢iara median; boxplot.25 %

a 75 %; stipce minimum a maximum)

V klietkach s 2 a 4 imagami tvrdonia smrekového bolo poskodenie sadenic kfmnymi
jamkami po 8. tyzdioch vyrazne nizSie u oSetrenych sadenic smreka obycajného

(priemerna plocha kfmnych jamiek s dvomi tvrdotimi: lep = 58,5 mm? p <0,001;
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insekticid = 81,0 mm?, p =0,028; vosk = 71,2 mm?, p <0,001; so Styrmi tvrdonmi: lep =
110,5 mm?, p = 0,017; insekticid = 157,0 mm?, p = 0,049; vosk = 159,5 mm?, p <0,001)
a poskodenie kontrolnych sadenic (2 tvrdone = 594,0 mm?; 4 tvrdone = 737,0 mm?) (obr.
25 a, c.). Plocha kfmnych jamiek bola mensia u sadenic oSetrenych lepidlom a voskom

ako u sadenic oSetrenych insekticidmi.
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Obrazok 26. Tyzdenné zmeny poskodenia kmienkov od Hylobius abietis na neosetrenych
sadeniciach (kontrola), oSetrenych insekticidom Vaztak, oSetrenymi lepidlom Vermifix
a voskom KVAAE v klietkach s dvoma dospelymi (a) alebo Styrmi dospelymi (b) a
zmeny v pocte sadenic, ktoré uhynuli v klietkach s dvoma (c) alebo Styrmi dospelymi (d)
v pokuse 2017

V klietkach s 2 tvrdonmi bolo poskodenie kmienkov kimnymi jamkami po 16. tyzdiioch

vyznamne nizSie u sadenic S. oby¢ajného oSetrenych voskom a vyznamné aj ked’ nie
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signifikantne. Bol zisteny rozdiel aj u sadenic oSetrenich insekticidom (dva tvrdone: lep
=412,5mm?, p=0,038; insekticid = 339,0 mm?, p = 0,174; vosk = 217,2 mm?, p <0,001).
V klietkach so 4 tvrdofimi boli vyznamne niZSie poSkodenia zaznamenané na sadeniciach
oetrenych lepom a voskom: lep = 533 mm?, p = 0,017; insekticid =477 mm?, p = 0,318;
vosk = 394 mm?, p = 0,019) (obr. 25 b, d) v porovnani s kontrolnymi sadenicami (2
tvrdone = 835 mm?; 4 tvrdone = 913 mm?). Plocha kimnych jamiek bola mensia u sadenic
oSetrenych voskom (2 tvrdone: p = 0,002; 4 tvrdone: p = 0,028) ako u sadenic oSetrenych
insekticidom.

Obe osetrenia znizili poskodenie kmienkov sadenic voc¢i neoSetrenym sadeniciam (obr.
26 a, b). Kontrolné sadenice zacali odumierat’ skor ako oSetrené sadenice. Na konci
experimentu boli vSetky kontrolné sadenice mftve, S dvoma aj $tyrmi imagami v klietke
(obr. 26 ¢, d). S dvoma dospelymi v klietke odumrela polovica sadenic oSetrenych
lepidlom do 16. tyzdia, ale iba tri sadenice odumreli oSetrenim voskom a iba dve
odumreli pri o$etreni insekticidmi (obr. 26 c). Do 16. tyzdna so Styrmi dospelymi v klietke
odumrelo vysoké percento oSetrenych sadenic (obr. 26 d).

Pocas vymeny imag sme nasli 88 mftvych chrobakov z celkového poc¢tu 160 chrobakov
pouzitych v klietkach s dvoma chrobdkmi (imrtnost’ = 55,0 %); z celkového poctu 320
chrobakov pouzitych v klietkach so 4 chrobdkmi sme nasli 184 mftvych chrobakov

(umrtnost’ = 57,5 %).

5.2. Experiment II. Terénny experiment s r6znymi ochrannymi metédami proti
Hylobius abietis

Vysledky terénneho experimentu sréznymi oSetreniami sadenic proti
zrelostnému a UZivnému Zeru sadenic ukazuje, Ze oSetrenia dokdzu znizit’ poSkodenie
a mortalitu sadenic. OSetrenie sadenic a ich prvé meranie bolo uskuto¢nené 9. aprila 2018
a hodnotenie poskodenia a prezivanie sadenic bolo vykonavané 10. oktébra 2018.
Osetrovanie sadenic lepom Vermifix a insekticidom Vaztak sa aplikovalo opakovane
kazdé dva mesiace. Zo 606 sadenic, ktoré boli vysadené v 10 blokoch po 60 sadenic
(v niektorych pripadoch sa vyskytlo 11 sadenic v rade) sa z hodnotenia vyluacili sadenice,
ktoré uhynuli z dovodu poskodenia lykokazom Hylastes, z dovodu sucha alebo

z nespravneho uskladnenia sadenic pred vysadbou (tab.5).
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Tabul’ka 5. Pocet sadenic po jednotlivych oSetreniach, mnozstva sadenic, ktoré uhynuly

OSetrenie Pocet vylacené sadenice sadenic  sadenice mftve %
sadenic  sadenice  usmrtené e mftve pouZitédo sadenice  z mft
Hylastesom ziného vysledkov 10.10.2018 vych

dévodu
Kontrola 101 22 9 13 79 24 30,8
Vaztak 100 10 1 9 90 15 16,7
Vermifix 101 19 5 14 82 5 6,1
Golieriky 102 20 16 4 82 12 14,6
stary vosk typ C 100 37 13 24 63 2 3,2
novy vosk typ F 102 18 8 10 84 0 0
Celkom 606 126 52 63 480 58

Najviac poskodzované sadenice boli kontrolné sadenice (neoSetrené). Toto potvrdzuje
mnozstvo odumretych sadenic v defl jesenného merania (58 ks) ako aj priemerna
poskodena plocha na jednu sadenicu, 168,4 mm? NajvysSie poSkodenie spomedzi
osetrenych sadenic dosiahla ochrana za pomoci golierikov. Priemerné poskodenie na
sadenicu bolo 31,3 mm? Nasledovalo oSetrenie lepom Vermifix (25,2 mm?),
insekticidom Vaztak (23,7 mm?) astarym voskom typ C (13,2 mm?). Najmenej

poskodzované boli sadenice oSetrené novym voskom typ F (1,3 mm?) (tab. 6).

Tabul’ka 6. Priemerna poskodena plocha a smerodajna odchylka sadenic osetrenych

roznymi metédami

OSetrenie priemerné poskodenie v mm? smer. odchylka
Kontrola 81,3 112.6
Vaztak 23.7 39.7
Vermifix 25.2 68.6
Golieriky 23.8 69.2
stary vosk typ C 13.2 65.7
novy vosk typ F 1.3 7.6

Rozdelenie poskodenia po jednotlivych blokoch sa zna¢ne odliSovalo (obr. 27). Vo
vsetkych blokoch bola najviac poskodzovana kontrola (obr. 28). Najmenej poskodzované
oSetrovanie bolo novym voskom typu F. Niektoré poskodenia sa v ramci oSetreni
po blokoch odlisovali. Toto mohlo byt spdsobené aplikaciou daného oSetrenia (tab 7).

Ako najviac konzistentné sa ukazalo oSetrenie€ novym voskom.
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Tabulka 7. Odhadované parametre Gi¢inku oSetrenia na kontrole pri poskodeni Hylobius

abietis voci oSetenim sadeniciam

OSetrenie odd-ratios 250%  97.50 % z val. p

kontrola (Intercept) 66.512 40.712 108.663 16.76 <0.0001
Golieriky 0.295 0.281 0.311 -46.882  <0.0001
novy vosk 0.016 0.013 0.02 -42.809  <0.0001
stary vosk 0.152 0.142 0.164 -50.924  <0.0001
Vaztak 0.28 0.266 0.294 -50.861  <0.0001
Vermifix 0.301 0.286 0.316 -47.289  <0.0001

Stupen korelacie medzi triedami bol 0.39 (SD 0.79). To znamena, ze 39 % variacie
vyslednej premennej modze byt’ pripocitanych zoskupenim udajov do blokov. Preto sme

pouzili viactroviiovy — hierarchicky vSeobecny model.
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Obrazok 27. Poskodenie sadenic oSetrenych roznymi metodami zerom Hylobius abietis

po jednotlivych blokoch
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Obrazok 28. Histogram rozdelenia poskodenia podla oSetreni

Tabul’ka 8. Parametre porovnania roznych typov osSetreni

Contrast Ratio SE z.ratio p.value
kontrola/golieriky 3.3858 0.08808 46.882 <.0001
kontrola/novy vosk 61.4605 5.91273 42.809 <.0001
kontrola/stary vosk 6.5658 0.24263 50.924 <.0001
kontrola/Vaztak 3.5758 0.08958 50.861 <.0001
kontrola/Vermifix 3.3277 0.0846 47.289 <.0001
golieriky/novy vosk 18.1527 1.77976 29.566 <.0001
golieriky/stary vosk 1.9392 0.08044 15.966 <.0001
golieriky/Vaztak 1.0561 0.03323 1.736 0.5075
golieriky/Vermifix 0.9829 0.03107 -0.547 0.9942
novy vosk/stary vosk 0.1068 0.01085 -22.029 <.0001
novy vosk/Vaztak 0.0582 0.00569 -29.084 <.0001
novy vosk/Vermifix 0.0541 0.0053 -29.795 <.0001
stary vosk/Vaztak 0.5446 0.02232 -14.829 <.0001
stary vosk/Vermifix 0.5068 0.02086 -16.512 <.0001
Vaztak/Vermifix 0.9306 0.02878 -2.326 0.1836

Pomocou Tukeyovej metody pre viacnasobné porovnanie sme zistili, Ze va¢sina oSetreni
sa od seba vyznamne odlisuje, p hodnota < 0,0001 okrem porovnania medzi oSetreniami
golieriky/Vaztak, golieriky/Vermifix, Vaztak/VVermifix, kde bola p hodnota > 0,05 a kde

efekt osetrenia nebol vyznamne odlisny (tab.8).
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5.3. Experiment I11. PouZitie zemnych pasci na odchyt imag Hylobius abietis.
Hlavnymi druhmi odchytenymi v zemnych pasciach boli H. abietis a H. pinastri.
Celkovo bolo vo vsetkych zemnych pasciach na vsetkych lokalitach zachytenych 8266
imag H. abietis a 2040 imag H. pinastri. Poc¢et H. abietis odchytenych na lokalite a pre
kazdy typ atraktantu korelovala s po¢tom H. pinastri odchytenych na mieste a pre kazdy
typ atraktantu (y = 10,08 + 0.20x, r = 0,90; p = 0,0000; r?> = 0,81). Po&et odchytenych
dospelych jedincov (spolu oba druhy) bol najvyssi pri borovicovej vetvi¢ke + etanol (tab.
9). Spomedzi chemickych atraktantov bol pocet odchytenych dospelych jedincov
(celkovo oboch druhov) najvyssi pri pouziti alfa-pinénu + etanol, po ktorom nasledoval
Hylodor, potom terpentinovy olej + etanol (separovany); toto ¢islo bolo najnizsie pri

terpentinovom oleji + etanol (kombinované) (tab. 9).

Tabulka 9. Poéty Hylobius abietis a (/) Hylobius pinastri v pasciach na jednotlivych

Studijnych lokalitach navnadenych r6znymi atraktantami

Atraktant
Lokality Hylodor  Alpha- Terpentinovy  Terpentinovy Negativ. Bor.

Pinene + olej +Etanol olej +Etanol  kontrola  vetvi¢ka
Etanol oddelene spolu + Etanol

Arnostov 269/38 405/74 137/9 102/2 8/0 681/144
Vys$né Hagy 150/72 265/96 130/48 59/9 1/0 449/185
Kasperské Hory  343/79 273/54 205/63 205/76 23/0 656/202

Kostelec n. C.L 228/72 286/65 200/51 139/37 0/0 367/95
Lip. Tepli¢ka 456/88 416/80 103/18 137/35 9/0 1310/226

Mar. Lazné 34/7 47/17 32/10 22/18 2/0 117/69
Spolu 1480/356  1692/387 807/199 664/177 43/0 3580/921

Pomer pohlavia H. abietis sa medzi lokalitami lisil. Dve lokality mali pohlavny pomer 50
: 50, dve mali viac samcekov ako samiciek a dve mali viac samiciek ako samcekov (tab.
10). Na vsetkych lokalitach bol priemerny pocet odchytenych imag na ha > 14 000 pre
H. abietis a > 3 000 odchytenych imag H. pinastri (tab. 10). Pocet dospelych odchytenych

imag H. abietis sa vyrazne 1isil medzi lokalitami, najvyssi pocet bol v Liptovskej Teplicke

v v
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Tabul’ka 10. Poc¢et samcekov a samiciek a popula¢né hustoty Hylobius abietis a Hylobius
pinastri (obidve pohlavia) odchytenych na jednotlivych lokalitach (* priemer)

Lokality Pocet Pocet Pomer Celkovy Podet Celkov  Poclet
odchyteny odchytenyc pohlavia pocet ochyten y pocet ochyten
ch h sami¢iek samcov: odchyte ych H. odchyte ych H.
samfekov ~ H. abietis samic nych H. abietis  nych H. pinastri
H. abietis abietis /Ha pinastri  /Ha
Arnostov 480 1122 30:70 1602 16584 267 2764
Vy$né Hagy 456 598 43:57 1054 10910 411 4255
Kasperské Hory 979 726 57:43 1705 17650 474 4907
Kostelec n. C.L. 610 610 50:50 1220 12630 320 3313
Liptovska 1212 1219 50:50 2431 25165 447 4627
Teplicka
Marianské 140 114 55:45 254 2630 121 1253
Lazné
Celkom priemer 3877 4389 47:53 * 1378 14 261* 340 3520 *

Pocet odchytenych jedincov sa medzi lokalitami a atraktantmi vyrazne 1isil (obr. 29, obr.
30). Odchyt bol najvyssi pri vetvicke borovice + etanol. Odchyty boli v priemere podobné
pri Hylodore a alfa-pinéne + etanol, ale Hylodor zaznamenal na niektorych lokalitach
(Kasperské Hory, Liptovska Tepli¢ka) vyssie odchyty a naopak alfa-pinéne + etanol
zaznamenal na inych lokalitach vyssie odchyty (Arnostov, Vys$né Hagy, Kostelec n. C.
L., Marianské Lazn¢). Odchyty boli vyznamne niz§ie u terpentinového oleja + etanol
(oddelené) a terpentinového oleja + etanol (kombinované) ako u borovicovej vetvicky +

etanol, Hylodoru alebo alfa-pinénu + etanol.

number of H. abietis
number of H. abietis

z: I

LAY : Amostov Vy8né  KaSperské Kostglecn. Liptovské Marianskeé
A B ( INC D PC Hagy hory Cl Teplitka Lazné

Attractants Locations
Eror Bars: 95% C! Error Bars: 95% CI

Obrazok 29. Pocet (priemer = SE) Hybolius abietis v pasci s jednotlivymi atraktantmi, a)
na vsetkych lokalitach, b) na jednotlivych lokalitach so vSetkymi atraktantami vratane

kontroly

Na vSetkych lokalitach bol odchyt najvyssi na zaciatku maja a potom postupne klesal. Na

konci experimentu bolo v kazdej lokalite zachytenych iba niekol'’ko jedincov (obr. 30).
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Tabul'ka 11. Parové porovnanie u¢innosti atraktantov pri odchytavani sam¢ekov Hylobius

abietis (na zéklade poctu jedincov odchytenych na vsetkych lokalitach)

Atraktanty par  Absolitny rozdiel Standardni chyba z-hodnota  p-hodnota

B-A 0.4400 0.1471 2.991 <0.02791 *
C-A —0.4595 0.1844 —2.492 0.10974
NC-A —2.5390 0.4241 —5.987 <0.001 ***

D-A —0.7198 0.2005 —3.591 <0.00368 **
PC-A 0.9268 0.1355 6.838 <0.001 ***
C-B —0.8995 0.1712 —5.254 <0.001 ***
NC-B —2.9789 0.4185 —7.118 <0.001 ***
D-B —1.1598 0.1884 —6.155 <0.001 ***
PC-B 0.4868 0.1170 4.162 <0.001 ***
NC-C —2.0794 0.4330 —4.802 <0.001 ***
D-C —0.2603 0.2188 —1.190 0.82316
PC-C 1.3863 0.1614 8.591 <0.001 ***
D-NC 1.8192 0.1614 4.133 <0.001 ***
PC-NC 3.4657 0.4146 8.360 <0.001 ***
PC-D 1.6466 0.1795 9.171 <0.001 ***

(Signif. codes: 0 “***°;.0.001 “**°; 0.01 “**)
A — Hylodor, B — Alfa-pinene + etanol 70 % 1 : 2, C—Terpentinovy olej +etanol 70 % oddelene, D —
Terpentinovy olej + etanol 2 : 1, NC — Negativna kontrola, PC — Borovicova vetvi¢ka+ etanol

Tabul’ka 12. Parové porovnanie ucinnosti atraktantov pri odchytavani samiciek Hylobius

abietis (na zaklade poctu jedincov odchytenych na vSetkych lokalitach)
Atraktanty par Absolitny rozdiel Standardna chyba z-hodnota p-hodnota

B-A 0.39330 0.09315 4.222 <0.001 ***
C-A —0.77405 0.12813 —6.041 <0.001 ***
NC-A —4.56954 0.71076 —6.429 <0.001 ***
D-A —1.08830 0.14341 —7.589 <0.001 ***
PC-A 0.92557 0.08506 10.882 <0.001 ***
C-B —1.16736 0.12138 —9.618 <0.001 ***
NC-B —4.96284 0.70957 —6.994 <0.001 ***
D-B —1.48160 0.13741 —10.782  <0.001 ***
PC-B 0.53227 0.07450 7.145 <0.001 ***
NC-C —3.79549 0.71501 —5.308 <0.001 ***
D-C —0.31425 0.16316 —1.926 0.337
PC-C 1.69963 0.11528 14.744 <0.001 ***
D-NC 3.48124 0.71790 4.849 <0.001 ***
PC-NC 5.49512 0.70856 7.755 <0.001 ***
PC-D 2.01388 0.13205 15.251 <0.001 ***

(Signif. codes: 0 ***; 0.001 **; 0.01 **’)
A — Hylodor, B — Alfa-pinene + etanol 70 % 1 : 2, C-Terpentinovy olej +etanol 70 % oddelene, D —
Terpentinovy olej + etanol 2 : 1, NC — Negativna kontrola, PC — Borovicova vetvicka+ etanol

Parové porovnanie Gcinnosti atraktantov pri odchytavani H. abietis (na zaklade poc¢tu
jednotlivcov podl'a pohlavia odchytenych na vsetkych lokalitach) (tab. 11, tab. 12).
Takmer vSetky pary boli Statisticky odlisné. U samcekov i samiciek boli odchyty vzdy

vwve

Odchyty sa vyznamne neliSili medzi terpentinovym olejom + etanol (separovany) a
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terpentinovym olejom + etanol (kombinovany) pre samcekov a samicky,

alebo medzi

terpentinovym olejom + etanol (separovany) a Hylodor pre samcéekov.

Arnoitov H. gbietis

ﬁrqujnmb

I70pr 11-May 2500y Bdun 22Aun EJul 200 3-Aug 17-Ap 31

WyEne Hagy H. obietis
i = B ,;
c
o
R
R

Arnoitov H.pinastri

2TApr 1ihday IS8y Sdun Z2dun GJul  B0Jul 3-Aug 17-fag 3L1-AUR

d WyEné Hagy M. pinastri

IrApr LMy Z5-May Sdun 22am Gbul 204 3Aug IT-Aug 3ldug
& Kas. hory H. obietis A

16D

12n

BO

40

0dge dday IEAGy 1dun 15dun 2Sdun 134l 27dul 10-Ag 2d-ug

2 Kostekec n. €. 1. H. abietis A

120 B
C
D
PC

o NE

ol

a

I0-dpr dblay 1EAGy 1dun 1Sdun FSdun 134l 27dul 10-Ag 2d-fug

Liptovska Teplicka H. obietis

i
280 B
C
o
180
—FC
ML
130
-
B e -
_ SIS
[ap——— S
278pr IlAay 25May Bdun I3n Bdul 2000 3dug 174y 3l-Aug
k Mar. Lazné H. obietis N
20
B
C
o
RC
NC

ENA N d

IT-pr 11y 25y Elun ZEAn Gdul 200 3-Aug 17-Aug 31ug

i ViEethy lokality . obietis R
800 3
C
&00 o
—PR
"
200
200

I0-hpr Aoy 1EMay ldun 154un ITSdun 13-k 3Tl 10+ Zd-tag

TApr 114Gy 25Ny Edun 22an 6dul 200 3Aug 17+ 3lAug

A KkaE. hory H. pingstri
120
8o
a0
a - .—’L&\—ﬂ-

20-fpr £-May 18-May ldun 15-un Z5-un 13Jul Z7-0ul 10-fag 24-fug

h Kostekec n. €. 1. H. pinastri

a0

o "L——a& == =

0dpr Afday 15May 1dun 154un 2%un 13dul 27l 10wy 24y

i Liptovska Teplicka H. pingstri

280
180
130

&0

I7fpr 100y 7500y Bduen 3dun Glul 200l 3-Aug 17-Aug 3laug

I Mar. Lazné H. pinastri

PO -
ot 3 - =

IT-Apr 110y 25-0ay BJun ZE2MN Gadul POl 3-AUR 1FAUR 31-ag

wietky lokality H. pingstri

B8 B B

N

20apr 403y 1E-May 1-un 1S-n 28-un 13-ul Zral 10-Aug T4-Fag

o — e

Obrazok 30. Pocty dospelych Hylobius abietis (a, ¢, €, g, i, k, m) a Hylobius pinastri (b,

d, h, j, I, n) v ¢ase odchytu typu pouzitého atraktantu a lokality. A — Hylodor, B — Alfa-

pinene + etanol 70 % 1:2, C—Terpentinovy olej +etanol 70 % oddelene, D — Terpentinovy

olej + etanol 2 : 1, NC — Negativna kontrola, PC — Borovicova vetvicka + etanol

71



5.4. Experiment V. Laboratérny experiment s Beauveria bassiana na Hylobius
abietis

Osetrenie imag tvrdona smrekového suspenziou B. bassiana ovplyvnilo ich
prijimanie potravy vo forme kory z vetviciek borovice lesnej. OSetrené imaga tvrdona
smrekového suspenziou B. bassiana poskodili mensiu plochu kory za den ako neoSetrené
imaga a priemerna denna poSkodena plocha kory sa znizila so zvySujicou sa
koncentraciou konidii pouZitych na oSetrenie tvrdofiov (obr. 31). Uinok B. bassiana na
poskodenie sa zvySuje s Casom a bol vyraznejsi, aj ked’ nie Statisticky vyznamny (p >
0,05), pri vyssich (>1 x 10" konidii ml') koncentracidch konidii. Kym celkova
skonzumovana plocha kéry na jednu vetvicku bola 197,8 mm? pre neoSetrené imaga, pre
osetrené B. bassiana bola v 11. dni hodnotenia 197,2 — 227,4 mm?. Skonzumovana plocha
kory na jedného neoSetreného jedinca medzi 33. — 46. dilom oSetrenia klesol na 157,2
mm? a0 — 88.4 mm? pri jedincoch oSetrenych B. bassiana. Nepozoroval sa ziadny
vyznamny rozdiel v prijimani potravy medzi samickami asamcami v neoSetrenej
kontrole  (F(,4) =0,05,p=0,84) alebo po naockovani suspenziami konidii
(Fu4=0,07,p=0,81), na 1 x 10°konidii ml?; F 14 =0,05p=0,83 pre 1 x 10°
konidie mI’t; F (14 = 0,02, p = 0,91 pre 1 x 10’ konidii ml *; F (1.4)= 0,08, p = 0,80 pre
1 x 108 konidii mI™). Umrtnost’ imag spdsobenych B. bassiana v biologickom teste sa

zvysila s koncentraciou konidii a ¢asom oSetrenia (obr. 32).

35 -
® 11 dni od oSetrenia m 22 dni od oSetrenia

30 | 33 dni od oSetrenia 46 dni od oSetrenia

(mm?)
(6)]

H
o
T
—
—

Denna skonzumovana plocha kory

.| o ('Y (11

Kontrola 1.0 E+05 1.0 E+06 1.0 E+07 1.0 E+08
Koncentracia konidii (konidia v ml-1)

Obrazok 31. Priemerna denna poskodena plocha (mm?) kory na vetvickach imagami

Hylobius abietis po ich naockovani réznymi suspenziami konidii kmena Beauveria
bassiana AMEP20
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Umrtnost’ imag spdsobenych B. bassiana v teste sa zvysila s koncentraciou konidii a
¢asom od infikovania (obr. 32). Jedenast’ dni po oSetreni pri ziadnej koncentracii konidii
nebola zistena umrtnost’ sposobena hubou B. bassiana. Na konci biologického testu (46
dni) sa priemerna kumulativna umrtnost’ pohybovala od 38,9 % do 100 % v zavislosti od
koncentracie konidii. Priemerna kumulativna umrtnost’ v kontrole dosiahla 4,4 %, ale

mycélium B. bassiana v kadaveroch sa nepotvrdila.

100 r 22 dni od o$etrenia I e
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Koncentracia konidii (konidia v mI)

Obrazok 32. Mortalita imag a stupeni prerastenia pokus s réznymi koncentraciami

5.5. Experiment V. Vonkajsie testovanie Beauveria bassiana na smrekovych
sadeniciach

Pri vonkajSom experimente usmrtil kmenn AMEP20 B. bassiana tvrdone, ktoré
boli oSetrené suspenziami konidii (priame oSetrenie), alebo sa aplikovala suspenzia
s koncentraciou 1 x 10° konidii mI™* na sadenice a nasledne sa k sadeniciam pridavali
neoSetrené imaga (nepriame oSetrenie) (tab. 13). Celkova mortalita tvrdoniov po priame;j
aplikacii konidii dosiahla na 32. den 85 % a 65 % imag prerastenych mycéliom, na 46.
den bola mortalita 100 % a 85 % imag bolo prerastenych mycéliom B. bassiana. Infekcia
zaznamenana v skupinach tvrdoov s oSetrenymi sadenicami konidiami B. bassiana sa
pohybovala od 30,0 % do 76,5 % po 32 diioch inkubacie a od 55,0 % do 88,2 % po 46
dioch. Konidie aplikované na sadenice zostali aktivne najmenej Sest’ dni po liecbe, ¢o sa
prejavilo vyvojom mycélia v skupinach tvrdonov. Najvyssi podiel iméag prerastenych

mycéliom bol zaznamenany v skupine tvrdonov, ktoré boli pridané k oSetrenym
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strom¢ekom, ktoré boli konidiami postrickané dva dni pred pridanim imag. V tejto
skupine tvrdonov bol podiel jedincov prerastenych mycéliom este vyssi (76,5 % alebo
88,2 % po 32 alebo 46 dnoch inkubacie) ako v skupine priamo oSetrenej suspenziou
konidii (65,0 % alebo 85,0 % po 32 alebo 46 diioch inkubacnej doby), ale rozdiel nebol
vyznamny ( p> 0,05). Na neoSetrenych kontrolnych stroméekoch sa nezistili Ziadne mftve

imaga prerastené mycéliom.

Tabulka 13. Umrtnost’ imag Hylobius abietis po ich priamom a nepriamom ogetreni

konidiami hubou Beauveria bassiana kmeit AMEP20 pri vonkajsich pokusoch

Nepriame oSetrenie - vystavenie imag oSetrenim

’§ ‘—g ® g sadenicim pocas dni 0 — 6 dni po oSetreni (dpo)
< 2 E % § Odpo 1ldpt 2dpo 3dpo 4dpo 5dpo 6dpo
CJd ¢ &%
32 Celkova 0% 85.0 700 824% 882% 70.6 450 650 52.6%
dni mortalita % % % % %
Mykoriza 0% 65.0 60.0 64.7% 765% 529 300 550 31.6%
% % % % %
¥ Statistika * 0.107 0.001 0579 0554 4912 0417 4.356
p-hodnota 0.744 0985 0.447 0.457 0.027 0.519 0.037
46 Celkova 0% 100.0 850 100.0 1000 941 70.0 750 73.7%
dni mortalita % % % % % % %
Mykoriza 0% 85.0 75.0 824% 882% 76,5 55.0 750 63.2%
% % % % %
y? Statististika * 0.625 0.047 0.082 0436 4.286 0.625 1.762
p-hodnota 0429 0.828 0.774 0509 0.038 0.429 0.184

5.6. Experiment VI. Laboratoérny experiment s nosi¢mi nainfikovanymi Beauveria
bassiana

Experiment v roku 2016

V roku 2016 bolo celkovo pouzitych 360 imag H. abietis, 180 samcekov a 180
samicCiek. Najrychlejsie dokazal vSetky imaga usmrtit’ nosi¢ two months na 17. den od
umiestnenia imag k nosicu, ktory bol vyrobeny dva mesiace pred experimentom a do
zadatia experimentu bol umiestneny v chladnitke. Dalsie pouzité nosi¢e nedokazali
usmrtit’ vSetky imaga, oSetrenia fresh a frozen 48 h nedokazali usmrtit’ vSetky imaga ale
iba 75 %. Zvysné dva nosic¢e UVC 48 h a beetles 24 h, nedosiahli mortalitu imag ani 50
%. Kontrolné imaga bez nosiCa prezili vSetky bez mortality sposobenej hubou B.

bassiana.
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Obrazok 33. Kumulativna mortalita imag Hylobius abietis pri teplote 22 £2°C a r6znych

typoch oSetrenia nosica

Tabul'ka 14. Odhadované parametre (adaje z roku 2016), ktorym sa hodnotili u¢inky

nosi¢ov na umrtnost’ na Hylobius abietis v laboratoriu

OSetrenie odds- 25% 975% Estimate Std. z value Pr(>|z|)
ratios Error

Fresh 0.053 0.013  0.142 -2.944 0.592 -4.971 <0.001 ***

UVvC48h 0.017 0.001  0.077 -4.078 1.008 -4.044 <0.001 ***

Frozen 48 h 0.017 0.001  0.077 -4.078 1.008 -4.044 <0.001 ***

Beetles 24 h 0.071 0.022 0.174 -2.639 0.518 -5.099 <0.001 ***

Two months 19 7.030 77.907 2.944 0.592 4.971 <0.001 ***

Signif. kody: 0 “****(0.001 “***0.01 ** 0.05 > 0.1 ‘1

Po 14 dnoch bola imrtnost’ vo vSetkych Petriho miskach s oSetrenymi nosi¢mi 19 %.
Umrtnost’ bola vjznamne ovplyvnena pouzitym osetrenim (p <0,001, x? (4) = 218,8, AIC
=107,4). Najvyssia miera umrtnosti (95 %) bola v Petriho miskach s nosi¢mi two months
(obr. 33). Pravdepodobnost’, Ze chrobaky v miskach s o$etrenim two months odumrt, je
az 19 ku 1 (95 % CI: 7,030 - 77,907; p <0,001) (tab. 14). Miera umrtnosti v Petriho
miskach s inymi osetreniami fresh, UVC 48 h, frozen 48 h, beetles 24 h bola vel'mi nizka
(respektive 5 %, 2 %, 2 %, 7 %) (obr.33). Vysledky parového porovnania odhalil

signifikantné rozdiely medzi nosi¢mi two months a ostatnymi nosi¢mi (tab. 15).
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Tabul’ka 15. Parové porovnanie osetreni (udaje z roku 2016) pomocou Tukeyovej metody

mnohonasobného porovnania

contrast odds.ratio uroveii spolahlivosti p.value
2.5 % 97.5 %
Fresh/UVC 48 h 3.105 0.128 75.403 0.8692
Fresh/Frozen 48 h 3.105 0.128 75.403 0.8692
Fresh/Beetles 24 h 0.737 0.086 6.298 0.9952
Fresh/Two months 0.003 2.820E-04 0.027 <.0001
UVC 48 h/Frozen 48 h 1.000 0.021 48.882 1
UVC 48 h/Beetles 24 h 0.237 0.011 5.222 0.7102
UVC 48 h/Two months 0.001 3.670E-05 0.022 <.0001
Frozen 48 h/Beetles 24 h 0.237 0.011 5.222 0.7102
Frozen 48 h/Two months 0.001 3.670E-05 0.022 <.0001
Beetles 24 h/Two months 0.004 4.400E-04 0.032 <.0001

Experimenty v roku 2018

V roku 2018 sme experiment s nosi¢mi zopakovali s rovnakym po¢tom imag (360 ks).
Najrychlejsie, 17 dni, od zaciatku experimentu opét’ usmrtilo imaga oSetrenie two months.
Ako druhé najlepsie dopadli oSetrenia fresh a frozen 120 h ktoré¢ usmrtili vSetky imaga na
20. den od zacatia experimentu. Na 24. den usmrtili vSetky imaga oSetrenie UVC 120 h.
Ako posledné usmrtilo vSetky imaga oSetrenie beetles 24 h na 30. den od zaciatku

experimentu. Na kontrolnych imagach nebola pozorovana ziadna mortalita.
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Po 14. diloch bola celkova umrtnost’ vo vSetkych Petriho miskéach s oSetrenymi nosi¢émi
74 % (fresh -80 %, UVC 120 h — 68 %, frozen 120 h — 82 %, beetles 24 h — 45 %, two
months — 95 %) (obr. 34). Pouzité o$etrenie vyznamne ovplyvnila mortalitu (p <0,001, x2
(4) = 45,3, AIC = 308,5). Rozdiely v miere imrtnosti (tab. 16) v Petriho miskach neboli
také vyznamné ako v experimente v roku 2016. Vysledky parového porovnania su

uvedené v (tab. 17).

Tabulka 16. Odhadované parametre (tdaje z roku 2018), ktorym sa hodnotili Géinky

nosi¢ov na imrtnost’ na Hylobius abietis v laboratoriu

OSetrenie odds- 25% 97.5%  Estimat Std. zvalue Pr(>z|

ratio e Error )
Fresh 4.000 2.199 7.887 1.386 0.323 4295 <0.001 ***
UVC 120 h 2.158 1.271 3.799 0.769 0.278 2771  0.006 **
Frozen 120h 4.455 2.408 9.026 1.494 0.334 4478 <0.001 ***
Beetles 24 h 0.818 0.489 1.358 -0.201 0.260 -0.773  0.439
Two months  19.000 7.030 77.907 2.944 0.592 4971 <0.001 ***

Signif. codes: 0 “*** 0.001 “** 0.01 “** 0.05 > 0.1 <’ 1

Tabul’ka 17. Parové porovnanie oSetreni (idaje z roku 2018) pomocou Tukeyovej metody

mnohonasobného porovnania

contrast odds.ratio urovei spolahlivosti p.value
25% 97.5 %
Fresh/UVC 120 h 1.854 0.580 5.920 0.595
Fresh/Frozen 120 h 0.898 0.253 3.185 0.999
Fresh/Beetles 24 h 4.889 1.580 15.129 0.001
Fresh/Two months 0.211 0.033 1.326 0.142
UVC 120 h/Frozen 120 h 0.484 0.148 1.583 0.453
UVC 120h/Beetles 24 h 2.637 0.936 7.435 0.079
UVC 120 h/Two months 0.114 0.019 0.676 0.008
Frozen 120 h/Beetles 24 h 5.444 1.719 17.246 0.001
Frozen 120 h/Two months 0.234 0.037 1.498 0.206
Beetles 120 h/Two months 0.043 0.007 0.251 <.0001

5.7. Experiment VII. Pokus s nosi¢om Beauveria bassiana v polo prirodnych
podmienkach
Vplyv imdg na poskodenie kory na sadeniciach a lapacej kory
Z vysledkov je zrejmé, ze pritomnost’ nosic¢a nezniZzuje mnozstvo sSkonzumovanej
kory na sadeniciach, ale vyrazne ovplyviiuje mnozstvo skonzumovanej kory na lapacej

kore (obr. 35). Kora s nosi¢om bola menej konzumovana. Priemerna poskodena plocha
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kory na konci experimentu sposobena H. abietis bola vyraznejsie vyssia (t = -11.757, p-
value < 2.2e-16) na lapacej kore bez nosica (4650 mm?) v porovnani s lapacou korou s
nosi¢om (822 mm?). Je pravdepodobné, Ze imaga dokazu rozoznat’ pritomnost’ huby B.
bassiana. Priemerné poSkodenic sadenic bolo na konci experimentu po 84 dnoch
u sadenic s nosi¢om (927.25mm?) o nie¢o mensie ako v klietkach bez nosi¢a (963.50
mm?). Tieto rozdiely neboli $tatisticky vyznamné (t = -0.95239, p-value = 0.3442).
Prezivanie sadenic v§ak bolo lepSie. Na konci experimentu prezilo v klietkach s nosicom
11 sadenic zo 40, oproti tomu v Klietkach, kde sa nosi¢ nenachadzal, prezili len 2 zo 40

sadenic.

Obrazok 35. Priemerna zozrana plocha kory. a) na sadeniciach, b) lapacich korach

Mortalita tvrdofiov smrekovych
Logisticky regresny model bol Statisticky vyznamny ¥ (1) = 127.724, AIC = 14.339, BIC
= 11725, p < 0.001, wvysledné hodnoty naznaCuju celkovy ucinok

nepritomnost’/pritomnost’ nosi¢a na mortalitu imag.

Tabulka 18. Zivy amitvy Hylobius abietis v pokusoch sabez nosi¢ov Beauveria

bassiana
nosic Zivé mrtve celkom podiel umrtnosti
s BB 20 164 184 0.89
bez BB 125 66 191 0.35

Z celkového poctu 200 imag, kde nebol umiestneny nosi¢, prezilo 125 imag a 66 imag
bolo mitvych ale nepozorovali sme na nich znamky prerastania hubou (9 imag sme
nenasli). Z200 imag, ktoré boli v klietkach, kde bol wumiestneny nosic
s entomopatogénnou hubou, prezilo 20 imag, 164 imag bolo mitvych a boli prerastené

mycéliom entomopatogénnej huby (16 imag sme nenasli) (tab. 18). V kazdej serii 10
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kliekok bolo vysadenych 40 sadenic moratalita sadenic sa kontrolovala v rovnaky ¢as ako

poskodena plocha sadenic (tab. 19).

Tabulka 19. Pocet mftvych sadenic (zo 40 celkovych sadenic) v klietkach s nosi¢mi a bez

nosi¢ov
nosic 14 den 28 den 42 den 56 den 70 den 84 den
s BB - - 3 9 20 29
bez BB - - 2 7 30 38

Podiel mrtvych chrobakov v skupine s nosi¢om obsahujicim spory B. bassiana bol
vyznamne vyss§i (0,89) v porovnani so skupinou bez nosic¢a (0,35) (obr. 36). Riziko
infikovania imag v prostredi s nosi¢om a uhynutie, je 8,309 krat vacsie (Cl: 5,348 -

13,670, p <0,001), ako riziko infikovania pre imaga v prostredi bez nosica (tab. 20).

20+

151

10+

mortalita

bez BB s BB
pritomnost nosica Beauveria bassiana

Obrazok 36. Priemerna mortalita imag na jednu klietku na konci experimentu

Tabul’ka 20. Vysledky odhadu parametrov porovnania mortality imag v klietkach

S nosi¢om a bez nosica

nosic odds-ratios 2.5% 97.5 % std. err. z val. p
s BB (intercept) 8.309 5.348 13.670 0.238 8.893 <0.001
bez BB 0.064 0.036 0.109 0.283 -9.731 <0.001
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5.8. Experiment VIII. Testovanie nosi¢a entomopatogénnej huby v prirodnych
podmienkach

V tomto experimente bolo hlavnym cielom porovnat’ mortalitu imag sposobent
entomopatogénnou hubou B. bassiana v roznych blokoch s réznymi atraktantami pre
imaga tvrdona smrekového. Celkovo sa na 4 blokoch za sledované obdobie 23. — 26. jul
2019 podarilo odchytit’ 564 imag tvrdona smrekového. Tieto imaga boli umiestiiované do
Petriho misiek, v po¢te maximalne 3 kusy do jednej. Sledovali sme mortalitu imag a
nasledné prerastanie mycéliom entomopatogénnej huby B. bassiana. Misky s imagami
boli oznacené aby nedoslo k zamene vzoriek a ku skresleniu vysledkov. Kontrola
prerastania imag trvala od 29. jula 2019 do 18. septembra 2019, celkovo bolo vykonanych
15 kontrol v intervale 3 — 4 dni (obr. 37). Na bloku control sa podarilo odchytit’ celkom
107 imag. Na bloku, carrier, sme odchytili 226 imag. Na bloku atractant sme do zemnych
pasci odchytili 86 imag. Na poslednom bloku bark sme odchytili 111 imag zo zemnych
pasci a 34 imag sme odobrali priamo z lapacich kor (beetlebark).

1004

=~ Atractant
90 -~ Bark el ————— Bl ———— A= ===
- BeetleBark -
=+ Carrier -

‘@ Control T

201

Kurnulativna maortalita (%)

3 7 10 14 7 pial 24 28 31 35 38 42 45 49 52

Obrazok 37. Vyvoj mortality imag po jednotlivych dinoch a oSetreniach pocas celého

experimentu

V polovici experimentu bola celkova mortalita 40,2 % a na konci experimentu iba 0 nie¢o

vyssia 45,7 %. Mortalita bola vyznamne ovplyvnend pouzitym typom atraktantu na
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plochach po prvej polovici experimentu (p <0,001, x2 (4) = 88,7; AIC = 681,6); a na
konci experimentu (p <0,001, x2 (4) = 81,1, AIC = 706 684) (tab. 21).

Tabulka 21. Odhadované parametre oSetreni, ktorymi sa testovali t¢inky nosicov Vv 8.

tyzdni trvania experimentu

oSetrenie odds-ratios 2.5 % 97.5% Estimate Std. Error zvalue Pr(>|z|)
Control 0.138 0.077 0.247 -1.978 0.3676  -6.686 <0.001 *=**
(Intercept)

Atractant 6.588 3.213 13.507 1.885 0.4276 5.147 <0.001 ***
Carrier 3.962 2.087 7.52 1.377 0.3958 4211 <0.001 ***
Bark 9.846 4931 19.659 2.287 0.4143 6.483 <0.001 ***
BeetleBark 41.938 13.79 127.544 3.736 0.535 6.584 <0.001 ***

Najviac usmrtenych imag V polovici experimentu bolo vo vzorkach imag beetleBark,
ktoré boli v kontakte s nosicom a najmenej v kontrole. Mensia mortalita ako u imagach
beetlebark bola u imag bark, mensia v bloku atractant a najmensia v bloku carrier.
Najviac infikovanych a usmretnych imag sme zaznamenali pri zozbieranych imagach
beetlebark. Ich mortalita na konci experimentu bola 91,2 %.Pravdepodobnost’ vyskytu
umrtnosti v blokoch bark v polovici experimentu bola 41,9 ku 1 a bola Statisticky
vyznamna (tab. 22) (95 % CI: 13,79 - 127,54; p <0,001).

Tabulka 22. Odhadované parametre oSetreni, ktorymi sa testovali i€¢inky nosi¢ov v 15.

tyZdni trvania experimentu

Treatment odds-ratios 25% 97.5% Estimate Std.Error zvalue  Pr(>|z|)

Control 0.23 0.141 0.374 -2.5157 0.3676 -5.929 <0.001 ***
(Intercept)

Atractant 4557 2.393 8.679 2.1872 0.4276 4.614 <0.001 ***
Carrier 3.098 1.781 5.387 1.6087 0.3958 4.005 <0.001 ***
Bark 7.146 3.848 13.274 2.2804 0.4143 6.225 <0.001 ***
BeetleBark 4495 1249 161.763 3.5373 0.535 5.824 <0.001 ***

V pripade nosi¢a umiestnené¢ho v kore (bark) mortalita odchytenych imag do zemnych
pasci dosiahla 62,2 %. Pri kombinacii nosica a atraktantu (atractant) dosiahla mortalita
odchytenych imag 51,2 %. Najmensiu mortalitu spdsobent hubou dosiahol samotny nosic
bez atraktantu (carrier) pre imaga, kde dosiahla mortalita na konci experimentu 41,6%.
V kontrolnom bloku (control), kde nebol umiestneny nosi¢, bola mortalita imag

sposobena entomopatogénnou hubou 18,7%.
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Tabul’ka 23. Parové porovnanie mortality po 8 tyzdnoch trvania experimetu

contrast odds.ratio trovei spolahlivosti  p.value
2.5% 97.5 %

Control/Atractant 0.15179 0.089523 0.537875 <0.001 ***
Control/Carrier 0.252394  0.14945 0.697296 <0.001 ***
Control/Bark 0.101563 0.059111 0.331246 <0.001 ***
Control/BeetleBark 0.023844 0.003743 0.132218 <0.001 ***
Atractant/Carrier 1.662778 0.734851 2.945097 0.276
Atractant / Bark 0.669097 0.288102 1.411434 0.634
Atractant / BeetleBark 0.157088 0.017605 0.583851 0.004 **
Carrier / Bark 0.402397 0.226633 0.829058 0.001 **
Carrier / BeetleBark 0.094473 0.012723 0.373292 <0.001 ***
Bark / BeetleBark 0.234776 0.028097 0.899622 0.043 *

Tabul’ka 24. Parové porovnanie mortality po 15 tyzdnoch trvania experimetu

contrast odds.ratio uroven spolahlivosti  p.value
2.5 % 97.5 %

Control/Atractant 0.219436 0.089523 0.537875 <0.001 ***
Control/Carrier 0.322817  0.14945 0.697296 <0.001 ***
Control/Bark 0.13993 0.059111 0.331246 <0.001 ***
Control/BeetleBark 0.022247 0.003743 0.132218 <0.001 ***
Atractant/Carrier 1471125 0.734851 2.945097 0.551
Atractant/Bark 0.637681 0.288102 1.411434 0.533
Atractant/BeetleBark 0.101383 0.017605 0.583851 0.003 **
Carrier/Bark 0.433465 0.226633 0.829058 0.004 **
Carrier/BeetleBark 0.068915 0.012723 0.373292 <0.001 ***
Bark/BeetleBark 0.158986 0.028097 0.899622 0.031 *

Signifikantné rozdiely p>0.05 neboli zistené medzi variantou atractant vs bark a carrier.

Medzi ostatnymi blokmi boli signifikantné rozdiely p< 0,05 (tab. 23, 24).
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6. Diskusia

6.1. OSetrovanie sadenic ré6znymi ochrannymi metoédami

V nasich experimentoch vsetky oSetrenia znizovali poskodenie kory sposobene;j
kifmenim imag H. abietis. OSetrenie insekticidom bolo porovnatel'ne u¢inné ako oSetrenie
voskom, lepidlom alebo golierikmi. Aplikacia insekticidov v§ak moze byt’ problematicka
z dévodu environmentalnych a zdravotnych rizik (Le Goff and Giraudo, 2019).
Informacie poskytnuté vyrobcom (BASF SE, Ludwigshafen, Nemecko) naznacuji, ze
obidva testované insekticidy su uc¢inné pocas 28 dni. Na ochranu sadenic pocas celého
vegetacného obdobia, kedy mozu byt’ sadenice poSkodené H. abietis, by lesnici museli
sadenice postrekovat’ dvakrat alebo trikrat rocne. V slovenskej a ¢eskej lesnickej praxi sa
postrekovanie insekticidov povazuje za ucinné po dobu 2 az 3 mesiacov. Ochrana
insekticidov proti H. abietis v naSom laboratornom experimente trvala 2 az 3 mesiace.
OsSetrené sadenice vSak boli napadnuté, ked” imaga usmrtili neoSetrené¢ sadenice V
klietkach (obr. 23a, b; obr. 26a, b).
V roku 2016 bolo porovnavané poskodenie sadenic H. abietis osetrenych (insekticidom
alebo voskom) s neoSetrenymi sadenicami smreka obycajného a duglasky tisolistej.
Priemerna plocha kfmnych jamiek po 16 tyZdioch bola vyznamne vysSia u kontrolnych
sadenic smreka obyc¢ajného ako u kontrolnych sadenic duglasky. OSetrené sadenice
smreka vSak boli vyznamne menej poskodené ako oSetrené sadenice duglasky. Toto
zistenie nie je v stlade s predchadzajucou Stadiou (Wallertz et al., 2014), v ktorej sa
zistilo, ze plocha poskodena H. abietis bola na neosetrenych smrekoch mensia ako na
neoSetrenych sadeniciach duglasky pri vyberovom laboratornom experimente. V tej istej
Studii bola poSkodena oblast’ vicsia na sadeniciach duglasky ako na sadeniciach vacSiny
ostatnych testovanych drevin. Toto sa da wvysvetlit chemickym zlozenim kory
Studovanych rastlin. Niekolko autorov S$tudovalo chemické zloZenie kory smreka
obycajného a duglasky tisolistej (Jirovetz et al., 2000; Dawidowitz a Czapczynska, 2011;
Salem et al., 2015). Zistili vyznamné rozdiely v pocte chemikalii a ich koncentraciach.
OsSetrenie pravdepodobne zmeni zloZenie emitovanych prchavych latok, takze sa znizi
prijem hostitel'skej rastliny H. abietis. Na potvrdenie tohto predpokladu bude potrebny
dal$i vyskum.
V d’alSich dvoch experimentoch sme sa zamerali iba na sadenice smreka obyc¢ajného. Na
zaCiatku pokusu 2017 sme predpokladali, Ze plocha kory spotrebovanej H. abietis sa

zdvojnasobi, ked’ sa pocet dospelych jedincov pridanych do klietky zdvojnasobi. Plocha
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poskodenej kory na neoSetrenych kontrolnych sadeniciach sa na konci experimentu (16.
tyzdet) vel'mi neligila u 2 imagach na klietku (835 mm?) oproti 4 imagam na klietku (913
mm?). Vietky kontrolné sadenice pri 4 imagach na klietku uhynuli za 12 tyzdiiov a v 15.
tyzdni uhynuli vSetky sadenice v Klietkach, kde sa nachadzali 2 imaga. Priemerna plocha
kfmnych jamiek na neoSetrenych sadeniciach smreka bola podobna poskodenej ploche,
ktorti uviedli Wallertz et al. (2014) (810 mm?). V pokuse 2017 bolo poskodenie
oSetrenych sadenic v klietkach so 4 chrobdkmi dvakrat vyssie ako v klietkach s 2
jedincami vo 8. tyzdni, ale tieto rozdiely sa na konci experimentu znizili. Zistili sme, ze
imaga sa kfmili mftvymi sadenicami 1 tyzden po smrti sadenice. Toto kfmenie bolo tiez
zahrnuté do celkovej poskodenej plochy sadenic.

Aj ked rychlost’ prijimania potravy H. abietis v laboratornych experimentoch bola
Statisticky podobna pri oSetreni insekticidmi, lepidlom a voskom, pri oSetrovani voskom
hodnotili pouzitie vosku KVAAE (Norsk Wax) na znizZenie prijmu potravy dospelymi
jedincami H. abietis. Sibul and Ploomi (2016) zistili, Ze dospeli H. abietis davali prednost’
nevoskovanej potrave pred voskovanou potravou. Dalsie §tadie uskuto¢nené vo Svédsku
v prirodnych podmienkach zistili, Ze priemerna imrtnost’ sadenic oSetrenych insekticidmi
a sadenice oSetrenej voskom bola porovnatel'na (tab. 25; Eriksson et al., 2017; Eriksson
et al., 2018; Harlin and Eriksson 2016; Petersson et al., 2006).

Tabulka 25. Mortalita sadenic na konci experimentov pri pouziti roznych typov
oSetrenia

Citacie Merit Forest WG Kvaae Wax Type of Wax Lep Bayer
Petersson et al. 2006 43,0 43,0 Bugwax 103 -
Hirlin and Eriksson 2016 29,3 40,7 C -
Eriksson et al. 2017 20,0 13,3 and 10,7 Cand D 38,0
Eriksson et al. 2018 8,7 10,7 F 27.3

Voskova vrstva blokuje uvolfiovanie vonnych latok z kory, ktoré pritahuji tvrdone ku
kmienkom sadenic. Vysledkom je, Ze voskované sadenice s menej napadnuté ako
neoSetrené sadenice. Toto oSetrenie je u¢inné 1 az 2 roky (osobné pozorovanie), zatial’ co
chemickd ochrana je G€innd iba 2 mesiace a musi sa opakovat. Po 1 aZ 2 rokoch sa
voskovy povlak za¢ina lamat’ a odpadavat’ z dovodu rastu sadenice a degradacie UV

ziarenim. V tom Case sa kmienky sadenic stanti hrubSimi a odolnej$imi voc¢i poSkodeniu
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kory (http://kvaae.com). Vosk ma podla biologickych testov OECD dobrii uroven
biologickej odburatel'nosti. (https://cordis.europa.eu).

Terénny experiment s roznymi ochrannymi metodami proti H. abietis nadvédzuje na
laboratorne experimenty. Pouzitych bolo celkovo 5 oSetreni (500 sadenic) a kontrola (100
sadenic). Sadenice boli oSetrené voskom KVAAE typ C atyp F, lepidlom Vermifix,
insekticidom Vaztak Active a ochrannymi goliermi typ Snap guard. Nie je vykonanych
vela prac, ktoré porovnavaju jednotlivé typy oSetrenia medzi sebou (Petersson et al.,
2006; Hérlin and Eriksson 2016; Eriksson et al., 2017; 2018). Vo vSetkych pracach
porovnavali medzi sebou viacero osetreni. Medzi nimi bol aj nami testovany vosk, a to
typ C aaj typ F. V nasom pokuse vysla mortalita na oSetrenie voskom typu C 3,2 %,
Harlin and Eriksson (2016) uvadzaju mortalitu sadenic po prvom roku 17,3 %, Eriksson
et al. (2017) uvadzaji mortalitu sadenic po prvom roku 1,3 %. Eriksson et al. (2018)
pouzili vo svojich pokusoch vosk typ F a vychadzala im rovnakd mortalita sadenic po
prvom roku, a to ziadne mrtve sadenice.

Medzi sadenicami oSetrenymi insekticidmi bola plocha kfmnych jamiek v pokuse 2017
ovel'a vicsia ako v pokuse 2016. Najpravdepodobnejsie vysvetlenie je, Ze v klietke bolo
v pokuse 2017 menej sadenic ako v pokuse 2016. Dal§im moznym vysvetlenim je, Ze
koncentracia aktivnej zlozky v insekticide (alfa-cypermetrin) bola v pokuse 2016 dvakrat
vyssia ako v pokuse 2017 (100 oproti 50 g/1). V pokuse 2017 sa pouzil insekticid s nizSou
koncentraciou Gcinnej latky, pretoZe tento insekticid bol zaregistrovany v roku 2017 (po
vykonani pokusu 2016, ale pred vykonanim pokusu 2017) a povazuje sa za ekologickejsi.
To, Ze koncentracia aktivnej zlozky je vysSia, pomaha vysvetlit' rozdiely v poSkodeni
sadenic oSetrenymi insekticidmi. V pokuse 2016 oproti pokusu 2017 je to podporené
umrtnost’ou chrobakov, ktord bola 82 % v pokuse 2016, ale iba asi 56 % v pokuse 2017.
Petersson et al. (2006), Harlin and Eriksson (2016), Eriksson et al. (2017; 2018) pouzivali
vo svojich pokusoch aj chemické oSetrenie insekticidom, a to Merit Forest WG. Insekticid
pouzivali opakovane rovnako ako my vo svojom terénnom experimente. Prvykrat
namacali sadenice v insekticide v Skdlke pred vysadenim a opakované oSetrenie uz
prebiehalo postrekom priamo v teréne. Tento insekticid ma vsak int ucinnu latku,
imidakloprid, ktorej koncentracia v postreku bola 1,4 %. My sme v naSich pokusoch
pouzivali insekticid Vaztak Actice, ktory ma ucinnu latku alpha-cypermetrin,
koncentrécia tejto latky v postreku bola 1 %. Zna¢ny rozdiel je vSak v rozdiele G¢innej

latky v jednom litri neriedeného insekticidu. Pri pripravku Vaztak Active sa v jednom
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litri nachadza iba 50g/I u¢innej latky ale pri pripravku Merit Forest WG je to az 700g/1.
(https://www.av.se).

Vysledky pri pouziti pripravku Merit Forest WG po jednotlivych autoroch st uvedené
Vv tabulke 25. V naSom pripade vysla mortalita sadenic oSetrenych insekticidom v prvy
rok testovania 16,7 %.

Pouzitie lepidla na ochranu sadenic proti H. abietis sa hodnotilo iba v niekol'kych
Stadiach. Eriksson et al. (2017; 2018) (tab. 26) zistili, Ze lepidlo (Bayer) branilo dospelym
v kfmeni na sadeniciach. V nasom experimente sme pouzili iny lep od firmy Papirna
Moudry s ozna¢enim Vermifix. Osetrenie tymto druhom lepidla bolo prvy krat pouzité
v nasSich experimentoch. Tento lep ako aj insekticidny pripravok sme aplikovali
Vv terénnom experimente opakovane kazdé dva mesiace. V pokuse 2017 dva ale aj Styri
imaga v klietke, lepidlo poskytovalo dobru kontrolu po dobu asi 10 tyzdiiov, kedy sme
nezaznamenali Ziadnu mortalitu sadenic. Na konci laboratorneho pokusu 2017 oSetrenie
lepidlom znizilo poskodenie sadenic asi 0 50 % v porovnani s neoSetrenou kontrolou a
tiez dvakrat viac znizilo mortalitu sadenice (obr. 26c, d). Mortalita sadenic pri
laboratornom experimente bola pri dvoch imagach v klietke 50 % a pri Styroch imagach
60 %. Pri terénnom experimente bola mortalita sadenic po prvom roku pouzivania 6,1 %.
Eriksson et al. (2017; 2018) vysla mortalita sadenic na konci prvého roku 16,7 % a 12,7
%, ¢o mdZeme porovnat s naSim terénnym experimentom. Na konci experimentu po
troch rokoch zistili tito autori mortalitu sadenic na urovni 38,0 % a 27,3 %. Lepidlo
pouzité v tejto Studii ma podobné zloZenie ako lepidlo pouzivané v lepivych pasoch Tree
Tanglefoot® Pest Barrie (Tanglefoot Company Grand Rapids, Michigan USA) (prirodna
guma Zivica 25 %, ricinovy olej a karnabusky vosk 75 %), ktoré sa pouzivaju na ochranu
pred husenicami motyl'ov. Tieto pasy znizuju pohyb lariev alebo nelietajucich samic z
kmenov do koran stromov (Webb et al., 1995; Berlinger et al., 1997; Mayo, 2003;
Noukoun et al., 2014).

Ochranné goliere na ochranu sadenic boli vyvinuté koncom 70. rokov 20. storo€ia, po
ustupe insekticidneho pripravku DDT (Lindstom et al., 1986). Na konci 80. a zacCiatkom
90. rokov sa vyvinulo a otestovalo mnozstvo dal§ich kfmnych bariér, napriklad
,pancuchy* (Eidmann and von Sydow, 1989), ,BEMA®“ obal z plastovych vlakien
(Hagner and Jonsson, 1995), ale aj mnoho dalSich, ktoré popisal vo svojej praci
(Petersson et al., 2004). V naSom experimente sme pouzili ochranny golier typ Snap
guard. Tento golier je vyrobeny z dvoch materidlov, a to z polypropylénu, ktory sa da

opakovane pouzit' a biodegradovateného plastu, ktory sa rozlozi po 4 rokoch
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(www.grube.sk). Petersson et al. (2004), ktori testovali viacero druhov oSetreni sadenic
proti zeru, uvadzaji mortalitu sadenic pri pouziti ochranného goliera Snap guard 4,9 %.
Mnoho d’alSich autorov pouziva iné typy ochrannych golierov, takze je naro¢né s nimi
porovnavat’ vysledky (Petersson et al., 2006; Hérlin and Eriksson 2016; Eriksson et al.,
2017; 2018). V nasom experimente bola vysledna mortalita sadenic 14,5 % po prvom
roku merania. Nevyhoda ochrannych golierov je ich obstaravacia cena. Zamky na
golieroch nie celkom dobre prilichaju, ich zatvaranie v niektorych pripadoch je zlozité.
Ale najvicsia nevyhoda je ta, Zze ak tvrdon prekona ochranny golier a dostane sa ku
kmienku sadenice, len tazko sa vie stadial' dostat. V golieri ma navySe idealne
podmienky, skrys$u a potravu, tak sa tam zdrzi dlhSiu dobu a poziera koru sadenice, ¢im
do6jde k jej thynu. Deklarovana biodegradovatel'nost’ plastu, z ktorého je golier vyrobeny
tiez nie je dostato¢ne preskiimana.

V naSich experimentoch bolo poskodenie sadenic vyznamne znizené pri vsSetkych
testovanych oSetreniach. V niektorych pripadoch boli medzi oSetreniami vyznamné
rozdiely a ochrana medzi vSetkymi oSetreniami bola najlepSia pri vosku. Lepidlo tiez
vyznamne znizilo poSkodenie sadenic H. abietis, ale bolo menej konzistentné ako vosk
alebo insekticid, ¢o naznacuji velké odchylky jeho ucinkov. Pokial ide o rozptyl,
insekticid bol najkonzistentnejSou liecbou pri laboratérnom experimente. Pri terénnom
experimente najkonzistentnejsie vyslo oSetrenie voskom typ F.

Nevyhodou experimentov v klietkach je to, Ze obmedzuju vyber chrobdkov. Po odumreti
a dokonceni kfmenia chrobakov na neosetrenych sadeniciach su k dispozicii iba oSetrené
sadenice. Preto sme vykonali terénny experiment, ktory potvrdil, Ze oSetrené sadenice st

poskodzované menej ako neosetrené sadenice.

Tabul’ka 26. Mortalita sadenic na konci prvého roku testovania pri pouziti réznych typov

oSetrenia
Citacie Merit Forest WG Kvaae Wax Type of Wax Lep Bayer
Petersson et al. 2006 5,0 3,0 Bugwax 103 -
Hirlin and Eriksson 2016 0,7 17,3 C -
Eriksson et al. 2017 5,3 1.3and 0.7 Cand D 16,7
Eriksson et al. 2018 2,7 0 F 12,7

6.2. Pouzitie zemnych pasci na odchyt Hylobius spp.
Pocas vegetacnej sezony 2018 sme zaznamenali odchyt H. abietis v zemnych

pasciach osadenych v neddvno vytazenych smrekovych porastoch v Siestich
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stredoeuropskych lokalitach, kde sa nadmorska vyska pohybovala od 400 do 1220 m n.
m. Experiment sa vykonal v dvoch krajinach (obr. 13). Vedra s objemom 1,2 1 sa pouzili
ako zemné pasce so vstupnymi otvormi s priemerom 10 mm (obr. 14). Tieto pasce sa
I'ahko zostrojili a osadili v teréne. Pasce proti odchytu iného hmyzu nie st selektivne, a
to ani pri pouziti vstupnych otvorov. M6zu chytit’ aj iné bezstavovce, ale odchyty tohto
hmyzu su nizke (Zumr and Stary 1992). Pasce by mali byt osadené iba na nevyhnutné
obdobie a nemali by sa ponechat’ v lese (Wheater et al., 2011).

VSsetky atraktanty v naSom experimente preukazali ur¢ita schopnost’ prilakat’ H. abietis a
H. pinastri. Hylobius abietis sa v strednej Europe vyskytuje vel'mi bezne (Langstom and
Day, 2004), H. pinastri je tiez ¢asty (Ldngstém and Day, 2004; Orlander et al., 1997;
Saalas, 1949; Ozols, 1985; Ehnstrom and Axelsson, 2002), ale je menej hojny ako H.
abietis (Langstrom, 1982; Maavara et al. 1961; Luik and VVoolma, 1989). Predpokladame,
Ze pasce s vetvickami borovice pritahovalo menej imag H. pinastri ako H. abietis, pretoze
H. pinastri preferuje smrek (Viiri and Miettinen 2013), zatial' ¢o H. abietis preferuje
borovicu (Leather et al., 1994).

Na kazdej lokalite bolo vzdy najviac imag H. abietis odchytenych do zemnych pasci
S borovicovou vetvickou a etanolom. Denné vypary Studovanych atraktantov su
porovnatel'né s publikovanymi (Nordlander, 1987; Nordlander, 1990; Olenici et al.,
2016). Experimentadlne odparniky majii porovnateI'né odparovanie ako komer¢ne
dostupny Hylodor. Nordlander (1987) vo svojej praci pouZzil na odparovanie atraktantu
flasticku s filtracnym papierom. Tato metdda sa v praxi nepouziva. Chceli sme otestovat’
metody pouZitelné v lesnej praxi a l'ahko aplikovatel'né. Pre lesnikov su najlepSie a
najjednoduchsie priemyselné odparniky. Preto sme pouZzili Hylodor a dalSie typy
odparnikov pozostidvajice z polypropylénového tubusu vyrobeného spolocnostou
Fytofarm Ltd. Co. Pouzity termoplasticky material zaist'uje pravidelné odparovanie tak
dlho, pokial’ sa cely obsah nevypari (Varkonda and Florian 2006).

Prirodné materialy (lapacie kory) na prilakanie H. abietis sa zacali pouZzivat' v prvej
polovici 19. storocia (Ratzeburg, 1839) a Casto sa vyuzivali zaciatkom 20. storocia
(Escherich 1923). Nevyhodou lapacej kory je potreba jej Castej vymeny (raz za 2 tyzdne)
a potreba odstrafovat’ prilakané imaga H. abietis kazdych 2 az 5 dni. Dal$ou nevyhodou
lapacej kory je jej vysoka cena, ktora na Slovensku predstavuje asi 3,5 € za jeden kus
kory (Galko et al., 2015). Na monitorovanie je potrebnych asi 25 ks/ha lapacej kory. Cena
takéhoto monitoringu (bez ndkladov na udrzbu) by bola 175 €/ha mesacne. Na rozdiel od

lapacej kory si zemné pasce nevyzaduju pravidelné navstevy. Pocas nasho experimentu

88



sme ich vyprazdiovali jedenkrat tyzdenne, ale ak by sa pouzili atraktanty v tubusoch,
bola by potrebna kontrola jedenkrat mesacne. Atraktant alfa-pinén + etanol stoji 2,5 € za
kus a moze trvat’ 6 az 8 tyzdnov a cena jedné¢ho vedra pouzitého pre pascu je 0,33 €. V
tomto pripade su naklady bez nakladov na udrzbu 70,75 € s 25 néstrahami na hektar (Lalik
et al., 2020).

Existuji d’alSie problémy s pouzitim lapacich kor a inych prirodnych materidlov ako
atraktantov Skodcov (Nordlander, 1987). Druhy prirodnych materidlov pouzivanych na
prilakanie Skodcov sa mozu lisit’ v obsahu monoterpénov (Thorin and Nommik, 1974;
Yazdani and Nilsson, 1986). Dalsim problémom je, Ze drevené atraktanty sa vysusuja, o
postupne znizuje ich atraktivitu (Langstrom, 1982). Ked’ skodcovia napadaju prirodzené
atraktanty, Zivia sa nimi a naruSuju materidl. To zvySuje uvol'fiovanie monoterpénov,
ktoré pritahuju H. abietis (Tilles et al., 1986), ale zniZuje Zivotnost atraktantu. V
dosledku toho sme v naSom experimente nahradzali borovicové vetvicky kazdy tyzden.
Zumr and Stary (1992), ktory pouzil smrekovu vetvicku, ju taktiez nahradil kazdy tyzden.
Aj ked vieme malo o hustote populécii v Studijnych oblastiach, v porovnani s naSimi
vysledkami chytili 10-krat menej chrobakov (Zumr and Stary, 1992).

Druhym najic¢innejSim atraktantom v experimente bol alfa-pinén, ktory je pritomny
Vv ihli¢natych drevinach a ma zépach podobny Zivici. Téato zlicenina je obvykla v tom, Ze
jej obsah v ramci druhu stromu je konStantny bez ohl'adu na ¢ast’ stromu (Nordlander,
1991). Pomer vonnych latok v ihlicnatych drevindch je do zna¢nej miery riadeny
geneticky a nie je ovplyvneny inymi faktormi (Squillace, 1976). V odparniku sa alfa-
pinén zmieSal s etanolom, pretoze takato kombindacia je 6-krat atraktivnejsSia pre H. abietis
ako samotny alfa-pinén a 10-krat atraktivnejSia ako samotny etanol (Nordlander, 1987).
Utinok kombinacie v teréne je navyse synergicky (Tilles, 1986).

Tretim najuspes$nejSim atraktantom bol komeréne dostupny Hylodor. Tento atraktant,
ktory sa vyraba v Pol'sku, je opisany ako agregacny feromon, ale jeho zlozenie nie je
zname. Kuzminski and Bilon (2006) ukazali, ze pocet odchytenych chrobakov bol pri
Hylodore iba mierne vyssi ako pri gulatinach alebo drevenych diskoch.

Stvrty najvyssi pocet odchytov sa ziskal, ked’ sa terpentinovy olej a 70 % etanol umiestnili
do samostatnych tubusov. Terpentinovy olej sa extrahuje zo Zivice destildciou a obsahuje
najmai alfa-pinén a beta pinén (Moreira et al., 2008). Aj ked’ tdto ndvnada mé nizku cenu
(Zumr and Stary 1992; Voolma and Sibul, 2006), v naSom pokuse zachytila iba malé
mnozstvo Hylobius spp. Poslednym atraktantom, ktory sa pouzil v tejto $tadii, bol

terpentinovy olej zmieSany s etanolom v pomere 2 : 1. Tento atraktant tiez chytil iba nizky
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pocet imag Hylobius spp. Koncentracia terpentinového oleja a etanolu pouzita v naSom
experimente bola rovnaka ako koncentracia, ktora pouzili (Moreira et al., 2008). Mame
podozrenie, zZe takato silnd koncentracia mohla imaga skor odpudzovat’ ako pritahovat’.
Nizsia koncentracia terpentinu by mohla odchytit’ viac imag (Voolma and Sibul 2006).
Negativna kontrola (bez atraktantov) v nasom experimente zachytila iba niekol'ko
jedincov, ktori pravdepodobne neboli prilakani, ale jednoducho do nich nahodne spadli.
Maly pocet chrobdkov odchytenych v tychto pasciach potvrdzuje, Ze zmes
propylénglykol:voda pouzitd na usmrtenie a zachovanie odchytenych chrobdkov
nepdsobila ako atraktant alebo ako repelent, a preto neovplyvnila odchyt H. abietis
(Voolma and Sibul, 2006).

Celkovo sme na Siestich lokalitich odchytili 8266 imag H. abietis a 2040 imag H.
pinastri. Saintonge and Malphettes (1991) uviedli, Ze pasca moze prilakat’ dospelych zo
vzdialenosti 2,5 m vo vSetkych smeroch. V tejto Stadii sme zistili, ze bez ohl'adu na
pouzitu navnadu mdze pasca pritahovat’ imaga na vzdialenost’ vacsiu ako 2,5 m. S pascou
umiestnenou na okraji ploch sme odchytili v priemere 290 +203 imag H. abietis a 74 +52
imag H. pinastri. V pasciach nachadzajtcich sa v strede plochy sme v priemere odchytili
250 £156 a 59 +41 imag H. abietis a H. pinastri na jednu pascu. Ak predpokladame, Ze
kazda pasca na ploche moéze odchytit’ chrobdky v okruhu 3 m, dostaneme plochu
ochytania H. abietis priblizne 28,0 x 34,5 m (966 m?). Ked sa prepoéita pocet
odchytenych imag na hektar, zistili sme, Ze na jednom hektari sa mdéze nachadzat’
niekol’ko tisic az niekol’ko desiatok tisic imag H. abietis a tisice imag H. pinastri na hektar
v zavislosti od lokality (tab. 10). Na vécSine lokalit sme odchytili viac ako 10 000
chrobakov na ha; t. j. hustota H. abietis sa zhodovala s hustotou uvedenou v Charitonova
(1965) (10 000 — 18 000 imag/ha). Ini autori tiez uviedli pocet H. abietis priblizne na 10
000/ha. (Olenici et al., 2016; Nordlander et al., 2003) a Eidmann (1974) zistil poc¢etnost’
okolo 14 000 imag/ha, toto sa zhoduje aj s nasimi vysledkami, kde sme tuto hustotu na
troch lokalitach na pocet odchytenych H. abietis prekro¢ili. Preto predpokladame, ze sme
chytili va¢sinu miestnej populacie H. abietis a H. pinastri. Podporuje to aj skutocnost’, ze
v druhgj polovici leta sme neodchytili ziadnych chrobéakov, aj ked’ by sa mali chytit’ imaga
novej generacie, ktoré sa roja na jesen (Bejer-Petersen et al., 1962).

Obnova lesa tazbou sa takmer vzdy vykonava na jesen alebo v zime a ponechané pne su
obklopené star§imi porastmi. Larvy sa vyvijaji na korenioch cerstvych borovicovych
alebo smrekovych piioch a vynimocne tiez na koretioch jednoro¢nych piiov (Nordlander,

1991). V strednych nadmorskych vyskach nie su pne starSie ako 1 rok atraktivne (osobné
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pozorovanie Holusa, Galko, Lalik) (Modlinger and Knizek, 2009). Aj z tohto dovodu bol
pocet odchytenych chrobdkov najmensi v lokalite Marianské Lazné¢ (povodny les bol
vytazeny v maji 2017). V Skandinavii mozu pne zostat’ atraktivne 3 roky (Nordenhem,
1989), toto tvrdenie bolo potvrdené na lokalite Vy$né Hagy, ktora je 1216 — 1220 m n.
m., kde boli pne staré 4 roky a imaga boli stdle na ploche v hojnom pocte (osobné
pozorovanie). Je zrejmé, ze chrobdky uvdznené v pasciach mohli pochadzat’ z okolitych
oblasti. Imaga H. abietis pouzivaji na vyber vhodnych lokalit svoje ¢uchové senzory na
spodnej casti tykadiel. Na dlhSie vzdialenosti sa imaga orientuju podla atraktantov
produkovanych hostitel'skymi druhmi stromov (Selander et al., 1974; Nordenham, 1991).
Na novovzniknutych holinach pravdepodobne iméga rozliSuju tvar sadenic a starSich
stromov pocas letu (Bjorklund et al., 2005). Na kratke vzdialenosti reaguju na feromony
(Tilles and Eidmann, 1988). Samcie feromoény spdsobuju agregaciu imag a samicie
feromony pritahuju samcov (Selander, 1978). Samice mézu prechddzat’ alebo lietat’ na
znaéné vzdialenosti, aby lokalizovali vhodné miesta na kladenie vajec (Mracek and
Sriitka, 1984). H. abietis moze naraz preletiet’ do 2 000 metrov a podas celého Zivota
moze preletiet’ viac ako 80 000 metrov (Solbreck and Gyldberg, 1979).

Pocas celého experimentu sme odchytili 4389 samic a 3877 samcov H. abietis. Na
zéklade tychto odchytov bol celkovy pomer samic a samcov 53 : 47, hoci samce boli na
niektorych lokalitach hojnejsie ako samice. Tilles et al. (1986), ktori pouzili zemné pasce
s navnadou s tromi typmi atraktantov (alfa-pinén, etanol a kombinécia tychto dvoch),
uviedli pomer pohlavia H. abietis podobny pomeru v naSom experimente; pocet samic

bol vicsi ako pocet samcov bez ohl'adu na kombinaciu navnad.

6.3. Experimenty s entomopatogénnou hubou Beauveria bassiana

Entomopatogénne huby (EPH) su dblezitymi prirodnymi kontrolnymi ¢initel'mi
hmyzu a boli predmetom intenzivnej Stadie od konca 19. storoc¢ia. Odhaduje sa viac ako
700 druhov hub v 100 radoch (Augustyniuk-Kram and Kram, 2012). Velka vicSina
perspektivnych hub na hromadnu vyrobu a pouzitie v biologickej kontrole Skodcov su z
radu Hypocreales (Ascomycota) (Lacey et al., 2007). Doteraz bol vyskyt EPH v
populaciach H. abietis malo preskimany, aj ked’ ide o vyznamného lesného Skodcu.
Z hubovych patogénov H. abietis zistenych v predchadzajicich Stidiach sa najcastejSie
vyskytovali najma huby z rodu Beauveria (Wegensteiner et al. 2015; Gerdin 1977; Glare
et al., 2008). Stcasné vyskumy EPH v prirodzenych populaciach H. abietis na Slovensku

ukazali, Ze infekcia hubami Beauveria spp. je pritomna, ale na nizkej Grovni (0 — 6 %).
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To zodpoveda vysledkom inych tadii. Napriklad v {rsku percento uhynov infikovanych
Beauveria sp. sa pohybovalo v rozmedzi od 1,3 % do 3,5 % (Williams et al., 2013). V
Eurépe boli doteraz v prirodzenych populaciach H. abietis zaznamenané tri druhy
Beauveria, a to B. bassiana, B. brongniartii (Sacc.) Petch a B. caledonica Bissett a
Widden. V naSom vyskume sme zaznamenali B. bassiana, ale nezistili sme B.
brongniartii a B. caledonica na ziadnom testovanom jedincovi. Na druhej strane sme
zistili pritomnost’ B. pseudobassiana, ¢o je vobec prvym zaznamom tejto patogénnej huby
na H. abietis. Celkovo sa z mitvych zvierat ziskalo $est’ izolatov B. pseudobassiana na in
vitro kultarach, a preto ju nemdzeme povazovat’ za vzacnu EPH v populacii H. abietis.
Najnovsie analyzy vzorieck pody na Slovensku naznacuji, ze B. pseudobassiana
uprednostiiovala lesné biotopy pred pol'nymi biotopmi alebo lukami (Medo et al., 2016).
Na druhej strane, tento druh nebol identifikovany zo vzoriek lesnej pody v Pol'sku
(Popowska-Nowak et al., 2016). Pretoze testy virulencie zaradili dva kmene B.
pseudobassiana (AMEP43 a NREP84) medzi kmene, ktoré¢ vykazuju vysokt G¢innost’
proti tvrdofiom a maji patogénny potencidl proti hmyzim Skodcom, zaslizia si d’alSiu
pozornost’. B. brongniartii je dobre znamy pddny patogén napadajuci larvy Coleoptera,
ale bol tiez identifikovany na larvach H. abietis v Rakusku (Wegensteiner et al., 2015).
Jeho patogenita pre H. abietis sa preukazala aj v laboratornych experimentoch
(Wegensteiner, 1989). B. caledonica je druh povodne opisany v raSeliniskovej pode v
Skotsku (Bisset and Widden, 1988) a zistil sa tieZ ako prirodzene sa vyskytujici patogén
H. abietis ainych, z &eladi Curculionidae v severnom Spojenom kralovstve, frsku,
Pol’'sku, Rakusku, Francuzsku, na Slovensku a na Novom Z¢lande (Williams et al., 2013;
Wegensteiner et al., 2015; Glare et al., 2008; Reay et al., 2008; Barta et al., 2018).
Vysledky laboratornych testov naznacuju, ze B. caledonica ma potencial stat’ sa
biokontrolnym ¢inidlom Curculionidae. Biologické testy s kmenimi B. caledonica zo
Slovenska a Nového Zélandu preukazali svoju vysoku patogenitu u dospelych druhov Ips
typographus (L.) (Curculionidae: Scolytinae) (Glare et al., 2008; Barta et al., 2018). Aj
ked’ patogénnost’ hib z iného rodu, Metarhizium, na H. abietis bola preukazana v
laboratornych a pol'nych pokusoch (Ansari and Butt, 2012; Mc Namara et al., 2018;
Markova, 2000), infikovanie H. abietis touto hubou nebolo potvrdené v prirodzenych
podmienkach (Williams et al., 2013; Wegensteiner et al., 2015).

Doteraz bolo v Eurépe dokumentovanych pat druhov EPH zrodu Beauveria (B.
bassiana, B. brongniartii , B. caledonica , B. pseudobassiana a B. varroa S.A. Rehner

and R.A. Humber). Zatial' ¢o B. bassiana, B. brongniartii a B. pseudobassiana su
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globalne distribuované podne entomopatogény so Sirokym rozsahom hostitelov
vyskytujacich sa na rdoznych biotopoch, B. varroae je znamy iba z ektoparazitickych
roztoc¢ov v¢iel medonosnych vo Francizsku, hoci moze infikovat’ aj iné druhy Coleoptera
(Rehner et al., 2011). Pretoze predchadzajice Studie o diverzite EPH v Eurdpe, ktora sa
sustred’'uje na H. abietis v Eurdpe, boli zalozené na morfotaxonomickych zasadach,
niektoré druhy Beauveria mohli byt nespravne identifikované alebo zostali neurcené.
Ako je uvedené v su¢asnych terénnych experimentoch, infekcia Beauveria spp. je jednym
z prirodnych faktorov umrtnosti H. abietis. Aj ked pre tieto huby nie st typické prirodné
epizootie, laboratorne a terénne experimenty uz preukazali svoju ucinnost’ proti tomuto
lesnému Skodcovi (Ansari and Butt, 2012; Markova, 2000; Mc Namara et al., 2018;
Williams, 2013). Predchadzajuci vyskum v oblasti testovania Beauveria spp. proti H.
abietis priniesol optimistické vysledky, ale stale chybaju G¢inné metody biologickej
kontroly vyuzivajice tieto huby. VSeobecne je zname, ze vyber vysoko virulentnych
kmenov je predpokladom uspesnej implementacie EPH v biologickej kontrole hmyzich
Skodcov. Séria naSich laboratornych biologickych testov ukazala, Ze vSetky testované
kmene Beauveria mohli infikovat dospelych H. abietis a dokazali sporulovat’ na
kadaveroch. Na nachylnost na kmene EPH sa nezistil ziadny vplyv pohlavia testovanych
H. abietis. Pokial’ je nam zname, B. pseudobassiana este nebola testovana na H. abietis a
sticasné virulentné testy prinasaju optimistické vysledky. Na zéklade interSpecifickej
variability v patogenite kmenov nemdzeme dospiet’ k zaveru, ze Ziadny z testovanych
druhov Beauveria nepreukazal lepSie biologické vlastnosti ako iné druhy. Pri
virulentnych biotestoch sa identifikovali dva vysoko virulentné kmene B. pseudobassiana
a jeden kmen B. bassiana. B. bassiana kmeit AMEP20 bol vybrany pre d’alSie skimanie
vzhl'adom k vyS$Sej mortalite, a tym aj nizSie hodnoty LC 50, ako umrtnost’ ziskana po
aplikacii B. pseudobassiana kmenov.

Vseobecne bol vyvoj ochorenia v testovanych imagach relativne pomaly. Najvirulentnejsi
kmen (AMEP20) sposobil 29,97 % kumulativnu mortalitu v deni 12 a 83,25 % mortalitu
v defi 21, ked’ sa testovala najvyssia koncentracia konidii (1 x 10° konidii ml 1). V
podobne;j $tadii Ansari and Butt (2012) uvadzaju, ze B. bassiana sposobil 53 % umrtnost’
H. abietis v den 12, v pripade, Ze imaga sa oSetria ponorenim do suspenzie konidii (1 x
10 8 konidii mIt). V tejto $tadii je mortalita spdsobend kmetiom AMEP20 pri koncentrécii
1 x 108 konidii mI™* bol 63,27 % v defi 21, ale mortalita v 12. defi bola iba 16,65 %. Ansari
and Butt (2012) vysvetluji predizeny ¢as do smrti hostitela pomocou silnej a tvrdej

kutikuly dospelych, ktord moze tvorit’ bariéru proti entomopatogénnym hubam. Tato
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pomald miera usmrcovania entomopatogénnymi hubami méze byt’ limitujucim faktorom
ich uc¢inného pouzitia proti H. abietis.

Bolo zdokumentované, Ze traja dospeli jedinci dokazu uplne skonzumovat’ koru sadenice
smreka do Siestich dni (Girling et al., 2010). Na druhej strane dospeli H. abietis m6zu zit’
az Styri roky (Leather et al., 1999; Eidmann, 1979) a samice kladu vajcia kazdu sezéonu
(od maja do septembra) pocas svojho Zivota. Vzhl'adom na tuto skutocnost’ sa zda, ze
pomaly ucinok hub nie je takym dolezitym faktorom. Akékol'vek opatrenie uplatiiované
na usmrtenie imadg moze ucinne prispiet ku kontrole populdcie. Kvoli pomalému
poOsobeniu B. bassiana, v priebehu virulentnych biologickych testov sme tiez testovali
ucinok lieCby suspenziami konidii (vratane subletadlnych koncentracii) na poskodenie
potravy imagami H. abietis. Nainfikované jedince poskodili vyrazne mensiu plochu kory
ako neogetrené jedince. Ucinok sa pozoroval pre vsetky testované koncentracie konidii a
bol vyraznejsi, ked’ postupovala nakaza. Vysledky jasne ukazuju, ze hoci infikovani
jedinci zili pomerne dlho po naockovani, ich kimenie na vetvickach bolo znizené, co malo
za nasledok menSie poSkodenie v porovnani s neoSetrenymi jedincami. Smreky su
hlavnymi hostitel'skymi rastlinami H. abietis na Slovensku, ale na experiment poskodenia
potravou sme pouzili vetvicky P. sylvestris, pretoze tato potravu imaga preferuju v
porovnani s P. abies (Leather et al., 1994). Vo viacerych stadiach panuje vSeobecna zhoda
v tom, ze optimalna teplota na kfmenie imag tvrdonov je 20°C (Christiansen a Bakke,
1968; Christiansen, 1971b; Leather et al., 1994). Pri tejto teplote jeden jedinec H. abietis
spotrebuje v priemere 252,9 mm? kéry P. sylvestris v priebehu 7 dni (Leather et al., 1994).
V nasom teste neoSetrené imaga (kontrola) spotrebovali menej potravy (197,83 mm?)
pocas 11 dni a na konci testu konzumécia kory mierne klesla. Nepozndme pric¢iny
nestladu s predchadzajticou studiou, ale moze to stvisiet’ s roznou kvalitou poskytnute;j
potravy alebo réznymi rozmermi imag. V prirodzenych populaciach H. abietis sa
vyskytuje zna¢na variabilita velkosti tela a velkosti ustneho ustrojenstva, ktora bola
doélezitym faktorom ovplyviiujicim rychlost’ kimenia (Wainhouse et al., 2004a).
Laboratérne biologické testy sa zvy€ajne vykonavaju za optimalnych podmienok pre
entomopatogénne huby, ktoré sa mézu vel'mi lisit' od podmienok prostredia v teréne.
Preto sa ucinnost’ vybraného kmena B. bassiana (AMEP20) testovala vo vonkajsich
podmienkach. Je dobre zndme, Ze environmentéalne faktory moZzu pri aplikacii na povrch
rastlin vyznamne znizit' zivotaschopnost’ inokula B. bassiana. Slne¢né svetlo patri k
najviac obmedzujucim faktorom (Gardner et al., 1977; Huang and Feng, 2009; Posadas,

2012). Zivotaschopnost’ konidii sa zniZila na polovicu po dvojhodinovom oZarovani
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simulovanym slne¢nym ziarenim v laboratériu (Ignoffo et al., 1977; Fargues et al., 1996).
Medzi jednotlivymi kmenimi B. bassiana existuje zna¢na variabilita nachylnosti konidii
na simulované slneéné svetlo (Morley-Davies, 1995). Zivotaschopnost’ konidii sa moze
tiez liSit v zavislosti od rastlin, na ktoré sa inokulum aplikovalo. Napriklad
zivotaschopnost’ konidii B. bassiana bola vysoka, az 26 dni na listoch hlavkového Salatu
a zeleru (Kouassi, 2003), ale vyrazne klesla na Medicago sativa L. a Agropyron cristatum
(M. Bieb.) Napoleonaea imperialis po 16 dnoch od aplikacie (Inglis et al. 1993) a na
rastlinach soje po 10 diioch (Wainhouse et al., 2004b). V tejto Studii boli konidie B.
bassiana aktivne na smrekovych rastlinach 6 dni po aplikacii a sposobili vysokt imrtnost’
H. abietis. Vysledky tiez potvrdzuju, Ze kontakt s rastlinami oSetrenymi suspenziou vedie
k ich vysokej umrtnosti. Podobna $tadia ukazala, ze trvaly kontakt H. abietis so
smrekovou korou oSetrenou B. bassiana spdsobil vysokt mieru infekcie (Wegensteiner
and Fiihrer, 1988). Vysledky naznacuju, Ze uplatnovanie postrickanych konidii na
sadenice by mohlo byt perspektivnym pristupom v biologickej kontrole H. abietis.

Na zéklade predchadzajicich zisteni sme sa snazili vyndjst’ vhodnejsi sposob aplikacie

entomopatogénnej hiiby B. bassiana ako je postrekovanie.

6.4. Experimenty s nosi¢om entomopatogénej huby.

Prvé pokusy aplikacie huby B. bassiana na H. abietis vykonal Wegensteiner and
Fihrer (1988). V tychto pokusoch bola huba aplikovana ako pripravok Boverol
(WACKER-chemie), koncentricia konidii v pripravku bola 3,5 x 10%° konidii/g. Zistili,
ze aplikacia zriedeného prasku B. bassiana sposobila zreteI'né znizenie miery umrtnosti
H. abietis a bola spojena s koncentraciou konidii. Spéry v davke niz3ej ako 3 x 10% konidii
mali men§i Gi¢inok, a to aj po dobu 8 tyzdiov; pri koncentrécii 4 x 107 konidii na chrobaka
bola 100 % mortalita pocas 2 tyzdiov. Iméaga vsak boli oSetrované priamou aplikaciou,
to znamena ponorenim do suspenzie po dobu 10 sekund. Ako dalsi, ktori skusali
infektivitu entomopatogénnych hub na H. abietis bol Ansari and Butt (2012). Tito autori
skuamali vplyv entomopatogénnych hub na vyvojové Stadia larva, kukla aimago.
Testované boli tri druhy htb, a to Metarhizium robertsii (tri kmene huby), Metarhizium
brunneum (jeden kmen) a B. bassiana (dva kmene). Tato Stadia ukazala, ze vSetky
vyvojové $tadia su citlivé na entomopatogénne huby, a Ze niektoré kmene su zjavne
patogénnejSie ako iné. Vysledky tiez ukazuja, ze larvy a kukly boli vysoko citlivé a
uhynuli rychlejsie ako imaga na vSetky druhy/izolaty Metarhizia, pravdepodobne preto,

ze ich makke tela predstavovali mensiu bariéru proti infekcii ako tvrda sklerotinizovana
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kutikula. B. bassiana v tejto studii nedosiahla 100 % mortalitu ale len 68,0 £8,4 % a 67,0
+2,7 % pre dva pouzité kmene. Williams et al. (2013) testovali aplikdciu zalievky
suspenzie entomopatogénnych hadatiek a entomopatogénnych hub priamo ku pnom
V teréne a na jednej ploche bol pouzity pripravok Novozymes Met 52, ktory sa vyraba
ako konidiospory na zrnach ryze a pouziva sa na kontrolu Otiorhynchus sulcatus. Z tohto
pripravku bola urobena suspenzia. Na mortalitu lariev mali vy$$iu G¢innost’ nematddy,
ktoré boli zodpovedné za 50 % umrtnost’ lariev. Huby infikovali 20 % lariev a kukiel
Skodcu. Nezistili ziadnu synergiu medzi u¢inkom aplikovanych druhov nemat6d a hub.
Odber vyvojovych §tadii prebiehal destruktivnou metddou, t. z. odobrala sa Y4 s kazdého
pna, skadial’ sa nasledne ziskavali H. abietis na d’alSie zistovanie podl'a metodiky Dillon
et al. (2006). Podobnu pracu a pouzitie entomopatogénnych hib a had’atiek vykonali
Namara et al. (2018). V pokusoch hodnotili u¢innost’ entomopatogénnych hub (EPH)
samotnych a v kombindcii s entomopatogénnymi nematdédami (EPN) proti nezrelym
Stadiam. Pouzili komer¢né kmene Metarhizium brunneum a B. bassiana a kmen
Beauveria caledonica izolovany z biotopu $kodcu. Ako EPN pouzili Steinernema
carpocapsae (SC) a Heterorhabditis downesi Stock (HD). Zistili, Ze EPN dokazu znizit
pocetnost’ lariev v piioch 0 72 % SC a 92 % HD. EPH dokézali infikovat’ a usmrtit’ 23 %
H. abietis.

Hl'adanie novych a lepSich spdsobov stimulacie sporuldcie entomopatogénnych hub je
nevyhnutné pre rozvoj hromadnej produkcie ockovacich latok na kontrolu niektorych
hmyzich Skodcov. Je dokazané, Ze entomopatogénne huby dokazu rast na réznych
druhoch obilnin. Rodriguez-Gamez et al. (2017) testovali dva kmene B. bassiana na
roznych druhoch obilnin. Najvyssia produkcia sa dosiahla na ovse pri 5 x 108 konidiach/g
ciroku a kukurice 2,68 a psenice 2,38 x 108 konidii/g, v danom poradi. V sucasnosti je
dostupnych na trhu niekolko druhov pripravkov, ktoré obsahuju EPH Beauveria
a Metarhizium, kde je hlavny hubovy patogénny hmyz vyuzivany na biologickt kontrolu,
najma kvoli ich vSadepritomnej, kozmopolitnej distribucii a l'ahkej hromadnej produkcii
pomocou umelych médii. Obidva druhy tvoria takmer 70 % vSetkych komerénych
mykozektekticidov (Faria and Wraight, 2007).

Napriklad spolo¢nost’ Koppert v Brazilii produkuje pripravok s Beauveria (Boveril ®
WP, kmeit ESALQ-PL63) za pouzitia pevnej fazy fermentacie na zvlhcenl ryZzu. Tento
produkt bol odporticany na nienie Tetranychus urticae, Bemisia tabaci, Gonipterus

scutellatus a Hypothenemus hampei (Mascarin and Jaronski, 2016). V USA, Eur6pske;j
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unii, Japonsku a Mexiku Beauveria kmen GHA, ako BotaniGard® a Mycotrol®. Tieto
produkty st Siroko pouzivané (Faria and Wraight, 2001; 2007; Lacey et al., 2008).
ZaujimavejSia je zmes M. anisopliae, Purpureocillium lilacinum a B. bassiana s
komer¢nym nazvom MicosPlag®, ktora sa predava v Kolumbii. Mascarin and Jaronski
(2016) uvadzaju vo svojej praci celkovo 59 pripravkov, ktoré obsahuji EPH, z toho
vac¢sina vyrobkov na baze Beauveria je zmacateI'ny prasok, koncentrovatel'na suspenzia
alebo formulacia emulgovanej suspenzie.

Nas nosic, na ktory sme podali Slovensku patentovu prihlasku znacky spisu PP 79-2019
s nazvom ,,Biologicky pripravok na ochranu rastlin, sposob jeho pripravy a sposob jeho
pouzitia“ bola podana 12.jala 2019 a 5. augusta 2020 aj medzinarodni patentovu
prihlasku PCT/SK2020/050007. Je to hotovy vyrobok, ktory je okamzite pripraveny na
aplikaciu. V roku 2016 a 2018 sme vykonali prvé laboratorne experimenty s nosi¢om na
H. abietis. V tomto nosici je pouzity nami ziskany kmen B. bassiana AMEP20, o ktorom
sme zistili, Ze je najvirulentnejsi (Barta et al., 2019). Na kazdy pokus bolo pouZitych 360
imag, ktoré boli rozdelené do 6 blokov. Jeden kontrolny blok (control) a5 blokov
s nosi¢mi. Blok fresh bol nosi¢ nevystaveny ziadnym nepriaznivym vplyvom, blok UVC
48 h nosi¢ vystaveny UVC ziareniu a suchu na 48 hodin, blok frozen 48 h vystaveny
mrazu -18 °C na 48 hodin, blok beetles 24 h imaga boli pri nosi¢och umiestnené na 24
hodin a blok two months dva mesiace staré nosice, ktoré boli po nainfikovani umiestnené
do chladni¢ky. Testovali sme rozne druhy nepriaznivych vplyvov na prezivanie konidii
hub (sucho a UVC Ziarenie bolo v jednom oSetreni, mraz). Je zndme, ze UV-C Ziarenie
usmrcuje konidia entomopatogénnych hub (Zimmerman, 2007). Poc¢as roku 2017 sme
vykonavali mnoZzstvo experimentov, ktorymi sme docielili, Ze infektivita nosiCov sa
vyrazne zlepsila. V roku 2018 sme tento pokus zopakovali ale nechali sme nepriaznivé
vplyvy na nosice posobit’ dlh§iu dobu, namiesto 48 hodin posobili 120 hodin. V roku
2018 sme dosiahli lepsie vysledky ako v roku 2016 aj ked’ dizka nepriaznivych vplyvov
bola dlhsia. Tento jav si vysvetlujeme tym, ze v roku 2016 sme nevedeli ,,prinutit* hubu
na nosici dostatocne sporulovat’, a preto nevysli také dobré vysledky. Toto potvrdzuje aj
to, ze pri pouziti two months sme dosiahli mortalitu vsetkych imag uz v 17. den od
oSetrenia. Takuto isti mortalitu sme dosiahli aj v experimente v roku 2018. Ostatné typy
nepriaznivych vplyvov sa v jednotlivych rokoch lisili. V roku 2016 nedosiahli ostatné
oSetrenia mortalitu imag 100 %, zatial’ co v roku 2018 vSetky nosi¢e dosiahli mortalitu
100 %. V 20. dni bola 100 % mortalita zaznamenana pri nosicoch fresh a frozen 120 h,
pri d’al$ej kontrole, v 24. den, bola 100 % mortalita v bloku UVC 120 h. V 30. defni sme
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pokus ukoncili, lebo sme zaznamenali 100 % mortalitu imag aj v bloku beetles 24 h.
Podobné vysledky sa dosiahli pri priamej aplikécii konidii v koncentracii 1 x 10® na
imaga tvrdona smrekového Ansari and Butt (2012), kde vSetky infikované imaga boli
usmrtené v 20. deni od aplikacie. V praci Barta et al. (2019), kde sme pouzili tento isty
kmen huby ako na nainfikovanie nosica, vysla 100 % mortalita v 33. defi od aplikacie
suspenzie s koncentraciou konidii v ml 1 x 108,

V roku 2018 sme vykonali experiment s nosi¢mi, ktory bol umiestneny v poloprirodnych
podmienkach. Ciel'om experimentu bolo zistit’, ¢i sa imaga dokazu nakazit’ aj ked’ nebuda
v bezprostrednom kontakte s nosi¢om. Klietky, v ktorych bol umiestneny experiment,
boli o0 vel'kosti 50 x 50 cm a 70 cm vySka. Nosice boli umiestnené do lapacich kor, ktoré
sa Vv pravidelnych dvoj tyzdiiovych intervaloch vymienali a taktiez sme vkladali do
klietok aj nové iméaga. Vkladanie novych iméag bolo z dévodu, aby bol zachovany tlak na
sadenice. V klietkach, kde nebol pritomny nosi¢, sme zaznamenali uréiti mortalitu imag
ale ta nebola spdsobena B. bassiana. Vieme to z toho dévodu, ze na konci experimentu
vSetky mftve imaga boli eSte umiestnené samostatne do Petriho misky na navlhc¢entl
bunicinu, kde boli po dobu 5 dni sledované ¢i sa na nich nezac¢ne tvorit’ mycélium. Na
imagach, ktoré boli v klietkach kde bol nosic, sa na neprerastenych imagach do piatich
dni zacalo tvorit mycélium. Ztoho vieme povedat, Zze imaga usmrtila EPH. Tuto
metodiku zistovania umrtnosti pouzil vo svojej praci Barta et al. (2019), ktory
umiestiioval mftve imaga na buni¢inu na 72 hodin, v opisovanom pripade na 120 hodin.
Predpokladali sme, ze plocha kfmnych jaziev na sadeniciach sa v klietkach zmensi. Do
polovice experimentu sa tento predpoklad nenapiial, dokonca pri prvych troch kontrolach
bola plocha kfmnych jaziev v priemere na jednu sadenicu vécsia ako v klietkach kde
nebol nosi¢. Toto platilo do $tvrtej kontroly, kde sa plocha kimnych jaziev vyrovnala a pri
poslednych dvoch kontrolach bola plocha kimnych jaziev vacsia v klietkach kde neboli
umiestnené nosic¢e. Vplyv na mortalitu sadenic sa zacal prejavovat’ az v pri neskorSich
kontrolach. Do 4. kontroly (56. den) bola mortalita sadenic na rovnakych urovniach alebo
vyssich ked’ bol pritomny nosi€. Pri kontrole (70. den) sa to vSak otocilo a viac mftvych
sadenic bolo v klietkach, kde nebol pritomny nosic.

Posledny pokus s nosi¢mi sme vykonali v ¢isto prirodnych podmienkach. Tu bol ciel
zistit, ¢i sa dokazu imaga H. abietis nakazit' aj pri kratkom kontakte s nosicom
a otestovat’ rozne druhy sposobu naldkania imag Kk nosicom. Boli zalozené 4 bloky. Na
troch bol umiestneny nosi¢, a z toho na dvoch plochach boli imaga lakané cielene (na

jednej ploche chemicky atraktant a na druhej plat smrekovej kory). Po 6 diioch od
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zacCiatku experimentu sa na plochu osadili zemné pasce, do ktorych sa umiestnil atraktant
(borovicova vetvicka s etanol vo flasticke) (Lalik et al., 2019). Zber imag zo zemnych
pasci prebiehal 4 dni. Za toto obdobie sa nam podarilo odchytit’ celkom 564 imag.
V jednotlivych blokoch sa mnozstvo odchytenych imag do zemnych pasci odliSovalo.
Toto mohlo byt sposobené rozmiestnenim piiov po ploche. Po preneseni imag do
laboratoria sa sledovala mortalita v pravidelnych intervaloch, kazdy pondelok a §tvrtok.
Pri prvej kontrole bolo mortalita imag pri jednotlivych oSetreniach na nizkej Grovni, do
10 %. Pri d’al$ich kontrolach sa uz jednotlivé bloky odliSovali. NajvysSia mortalita imag,
91,18 %, bola dosiahnuta pri imagach z bloku beetlebark. Takato vysoka mortalita je
spdsobend tym, ze imaga prisli do kontaktu s nosi¢mi. S predchédzajicich experimentov
Vv Petriho miskach s nosi¢mi sme zistili, ze mortalita pri kontakte je na Grovni 100 %. Do
zemnych pasci sa mohli odchytit” aj imaga, ktoré neprisli do kontaktu s nosi€om, a preto
V jednotlivych  blokoch bola nizSia mortalita. Metdoda pouzitia nosicov
s entomopatogénnou hubou Beaveria bassiana sa ukazuje ako vhodnd na znizenie
pocetnosti H. abietis. Na nasom kontrolnom bloku bola mortalita imag sposobena EPH
na urovni 18,69 %, ¢o je v porovnani so zisteniami Barta et al. (2019) trikrat viac. Toto
moZe byt sposobené tym, ze imaga z blokov, kde boli umiestnené nosic¢e, odmigrovali
a dostali sa do kontrolného bloku, kde sme ich nasledne odchytili do zemnych pasci. Na
blokoch, kde sa nachadzali nosice, bola mortalita na konci experimentu 41,59 % na bloku

carrier, na bloku atractant 51,16 % a na bloku bark 62,16 %.
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/. Zaver a odporucania pre prax

Prvé dva experimenty prebehli vroku 2016 aZ2017 v poloprirodnych
podmienkach. V roku 2016 sa testovali dva druhy oSetrenia (vosk, insekticid) voci
neoSetrenej kontrole na dvoch druhoch ihliénatych sadenic (S. obyCajny a d. tisolista).
Ako najlep$ia ochrana sadenic sa ukazal insekticid voci vosku na obidvoch druhoch
sadenic aj ked’ rozdiely medzi poskodenou plochou sadenic neboli az také vel'ké. Imaga
viac poskodzovali neoSetreny smrek ako duglasku ale pri oSetrenych sadenic to bolo
naopak a bola poskodzovana viac duglaska. V roku 2017 sme tento pokus zopakovali ale
iba so sadenicou smreka obycajného s tromi réznymi oSetreniami (vosk, insekticid a
lepidlo) voc¢i neoSetrenej kontrole. Porovnavali sme mnozstvo imag v Klietkach (10
klietok s dvomi imagami 10 klietok so 4 imagami). Predpokladali sme, ze s mnoZstvom
pridanych imag bude poskodend plocha kory dvojnasobnd. Tento predpoklad sa vSak
nenaplnil. PoSkodené plochy kory pri kontrolnych sadeniciach kde boli 4 imégach
v klietke boli vicsie o niekolko desiatok mm? maximalne o 100 mm?. Pri kontrolnych
sadeniciach to bolo o nieco viac ale taktiez to neboli dvojnasobné hodnoty. Z porovnania
oSetreni najlepSie dokazal sadenice ochranit’ v oboch pripadoch mnozstva imag vosk. Po
fom nasledovalo oSetrenie insekticidnym pripravkom a najslabSie ochranilo sadenice
lepidlo. V roku 2018 sme zalozili podobny experiment s ochrannymi metédami ale uz vo
vonkajS$ich podmienkach. Bolo vysadenych 600 sadenic, ktoré boli oSetrené piatimi
roznymi typmi ochrany voc¢i imagam tvrdonov a kontrola. Kazdy jeden variant obsahoval
100 sadenic. Ako ochrany boli pouzité dva druhy vosku, insekticid, lepidlo, ochranné
goliere a porovnavali sme to voc¢i neoSetrenym sadeniciam. Na konci vegetacnej sezony
(10. oktobra 2018) sme vykonali meranie poskodenej plochy kory. Najlepsie dokazalo
sadenice ochranit’ osetrenie voskom KVAAE wax typ F, nasledovalo oSetrenie KVAAE
vax typ C, ako dalsie osetrenie insekticidom Vaztak, potom oSetrenie lepom Vermifix
anajmenej dokéazali ochranit’ sadenice golieriky. Voci neoSetrenej kontrole dokézalo
najmenej ucinné osetrenie golierikov znizit’ poskodenie sadenic v priemere na 1/5, ¢o je
taktiez dobry vysledok. Pouzitie fyzickych bariér a chemického oSetrenia dokaze vyrazné
znizit poskodenie sadenic aje ho vhodné pouzZivat na miestach, kde ocakavame
poskodenie sadenic.

Dal§im ciel'om bolo otestovat’ moznosti hromadného odchytu tvrdofia do zemnych pasci.
Tu bol vykonany jeden experiment na Siestich rdznych lokalitich v Cesku ana

Slovensku. Testovali sme 4 druhy synteticky vyrabanych rdéznych typov atraktantov do
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zemnych pasci a jeden prirodzeny atraktant (borovicova vetvicka s etanolom). Najviac
imag sa nam podarilo odchytit’ na prirodzeny atraktant, celkovo cez 4500 ks imag H.
abietis a H. pinastri. Zo syntetickych atraktantov najviac imag odchytil alfa-pinén
s etanolom, necelych 2100 imag, nasleduje komeréne dostupny pripravok Hylodor s viac
ako 1 800 imag. Dalsie dva atraknanty, ktoré obsahovali terpentinovy olej s etanolom,
spolu alebo oddelene odchytili okolo 1000 imag. Metdda odchytu imag do zemnych pasci
je vhodna pre prax ma monitoring a pri pouziti dostatocného mnozstva pasci na hektar by
mohla sluzit’ ako kontrola.

Poslednym cielom prace bolo v laboratérnych podmienkach otestovat’ wU¢innost’
entomopatogénnej huby B. bassiana na mortalitu imag tvrdona smrekového. Tu sa
vykonala séria experimentov, kde sme identifikovali vhodny kmeii huby, ktory dokaze
uspesne usmrcovat’ imaga tvrdona smrekového. Vyselektovali sme kmefi, ktorému bolo
pridelené oznacenie B. bassiana AMEP20. Tento kmen sme d’alej testovali v r6znych
formach aplikacie namacanie imag do suspenzie. Infikovali sme sadenice anasledne
pridavali imaga po jednotlivych diioch. Zistili sme, Ze huba dokaze na sadeniciach prezit
6 dni a pocet usmrtenych imag so zjavnymi zndmkami prerastenia mycéliom bolo 63,2
%. Stibezne so skimanim vhodného kmena huby na tvrdonia smrekového sme vyvijali
nosic¢, na ktory sme podali Slovenskt patentova prihlasku znacky spisu PP 79-2019 s
nazvom ,,Biologicky pripravok na ochranu rastlin, sposob jeho pripravy a sposob jeho
pouzitia“ bola podanda 12. 7. 2019 amedzindrodni patentova prihlaSku
PCT/SK2020/050007. Na tento nosi¢ bol tspesne nao¢kovana huba B. bassiana , kmen
AMEP20. Sériou testov najskor Vv laboratornych podmienkach pocas roku 2016 a 2018
sme zistili, Ze nosi¢ s hubou dokazu nainfikovat’ a usmrtit’ imaga tvrdonia smrekového.
Nosicu neuskodi, ked’ je vystaveny nepriaznivym vplyvom ako je sucho, UV-C Ziarenie
amraz. Vroku 2016 sme dosiahli horsie vysledky lebo testovanie len zacinalo
a nedokazali sme hubu dostatocne dobre sporulovat’. Pocas nasledujucich dvoch rokov
sme sporulaciu hub na nosi¢i vylepsili, ¢o dokazuju testy v roku 2018, kde sme vykonali
dva testy. Jeden v laboratornych podmienkach a druhy v poloprirodnych. Mortalita imag
Vv laboratornom teste dosiahla pri vSetkych typoch oSetrenia nosi¢a nepriaznivymi
vplyvmi 100 %. Poloprirodny experiment, kde imaga neboli stale v pritomnosti nosica,
dosiahol uspokojivé vysledky s mortalitou imag tesne pod hranicou 90 %. V roku 2019
sme vykonali posledny experiment v terénnych podmienkach, kde sme testovali nosi¢
S hubou. Experiment bol zalozeny na Styroch blokoch. Jeden blok kontrolny (bez

nosi¢ov). Na zvysSnych troch blokoch boli umiestnené nosi¢e. Odchyt imag z ploch
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prebiehal do zemnych pasci na d’alsi tyzden, kedy sme zozbierali 530 imag zo zemnych
pasci a 34 imag bolo odobranych priamo z kory od nosica, na ktorych sme nasledne
sledovali mortalitu spésobenti hubou B. bassiana. Mortalita na konci sledovania bola
najvacsia pri imagach beetlebark a to 91 %. Nasledovali imaga odobrané zo zemnych
pasci z bloku bark mortalita 62,16 %. Dalgie boli iméga z bloku atractant mortalita 51,16
%, a na bloku carrier bola mortalita 41,59 % a na kontrolnom bloku control 18,69 %.
Vysledky tohto experimentu st vel'mi sl'ubné, ked’ze nevieme zaruCene povedat’, ze
vSetky imaga, ktoré boli na ploche odchytené¢ do zemnych pasci, prisli do kontaktu
s nosi¢om. Tato metdda obrany sa ukazuje ako perspektivna pre prax, je aj ekologicka
lebo kmen huby pochadza priamo z prostredia Slovenska, ¢ize je pévodna a material, na
ktorom huba rastie je taktiez prirodny a rozloziteny. Tato metéda ochrany si vSak

vyzaduje d’al$ie skimanie.
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1 | INTRODUCTION

Abstract

The large pine weevil (Hylobius abietis L.) is an important pest of young forest stands
in Europe. Larvae develop under the bark of freshly cut pine and spruce stumps, but
maturing weevils feed on the bark of coniferous seedlings. Such seedlings frequently
die because of bark consumption near the root collar. We tested the effect of three
treatments (the insecticide alpha cypermethrin, a wax coating and a glue coating) on
the feeding damage caused by H. abietis on Douglas fir (Pseudotsuga menziesii) and
Norway spruce (Picea abies) seedlings under semi-natural conditions. In two experi-
ments (one in 2016 and another in 2017) seedlings in cages were subjected to pine
weevil feeding for 16 weeks under shaded outdoor conditions. The experiment in
2016 compared insecticide and wax treatments and an untreated control on Douglas
fir and Norway spruce, and the experiment in 2017 compared insecticide, wax and
glue treatments and an untreated control on Norway spruce. In both experiments, all
treatments significantly reduced H. abietis feeding damage at week 8 at the end of
both experiments (week 16); the effect of treatments was significant only on spruce
seedlings. The damages on Douglas fir seedlings was less on treated seedlings than
on untreated control seedlings but differences were not significant. Coating stems
with glue and especially with wax was generally effective at reducing weevil damage
and in most cases provided control that was not significantly different from that pro-
vided by insecticide treatment. Our results suggest that a wax coating has the poten-
tial to replace the protection of seedlings provided by insecticides.

KEYWORDS
alpha cypermethrin, Douglas fir, glue, Hylobius abietis, integrated pest management, Norway
spruce, wax

contrast, feed on the bark of coniferous seedlings; such seedlings fre-
quently die after the bark near their root collar is consumed (Day

The large pine weevil (Hylobius abietis L.; Coleoptera: Curculionidae) is
an important forest pest in Europe (Langstrom and Day, 2004; Moore
et al., 2004). Larvae develop under the bark of roots and freshly cut
stumps of conifer species and thus contribute to their gradual decom-
position (Leather et al, 1999; Moore et al, 2004; Nordlander
et al, 1997; von Sydow & Birgersson, 1997). Mature weevils, in

et al., 2004). H. abietis usually damages coniferous seedlings when
planting is carried out on 1- to 3-year-old clear cut sites
(Nordenhem, 1989; Nordlander, 1987; Orlander et al., 1997, 2000). In
spring, large numbers of adults move into forest areas that have been
recently clear-cut (Solbreck & Gyldberg, 1979) where they lay eggs in

stumps or roots and feed on present seedlings throughout the spring
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and summer (Nordlander et al., 1997). Under favourable conditions,
the majority of a new generation of H. abietis adults appears at the
end of summer, and feeds on seedlings in the clear-cut area before
hibernating in the soil (Scott & King, 1974). In the next spring, the
rest of the population emerge as adults, leave the soil and feed for
several weeks on naturally present seedlings or transplanted seed-
lings in the same area before they move to fresh clear-cut areas to
breed. The period between the two generations is usually 1 year in
Central Europe (R. Modlinger and J. Holu$a, unpublished) and
2 years in Scandinavia, but can be longer in shaded and colder areas
(Bakke & Lekander, 1965; Bejer-Petersen et al., 1962; Lekander
etal, 1985).

Because of climate change, however, the H. abietis life cycle has
been shortened in many locations, and damage caused by maturation
feeding of the second generation can occur as early as autumn
(Inward et al., 2012; Wainhouse et al., 2014), as has recently been
observed in Central Europe (J. Holusa, unpublished). Moreover, a
recent study showed that pine weevil damage is strongly and posi-
tively correlated with the accumulation of degree days (Nordlander
et al.,, 2017) and a warming climate could cause the bodies of H. abietis
to become larger, because larval and adult mass is positively related to
developmental temperature (Inward et al., 2012). H. abietis appears to
be pre-adapted to “benefit” from predicted changes to the climate,
which could have important implications for its management (Inward
etal, 2012).

Integrated forest protection methods against H. abietis have been
known for a long time (Eidmann, 1974; Langstrém and Day, 2004;
Nordlander et al., 2011; Wallertz et al., 2014). Large-scale natural or
artificial disturbances of pine and spruce forests produce many
stumps that are suitable for H. abietis oviposition and development.
At such sites, a simple control method is to postpone planting, that is,
to leave the site fallow, after the disturbance by at least the period
required for the development of H. abietis adults, because after 1 year
stumps are no longer suitable for H. abietis oviposition in Central
Europe. The emerging adults feed on other available food sources if
planted seedlings are not present (Wallertz et al., 2006; Fedderwitz
etal, 2018).

Removing stumps, which are the oviposition substrates, is consid-
ered a suitable method for controlling H. abietis populations (Rahman
et al, 2015), however, some larvae will remain in the roots and
emerge as adult weevils that will still cause damage. De-stumping may
be helpful if practised for other reasons (e.g. preparation of a site for
planting) but cannot be used on sites where it will reduce the nutrient
status (Moffat et al., 2011). Naturally established stands suffer less
damage than artificially established stands (Selander et al., 1990),
partly because the number of seedlings per ha tends to be greater in
naturally established stands such that the feeding damage is spread
over a greater number of seedlings (Saniga, 2010).

Substantial damage to seedlings may occur if large areas are
replanted within 1 year of disturbance. In such cases, physical or
chemical protection of seedlings is required (STN 48 2712, 2016).
Demand for use of these protective measures has recently increased
in response to H. abietis populations rising because of more frequent
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wind disturbance events (Kunca et al., 2016) creating more weevil
breeding habitat (dead and dying trees; Nordlander, 1987).

Regarding physical and chemical protection, Petersson et al. (2004)
found that plastic or paper collars that prevent weevils from climbing
up and feeding on stems are as effective as chemical protection. The
most frequently used insecticides for protecting seedlings against
H. abietis are synthetic pyrethroids (Rose et al., 2005, 2006). The use
of these insecticides, however, has been banned in the EU due to con-
cerns about environmental impacts, although the EU allowance for
permethrin has been extended to October 31, 2026 (https://ec.
europa.eu/food/plant/pesticides/eu-pesticides-database/public/?event=
activesubstance.detail&language=EN&selectedID=937); insecticide use
is also problematic because they can only protect seedlings for one
growing season, therefore as many as 2-3 repeat sprays per year are
required in some areas (Viir, 2007). Regarding neonicotinoids,
H. abietis is known to avoid food sources treated with the
neonicotinoid imidacloprid (Rose et al., 2005).

Other environmentally safer methods for protecting seedlings
against H. abietis feeding have been developed, and these include
coating the seedling stems with either a sand-covered fixative
(Conniflex) or with wax (KVAAE). In the sanding method, fine sand
along with acrylate fixatives is applied to the stems of seedlings. The
sand coating is flexible and is not dislodged by temperature change.
The fine sand grains (~0.2 mm) can easily move between the mandi-
bles of weevils and hinder chewing, therefore they avoid feeding on
the sand coating (Nordlander et al., 2009).

In the wax method, a specially developed melted wax is applied
to the stem of seedlings from the root collar to a height of 15 cm. The
wax, which is significantly more elastic than normal wax, provides a
physical barrier and reduces emission of plant volatile attractants and
thereby greatly reduces the feeding of large pine weevils. The white
colour of the wax is also advantageous, because it reflects solar radia-
tion and thereby reduces heat damage to the seedlings (http://kvaae.
http://kvaae.no/wp-content/themes/kvaae/assets/pdf/
results_eng.pdf). Wax has been used in Slovak forests since 2012,

no/what/;

when wax-application machinery was first purchased (Galko
etal, 2013).

Several studies from Sweden compared wax and insecticide treat-
ment against an untreated control on Norway spruce seedlings and

TABLE 1  Seedlings mortality (%) of insecticide treated seedlings
and wax treated seedlings in previous studies
Merit
References forest WG Wax Type of wax
Petersson 430 430 Bugwax 103
etal., 2006
Harlin & 29.3 40.7 KVAAE wax typ C
Eriksson, 2016
Eriksson 20.0 13.3and KVAAE wax typ C
etal., 2017 10.7 and D
Eriksson 8.7 10.7 KVAAE wax typ F
etal., 2018
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found seedling mortality was comparable between insecticide and wax
(Table 1, Eriksson et al., 2017, 2018; Harlin & Eriksson 2013, 2014, 2016;
Petersson et al., 2006).

Another possible method for controlling H. abietis is the application
of entomological glues such as the Bayer glue coating that has been
used in experiments in Sweden (Eriksson et al., 2017). Glue products,
for example Vermifix, are also used to control other insect pests includ-
ing ants, geometrid moths, louse, whiteflies, weevils and Lecanium
scales (http://www.moudry-cz.com/download/KatalogCZ pdf).

Most of the above-mentioned studies compared protective
methods against the H. abietis only on Norway spruce seedlings. Pine
weevil, however, damages a wide spectrum of woody plants, including
Douglas fir, which is a commonly planted species in Europe. We there-
fore compared the feeding damage caused by H. abietis adults on both
Norway spruce and Douglas fir seedlings. We conducted two Experi-
ments (I, ll). In Experiment |, which was conducted in 2016, we com-
pared the effect of insecticide and wax treatments against an untreated
control on Norway spruce and Douglas fir seedlings. In Experiment II,
which was conducted in 2017, we compared insecticide, wax and glue
treatments on Norway spruce seedlings. Both experiments were carried
out in outdoor cages (i.e. under semi-natural conditions), so that we
could control the number of adult weevils per cage and provide the
same watering and light exposure for all seedlings.

2 | MATERIALS AND METHODS

21 | Location, insects and seedlings
Experiments were performed in a shaded outdoor insectarium (semi-
natural conditions) in Banskd Stiavnica, Slovakia (48.464089°N,
18.904954°E; Figure 1a). The cages used in the experiments were 70 cm
high, 50 cm wide and 50 cm deep (Figure 1b). The bottom and the frame
of each cage were constructed from chipboard, the three sides were
enclosed with an insect-proof net and the top and front doors were glass.
Throughout the study, H. abietis adults were collected as needed
in bark traps deployed in the Low Tatras (49.005810°N,
20.041072°E). The collected weevils were kept at 4°C until they were
used for experiments. To select weevils for experiments, specimens
were placed in boxes with pine twigs at 18°C; after 10 h, healthy and
undamaged adults with an average length of 12 mm were moved into
cages. Every 2 weeks the H. abietis adults in cages were replaced with
new adults to ensure continual pressure from weevil. The insecticide
caused mortality of adults therefore, by replacing dead or dying bee-
tles with new beetles, we imitated 'natural' field conditions. Douglas
fir (Pseudotsuga menziesii) and Norway spruce (Picea abies) seedlings
were supplied by OZ Semenoles Liptovsky Hradok (Slovak State For-
ests). The seedlings were 1.5 years old and were growing in 90-cm®
containers (one seedling per container). Before experiments were con-
ducted, the seedlings were transplanted into pots (7 cm high, top
width 40 cm, bottom width 32 cm; one seedling per pot) containing
10.08 L of KEKKILA PROFESSIONAL (Vantaa, Finland), which is a

substrate for growing coniferous trees.

FIGURE 1

(a) Outdoor insectarium, (b) seedlings in a cage, (c) a
seedling treated with Vermifix glue and (d) a seedling treated with
KVAAE wax

2.2 | Methods tested

We assessed H. abietis feeding damage on untreated seedlings and on
seedlings treated with Vermifix glue, KVAAE wax Type C or the insecti-
cide VAZTAK, which contains alpha-cypermethrin. Vermifix glue (white
mineral oil, oligomers polyolefins, solvent, gas; Papermill Moudry s.r.o.,
Zidlochovice, Czech Republic; Figure 1c) was sprayed directly on the
bark of the transplanted seedlings from 5 to 10 cm distance. The glue
was applied so as to form an even, continuous and thin layer along the
seedling stem from the substrate to a height of 15 cm.

KVAAE wax (hydrocarbon waxes [petroleum], microcrystalline,
hydrotreated, rosin, hydrogenated, titanium dioxide; NORSK WAX,
Stavern, Norway; Figure 1d) was applied to stems from the root neck
to a height of 15 cm by dipping the seedlings into a container filled
with melted (heated) wax before planting. Once applied, the wax
hardens quickly. To avoid overheating, the treated seedlings were
immediately cooled by placing them on a 7-m-long conveyor belt on
which they were sprayed with water.

Seedlings were treated with the synthetic pyrethroid insecticide
Vaztak 10 EC in Experiment | and with the synthetic pyrethroid

125



LALIK €T AL,

Annals of Applied Biology b —WI LEY. 135

insecticide Vaztak Active in Experiment Il (BASF SE, Ludwigshafen,
Germany). These micro-emulsions are light-stable and are sprayed onto
plants. Vaztak 10 EC alpha-cypermethrin, and Vaztak Active, respec-
tively, contain 100 and 50gL™ of the active ingredient alpha-
cypermethrin. These insecticides were applied as a 1% spray from the
root neck to a height of 15cm immediately after seedlings were
transplanted. Seedling stems were sprayed using a Solo 402 sprayer
with an FE type nozzle, which sprays 300-um-diameter droplets.
According to the producer, both pesticides are effective for 28 days
after application.

23 | Experimentl
Ten replicate cages were used in Experiment |. Each cage contained
six pots (three with Norway spruce seedlings and three with Douglas
fir seedlings). The average + SD height and diameter (at the root collar)
of the Norway spruce seedlings was 30.5 + 6.8 cm and 6.8 + 1.2 mm,
respectively. The average height and diameter of the Douglas fir seed-
lings was 34.32 + 6.86 cm and 6.57 + 1.19 mm, respectively. Seed-
lings were irrigated with 1 L of water immediately after planting and
with 0.5 L of water at weekly intervals thereafter. In each cage, two
seedlings (one Norway spruce and one Douglas fir) were treated with
the KVAAE wax; two other seedlings (one Norway spruce and one
Douglas fir) were treated with Vaztak 10 EC insecticide (1% concen-
tration); and the remaining two seedlings (one Norway spruce and
one Douglas fir) were untreated controls. The seedlings in each cage
were randomly arranged in a hexagonal pattern with 10 cm between
neighbours. The arrangement of the seedlings in each cage was ran-
domly changed each week. At the beginning of the experiment, two
H. abietis adults (undetermined sex) were placed in each cage, and
these were replaced by new adults every 2 weeks because the insecti-
cide caused adult mortality. The pine weevils were replaced early in
the morning before they had burrowed into the soil.

Experiment | was conducted for 16 weeks (from May 3 to August
23, 2016). At weekly intervals, a transparent millimetre paper was
placed on feeding scars to measure the area of damage on each
seedling.

24 | Experimentll

Twenty cages were used for Experiment Il. Each cage contained four
Norway spruce seedlings. The average + SD height and diameter
(at the root collar) of the seedlings at the beginning of the experiment
was 31.6 £ 5.1 cm and 6.9 £ 1.5 mm, respectively. Seedlings were irri-
gated with 1 L of water immediately after planting and with 0.5 L of
water at weekly intervals thereafter. In each cage, each spruce seed-
ling was either untreated (the control) or was treated with either
Vaztak Active 1%, KVAAE wax, or Vermifix glue. The seedlings in each
cage were randomly arranged in a square pattern with 25 cm between
neighbours. The arrangement of seedlings in each cage was randomly
changed each week.

Aninternational joumal of the GO

At the beginning of the experiment, two H. abietis adults
(undetermined sex) were placed in each of 10 cages, and four
H. abietis adults (undetermined sex) were placed in each of the other
10 cages. These were replaced by new adults every 2 weeks. The
experiment was conducted for 16 weeks (from May 9 to August
29, 2017). Feeding scars were measured weekly with transparent

millimetre paper as in Experiment I.

2.5 | Statistical analysis

In both experiments the effect of treatments on the area damaged by
feeding were analysed using a linear mixed model in RStudio (Version
1.1.423-2009-2018 RStudio, Inc., package Ime4, version 1.1-19;
Bates et al., 2015). The feeding damage data from both experiments
was transformed using the Yeo-Johnson transformation (R, package
best Normalise; version 3.4.1; Peterson, 2017) to improve the homo-
geneity of the variance and the normality of the distribution. Effects
of treatments were analysed for two time points in each experiment,
that s, at 8 and 16 weeks.

Because the bark of the root collars was damaged over time, the
diameters of most seedlings decreased during the experiments. In
addition, the height of seedlings decreased due to beetle damage.
These parameters were excluded from further analyses.

For the analysis of the damaged area in Experiment |, a linear
mixed-effects model (LMEM) was used, including treatment and tree
species (Norway spruce, Douglas fir) as fixed factors and cage as a ran-
dom factor. The interaction terms between treatment and tree species
were included for the damaged area, because both factors were signifi-
cant (p <.05). The log-likelihood ratio test comparing the full and the
reduced model was also significant (p < .05; ANOVA function in R).

In Experiment II, data was analysed separately for two and four
H. abietis adults per cage. The LMEM was used with treatment as a
fixed factor and cage as a random factor.

Pairwise differences of LS-means for selected factors in models
for both years were computed using the ImerTest package (version
3.0-1; Kuznetsova et al., 2017).

3 | RESULTS
3.1 | Experimentl
311 | 8weeks

Both wax and insecticide treatments significantly reduced the area of
H. abietis feeding damage at 8 weeks on Norway spruce seedling
(average area of feeding scars: wax = 0.4 mm?, insecticide = 4.5 mm?
both p <.001) and on Douglas fir seedlings (wax = 9.0 mm? p <.001;
insecticide 128 mm? p = 006) compared to the control (Norway
spruce = 301.2 mm, Douglas fir = 144.5 mm? Figure 3a.). The average
area of feeding scars was smaller on waxed seedlings than on insecticide-
treated seedlings (Norway spruce: p = .074, Douglas fir: p < .001).
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FIGURE 2 Weekly changes in the area of Hylobius abietis feeding damage on stems of untreated (control), KVAAE wax-treated, or Vaztak
insecticide-treated (a) Douglas fir seedlings and (b) Norway spruce seedlings in Experiment |

312 | 16weeks

At the end of the experiment (week 16), the effects of treatments on
the area of feeding scars were significant only for Norway spruce
seedlings (control = 5622mm? wax = 24.0mm? insecti-
cide = 13.6 mm? p <.001 for both treatments). The average area of
feeding scars was lower on treated Douglas fir seedlings than on con-
trol seedlings, but the effects were not significantly different statisti-
cally (control = 317.0 mm? wax = 141.5 mm? insecticide = 76.7 mm?;
p > .1 for both treatments; Figure 3b,d).

The wax coating performed better than the insecticide on both
plant species at 8 weeks, but at the end of experiment the feeding
scars area was smaller on insecticide-treated than on wax-treated
seedlings (Figures 2 and 3). The average area of feeding scars after
16 weeks was significantly greater on control Norway spruce seed-
lings than on control Douglas fir seedlings. In contrast, treated Nor-
way spruce seedlings were significantly less damaged than treated
Douglas fir seedlings. Two Norway spruce and one Douglas fir seed-
ling (all untreated) died during the experiment.

During the beetle exchange, we found 131 dead beetles among

the total of 160 beetles used in the experiment (mortality = 81.9%).

32 | Experimentll

321 | 8weeks

In cages with both two and four pine weevils, feeding damage was
significantly lower on treated Norway spruce seedlings (average area
of feeding scars with two weevils: glue = 58.5 mm?, p < .001; insecti-
cide = 81.0 mm?, p = .028; wax = 71.2 mm? p < .001; with four wee-
vils: glue = 110.5 mm?, p = .017; insecticide = 157.0 mm?, p = .049;

wax = 159.5mm? p<.001) than on control seedlings (two

weevils = 594.0 mm? four weevils = 737.0 mm?; Figure 4a,c). The
area of feeding scars was smaller on glue- and wax-treated seedlings

than on insecticide-treated seedlings.

322 | 16 weeks

In cages with both two and four pine weevils, feeding damage was signifi-
cantly lower on all treated Norway spruce seedlings (two weevils:
glue = 4125mm? p = .038; insecticide = 339.0mm? p = 174;
wax = 217.2 mm? p <.001; four weevils: glue = 533 mm?, p = 017;
insecticide = 477 mm?, p =.318; wax = 394 mm?, p =.019) than on con-
trol seedlings (two weevils = 835 mm? four weevils = 913 mm?. The
area of feeding scars was smaller on wax-treated seedlings (two weevils:
p =.002; four weevils: p = .028) than on insecticide-treated seedlings.

All (glue, insecticide, wax) treatments reduced the feeding damage
on Norway spruce seedlings. In the control group, seedlings began to
die early, and all were dead by the end of the experiment with both
two and four adults per cage (Figure 5c,d). With two adults per cage,
nearly half of the glue-treated seedlings had died by week 16, but only
three died with wax treatment, and only two died with insecticide
treatment (Figure 5c). By week 16 with four adults per cage, a high
percentage of all the treated seedlings had died (Figure 5d).

During the beetle exchange, we found 88 dead beetles among
the total of 160 beetles used in cages with two beetles (mortal-
ity = 55.0%); we found 184 dead beetles among the total of 320 bee-
tles used in cages with four beetles (mortality = 57.5%).

4 | DISCUSSION

In our experiments, all of the treatments reduced the feeding damage
of H. abietis on seedlings, and wax and glue treatments were as
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effective as insecticide sprays. However, the application of insecti-
cides can be problematic because of environmental and health risks
(Le Goff & Giraudo, 2019).

Information the (BASF  SE,

Ludwigshafen, Germany) indicates that both of the tested insecti-

provided by producer
cides are guaranteed to be effective for 28 days suggesting that
forest managers would need to spray seedlings two or three times
per year to protect seedlings for the whole period when they can
be damaged by H. abietis. In Slovak and Czech forestry practice,
however one spray of insecticide has been considered effective
for 2-3 months and our experiment also found insecticide protec-
tion against H. abietis lasted for 2-3 months. Treated seedlings
were attacked, however, when beetles had killed, and therefore
stopped feeding on, the untreated saplings in the cages
(Figures 2a,b and 4a,b).

41 | Experiment!

Experiment | compared Hylobius feeding damage on treated (insecti-
cide or wax) and untreated Norway spruce and Douglas fir seedlings.
After 16 weeks the average area of feeding scars was significantly
greater on control Norway spruce seedlings than on control Douglas
fir seedlings. Treated Norway spruce seedlings, however, were signifi-
cantly less damaged than treated Douglas fir seedlings. The former
finding is inconsistent with an earlier study (Wallertz et al., 2014),
which found that the area damaged by H. abietis was smaller on
untreated Norway spruce than on untreated Douglas fir seedlings in a
non-choice laboratory experiment. In the same study, the damaged
area was larger on Douglas fir seedlings than on the seedlings of most
of the other tested tree species, which this may be explained by the
chemical composition of the bark of the studied plants. Several
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authors have studied the chemical present composition of the bark of
Norway spruce and Douglas fir and found significant differences
between tree species in both the number of chemicals present and
their concentrations (Jirovetz et al., 2000; Dawidowitz & Czapczyriska
2011; Salem et al., 2015). The applied treatments (wax, glue and
insecticide) in the current study may change the composition of emit-
ted plant volatiles, reducing the acceptability of the host tree for
H. abietis. Further research will be needed to validate this assumption.

42 | Experimentll

At the outset of this study, we assumed that the area of bark con-
sumed by H. abietis would double when the number of adults added
per cage was doubled. Although the area damaged on untreated con-
trol seedlings at the end of the experiment (week 16) did not greatly

differ with two adults per cage (835 mm?) versus four adults per cage
(913 mm?), all control seedlings had died by week 12 when four bee-
tles were added per cage but not until week 16 when two adults were
added per cage. This difference in the time required to kill all seedlings
reflected the time required to damage the maximum area available,
that is, more time was required with two adults than with four adults.
The average area (835 and 913 mm?) of feeding scars on untreated
Norway spruce seedlings was similar to the damaged area reported by
Wallertz et al. (2014) (810 mm?). In Experiment I, damage on treated
seedlings in cages with four beetles was two times higher than in
cages with two individuals at week 8, but these differences had
decreased by the end of the experiment. We observed that beetles
were still feeding on dead seedling 1 week after seedling death, this
feeding was also included in the total damaged area.

Among insecticide-treated seedlings, the area of feeding scars
was much greater in Experiment |l than in Experiment |. The most likely
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explanation is that there were fewer seedlings per cage in Experiment I
(four seedlings) than in Experiment | (six seedlings). Another possible
explanation is that the concentration of the active ingredient in the
insecticide (alpha-cypermethrin) was two times higher in Experiment |
than in Experiment Il (100 vs. 50 g LY. An insecticide with a lower
concentration of active ingredient was used for Experiment Il because
that insecticide was registered in 2017 (after Experiment | was con-
ducted but before Experiment Il started) and is considered more envi-
ronmentally safe. This also impacted beetle mortality, which was higher
in Experiment | (82%) than in Experiment Il (56%) which could also
explain why herbivory was higher in the latter experiment.

The use of glue to protect seedlings against H. abietis has been
evaluated in only a few other studies. Eriksson et al. (2017) found that
a glue (Bayer) prevented adults from feeding on seedlings. When
there were two adults per cage in Experiment Il of the current study,

the glue provided good protection for about 10 weeks. At the end of
Experiment II, the glue treatment reduced seedling damage and seed-
ling mortality by about 50% relative to the untreated control
(Figure 5c,d). The glue used in the current study is similar in composi-
tion to the glue used in sticky bands, Tree Tanglefoot Pest Barrier
(The Tanglefoot Company Grand Rapids, Michigan;natural gum resins
25%, castor oil and carnauba wax 75%), which are used to protect
trees against lepidopteran pests. These bands reduce the movement
of larvae or non-flying adult females from trunks to tree crowns
(Berlinger et al., 1997; Mayo et al. 2003; Noukoun et al., 2014; Webb
etal, 1995).

Although the feeding rate by H. abietis adults in the current study
was statistically similar in the insecticide, glue and wax treatments,
the lowest feeding rate/area was observed in the wax treatments. We
found only a few other studies that have assessed the use of wax
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(Norsk Wax) to reduce feeding by H. abietis adults. Sibul & Plo-
omi (2016) found that H. abietis adults preferred un-waxed food over
waxed food. Other studies conducted in Sweden in natural conditions
found that average mortalities of insecticide treated seedlings and
wax treated seedlings were comparable (Table 1; Eriksson
etal., 2017, 2018; Harlin & Eriksson, 2016; Petersson et al., 2006).

A wax layer blocks the release of resin terpenes, which attract wee-
vils, from the stems of seedlings. As a result, waxed seedlings are attacked
less frequently than unwaxed seedlings. This treatment is effective for
1-2 years (pers. observ. from the Czech Republic and Slovakia), while
chemical protection is effective for only 2 months and must be repeated.
After 1-2 years, the wax coating begins to break and fall off because of
seedling growth and degradation by UV light. By that time, the seedling
stems have become thicker and more resistant to weevil damage (http://
kvaae.com/why/). Wax has a good level of biodegradability compared to
other physical protection methods according to OECD tests (https://
cordis.europa.eu/project/rcn/106266/reporting/en).

In our experiments, damage to seedlings was significantly reduced
by all of the tested treatments. In some cases, there were significant
differences between treatments, but wax performed best among all
treatments. Glue also significantly reduced H. abietis feeding damage,
but it was less consistent than either wax or insecticide as indicated
by the large variance in results. In terms of variance, the insecticide
was the most consistent treatment.

A disadvantage of cage experiments is that they limit weevil
choice, that is, after the weevils kill and finish feeding on untreated
seedlings, only treated seedlings are available. We therefore suspect
that the tested treatments may provide stronger protection against
weevils under natural conditions in which they can generally find
untreated food sources. If untreated food sources are unavailable, the
protection provided by the treatments may be reduced, but this

hypothesis needs to be verified by conducting field trials.

5 | CONCLUSION

For the protection of Norway spruce seedlings from feeding by
H. abietis adults, the application of a wax or glue coating was as effec-
tive as the application of a chemical insecticide containing alpha
cypermethrin. It follows that wax and glue applications may be useful
alternatives to insecticides for the protection of conifer seedlings. Our
results suggest that the use of waxed seedlings has the potential to
replace chemical protection, particularly in national parks and other
areas where insecticides cannot be applied.
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Abstract: The large pine weevil Hylobius abietis (Linnaeus 1758) is the main pest of coniferous seedlings
in Europe and causes substantial damage in areas that have been clear-cut or otherwise disturbed.
We compared the efficacy of different attractants for the capture of H. abietis adults in white pitfall
traps. The field experiment was performed from mid-April to the end of August 2018 at six plots
in Central Europe located in spruce stands that had been clear-cut. At each plot, we compared five
attractants: one pine twig with ethanol, Hylodor, alpha-pinene + ethanol, turpentine oil and ethanol
(separated), and turpentine oil + ethanol (not separated). Traps without attractant served as a control.
Six traps for each attractant or control were distributed at each plot. Of the total number of H. abietis
adults trapped, 43.3%, 20.5%, 17.9%, 9.8%, 8.5% and 0.5% were captured in traps with pine twigs
with ethanol, alpha-pinene, Hylodor, turpentine, oil + ethanol (separated), turpentine oil + ethanol
(combined), and no attractant, respectively. The bottom of each trap contained propylene glycol to
kill and preserve beetles. The small number of beetles captured in the control traps confirms that
the propylene glycol:water mixture did not influence the trapping of H. abietis. The use of pitfall
traps with a suitable attractant (especially pine twigs and ethanol) should be useful for monitoring of
H. abietis, because it is simple and cost-effective. The use of such pitfall traps to control H. abietis by
mass trapping would require 50 to 100 traps per ha.

Keywords: Hylodor; alpha-pinene; turpentine oil; ethanol; propylene-glycol; Norway spruce

1. Introduction

The large pine weevil Hylobius abietis (Linnaeus 1758) (Coleoptera: Curculionidae) is the main
pest of coniferous seedlings in Europe and is especially damaging in areas where seedlings have been
planted following clearcutting or other disturbances [1-3]. In such areas, the presence of fresh stumps
maintains high numbers of H. abietis. Over the last 100 years, foresters have used various methods to
protect seedlings from the damage caused by H. abietis feeding [1,3,4].

The basic protection method is to prevent H. abietis from feeding on seedlings. Feeding barriers
have been commonly used in Germany since 1920 [1]. Plastic collars were developed at the end of the
1970s [5] and have been in use since that time. During the late 1980s and the beginning of the 1990s,
researchers developed and tested several other shields, including stockings [6], plastic fibre wrappings
(“BEMA”) [7], and coated barriers [8]. Feeding can also be prevented by applying various coatings to
the seedling stem. The first coating used was latex, which prevented feeding on the bark [9]. Protection
can also be provided by a sand coating, which involves an initial application of acrylate glue and a
subsequent application of fine sand (grain size <0.2 mm). The treated seedlings can then be planted in

Forests 2019, 10, 642; d0i:10.3390/f10080642 www.mdpi.com/fjournal/forests

134



Forests 2019, 10, 642 20f 16

stands [10]. Another option is to coat seedlings up to a height of 15 cm with a special flexible wax,
which can protect the seedlings for 2 years [11].

All of the methods mentioned in the previous paragraph protect seedlings but do not reduce the
numbers of H. abietis in the environment. From the 1950s to 1970s, the development of barriers for
the protection of seedlings slowed, because insecticides with dichlorodiphenyltrichloroethane (DDT)
were used. Because DDT can harm humans [12] and other non-targets [13], pesticides containing DDT
were gradually restricted and finally forbidden. After insecticides with DDT were banned, research
concerning the development of other insecticides increased. Pyrethrins and synthetic pyrethroids
are sold as commercial pesticides used to control pest insects in agriculture, homes, communities,
restaurants, hospitals, schools, and as a topical head lice treatment [14]. Because of physiological effects
of synthetic pyrethroids on H. abietis [15-18], synthetic pyrethroids are used in the field [19-21].

The mass trapping of H. abietis using attracting materials was practised before seedling protection.
Mass trapping appears in the literature by 1839 [22]. The materials used to attract H. abietis included
“trap barks”, “trap logs”, or fresh branches. In each case, the bark, logs, or branches (which were
obtained from host species) were deployed in the field and then removed along with attracted beetles
after some period of time. A disadvantage was that the attracted adults remained alive and had to
be collected and killed. Trap barks were made more attractive by free placing pine twigs inside two
pieces of spruce barks [23].

The labour needed to collect H. abietis from trap barks can be reduced by treating the bark
with a synthetic pyrethroid or other insecticide such that the beetles are killed. In Europe, however,
this method is currently only being used ina few countries [3,24,25]. The main reasons for the decreased
use of this seedling protection method is the difficulty in preparing trap barks and the need for their
frequent inspection and replacement.

Another method of catching H. abietis adults without the need to collect them is to use pitfall traps.
Low numbers of traps are used (20-30 traps per ha), for monitoring [26]. The installation of pitfall
traps is simple, and their efficacy is increased by addition of an attractant. Many kinds of attractants
have been used, including wooden cylinders and discs [27-30], but the original lure from trap barks,
i.e., pine twigs [23], has been forgotten. Only a single modern work uses twigs from Norway spruce in
addition to bark [31].

Alpha-pinene combined with ethanol is highly attractive to H. abietis, which is understandable,
because alpha-pinene is one of the compounds in the resin of coniferous [32]. Traps containing
alpha-pinene with ethanol are more effective than traps that contain only alpha-pinene or only
ethanol [33]. These attractants have usually involved the use of two “evaporators” (the containers
holding the attractant and releasing its odours) per pitfall trap, i.e., alpha-pinene in one evaporator
and 70% ethanol in a second evaporator [32,34-36]. These chemicals have also been applied to increase
the attractiveness of bark and other natural materials [29].

Pitfall traps with attractants can be used both to monitor and control pest populations [27,30].
Such traps, along with chemical protection of seedlings, have been widely used in Poland [37]. Traps
IBL-4 containing Hylodor, the aggregation pheromone of H. abietis [38], caught significantly more of
H. abietis than natural (branches, discs) baits [30].

The pitfall traps used to trap H. abietis are usually simple containers or tubes [31-35,39].
The containers or tubes are buried in the soil, but their tops, which extend above the soil surface,
have holes at the soil surface that enable beetles to enter. A recent trend is to create more complex
constructions, such as a funnel with holes and a bottle [36], or other types of traps used in Poland [38].

The goal of this work was to evaluate the ability of simple pitfall traps (small buckets) to capture
H. abietis adults. The traps contained a natural attractant (a pine twig), artificial attractants based on
natural compounds (alpha-pinene, turpentine oil, and ethanol), or a commercially available aggregation
pheromone (Hylodor).
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2. Materials and Methods

2.1. Localities

The experiment was conducted in Norway spruce (Picea abies (L.) Karst) forests at four localities
in the Czech Republic and at two localities in Slovakia (Figure 1). Norway spruce represented at least
90% of the trees (Table 1).

XK sty shes Brossenres tres
B Conersas tovest

Figure 1. The six localities in the Czech Republic and Slovakia used in the current study.

Table 1. Description of study localities.

Country/Locality Geographical Coordinates  Area (ha) Altitude Aspect Establishment of Cleared Area Spruce Share (%)
CZ/Arnostov ‘iggzg%g’: 074 944-946 Southeast Felling September 2017 95
SK/Vy3né Hagy 3%112022]1312 21,5 1216-1220 South Wind-throw May 2014 95
CZ/KaSperské Hory ?gg;zz;’: 081 780-785 Southwest Felling October 2017 100
CZ[Kostelecn. C. L 4349;;!]3;‘46;’3\1 0.62 402-404 South Felling December 2017 90
5"41';‘,’:2’::"5 g 104 11151127 North B"’"‘;Zfizf;sz"o’;;’“e 100
CZ/Marianske Lizné ?2%%‘22’: 045 819-820 Plane Bark-beetle ‘;LS;;' benceMay 100

The trees at the locality had been removed for felling (harvest) or because of wind damage or bark beetle outbreak
(Table 1). After the trees were removed, there were about 400 stumps per ha.

2.2. Attractants and Evaporators

Pine twigs and four chemical attractants were tested. All twigs (50 mm long and 12 + 2 mm in
diameter) were cut from a single 50-year-old Pinus sylvestris (L.) tree on 10 April 2018. The age of
the twigs was 4-6 year. The twigs were stored in hermetically sealed polyethylene bags at =20 °C.
One thawed twig was placed per trap, and a 20-mL bottle containing ethyl alcohol was placed next to
the twig. The lid of the bottle had six holes with a diameter of 2 mm and one hole with a diameter
of 4 mm; a polypropylene string that was attached to the larger hole and to the trap rim was used to
suspend the bottle in the trap.

Four kinds of evaporators were used to disperse the chemical attractants. One of these was
the Hylodor (A) (Z.D. Chemipan), which is a commercially available evaporator plus attractant
(a mixture of organic and inorganic substances) produced in Poland (Table 2). The other type of
evaporator consisted of a polypropylene tube fabricated by the Fytofarm Ltd. Co. (Bratislava, Slovakia)
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(Table 2). The polypropylene tubes were used for the other three kinds of attractants and the control.
After the tubes were filled, they were head sealed, and the content was released only through the

polypropylene walls.

Table 2. Descriptions of the attractants.

Attractant Daily Vapour (g) ** Attractant Composition Ratio of Components
A—Hylodor 0.012 mixture of organic and inorganic substances 5
mixture of alpha-pinene
A (1R)-(+)-alpha-pinene (98%) CAS7785-70-8, g7
— - ¥ 0.070 2
B slpha-pinere’y ethang] oo FINECS: 232087-8 + ethanol CAS: 64-17-5, !

EINECS: 200-578-6

1st tube: ethanol CAS: 64-17-5, EINECS:
C—Turpentine oil + ethanol 1st tube: 0.023 200-578-6 100%
separated * 2nd tube: 0.241 2nd tube: turpentine, oil CAS: 7785-70-8, 100%
EINECS: 232087-8

mixture: turpentine, oil CAS: 7785-70-8,

D—Turpentine oil + ethanol * 0.093 EINECS: 232087-8 + ethanol CAS: 64-17-5, Qi
EINECS: 200-578-6

RC-pinchmindi ¥ etiangl 0402 ethanol CAS: 64-17-5, EINECS: 200-578-6 3
in a bottle
* The evaporators for these attractants were polypropylene tubes (diameter = 23 mm, height = 49 mm, volume =
12.5 ml, weight without attractant = 3.5 to 4.0 g). Each tube contained 6 mL of attractant. ** Vapour in the laboratory
condition at 19.54 + 1.73 °C, 36.53 + 3.12%; *** Used according to [33]; **** Used according to [29].

2.3. Pitfall Traps and Experimental Design

Pitfall traps consisted of 1.2-litre buckets with 10 holes (10 mm in diameter) in the upper part of
the trap (Figure 2). The traps had lids and were buried in the ground so that the holes, through which
beetles could pass, were at the soil surface. The bottom of each trap contained 200 mL of propylene
glycol (CAS: 57-55-6, EINECS: 200-338-0) mixed with water (1:1 ratio) and Tween 80 wetting agent (Carl
Roth, CAS 9005-65-6), which killed and preserved the beetles that fell into the trap. One evaporator,
in which the attractant was placed, was also hung from the upper rim of each trap so that it rested
along the inner wall of the trap and above the propylene glycol-water mixture.

Figure 2. Photographs of representative pitfall traps and different type lure (a-d).
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A total of 36 pitfall traps were placed in one plot (22.0 m x 28.5 m) at each locality. The distance
between the traps was 5-6 m depending on the obstacles in the field. Among the 36 traps in each plot,
24 contained chemical attractants, 6 contained one pine twig + ethanol in a bottle, and 6 were without
any attractant and served as negative control. The traps were distributed in the plot so that a specific
type of attractant was not located near the same attractant type (Figure 3).

NC1

A - Hylodor
PC1 Al B1 C1l D1
B — Alpha-pinene + ethanol 70% 1 : 2 3 pmeters

) ) NC2 A2d—»(C2 D2 PC2 B2 NC3
C—Turpentine, oil + ethanol separated

D —Turpentine, oil + ethanol 2: 1 B3 D3 pPc3 A3 c3
NC — Negative control

c4 B4 Ad D4 PC4
PC — Pine twig+ ethanol

NC4 D5 PC5 G5 B5 A5 NC5

A6 B6 PC6 D6 C6

NC6

Figure 3. Locations of the pitfall traps in a plot (the attractant is indicated by the letters, and the trap
replicate is indicated by the number).

The experiment began on 13 April 2018 and ended on 31 August 2018. Traps were checked
every week at each plot on the same day of the week; all trapped beetles were removed and counted
according to species and sex. For traps with twigs, twigs were replaced, and fresh ethanol was added
to the bottles every week. For traps with synthetic attractants, the attractants were replaced during the
8th and 16th week of the experiment.

2.4. Statistical Analyses

The cumulative number of H. abietis adult males and adult females caught per trap across all
trap types did not fit a normal distribution (Figure 4), and the data failed the test for homogeneity
of variance concerning the effects of attractant and locality (Bartlett’s K-squared = 206.72, df = 5,
p-value <0.001 = 2.2 X 1071¢). As a consequence, the general linear model (GLM) rather than ANOVA
was used. The complete model is presented in Appendix A.

The results of the GLM model were tested using ANOVA for detection of differences and their
sizes among different treatments and localities. Statistical analyses were performed in R software
(RStudio Version 1.1.423, © 2009-2018 RStudio, Inc., package Ime4, version 1.1-19, Boston, MA, USA).
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Figure 4. Frequency distribution of numbers of H. abietis adult males (a) and females (b) caught per
trap across all attractant types.

3. Results

The main species captured in our pitfall traps were H. abietis and H. pinastri. In total, 8266 adults
of H. abietis and 2040 adults of H. pinastri were caught in all pitfall traps at all localities. The number
of H. abietis caught per locality and per attractant type was correlated with the number of H. pinastri
caught per locality and per attractant type (y = 10.08 + 0.20x; r = 0.90; p = 0.0000; r*> = 0.81). The number
of trapped adults (total of both species) was highest with a pine twig + ethanol (Table 3). Among the
chemical attractants, the number of trapped adults (total of both species) was highest with alpha-pinene
+ ethanol followed by turpentine oil and ethanol (separated); the number was lowest with turpentine
oil + ethanol (combined) (Table 3).

Table 3. Numbers of H. abietis/H. pinastri trapped as affected by locality and attractant.

- Attractant
g Alpha-Pinene + Turpentine, Oil + Turpentine, Oil + Negative Pine Twig +
Locality Hylodor Ethanol Ethanol Separated Ethanol Combined Control Ethanol
Arnostov 269/38 405/74 137/9 102/2 8/0 681/144
Vysné Hagy 150/72 265/96 130/48 59/9 1/0 449/185
K‘f_{’:;ke 34,379 273/54 205/63 205/76 23/0 656/202
Kostelecn. C.L 22872 286/65 200/51 139/37 0/0 367/95
Liptovska
Teplitka 456/88 416/80 103/18 137/35 9/0 1310/226
Marianské
Lizné 34/7 47017 32/10 22/18 2/0 117/69
Total 1480/356 1692/387 807/199 664/177 43/0 3580/921

The H. abietis sex ratio differed among localities. Two localities had a 50:50 sex ratio, two had
more males than females, and two had more females than males (Table 4). Across all localities, the
average number of adults trapped per ha was >14,000 for H. abietis and >3000 for H. pinastri (Table 4).
The number of H. abietis adults trapped per ha significantly differed among localities and was highest
at Liptovska Teplitka and lowest at Marianské Lazné (Table 4).
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Table 4. Numbers of H. abietis males and females and H. pinastri (both sexes) trapped at individual
localities (* average).

Number of

Number of H. abietis Sex Ratio of Total L ber of ber of Number of
Locality H. abietis l;em s Trapped of H. abietis H. abietis H. pinastri H. pinastri
Males Trapped Tapped Males:Females Trapped Trapped/Ha Trapped Trapped/Ha
Arnostov 480 1122 30:70 1602 16,584 267 2764
Vyiné Hagy 456 598 43:57 1054 10,910 411 4255
Kasperské Hory 979 726 57:43 1705 17,650 474 4907
Kostelec n. C.L. 610 610 50:50 1220 12,630 320 313
Liptovska Teplicka 1212 1219 50:50 2431 25,165 447 4627
Marianské Lazné 140 114 55:45 254 2630 121 1253
Total or average 3877 4389 47:53 * 1378 14,261* 340 3520 ¢

The numbers of trapped individuals significantly differed among localities and attractants
(Figures 5 and 6 and Appendix A). Trapping was highest with a pine twig + ethanol. Trapping was
generally similar with Hylodor and alpha-pinene + ethanol but was higher with Hylodor at some
localities (Kadperské Hory, Liptovskd Teplitka) and was higher with alpha-pinene + ethanol at other
localities (Arnotov, Vy¥né Hagy, Kostelec n. C.L., Maridnské Lazng). Trapping was significantly lower
with turpentine oil + ethanol (separated) and with turpentine oil + ethanol (combined) than with a
pine twig + ethanol, Hylodor, or alpha-pinene + ethanol.

L ]

ol Amoltov  VySné  Kalperske Kostplecn Liptovska Mananské
. o (4] Tephtha Lané

Attractants Locations

« Bars 5% C Enor Bars: 5% CI

Figure 5. Number (mean + SE) of H. abietis trapped with individual attractants across all localities
(a) and at individual localities across all attractant treatments including the control (b) (for attractant
abbreviations, see Figure 1).

At all localities, trapping was highest at the beginning of May and then gradually decreased
(Figure 6). At the end of the experiment, only a few individuals were trapped at each locality (Figure 6).

Pairwise comparisons were made of the efficacy of attractants in trapping H. abietis (based on
the number of individuals by sex trapped across all localities) (Tables 5 and 6). Almost all pairs were
statistically different. For both males and females, trapping was always highest with a pine twig with
ethanol and was always lowest with the no attractant control. Trapping did not significantly differ
between turpentine oil + ethanol (separated) vs. turpentine oil + ethanol (combined) for both males
and females or between turpentine oil + ethanol (separated) vs. Hylodor for males.
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Table 5. Pairwise comparison of attractant efficacy in trapping male H. abietis (based on number of
individuals trapped across all localities).

Attractant Pair Absolute Difference Standard Error z-Value p-Value
B-A 0.4400 0.1471 2991 <0.02791 *
C-A -0.4595 0.1844 —2.492 0.10974

NC-A -2.5390 0.4241 -5.987 <0.001 ***
D-A -0.7198 0.2005 -3.591 <0.00368 **
PC-A 0.9268 0.1355 6.838 <0.001 ***
C-B -0.8995 0.1712 -5.254 <0.001 ***
NC-B —-2.9789 0.4185 -7.118 <0.001 ***
D-B -1.1598 0.1884 -6.155 <0.001 ***
PC-B 0.4868 0.1170 4.162 <0.001 ***
NC-C -2.0794 0.4330 —-4.802 <0.001 ***
D-C -0.2603 0.2188 -1.190 0.82316
PC-C 1.3863 0.1614 8.591 <0.001 ***
D-NC 1.8192 0.1614 4133 <0.001 ***
PC-NC 3.4657 0.4146 8.360 <0.001 ***
PC-D 1.6466 0.1795 9.171 <0.001 ***

(Signif. codes: 0 ***’;0.001 “**’; 0.01 **').

Table 6. Pairwise comparison of attractant efficacy in trapping female H. abietis (based on number of
individuals trapped across all localities).

Attractant Pair Absolute Difference Standard Error z-Value p-Value
B-A 0.39330 0.09315 4222 <0.001 ***
CA —0.77405 0.12813 —6.041 <0.001 ***

NC-A —4.56954 0.71076 —-6.429 <0.001 ***
D-A -1.08830 0.14341 ~7.589 <0.001 ***
PC-A 0.92557 0.08506 10.882 <0.001 ***
C-B -1.16736 0.12138 -9.618 <0.001 ***
NC-B —4.96284 0.70957 -6.994 <0.001 ***
D-B -1.48160 0.13741 -10.782 <0.001 ***
PC-B 0.53227 0.07450 7.145 <0.001 ***
NC-C —=3.79549 0.71501 -5.308 <0.001 ***
D-C -0.31425 0.16316 -1.926 0.337
PC-C 1.69963 0.11528 14744 <0.001 ***
D-NC 3.48124 0.71790 4.849 <0.001 ***
PC-NC 5.49512 0.70856 7.755 <0.001 ***
PC-D 2.01388 0.13205 15.251 <0.001 ***

(Signif. codes: 0 “***;0.001 “**'; 0.01 *).

4. Discussion

During the growing season of 2018, we recorded the capture of H. abietis in pitfall traps deployed
in recently cleared spruce stands in six Central European localities where altitudes ranged from 400
to 1220 m a.s.l. The large-scale experiment (covering an area of 550 km x 200 km) was performed
in two countries (Figure 1). Buckets of 1.2-litre were used as traps with 10-mm-diameter entrance
holes (Figure 2). These pitfall traps were easy to construct and deploy. However, pitfall traps are
not selective, even with use of entrance holes. They can also catch other invertebrates, but impact is
weak [31]. They have to be expose only for necessary period and have not be forgotten in forests [40].

All of the attractants in our experiment showed some ability to attract H. abietis and H. pinastri.
H. abietis is very abundant in Central Europe [3]. H. pinastri is also common [4,41-44] but is less
abundant than H. abietis [45-47]. We assume that fewer H. pinastri than H. abietis were attracted to
pitfall traps with pine twigs because H. pinastri prefers spruce [48] while H. abietis prefers pine [49].

For H. abietis, trapping was always highest with a pine twig with ethanol. It should be recognized
that daily vapours of studied attractants are low in comparison with published data [33,35,36].
Experimental evaporators have comparable vaporization as manufactured Hylodor. Ref. [33] had
higher vapour, but used attractants that in the bottle and filter paper. This method is not used in
practice. We wanted to test the methods usable for forest practice and easy to use. For foresters,
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the industrially produced evaporators are the best. Therefore, we used Hylodor and other types of
evaporator consisting of a polypropylene tube manufactured by Fytofarm Ltd. Co. The thermoplastic
material used ensures regular evaporation for as long as possible [50].

Natural materials (trap barks) for attracting H. abietis began to be used in the first half of 19th
century [22] and were frequently used by the beginning of the 20th century [1]. A disadvantage of
trap barks is the need for their frequent replacement (once every 2 weeks), and the need to remove the
attracted H. abietis adults every 2-5 days. Another disadvantage of trap barks is their high price, which
in Slovakia is about 3.5 € for one piece of bark [51]. For monitoring, about 25 pieces of trap bark/ha are
needed. The price of such monitoring (excluding the maintenance costs) would be 175 €/ha per month.
In contrast to trap barks, pitfall traps do not require regular visits. During our experiment, we emptied
them once per week, but only one inspection per month would be needed if attractants in tubes were
used. The alpha-pinene + ethanol attractant costs 2.5 € per trap and can last for 6-8 weeks, and the cost
of one bucket used for the pitfall trap is 0.33 €. In this case, the costs excluding maintenance costs are
70.75 € with 25 pitfall traps/ha.

There are additional problems with the use of trap barks and other natural materials as pest
attractants [33]. The types of natural materials used to attract pests can differ in their monoterpene
content [52,53]. Another problem is that wooden attractants dry, which gradually reduces their
attractiveness [45]. When pests attack wooden attractants, they feed on them and disturb the material.
This increases the release of compounds that attract H. abietis [32] but decreases the longevity of the
attractant. As a consequence, we replaced the pine twigs in our experiment every week. [31], who used
source spruce twig replaced it also each week. Although we do not know anything about population
densities in their study areas, they caught 10x less beetles in comparison with our results [31].

The second most effective attractant in the current study was alpha-pinene, which is present in
conifers and has a resin-like odour. This compound is usual in that its content within a tree species is
constant regardless [54]. The ratio of fragrant compounds in coniferous species is largely genetically
driven and is not affected by other factors [55]. In the evaporator, alpha-pinene was mixed with
ethanol, because such a combination is six times more attractive to H. abietis than alpha-pinene alone,
and 10 times more attractive than ethanol alone [33]. In addition, the effect of the combination in the
field is synergistic [32].

The third most successful attractant was the commercially available Hylodor. This attractant,
which is produced in Poland, is described as an aggregation pheromone, but its composition is
unknown. KuZzminski and Bilon [30] showed that the number of beetles trapped was only slightly
higher with Hylodor than with logs or wooden discs.

The fourth highest number of catches was obtained when turpentine oil and 70% ethanol were
placed in separate tubes. Turpentine oil is extracted from resin by distillation and contains mainly
alpha-pinene and beta pinene [29]. Although this lure has a low price [31,56], it trapped only low
numbers of Hylobius spp. adults in the current study. The last attractant that was used in this study
was turpentine oil mixed with ethanol in a 2:1 ratio. This attractant also trapped only a low number
of Hylobius spp. adults. The concentration of turpentine oil and ethanol used in our experiment was
equal to that used by [29]. We suspect that such a strong concentration could repel rather than attract,
and that a smaller proportion of turpentine might be more effective [56].

The negative control (without attractant) pitfall traps in the current study trapped only a few
individuals, which probably were not attracted to the traps but simply entered them accidently.
The small number of beetles captured in these traps confirms that the propylene glycol:water mixture
used to kill and preserve the trapped beetles did not function as an attractant or as a repellent, and did
not therefore influence the trapping of H. abietis [56].

In total, we captured 8266 adults of H. abietis and 2040 adults of H. pinastri at six localities. Ref. [57]
stated that a trap can attract adults from a distance of 2.5 m in all directions. In this study, we found
that regardless of the lure used, a pitfall trap can attract adults at distances greater than 2.5 m. Witha
trap situated at the edge of the plot, we caught on average 290 + 203 adults of H. abietis and 74 + 52
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adults of H. pinastri. In centrally located traps, we caught on average 250 + 156 and 59 + 41 adults of
H. abietis and H. pinastri per trap, respectively. If we assume that each trap in a plot can capture beetles
within a 3-m radius with baited traps (approximately 600 m?), we will get an “H. abietis trapping area”
of approximately 28.0 X 34.5 m (966 m?). When we calculated the number of catches per ha, we found
several thousand to several tens of thousands of H. abietis adults per ha and thousands of H. pinastri
adults per ha depending on the locality (Table 4). In most localities, we found more than 10,000
beetles per ha; i.e., the density of H. abietis coincided with that stated by [58] (10,000-18,000 adults/ha).
Other authors have also indicated that H. abietis numbered about 10,000/ha [36,59], and [4] found that
H. abietis numbers exceeded 14,000/ha at three localities. We therefore assume that we caught the
majority of the local population of H. abietis as well as of H. pinastri. This is also supported by the
fact that in the second half of the summer, we did not catch any beetles, although the adults of new
generation, which have a flight at the autumn, should be caught [60].

Clearcutting is almost always performed in autumn or winter, and the remaining stumps are
surrounded by older stands. Larvae develop on the roots of fresh pine or spruce stumps and
exceptionally also on the roots of 1-year-old stumps [54]. At mid-elevations in Central Europe, stumps
older than 1 year are not attractive (personal observation Holusa, Galko, Lalik) [24]. This is also the
reason why the number of beetles caught was the least at the locality Marianské Lazné (the original
forest was cut in May of previous year). In Scandinavia, stumps can remain attractive for 3 years [27],
which was confirmed at the Vy$né Hagy locality, which is 1216-1220 m a.s.l., where the stumps were 4
years old, and the beetle was still abundant in the cleared area (personal observation). It is clear that
beetles trapped in cleared areas could have originated from the surrounding areas. To select suitable
localities, H. abietis adults use their olfactory sensors at the base of their antennae. At longer distances,
adults orientate according to attractants produced by host tree species [61,62]. On clear cuttings, they
probably distinguish shape of seedlings and older trees while flying [63]. At short distances, they
react to pheromones [64]; male pheromones cause adults to aggregate, and female pheromones attract
males [65]. The females can crawl or fly considerable distances to locate oviposition sites [66]. H. abietis
can fly up to 2000 m in a single event, and can fly more than 80,000 m over their entire life [67].

Over the entire experiment, we caught 4389 females and 3877 males of H. abietis. Based on these
values, the overall female:male sex ratio was 53:47, although males were more abundant than females
at some plots. [32], who used pitfall traps baited with three types of attractants (alpha-pinene, ethanol,
and a combination of these two) reported an H. abietis sex ratio similar to that in our study; the number
of females was greater than the number of males irrespective of the combination of lures.

5. Conclusions

Forestry managers use monitoring data of H. abietis to plan methods for reducing the damage
on plants. In the case of critical numbers exceeded the feeding barriers or insecticides are applied.
The results show that pine weevil populations can be monitored using minimally modified buckets
as pitfall traps. The cost of such traps is low, and the installation is simple. A natural material,
namely a pine twig (+ ethanol), was the most successful attractant, which was consistent with previous
reports. The pine twig + ethanol attractant is easy to prepare and is substantially cheaper than artificial
attractants. Replacement of the twig after 1 week eliminates eventual shifts in the composition of
volatile compounds, and the replacement of the twig every 2 weeks may be sufficient. During the
replacement of twigs and the refilling of ethanol, trapped adults are removed from the trap to avoid
attracting carrion beetles. When performed by a two-member team, the replacement required about
20 min per locality. On a per ha basis, the inspection of all traps installed (i.e., 300 traps/ha) would
require about 3 h. From a practical point of view, the number of traps can be reduced, because traps at
the edge caught more beetles, and the distance between the traps could probably be increased to 10-20
m, i.e., trap density could probably be reduced to 50-100 traps/ha. The results also suggest that pitfall
traps with pine twigs + ethanol might be used for mass trapping. Such mass trapping would be very
simple and based on our results all beetles could be trapped during period of April to June. This is
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especially attractive because the use of chemical insecticides is increasingly restricted in the Europe.
As noted earlier, the monitoring and mass trapping of H. abietis is substantially cheaper with pitfall
traps than with trap barks.
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Appendix A

glm (formula = hAbietisMale ~ atraktant * lokalita, family = “poisson”)
Deviance Residuals:

Min 1Q Median 3Q Max
-10.2299 -1.1360 -0.1412 0.8858 10.0012
Coefficients:

Table A1. Full GLM model of tested factors, locality and attractant, and their interactions.

Estimate Std. Error zvalue Pr(>|z])
(Intercept) 2,539 x 10° 1147 x 107! 2.2134 x 10! <2x10°16
atraktantB 4400 x 1071 1471 x 107! 2991 x 10° 2.778 x 1073
atraktantC ~4.595x 107! 1844 x 107! -2.492 x 10° 12685 x 1072
atraktantCon. -2.539 x 10° 4241 x 107! -5.987 x 10° 213 x 107
atraktantD ~7.198 x 107! 2,005 x 107! -3.591 x 10° 330 x 107
atraktantPC 9268 x 107! 1355 % 107! 6.838 x 107 8.00 x 10712
lokalitaVysné Hagy -2.532x 107! 1.735 x 107! ~1.459 x 10° 1.44503 x 107!
lokalitaKagperské hory 9.775 x 107! 1346 x 107! 7264 x 100 375x 10713
lokalitaKostelec n.C.1. 5213 x107! 1448 x 107! 3.600 x 10° 318 x 107
lokalitaLiptovska Teplicka 1.035 x 10° 1335 x 107! 7753 x 100 899 x 10713
lokalitaMarianske lazne ~1.386 x 10° 2565 x 107! ~5.405 x 10° 649 x 1078
atraktantB:okalitaVy$né Hagy 2616 x 1071 2168 x 107 1207 x 10° 2.27423x 107!
atraktantC:lokalitaVy$né Hagy 5409 x 107! 2580 x 107! 2,096 x 10° 3.6046 x 1072
atraktantCon.lokalitaVy$né Hagy ~1.539 x 107 1.094 x 10° ~1.406 x 10° 1.59605 x 10!
atraktantDilokalitaVy$né Hagy ~6.189x 1072 3.069 x 107! -2.02x 107! 8.40180 x 107!
atraktantPCilokalitaVysné Hagy 2161 x 107! 2018 x 107! 1.071 x 10° 2.84314 x 107!
atraktantB:lokalitaKasperské hory ~5.949 x 107! 1799 x 107! -3.307 x 10° 943 x 104
atraktantC:lokalitaKagperské hory -9.515x 102 2181 x 107! -4.36x 107! 6.62641 x 107!
atraktantCon.:lokalitaKagperské hory -1.302x 107! 5062 x 107! -2.57x107! 7.96947 x 107!
atraktantDiokalitaKasperské hory 1300 x 107! 2325 x 107! 5.59x 107! 5.75957 x 107"
atraktantPCilokalitaKasperské hory -3.462x 107" 1615 x 107! -2.143x 10° 32100 x 1072
atraktantB:lokalitaKostelec n.C1. ~3.867 x 107! 1920 x 107! -2.014 x 10° 4.3966 x 1072
atraktantC:lokalitaKostelec n.C.1. 2709 x 107! 2264 x 107! 1197 x 10° 2.31322x 107!
atraktantCon.:lokalitaKostelec n.C.1. -1.582 x 10! 5.208 x 107 -30x1072 9.75762 x 107!
atraktantD:lokalitaKostelec n.C.1. 2667 x10°2 2522 x 107! 1.06x 107! 9.15798 x 10!
atraktantPC:lokalitaKostelec n.C 1. —6.026 x 107! 1.784 x 107! -3.378 x 10° 730 x 1074
atraktantB:lokalitaLiptovska Teplicka ~3.988 x 107! 1.755 x 107! -2.273 x 10° 23056 x 102
atraktantC:lokalitaLiptovska Teplicka -1.078 x 10° 2458 x 107! -4.385 % 10° 116 x 1073
atraktantCon.:lokalitaLiptovska Teplicka ~7.476 x 107! 5563 x 107! ~1.344 x 10° 1.79030 x 10~
atraktantD:lokalitaLiptovsk Teplitka -5.353x 107! 2475 x 107! -2.163x 10° 30552 x 1072
atraktantPCilokalitaLiptovska Teplitka 1965 x 107! 1567 x 107! 1254 x10° 2.09960 x 10!
atraktantB:lokalitaMarianske lazne 8.855 x 102 3336 x 107! -2.65x 107! 7.90676 x 10!
atraktantC:lokalitaMarianske lazne -9352 x10°1% 4123 x 107! 0x 10° 1.000000 x 10°
atraktantCon.lokalitaMarianske lazne 2877 x 107! 8558 x 107! 3.36x 107! 7.36764 x 107!
atraktantD:lokalitaMarianske lzne 5480 x 1071 3941 x 107 1390 x 10° 1.64403 x 107!
atraktantPC:lokalitaMarianske lazne 2877 x 107! 2943 x 107! 9.77x 1071 3.28344 x 107!
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Table A2. Significant factors and their interaction.

(Intercept) wx
atraktantB i
atraktantC *
atraktantCon. i
atraktantD g
atraktantPC i
lokalitaVysné Hagy -
lokalitaKasperské hory i
lokalitaKostelec n. C.1. "y
lokalitaLiptovska Teplicka e
lokalitaMarianske lazne x
atraktantB:lokalitaVy$né Hagy -
atraktantC:lokalitaVysné Hagy ¥

atraktantCon.:lokalitaVysné Hagy -
atraktantD:lokalitaVy$né Hagy -
atraktantPC:lokalitaVys$né Hagy -
atraktantB:lokalitaKa3perské hory e
atraktantC:lokalitaKasperské hory -
atraktantCon.:lokalitaKa3perské hory -
atraktantD:lokalitaKasperské hory -
atraktantPC:lokalitaKasperské hory %
atraktantB:lokalitaKostelec n. C.1. ®
atraktantC:lokalitaKostelec n. C.1. =
atraktantCon.:lokalitaKostelec n. C.1. -
atraktantD:lokalitaKostelec n. C.1. -

atraktantPC:lokalitaKostelec n. C.1. ot
atraktantB:lokalitaLiptovska Teplicka ¥
atraktantC:lokalitaLiptovska Teplicka B
atraktantCon.:lokalitaLiptovska Teplicka =
atraktantD:lokalitaLiptovska Teplicka *

atraktantPC:lokalitaLiptovska Teplicka -
atraktantB:lokalitaMarianske lazne -
atraktantC:lokalitaMarianske lazne -
atraktantCon.:lokalitaMarianske lazne -
atraktantD:lokalitaMarianske lazne -
atraktantPC:lokalitaMarianske lazne -

Signif. codes: 0"** 0.001 "*** 0.01 *".

(Dispersion parameter for poisson family taken to be 1)
Null deviance: 4695.37 on 215 degrees of freedom
Residual deviance: 734.05 on 180 degrees of freedom
AIC: 1638.40

Number of Fisher Scoring iterations: 13
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Abstract: In temperate regions of Europe, the large pine weevil, Hylobius abietis, is a major pest of
coniferous forests mostly at sites where clear-felling is followed by planting of saplings. Control
measures against this pest are based on silvicultural techniques, an application of physical barriers on
stems of saplings and insecticide treatments. To avoid the use of insecticides, alternative measures such
as biological control have been investigated. The goal of the present study was to obtain local strains
of entomopathogenic fungi (Ascomycota, Hypocreales) from natural populations of H. abietis, and to
investigate their efficacy against the weevil. A survey on entomopathogenic fungi was undertaken
at clear-felled areas of spruce forests in northern Slovakia. Two Beauveria species, B. bassiana and
B. pseudobassiana, were identified, and 22 in vitro strains were obtained. Mean prevalence of infected
adults was low (2.10% = 0.67%) and the mycosis was mostly recorded during May and June. Virulence
of Beauveria strains against the weevil was tested in laboratory. B. bassiana strain AMEP20 was
significantly most virulent (LCsq 0f 0.65 % 0.10 X 108 conidia mL~!). Treatment with conidia of AMEP20
strain affected feeding damage by the weevil on bark of Scots pine twigs. Daily bark consumption by
B. bassiana-treated weevils was lower than by untreated individuals and decreased with increasing
conidia concentration used for the treatment. In the outdoor experiment, AMEP20 strain killed
weevils that fed on spruce saplings treated with conidia suspensions. Mortality due to mycosis on
weevils exposed to the conidia-treated saplings reached 30.0%-76.5% and 55.0%-88.2% after 32 and
46 days, respectively.

Keywords: biocontrol; entomopathogenic fungi; Hylobius abietis; Hypocreales; virulence

1. Introduction

The large pine weevil, Hylobius abietis L. (Curculionidae: Molitynae), is regarded as one of the most
damaging pests of newly planted or naturally regenerating coniferous forests across Northern and
Western Europe [1,2]. This Palearctic species is naturally distributed from the north-west of Europe to
Siberia [3]. Larvae develop inside cambial tissues of underground parts of stumps of felled coniferous
trees, and adults feed on bark of young saplings. Adult weevils may cause considerable economic loss
by damaging the bark, what often leads to sapling mortality, or reduced growth with stem deformations.
In some cases, a complete destruction of new plantations occurs, especially where clear-felling is
immediately followed by planting of coniferous saplings [1,2,4-6]. A single weevil can damage several
saplings [7]. Thus, a relatively low number of adults can have a significant impact on regeneration of
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reforestation areas. Moreover, weevils can migrate more than 10 km and can therefore cause damage
over a broad area [8]. In laboratory assays, a polyphagous habit of adults was demonstrated, although
coniferous species were always preferred [9]. While a range of coniferous host tree species is wide [10],
Scots pine (Pinus sylvestris (L.)) and Norway spruce (Picea abies (L.) H. Karst) are the main hosts [11].

Thousands of hectares of reforestation sites are annually threatened by H. abietis in Europe [12].
If the sites are left unprotected, economic losses to the forestindustry can be severe. In Slovakia, H. abietis
population density has been considerably increasing since 2010 and spruce saplings in reforestation
areas have been significantly damaged [13-15]. Control measures against H. abietis are mostly based
on a range of silvicultural techniques (e.g., removal of breeding material after felling, delayed planting,
shelter-wood planting system, mixed planting, and timing of felling), and an application of physical
barriers on stems of saplings before or at planting (e.g., latex paint, PVC (polyvinyl chloride) barriers,
sand (Conniflex) and glue based stem coating, and wax coating) [2,16-25]. The curative insecticide
application is usually not efficient due to a sheltered lifecycle of larval stage [26]. Therefore, the
preventive use of insecticides on saplings before planting is the main control measure currently
employed in most countries, which practice reforestation [2,27]. Because weevils are able to detect
some insecticides (pyrethroids and nicotinoids) and to avoid treated saplings, insecticide treatments
protect young saplings, but have little impact on local populations of the pest [18,26].

Although the pesticide use in forestry is small compared to agriculture and horticulture (on average
0.10%-1.10% of total volume used in Slovakia during 20002015 [28]), its minimization and reducing
the risk of damage to the environment is an important task of an integrated approach for managing
forest pests. To avoid the use of insecticides, alternative measures such as biological control and their
suitability for the H. abietis control have been investigated. Several natural antagonists of pine weevils,
including entomopathogenic nematodes, fungi and microsporidia, have been studied as potential
biocontrol agents [29-35]. Over the last two decades, more attention was put to nematodes (families
Steinernematidae and Heterorhabditidae) for inundative biocontrol targeted against pine weevil larvae,
pupae, and callow adults [29,30,32,34]. Although nematodes can reduce numbers of emerging H. abietis
adults, there is an increasing interest to apply entomopathogenic fungi (Ascomycota, Hypocreales)
against larvae and pupae, since they possess several properties, which make them more suitable for
weevil control. They infect all developmental stages, have a better shelf-life of inoculum, have a longer
persistence in the field with a potential to be augmented by mycosed individuals, and finally a fungal
inoculum application is technically less complicated than in the case of nematodes [36].

Entomopathogenic fungi (EPF) are natural antagonists of arthropods helping in control of host
population and prevention of outbreaks formation [37]. There has been an extensive research on the
use of fungal entomopathogens as perspective biocontrol agents of insect pests in agriculture and
forestry [38], and some strains have been successfully licensed and commercialised [39,40]. These fungi
are considered to be environmentally safe [41], can be mass-produced [42], and show a considerable
potential to control various forest insect pests [43]. In Europe, several reports have focused on the
occurrence of EPF in H. abietis populations, and species of Beauveria and Metarhizium genera have been
reported from larvae and adults. Generally, the fungi are associated with H. abietis populations at a
relatively low, though a constant prevalence level [32,35,44,45]. Results of earlier and recent attempts
to use EPF against H. abietis in laboratory were either inconsistent or not very promising [32,36,46-50].
In spite of that, the fungi are believed to have a potential to be successfully implemented into an
integrated system managing the problem of pine weevil damage. Feasibility and sustainability of
their use as control agents of H. abietis in the field depend on the choice of fungal strains, inoculum
formulations, and application techniques.

The present study aims to identify entomopathogenic fungi in natural populations of H. abietis in
Slovakia, to obtain local strains of the fungi and to investigate their virulence against the weevil in
laboratory and semi-field bioassays with testing their effect on feeding damage.
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2. Materials and Methods

2.1. Collecting and Handling of Weevils

Pitfall traps [4,5,51,52] baited with 96% ethanol and 50 mm long pieces of Scots pine twigs were
used for trapping H. abietis adults at several clear-felled areas of spruce forests in northern Slovakia.
Most of trappings were conducted at the High Tatra Mountains in the Tatra National Park (49°10’0” N,
20°08’0” E) and at the Low Tatra Mountains (48°57’0” N, 19°30"0” E) during 2015-2018, where generally
high damage by the weevils had been determined during our earlier investigations. During 2015-2017
the trapping was neither extensive nor systematic and traps were installed and checked irregularly.
In 2018, the traps in the Tatra National Park were checked regularly once a week from the end of
April to September to determine the prevalence of fungal infection in pest population. All trapped
weevils were placed into rectangular plastic boxes (250 x 150 x 150 mm) in groups of 50 individuals
per box and incubated (20 °C and 80% relative humidity (RH)) for 21 days to observe a natural
prevalence of entomopathogenic fungi. Each dead weevil displaying typical macroscopic symptoms of
fungal infection was placed in a 1.5 mL microtube and stored at 5 °C until used for obtaining fungal
cultures. Dead adults displaying no external symptoms were incubated individually in Petri dishes
(60 x 15 mm) on a piece of wet filter paper at 25 °C for 72 h to stimulate fungal growth. All cadavers
with characteristic symptoms of mycosis were examined under a dissecting microscope (40x) to detect
possible contaminants or death caused by other factors. Fungal cultures were obtained from the
individuals with confirmed fungal infection.

For virulence bioassays, collected weevils were separated according to sex and kept in plastic
boxes (150 X 10 X 80 mm) at 5-7 °C for a maximum of two months prior to their use. The weevils
were provided with fresh food (Scots pine twigs) and kept at 20 °C and 60 + 10% RH 48 h before
the experiments.

For bioassays with a measurement of feeding damage, the weevils separated to males and females
starved at 20 °C and 60 + 10% RH for 48 h before the experiment to ensure the consistency in feeding
damage between replicates.

2.2. In Vitro Isolation and Identification of Entomopathogenic Fungi

In vitro isolates of EPF were obtained from infected weevils using a selective culture medium
(Sabouraud-dextrose agar (SDA) supplemented with 600 mg-L™! streptomycin sulphate, 50 mg-L~!
tetracycline hydrochloride, 250 mg-L~! cyclohexamide, and 500 mg-L~! dodine (all chemicals from
Sigma-Aldrich®, Saint Louis, MI, USA)). Isolated colonies were sub-cultured on SDA without antibiotics
and fungicides in culture glass tubes at 25 + 1 °C in the dark for 10 days and sporulating cultures were
stored at 5 °C. All obtained isolates were deposited in the fungal collection of the Institute of Forest
Ecology of the Slovak Academy of Sciences (Nitra, Slovakia).

The in vitro cultures were microscopically (500x) identified to a genus level according to
morphology of microstructures [53-55]. The morphological identification was supplemented by
a sequencing study of internal transcribed region (ITS) of rDNA and a partial sequence of TEF1- gene.
DNA of fungi was isolated using EZ-10 Spin Column Fungal Genomic DNA Kit (Bio Basic Canada Inc.,
Ontario, Canada) according to the manufacturer’s instructions. The ITS region was amplified with a
primer pair ITS1-F/ITS4 [56,57] and the TEF-1« gene with primers 983F and 2218R [54]. PCR products
were purified by QIAquick PCR Purification Kit (Qiagen n.v., Venlo, Netherlands) and sequenced using
the primers ITS4 or 983F (Macrogen Europe Inc., Amsterdam, The Netherlands). Obtained sequences
were subjected to Blast N [58] against GenBank Nucleotide Database for taxonomic classification. All
sequences obtained from this study were deposited in GenBank (Table 1).

2.3. Fungal Strains

Fungal strains obtained from naturally killed H. abietis (Table 1) were cultivated on Sabouraud-
dextrose agar (SDA) in polystyrene Petri dishes (94 x 16 mm) at 25 + 1 °C in the dark for 5 days and
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under the continuous light for the next 5 days. The 10-day-old sporulating cultures were stored at 4 °C
prior to their use in bicassays, but not longer than two weeks. A percentage of viable conidia was
determined prior to each bioassay by germination tests on agar plates [59]. Conidial viability of all
isolates used for tests was >95% (¥ = 96.63 + 0.20%) measured after 12 h incubation on an agar plate
at 25 °C.

Table 1. List of Beauveria strains isolated from naturally infected adults of Hylobius abietis in Slovakia
during 2015-2018.

GenBank Accession No. !

Strain Fungal Species
ITS TEF-1x
AMEP020 Beauveria bassiana MK490859 MK504338
AMEP043 Beauveria pseudobassiana MK490860 MK504354
AMEP052 Beauveria bassiana MK490861 MK504339
AMEP053 Beauveria bassiana MK490862 MK504340
AMEP056 Beauveria bassiana MK490863 MK504341
AMEP067 Beauveria pseudobassiana MK490864 MK504355
AMEP072 Beauveria bassiana MK490865 MK504342
NREP083 Beauveria pseudobassiana MK490866 MKS504356
NREP084 Beauveria pseudobassiana MK490867 MK504357
NREP087 Beauveria bassiana MK490868 MK504343
NREP088 Beauveria bassiana MK490869 MK504344
NREP090 Beauveria bassiana MK490870 MK504345
NREP091 Beauveria bassiana MK490871 MK504346
NREP094 Beauveria bassiana MK490872 MK504347
NREP095 Beauveria bassiana MK490873 MK504348
NREP096 Beauveria bassiana MK490874 MK504349
NREP097 Beauveria bassiana MK490875 MK504350
NREP098 Beauveria bassiana MK490876 MK504351
NREP099 Beauveria pseudobassiana MK490877 MK504358
NREP100 Beauveria bassiana MK490878 MK504352
NREP102 Beauveria bassiana MK490879 MK504353
NREP103 Beauveria pseudobassiana MK490880 MK504359

! GenBank Accession numbers of DNA sequences for ITS and TEF-1« regions submitted to GenBank database.

2.4. Virulence Bioassays against H. abietis Adults

A stock suspension of conidia was prepared by suspending a mycelial mat in 250 mL of 0.01%
(w/v) Tween®80 inside a 500 mL reagent flask. The flask was hand-shaken for 60 s and mycelial debris
were removed from the suspension by filtration through a sterile 10 um nylon membrane (Spectra
Mesh®, Spectrum Chemical Mfg. Corp., New Brunswick, NJ, USA). Concentration of conidia was
determined using an improved Neubauer hemocytometer, and the required concentration of the stock
suspension was obtained by dilution in 0.01% (w/v) Tween®80. The conidia suspensions were used
immediately for virulence bioassays. A median lethal concentration of conidia (LCs) for H. abietis was
estimated from cumulative mortality data at four different conidia concentrations ranging from 1 x 10°
to 1 x 10° conidia mL~! in 0.01% (w/v) Tween®80. Groups of 15 males and females were treated by
their submersion in the suspensions for 10 s, and additional 15 males and females were treated with
sterile 0.01% Tween®80 as controls. Each group of treated and control weevils was incubated in Petri
dishes (200 x 35 mm) lined with wet filter paper at 22 + 1 °C, saturated humidity and 12/12 h (L/D)
photoperiod for 21 days. Five sections of Scots pine twigs (100-150 mm) were provided as food to each
Petri dish. The pine twigs were superficially disinfected by germicidal (UV-C) irradiation for 30 min
under aseptic conditions of a laminar flow cabinet before their use as food. The weevils were monitored
at 24 h intervals to record their daily mortality. All cadavers were incubated separately in sterile Petri
dishes (60 x 15 mm) on a piece of wet filter paper for 5 days to facilitate fungal development. Mortality
caused by the fungi was confirmed by microscopic examination and only cadavers with confirmed
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infection were used to estimate virulence. Three most virulent Beauveria strains were selected and used
to repeat the bioassay under the same conditions five times.

2.5. Feeding Damage Bioassay

The most virulent B. bassiana strain (AMEP20) was used in a laboratory bioassay to measure an
effect of the fungal treatment on feeding damage by the weevils. Adults (15males and 15 females) were
individually inoculated by conidia suspensions at four concentration levels (from 1 x 10° to 1 x 10%
conidia mL™!) as described above, and additional groups of 15 males and 15 females were treated
with sterile 0.01% (w/v) Tween®80 as controls. The inoculated and control weevils were incubated
individually in Petri dishes (200 x 35 mm) with wet filter paper on the bottom at 22 + 2 °C and natural
photoperiod. A freshly cut twig of Scots pine (approximately 100-mm-long and 7-mm-thick) was put
into each Petri dish. The weevils were monitored for 46 days. Mortality was recorded and pine twigs
were replaced by fresh ones on the day 11, 22 and 33. The amount of feeding damage on the twigs was
assessed with a modified method by Leather et al. [60]. A damage outline on the twigs was traced onto
a piece of transparent graph paper twisted around the surface of twigs with a black pen. The number
of millimetre squares occluded by the trace pattern was counted, and the damaged area was calculated
for each twig. Dead weevils were processed as described in the virulence bioassay. The experiment
was carried out in three repetitions.

2.6. Outdoor Bioassay with B. bassiana Treatment

To simulate field conditions, an outdoor trial was set-up to evaluate the effect of B. bassiana-
treatment on H. abietis adults. Two-year-old Norway spruce (Picea abies) saplings (25-30 cm high)
were planted in pots (10 cm diam., 470 mL) and equally spaced in outdoor conditions. A group of
147 saplings was treated with conidia suspension (1 x 10% conidia mL~!) of AMEP20 strain using a
hand atomizer. Each sapling was treated with 0.95 mL of the suspension. A group of 21 saplings was
treated in the same way with sterile 0.01% (w/v) Tween®80 as controls. Another group of 21 saplings
was also treated with sterile 0.01% (w/v) Tween®80 as mentioned above. This group was used for a
direct treatment trial. Every treated plant was inserted into a sleeve made of white polyamide mesh
(aperture of 0.5 mm) to prevent H. abietis adults from escaping. A single unsexed adult of H. abietis
was released to each of 21 control saplings and 21 suspension-treated saplings on the day of treatment
(day 0). During the following six days (days 1-6), further groups of 21 suspension-treated saplings were
infested with H. abietis adults every day. Together, 147 suspension-treated and 21 control saplings were
infested with a single H. abietis. The group of 21 Tween®80-traeted saplings were infested on the day 0
with a single H. abietis, which had been inoculated with conidia suspensions (1 x 10° conidia mL™?)
as described in the virulence bioassay (a direct treatment). Mortality of H. abietis was checked twice
during the bioassay, 32 and 46 days after the saplings were infested with weevils. The bioassay started
on 12 May and ended on 27 June 2018. Mean daily temperature varied from 11.9 to 21.0 °C (x = 16.7 °C)
during the bioassay, and daily precipitation total ranged from 0 to 8.8 mm (X = 30.4 mm). Daily
temperature and precipitation data that were obtained from a local automatic meteorological station
are displayed in Figure 1.

2.7. Data Analysis

Cumulative mortality data from the virulence tests were corrected for natural (control) mortality
using Schneider-Orelli’s formula and subjected to probit analysis to estimate median lethal
concentrations (LCsp) with associated 95% confidence intervals. A LCsq ratio [61] was calculated for
each fungal strain to determine whether LC for females significantly differed from LC for males. Lethal
concentrations for the most virulent strains were subjected to ANOVA and the post-hoc Tukey’s HSD
test was performed to separate and compare means if significant differences («x = 0.05) were detected.
Chi-square test was used for testing a hypothesis that there is no difference (x = 0.05) in the mortality
occurrence between H. abietis adults directly treated with conidia suspension and adults exposed to
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saplings treated with conidia in the outdoor bioassay. All the analyses were conducted using Minitab
17® (© 2013 Minitab Inc., State College, PA, USA).
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Figure 1. Daily mean temperature (°C) and daily precipitation (mm) data measured during the outdoor
experiment.

3. Results

3.1. Occurrence of Entomopathogenic Fungi in Populations of H. abietis

During the four-year investigation on the occurrence of EPF in populations of H. abietis, weevils
killed by Beauveria sp. were observed. As many as 53 cadavers were inspected and Beauveria sp.
was identified in 42 of them. Altogether, 22 in vitro isolates of EPF (Table 1) were obtained from the
inspected cadavers and two Beauveria species were identified, namely B. bassiana (Bals.-Criv.) Vuill.
(16 isolates) and B. pseudobassiana S.A. Rehner and R.A. Humber (6 isolates). Prevalence of mycosis in
host populations was only quantified at the locality of the Tatra National Park in 2018. During this
year, out of 1188 trapped adults, 25 individuals (2.10%) displayed symptoms of Beauveria infection
that was confirmed by microscopic and molecular techniques. Incidence of infected adults was low in
population and varied between 0 and 5.97% depending on collecting date. Infected individuals were
mostly found in May and June and prevalence of disease culminated in the second half of June. No
mycosis was observed after July 7.

3.2. Virulence of Fungal Strains against H. abietis Adults

Pathogenicity of the Beauveria strains against weevils was tested in a series of laboratory bioassays.
Percentage cumulative mortality increased with conidia concentrations and varied among fungal
strains. Depending on strains, cumulative mortality reached 0-26.67% (X = 9.55% =+ 0.90%) at the lowest
conidia concentration (1 x 10° conidia mL™!) and 46.67%-86.67% (X = 63.94% + 1.52%) at the highest
concentration (1 x 10° conidia mL™!). Mean cumulative mortality in the control was 1.21% = 0.08%
for males and 0.53% + 0.05% for females. Median lethal mortality (LCsg) varied among the strains
(Table 2) and ranged from 0.52 to 13.28 x 10°® conidia mL™!. Low variability in LCs; values between
males and females was detected but LCs ratio analysis showed no significant differences (Table 2).
The most virulent strains of B. bassiana (AMEP20) and B. pseudobassiana (AMEP43 and NREP84) with
estimated LCsg around 1 x 108 conidia mL~! were selected to repeat the virulence bioassay five times.
In this case, since sex of weevils had no effect on susceptibility to fungal infection (F1,8) = 0.34, p > 0.05
for AMEP20; F1 8y = 0.74, p > 0.05 for AMEPA43; F(1 ) = 0.25, p > 0.05 for NREP84), mortality data for
males and females were pooled before subjecting to probit analysis. Mean LCsgj values for the three
most virulent strains are shown in Table 3. AMEP20 strain with LCs 0f 0.65 + 0.10 x 108 conidia mL™!
was significantly (F(312) = 31.01, p < 0.01) more virulent than the other two strains.

155



Forests 2019, 10, 634

70f18

Table 2. Summary of probit analysis parameters from the virulence bioassays performed with Beauveria
spp. strains against males (M) and females (F) of Hylobius abietis in laboratory.
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! Median lethal concentrations (LCsp) and 95% fiducial confidence intervals from probit analysis are in conidia
per milliliter of suspension; SE—Standard error of the mean;  Slope from the regression analysis with standard
error (SE); * LCs ratios between males and females of H. abietis with 95% confidence intervals [61]; Mean control
mortality in the bioassays reached 1.21% + 0.08% for males and 0.53% + 0.05% for females.
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Table 3. Summary of probit analysis parameters from the virulence bioassays performed with the most
pathogenic Beauveria strains against Hylobius abietis adults in laboratory.

Strain LCsp + SE ! 95% Fiducial CI'! Slope + SE i K23
AMEP20 065+010x108a  0.41-097 x 108 034 +0.03 <0.001 2.53
AMEP43 150+029x108b  1.00-2.19 x10° 0.38 +0.03 <0.001 3.67
AMEPS84 147 £034x108b  0.93-233x10° 0.32+0.10 <0.001 3.37

! Median lethal concentration (LCsp) and fiducial confidence intervals (CI) are in conidia per milliliter of suspension;
SE—standard error of the mean; LCs values sharing the same letter are not significantly different (e = 0.05, Tukey’s
HSD test); 2 p-value for a slope from the regression analysis; > Pearson x* goodness-of-fit test on the probit model
(o = 0.05, df = 2); Mean control mortality of adults was 2.15 + 0.22% in the bicassays.

A general pattern of mycosis progress in treated groups of weevils is depicted by mean cumulative
mortality in Figures 2 and 3. Dynamics of disease development in tested populations depended
on conidia concentrations. The first mortality due to fungal infection occurred on 6 and 12 days
post-treatment (dpt) when treated with the highest and lowest conidia concentrations, respectively.
At the highest conidia concentration, the mean daily mortality during 13-18 dpt (1.81% + 0.10%)
was significantly higher (p < 0.01) than for 1-12 dpt (0.34% = 0.03%) or higher (p > 0.05) than for
19-21 dpt (1.48% = 0.17%) in the bioassay (F(2,63) = 45.77, p < 0.01). Generally, mean daily mortality
for all isolates increased until a culmination on 16-18 dpt and then gradually decreased to the end
of the experiment. Development of mycosis induced by the three most pathogenic strains (AMEP20,
AMEP43, and NREP84) had a similar trend, but mortality culminated two to three days earlier reaching
its maximum on the 14-16 days post-treatment, which was followed by a gradual decrease in counts of

killed weevils.

>
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Figure 2. Mean cumulative mortality data (%) with standard errors of Hylobius abietis adults after their
inoculation with conidia suspensions of Beauveria strains at concentrations of 1 X 10° conidia mL~! (A)
and 1 x 107 conidia mL~! (B).
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Figure 3. Mean cumulative mortality data (%) with standard errors of Hylobius abietis adults after their
inoculation with conidia suspensions of Beauveria strains at concentrations of 1 X 108 conidia mL~! (A)
and 1 x 10” conidia mI~! (B).

Out of the strains included in the pathogenicity tests, AMEP20 B. bassiana strain demonstrated
the greatest biological activity against H. abietis adults, and mycosis by the strain developed faster in
the test populations. As many as 64.00% + 2.87% weevils succumbed to infection by the strain at the
highest conidia concentration (1 x 10° conidia mL™") until day 15, when mortality culmination was
observed. Total cumulative mortality (83.25% + 3.17%) induced by this strain at conidia concentration
of 1 x 10° conidia mL~! was significantly higher than the mortality of the other two highly virulent
strains (F(p,12) = 17.62, p < 0.01), namely AMEP43 (75.33% + 3.59%) and NREP84 (72.00% + 4.12%).
The same trend was documented for all tested conidia concentrations. Based on the above results,
AMEP20 B. bassiana strain was selected for the feeding damage bioassay and the outdoor experiment.

3.3. Feeding Damage Bioassay

Treatment of weevils with B. bassiana inoculum affected their feeding damage on the bark of Scots
pine twigs. B. bassiana-treated weevils damaged smaller area of bark per day than untreated individuals
and mean daily damaged area of bark decreased with increasing conidia concentrations used for
weevils treatment (Figure 4). The effect of B. bassiana on damage increased with time and was more
prominent, although not significant (p > 0.05), at higher (>1 x 107 conidia mL™") conidia concentrations.
While total eaten area of bark per weevil was 197.83 mm? for untreated weevils and 197.21-227.44 mm?
for B. bassiana-treated weevils when evaluated 11 dpt, the consumed area per weevil for a period of
33-46 dpt dropped to 157.25 mm? in the untreated group and to 0-88.42 mm? for B. bassiana-treated
individuals. No significant difference in feeding damage was observed between males and females
either in the untreated control (Fy,4 = 0.05, p = 0.84) or after inoculating with conidia suspensions
(Fii,4 =007, p=0.81 for 1 x 10° conidia mL™!; F(j 4y = 0.05, p = 0.83 for 1 x 10° conidia mL™;
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Fz = 0.02, p = 0.91 for 1 x 107 conidia mL™; F(y 4) = 0.08, p = 0.80 for 1 x 10% conidia mL™!). Mortality
of weevils due to B. bassiana in the feeding damage bioassay increased with conidia concentration and
time (Figure 5). No mortality was detected 11 days after treatment with any conidia concentrations.
At the end of the bioassay (46 dpt), mean cumulative mortality varied from 38.89% to 100% depending
on the concentration of conidia. Mean cumulative mortality in the control reached 4.44%, but mycosis
by B. bassiana was not confirmed in the cadavers.

3% r
B 11 days post-treatment @22 days post-treatment

3p | B33 days post-ireatment D46 days post-treatment
€ 90
£ 90 S0
E 25 %0 90
o
2
2 20
] 90
o 88 87
3 15F 88 71
E 89
4 65
& 35

10
§ 55 46 23
T 3
s m 41

4]

Control 1% 10% 1% 108 1x107 1x108

Coniclia concentration (conidia mL')

Figure 4. Mean daily damaged area (mm?) of bark on twigs by Hylobius abietis adults after their
inoculation with different conidia suspensions of Beauveria bassiana strain AMEP20. Values above bars
represent numbers of surviving H. abietis adults on specific days post-treatment.

100 r |22 days pest-reatment {_ iy e
@33 days post-treatment
046 days post-treatment
80
3
2
& 60 1]
=3
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o
3
S 40t
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3
20 ¢
0 r1:|r1—| [ .

Control 1% 10° 1 %108 1107 1x108
Conidia concentration (conidia mL-")
Figure 5. Mean cumulative mortality data (%) with standard errors of Hylobius abietis adults from

the feeding damage bioassay after their inoculation with conidia suspensions of Beauveria bassiana
strain AMEP20.

3.4. Outdoor Bioassay with B. bassiana Treatment

In the outdoor experiment, AMEP20 B. bassiana strain killed weevils that had been either treated
with conidia suspensions (a direct treatment) or had been allowed to feed on the saplings previously
treated with the fungal inoculum (an indirect treatment) (Table 4). Total mortality of weevils after the
direct conidia treatment reached 85% or 100% with confirmed B. bassiana mycosis of 65% or 85% when
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evaluated 32 or 46 days post-treatment, respectively. B. bassiana infection recorded in groups of weevils
exposed to the conidia-treated saplings varied from 30.0% to 76.5% after 32 days of incubation time and
from 55.0% to 88.2% after 46 days. The conidia applied on the saplings remained active during at least
six days post-treatment, what was demonstrated by a mycosis development in the exposed groups of
weevils. The highest level of mycosis was recorded in the group of weevils exposed to those saplings
that were treated with conidia two days before. In this group of weevils, the proportion of mycosed
individuals was even higher (76.5% or 88.2% after 32 or 46 days of incubation time, respectively) than
in the group directly treated with conidia suspension (65.0% or 85.0% after 32 or 46 days of incubation
time, respectively), but the difference was not significant (p > 0.05). No mycosed weevils were detected
on the untreated control saplings.

Table 4. Mortality of H. abietis adults after their direct and indirect treatment with conidia of the most
virulent Beauveria bassiana strain AMEP20 in outdoor experiment.

Ticdbatioi Direct Indirect Treatment—Exposure of Adults to Spruce Saplings

Time Control Treatment 0-6 Days Post-Treatment (dpt)
0 dpt 1dpt 2 dpt 3 dpt 4dpt 5 dpt 6 dpt
Total mortality 0% 85.0% 700%  824%  82%  70.6%  450%  65.0% = 52.6%
32 days Mycosis 0% 65.0% 600%  64.7%  76.5%  52.9%  30.0%  55.0%  31.6%
X° statistic ! 0.107 0.001 0.579 0.554 4912 0.417 4.356
p-value 0.744 0.985 0.447 0457 0.027 0.519 0.037
Total mortality 0% 100.0% 850%  100.0% 100.0% 941%  70.0%  75.0%  73.7%
46 dags Mycosis X 0% 85.0% 750%  824%  82%  765%  55.0%  75.0%  63.2%
X* statistic ! 0.625 0.047 0.082 0.436 4.286 0.625 1762
p-value 0.429 0.828 0.774 0.509 0.038 0.429 0.184

! Chi-square tests performed to determine whether there was a significant difference between the proportion of
mycosed adults in direct and indirect treatments (a = 0.05).

4. Discussion

EPF are important natural control agents of insects and have been a subject of an intense study
since the end of the nineteenth century. More than 700 fungal species in 100 orders are estimated [43].
A great majority of perspective fungi for mass production and use in biocontrol are those from the
Hypocreales (Ascomycota) order [38]. Until now, the occurrence of EPF in H. abietis populations has
been poorly studied, in spite of the importance of this forest pest. From fungal pathogens of large pine
weevil documented in previous studies, hypocrealean EPF, especially those of Beauveria genus, have
been the most common [35,44,45]. Current investigations on the occurrence of EPF in field populations
of H. abietis in Slovakia showed that Beauveria infection is consistently present but at a low prevalence
level (0-5.97%). This corresponds with results of other studies. For example, in Ireland a percentage of
weevils infected with Beauveria sp. ranged from 1.3% to 3.5% [32]. In Europe, three Beauveria species:
B. bassiana, B. brongniartii (Sacc.) Petch and B. caledonica Bissett and Widden, have been recorded
from field populations of H. abietis to date. While B. bassiana was identified in this survey, we did
not identify B. brongniartii and B. caledonica from any of collected individuals. On the other hand, we
detected B. pseudobassiana that is the first record of this pathogenic fungus on H. abietis. Altogether,
six in vitro isolates of this species were obtained from the cadavers and thus the fungus cannot be
considered a rare EPF in large pine weevil populations. Recent analyses of soil samples in Slovakia
indicated that B. pseudobassiana preferred forest habitats over field crops or meadows [62] assuming its
better adaptation to forest ecosystems. On the other hand, this species was not identified from forest
soil samples in Poland [63]. Since virulence tests ranked two strains of B. pseudobassiana (AMEP43
and NREP84) among strains possessing high efficacy against the weevils, the pathogenic potential
of this fungus against forest insect pests deserves a further study. B. brongniartii is a well-known
pathogen of soil inhabiting coleopteran larvae, but was also identified from larvae of H. abietis in
Austria [35]. Its pathogenicity to H. abietis has also been demonstrated in laboratory experiments [49].
B. caledonica is a species originally described from moorland soil in Scotland [64] and was also found as
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a naturally-occurring pathogen of H. abietis and other curculionids in the northern UK, Ireland, Poland,
Austria, France, Slovakia, and New Zealand [32,35,45,65,66]. Results of laboratory assays suggest that
B. caledonica has a potential to be a biocontrol agent of curculionids. Bioassays with B. caledonica strains
from Slovakia and New Zealand demonstrated their high pathogenicity to adults of Ips typographus
(L.) (Curculionidae: Scolytinae) and other scolytid beetles [45,66]. Although pathogenicity of fungi
from another hypocrealean genus, Metarhizium, to H. abietis was demonstrated in laboratory and field
experiments [36,50,67], this fungus was not found naturally infecting weevils in this survey or in other
studies [32,35].

Now, it is generally accepted that a traditional morphotaxonomic determination of Beauveria
species is not sufficient and an application of molecular methods is required. Most records on B. bassiana
and B. brongniartii made before the comprehensive multigene phylogenetic analysis and taxonomic
revision of Beauveria genus [54,55] must be judged with caution. Both taxa were complexes of species
consisting of morphologically similar but cryptic lineages. Following the novel molecular approach in
Beauveria taxonomy, several new species have been described [55,68-74]. Up until now, five species
(B. bassiana, B. brongniartii, B. caledonica, B. pseudobassiana, and B. varroae S.A. Rehner and Humber)
have been documented in Europe. While B. bassiana, B. brongniartii, and B. pseudobassiana are globally
distributed soilborne entomopathogens with a broad host-range occurring in a variety of habitats,
B. varroae is known only from ectoparasitic mites of honeybee in France, although it can infect also
coleopteran hosts [55]. Because the previous studies on EPF diversity in field-collected large pine
weevil in Europe have been based on the morphotaxonomic principles, some Beauveria species might
have been misidentified or remained undetermined.

As shown in the current field surveys, Beauveria infection is one of natural factors of H. abietis
mortality. Although natural epizootics are not typical for these fungi, laboratory and field experiments
have already shown their efficacy against this forest pest [32,36,50,67]. Previous research on testing
Beauveria spp. against H. abietis produced optimistic outcomes, but effective biocontrol methods
using these fungi are still lacking. It is generally known that a selection of highly virulent strains
is a prerequisite for successful implementation of EPF in the biocontrol of insect pests. A series of
our laboratory bioassays showed that all tested Beauveria strains could infect adults of H. abietis and
sporulate on cadavers. No effect of sex of tested weevils was detected on the susceptibility against the
fungal strains. To our knowledge, B. pseudobassiana has not been tested against H. abietis yet, and the
current virulence tests bring optimistic results. Based on the interspecific variability in pathogenicity
of the strains we cannot conclude that any of tested Beauveria species demonstrated better results in
the biological properties than the other ones. Two highly virulent B. pseudobassiana strains and one
B. bassiana strain were identified in the virulence bioassays. B. bassiana strain AMEP20 was selected for
further investigation due to higher mortality, and thus lower values of LCs), than mortality obtained
after application of B. pseudobassiana strains.

Generally, disease development was relatively slow in tested weevils. The most virulent strain
(AMEP20) caused 29.97% cumulative mortality on day 12 and 83.25% mortality on day 21, when the
highest conidia concentration (1 X 10° conidia mL™!) was tested. In a similar study by Ansari and
Butt [36], B. bassiana strains caused 53% mortality of H. abietis on day 12, if the weevils were treated
by submersion into conidia suspension (1 x 10° conidia mL ™). In this study, the mortality caused by
AMEP20 strain and a concentration of 1 x 10% conidia mL™! was 63.27% on day 21, but it was only
16.65% on day 12. Ansari and Butt [36] explain the prolonged time to the host death by the thick and
tough cuticle of adults that can form a barrier against the entomopathogenic fungi. This slow killing
rate by entomopathogenic fungi might be a limitation factor for their effective use against adults of the
large pine weevil. It was documented that three adults can completely strip the bark of a spruce sapling
within six days [75]. On the other hand, H. abietis adults can live for up to four years [1,76] and females
lay eggs each season (from May to September) during their lifetime. Considering this fact, the slow
action of fungi does not seem to be such an important factor. Any measure applied to kill adults can
effectively contribute to the control of weevil population. Due to the slow action of B. bassiana during the

161



Forests 2019, 10, 634 130f 18

virulence bioassays, we also tested an effect of treatment by conidia suspensions (including sublethal
concentrations) on the feeding damage by adult weevils. Treated weevils damaged significantly smaller
area of bark than untreated individuals. The effect was observed for all tested conidia concentrations
and was more prominent when mycosis progressed. The results clearly demonstrate that although the
infected individuals lived relatively long after inoculation, their feeding on twigs was reduced resulting
in smaller damage in comparison with healthy weevils. Spruce trees are the main host plants of H. abietis
in Slovakia, but we used P. sylvestris twigs for the feeding damage experiment because this food was
preferred by adult weevils when compared to P. abies [60]. There is a general agreement in several
studies that optimum temperature for feeding of adult weevils is 20 °C [60,77,78] (Christiansen and
Bakke, 1968; Christiansen, 1971; Leather et al., 1994). At this temperature a weevil consumed on average
252.9 mm? of P. sylvestris bark during 7 days [60]. In the current bioassay, an untreated (control) weevil
consumed less food (197.83 mm?) during 11 days, and the food consumption moderately decreased
towards the end of the bioassay. We do not know the reasons for the discrepancy with the previous
study, but it might be related to the different quality of provided food or a different body size of adults
in the studies. There is a considerable variation in the body size within natural populations of H. abietis
and the weevil size was shown an important factor affecting a feeding rate [79].

Laboratory bioassays are usually carried out under optimal conditions for pathogenesis, which
can be very different from environmental conditions in the field. Therefore, efficacy of the selected
B. bassiana strain (AMEP20) was tested in outdoor conditions. It is well known that environmental
factors can significantly reduce viability of B. bassiana inoculum when applied to the plant surface.
The sunlight belongs to the most limiting factors [80-82]. Viability of conidia decreased to a half after
a two-hour irradiation by simulated sunlight in laboratory [83,84]. Significant variability in conidia
susceptibility to simulated sunlight exists among B. bassiana strains [85]. The conidia viability may
also vary depending on the plants, on which the inoculum had been applied. For example, viability
of B. bassiana conidia was high up to 26 days on lettuce and celery leaves [86], but it significantly
decreased on Medicago sativa L. and Agropyron cristatum (M. Bieb.) P. Beauv. plants after 16 days [87]
and on soya plants after 10 days [79]. In the current study, the B. bassiana conidia were active on spruce
plants 6 days after its application and caused high mortality of H. abietis. The results also confirm that
a contact of weevils with plants treated with inoculum leads to their high mortality. A similar study
showed that a sustained contact of weevils with B. bassiana-treated spruce bark caused high infection
rates [48]. The outcomes indicate that the application of conidia suspension on saplings could be a
perspective approach in the biocontrol of H. abietis.

5. Conclusions

The current study investigated natural prevalence of EPF in populations of H. abietis adults and
pathogenicity of local Beauveria strains against H. abietis adults with the goal to identify those possessing
a high potential for biocontrol of this pest preferably in vulnerable forest areas, e.g., national parks,
nature reserves and other areas with restrictions applied in the conventional pest management. Two
Beauveria species (B. bassiana and B. pseudobassiana) were active in natural populations of large pine
weevil. The laboratory bioassays suggested that AMEP20 B. bassiana strain could provide an effective
and an acceptable level of H. abietis control in laboratory and simulated field conditions. Additional
studies under actual field conditions are currently being conducted to evaluate the performance of the
strain in forests. In addition, horizontal transmission of infection in the host populations, inoculum
formulation and its introduction into H. abietis populations are also studied.
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