ZPRAVY LESNICKEHO VYZKUMU, 70, 2025 (1): 45-50

UCINNOST RUZNYCH KONCENTRACI LAMBDA-CYHALOTHRINU,
ALPHA-CYPERMETHRINU A TAU-FLUVALINATU NA LYKOZROUTA SMRKOVEHO
IPS TYPOGRAPHUS (LINNAEUS 1758) V ZAVISLOSTI NA POHLAVI

EFFICACY OF DIFFERENT CONCENTRATIONS OF LAMBDA-CYHALOTHRINE,
ALPHA-CYPERMETHRINE AND TAU-FLUVALINATE ON BOTH SEX OF SPRUCE BARK BEETLE
IPS TYPOGRAPHUS (LINNAEUS 1758)

MARIE ZAHRADNIKOVA" > - JAROSLAV DOSTAL? - PETR ZAHRADNIK" - JAKUB SPOULA"

Wyzkumny Ustav lesniho hospoddrstvi a myslivosti, v. v. i., Utvar lesni ochranné sluzby, Strnady 136, 252 02 Jilovisté,
Czech Republic

2Yyzkumny UGstav lesniho hospoddrstvi a myslivosti, v. v. i., Utvar biologie a slechténi lesnich drevin, Strnady 136,
252 02 Jiloviste, Czech Republic

< e-mail: zahradnikova@vulhm.cz

ORCID: M. Zahradnikovda 0000-0002-1604-728X
J. Spoula 0000-0001-9602-8048
P. Zahradnik 0000-0002-4508-8179
ABSTRACT

The aim of the experiment was to compare the efficacy of the synthetic pyrethroids lambda-cyhalothrin, alpha-cypermethrin and tau-fluvalinate
on the spruce bark beetle (Ips typographus L.), as well as to observe the response based on the sex of the spruce bark beetle. The beetles were
captured using barrier pheromone traps (Ridex s. r. 0.). For laboratory evaluation of sensitivity, the methodology for testing resistance of the
pollen beetle Brassicogethes aeneus (Fabricius, 1775) to insecticides was used according to the recommendations of the Insecticide Resistance
Action Committee. The sex of each individual was determined by dissection. After 24 hours of exposure to lambda-cyhalothrin, 0% of both
males and females survived, with alpha-cypermethrin, 0% of males and 0.16% of females survived, and with tau-fluvalinate, 2.8% of males
and 3.87% of females survived. Statistical analysis of the data (using the Kruskal-Wallis test) indicated that tau-fluvalinate is less effective than
lambda-cyhalothrin and alpha-cypermethrin, and that the sensitivity of the spruce bark beetle does not depend on its sex. More females (on
average 72%) than males (on average 28%) were attracted to the pheromone traps used.

For more information see Summary at the end of the article.

Klicova slova: synteticky pyretroid; pomér pohlavi; u¢innost; IRAC

Key words: synthetic pyrethroid; sex ratio; efficacy; IRAC

uvoD

Lykozrout smrkovy (Ips typographus L.) patii k nejvyznamnéj$im
$kadcim smrkovych porostlt v ramci celého aredlu svého rozsi-
feni, od stfedni a severni Evropy, pres Rusko a Sibif, severni Cinu
az po Japonsko (PFEFFER 1955, 1995; ZUMR 1985; SKUHRAVY 2002;
KniZek 2011). Aktivni ochrana proti tomuto $kudci spocivd ve vy-
hledavani napadenych stromt, jejich odstranéni z porostt a v¢asné
asanaci (ZUMR 1985; ZAHRADNI{K 2006, 2014). Asanace chemickymi
piipravky na ochranu rostlin se zacala ve svété, ale i v tehdejsim Ces-
koslovensku, provadét v 50. letech 20. stoleti. Jako prvni byla pouzita
chemickd asanace poprasovanim napadenych kmenu ptipravky na
bazi DDT (PFEFFER 1952; ZWOLFER 1946; KUHN 1949; RECKMANN
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1950; MARTINEK 1952; NovAK 1955, 1957), nasledovalo zavedent ji-
nych ¢innych litek na bézi dalsich chlorovanych uhlovodika (HCH
- hexachlorcyklohexan a jeho y isomer - lindan), organofosfatt
a karbamatd (STARK, BORDEN 1965; SCHINDLER 1968, 1971; NORD-
BY, WILHELMSEN 1969; EIDMANN 1970; THOMAS 1970; RE1sCH 1971;
NovAxk 1972; C1BULSKY, HYCHE 1974; RAGENOVICH, COSTNER 1974;
THALENHORST 1974; NIEMEYER 1975; NoVvAK, SROT 1977), a to po-
stiiky. V 70. letech se pouzivaly i penetra¢ni pfipravky (BuTOVITSCH,
EIDMANN 1962; NovAK 1967, 1980). Penetraci zabezpecovaly olejové
roztoky (emulze), resp. pouziti solventni nafty. Tento typ insekticidt
ovliviioval spotfebu posttikové jichy na jednotku plochy kury, proto-
Ze ve svém principu nemusela byt pokryvnost tak ,dokonald“ I ddvka
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uc¢inné latky mohla byt teoreticky niz$i, protoze nebylo nutné zajistit
dlouhodoby uéinek, k mortalité dochdzelo kratce po aplikaci, kdy pri-
pravek pronikl kiirou, kde hubil v§echna vyvojova stadia. Po¢atkem
80. let vsak byly tyto ptipravky z ochrany lesa vytazeny. Od poloviny
80. let byly ostatni skupiny Gc¢innych latek nahrazeny syntetickymi
pyretroidy (WULF 1985), odvozenymi od pyrethra, pfirodniho insek-
ticidu extrahovaného z Chrysantemum cinarariaefolium (CREMLYN
1985) nebo Ch. coccineum (SIMANOV, ZAHRADNIK 2017). Do ochrany
rostlin, a tedy i lesa, se dostala cela fada uc¢innych latek odvozenych
od permethrinu - alpha-cypermethrin, cypermethrin, deltamethrin,
cyhalothrin, zeta-cypermethrin (WoORTHING, HANCE 1991), které
byly obsazeny v fadé produkti - piipravki na ochranu rostlin, od
riiznych vyrobct. Ovem i zde se v posledni dobé spektrum pouziva-
nych uc¢innych latek citelné snizilo, a tim i pocet pfipravka uréenych
k asanaci lykozrouta smrkového. V lesnim hospodafstvi jsou v sou-
Casnosti syntetické pyrethroidy, i kdyZz ve zna¢né zuZeném spektru,
jedinou moznosti pro chemickou asanaci kiirovcového drivi; pouzi-
vaji se jiz téméf 50 let a ekvivalentni ndhrada neni. Roste tak riziko
projevu rezistence.

Cilem préce je zjistit, zda existuje rozdilna citlivost v reakci na expo-
zici nasledujicich syntetickych pyretroida: lambda-cyhalothrin (v les-
nictvi dfive pouzivany), alpha-cypermethrin (v lesnictvi pouzivany do
roku 2023) a tau-fluvalinate (v lesnictvi nepouzivany) v zavislosti na
pohlavi lykozrouta smrkového. Porovnana je téz ucinnost pouzitych
ucinnych latek na lykoZrouta smrkového.

MATERIAL A METODIKA

Terénni cast

V obdobi kvéten 2022 az cervenec 2022 bylo sledovano 13 subpopu-
laci lykozrouta smrkového v oblastech Sumava (Sumava 2, Sumava 3),
Brdy (Obecnice), Vysocina (Cervena Reice 1, Cervend Recice 2, Své-
pravice 1, Svépravice 2, Le$ov 1, LeSov 2, Velky Rybnik) a vychod Pra-
hy (Botic, Jesenice, Jir¢any). Ve smrkovych porostech byly instalovany
feromonové §térbinové lapace (Ridex s. r. 0.), ze kterych byli odebira-
ni zivi jedinci pro lahvi¢kové testy rezistence. Z lapaci byli odebra-
ni a umisténi do lahvicek (viz nize) zivi brouci hned druhy den po
predchozim vycisténi, aby byla zajiSténa co nejvétsi vitalita imag, bez
moznosti jejich poskozeni (zejména ,,okousavani® tarst). V zavislosti
na vy$i odchytt bylo do jednotlivych lahvic¢ek vkladano pét az patnéact
jedinctL.

Laboratorni ¢ast

V laboratofi byly pripraveny sklenéné lahvi¢ky dle doporuceni Insec-
ticide Resistance Action Committee (IRAC) pro testovani rezistence
blysk4cka fepkového (Cislo metody 011; IRAC 2009) (http://www.ira-
c-online.org/methods/meligethes-aeneus-adults/) tak, ze do nich byl
vstiiknut roztok u¢inné latky dané koncentrace. Pouzita byla kroko-
vaci pipeta HandyStep® S. Lahvi¢ky s roztokem byly uloZeny na roller,
ktery pti svém pohybu zarucil smoceni vSech stén lahvicek.

Testovany byly nasledujici davky u¢innych latek na hektar (varianty):

¢ lambda-cyhalothrin: (1) 0g.ha'=neosetfenakontrola; (2) 0,06 g.ha’;
(3) 0,3 g.ha'; (4) 1,5 g.ha'; (5) 7,5 g.ha''; (6) 37,5 g.ha'

e alpha-cypermethrin: (1) 0 g.ha! = neo$etfend kontrola; (2) 0,4 g.ha’’;
(3) 2,0 g.ha'; (4) 10,0 g.ha' a (5) 50 g.ha'!

o tau-fluvalinate: (1) 0 g.ha’ = neosetfend kontrola; (2) 1,92 g.ha’;
(3) 9,6 gha''; (4) 48 g.ha' a (5) 240 g.ha'
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Pro kazdou testovanou subpopulaci byla pripravena tfi opakovani
u kazdé davky acinné latky.

Jedinci byli po 24hodinové expozici u¢inné latce rozdéleni do tfi kate-
gorii dle své reakce. Brouci v kategorii: (i) byli zivi, schopni rychlého
béhu bez ztraty orientace; (ii) na insekticid reagovali citlivé, ale nebyli
mrtvi, reakce tykadel ¢i koncetin pouze po podrazdéni, moznost chi-
ze, ale neudrZeni rovnomérného piimocarého pohybu, ¢asté prevaleni
na krovky; (iii) smrt.

Pohlavi jednotlivych kust bylo urceno pitvou. Mrtvi brouci byli vareni
v kadince s vodni lazni v epruveté s 10% roztokem KOH. Nasledné byl
odlomen abdomen a po dalsi segregaci ¢asti abdomenu byla v glyce-
rinu zjistovana piitomnost nebo absence penisu, po ¢emz nasledovalo
rozdéleni na samce a samice.

Statistickd analyza dat byla provedena v programu NCSS. Protoze
nebyla prokdzana normalita dat, bylo uZito neparametrické analyzy,
tj. jednofaktorové Kruskal-Wallis ANOVy a nésledného Kruskal-
-Wallis testu mnohondsobného porovnani u vsech testovanych kate-
gorii. ProtoZe byly do lahvi¢ek umistovany rtizné poclty imag dle aktu-
alni vyse odchytu z lapacd, byly zjisténé pocty imag v ramci objektivi-
zace dat prevedeny na procenta.

s

VYSLEDKY

Za obdobi kvéten az ¢ervenec 2022 bylo do lahvi¢ek odebrano 3 799 je-
dinct. Celkové bylo testovdno 1 083 samcti a 2 716 samic. Do instalo-
vanych feromonovych lapact nalétaly samice pramérné ze 72 % (57,5
az79,5), samci pramérné z 28 % (18,9 az 42,5) (Obr. 1).

U¢inné latky alpha-cypermethrin a lambda-cyhalothrin vykazuji
oproti latce tau-fluvalinate vys$$i G¢innost pro obé pohlavi. Po expo-
zici G¢inné latce lambda-cyhalothrin neprezil Zadny jedinec v Zadné
varianté. Po expozici G¢inné latce alpha-cypermethrin ve varianté 4
(10,0 g.ha') prezilo 0,16 % samic a 0 % samcti a u¢inné latce tau-fluva-
linate ve varianté 2 (1,92 g.ha') prezivalo 3,87 % samic a 2,8 % samct
na totoZné latce i varianté. Tabulka 1 zobrazuje procento zivych, citlivé
reagujicich a mrtvych jedincii po expozici testovanym uc¢innym lat-
kém dle pohlavi.

Na zakladé dosazenych vysledkt p = 0,000 na hladiné vyznamnosti a
= 0,05 lze tvrdit, Ze mezi pouzitymi u¢innymi latkami jsou statistic-
ky vyznamné rozdily. Vysledky rozdil mezi jednotlivymi G¢innymi
latkami znazornuje Tab. 2. Dalsi test s vysledkem p = 0,793 (p > 0,05)
dokazuje, Ze reakce na expozici dané u¢inné latce (prezivani) nebyla
zavisla na pohlavi lykoZzrouta smrkového. Vysledky kombinace u¢inné
latky a pohlavi ukazuje Tab. 3.

DISKUSE

Obvykly pomér pohlavi lykoZrouta smrkového v pozercich je 1:2,
tj. na jednoho samce pfipadaji dvé samice. V gradaci v§ak muze byt
pomér i 1:1, v latenci pak 1:3. Pomér pohlavi vylihlych broukd je viak
priblizné 1:1 (PFEFFER 1955; LINDELOW, WESLIEN 1986). Agregacni
feromon u tohoto druhu vyluc¢uje samec po zavrtani pod kiru hos-
titelské dfeviny. Pfedava dvé zakladni informace — lakd dalsi samce
k obsazeni hostitelské dfeviny a soucasné lakd samice za tcelem pa-
feni a zaloZzeni nové generace. Schéma naletu na stromy predkladaji
SCHLYTER, LOFQVIST (1986), SCHLYTER et al. (1987a, 1987b), BYERS
(1989) nebo KLIMETZEK, VITE (1989). Thalenhorst (in SCHMIDT-
VoaGTH 1977) uvadi, Ze obrannymi mechanismy smrka hyne az 70 %
lykozroutti. Vzhledem k tomu, Ze na smrky primarné nalétavaji sam-
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ci, aby nalakali samice a zalozili novou generaci, tak redukce poméru BotiZ, 13.5.2022
pohlavi se tyka predevsim samct. Z toho ¢aste¢né vyplyvaji i pomé-  Cervena Retice 1, 14.6.2022
ry, resp. rozdily v odchytu samct a samic do feromonovych lapaéi. z::::i ::Z:::::::;;::
BRrUTOVSKY (1986) uvadi rozdily mezi pomérem pohlavi lykozroutd o, o o "0
zachycenych do feromonovych lapacil. Zatimco u pristavacich (trubi-  gervens gecice 2, 1462022
covych) lapaci, kdy samice po pristani musely proniknout ,,pfedvrta-  Cervens Reéice 2, 14.7.2022
nou dirkou“ do lapace, coz byla imitace vniknuti do snubni komtirky, ~ Cerven Refice 2. 16.6.2022

. ; Vo vl v vy 1. ; Ls - Eervens Reéice 2, 18.6.2022
u narazovych lapact, véetné $térbinovych, které jsou pouze jejich ~ T ™
Cervena Recice 2, 4.6.2022

modifikaci, narazi a uviznou v ném samci i samice ldkani agrega¢nim REEIES 13,5200
feromonem. To zpusobuje rozdily v poméru zachycenych samct a sa- Jesenice, 24.6.2022
mic. V rdmci pokusu byly pouzivany §térbinové feromonové lapace, Jirgany, 13.5.2022

Jiréany, 17.6.2022
Lesov 1, 12.5.2022
Ledov 1, 19.7.2022

. x7 . o . . 7y . Lefov 2, 12.5.2022
Nejhorsich vysledkt v tomto experimentu z hlediska u¢innosti do- emovE
Obecnice, 11.5.2022

sahla ¢inna latka tau-fluvalinate, coZ bylo prokdzano i v zemédél- P S
skych plodindch proti hmyzim $kiidcim (MiLovac et al. 2017; Ni- Svépravice 1, 16.6.2022
CHOLAS, THWAITE 2003). VUKOVIC et al. (2014) uvadi nizs$i a¢innost Svépravice 1, 18.6.2022
tau-fluvalinate oproti lambda-cyhalothrinu, ziroven ale popisuje Svépravice 1, 2.6.2022

. e i s 0 . své 2,14.6.2022
jeho benefit v nizsi toxicité pro necilovy hmyz a véely. S
Svepravice 2, 14.7.2022

Svépravice 2, 16.6.2022
Svépravice 2, 16.6.2022
Swépravice 2, 2.6.2022

kde je pomér zachycenych samctl a samic 1:2. V na§em experimentu
bylo odchyceno priimérné 72 % samic a 28 % samctl.

Vysledky testovani piipravka na ochranu lesa pro asanaci kirovco-
vého diivi s prislu$nymi uc¢innymi latkami se nezverejiuji. Na z4-

kladé vysledkt (terénni pokusy dle metodik EPPO) bud jsou, nebo Sumava 2, 18.5.2022
nejsou registrovany. Proto je nutné se divat i na tyto vysledky vycha- Sumava 3, 18.5.2022
zejici z laboratornich testd a rozli$ujici pohlavi kontaminovaného Velkj Rybnik 2, 19.7.2022
jedince. © 10 20 30 40 50 60 7FO 80 90 100%
By 0O9
Obr. 1.
Pomér pohlavi lykozrouta smrkového v jednotlivych odchytech
Fig. 1.

Spruce bark beetle sex ratio in samples

Tab. 1.
Podil jedincti reagujicich na jednotlivé Gc¢inné latky a jejich koncentrace
Proportion of individuals responding to individual active ingredients and their concentrations

Uginna latka Samci/Male (%) Samice/Female )%)
(davka)/Active - -

ingredient (g.ha"') ZivilAlive Citlivi/Sensitive Mrtvi/Dead Zivé/Alive Citlivé/Sensitive Mrtvé/Dead
AC(2) 0 17,12 6,55 0 17,52 6,81
AC(3) 0 15,01 9,09 0 15,41 10,30
AC(4) 0 14,59 11,42 0,16 15,16 8,92
AC(5) 0 20,51 5,71 0 20,28 5,43
LC(2) 0 15,15 8,33 0 12,09 6,49
LC(3) 0 14,39 3,79 0 16,81 4,42
LC(4) 0 9,09 5,30 0 13,57 7,96
LC(5) 0 13,64 3,03 0 14,75 7,08
LC(6) 0 21,97 5,30 0 12,68 4,13
TF(2) 2,8 4,47 16,26 3,87 6,50 16,17
TF(3) 0 14,23 11,38 0 12,13 12,83
TF(4) 0 12,60 13,41 0 11,60 12,30
TF(5) 0 10,98 13,82 0 11,25 13,36

AC = alpha-cypermethrin (2) 0,4; (3) 2,0; (4) 10,0 a (5) 50; LC = lambda-cyhalothrin (2) 0,06; (3) 0,3 ; (4) 1,5; (5) 7,5; (6) 37,5; TF = tau-fluvalinate(2)
1,92; (3) 9,6; (4) 48 a (5) 240; tu¢né zvyraznéné jsou nejvyse dosazené hodnoty
AC = alpha-cypermethrin (2) 0.4; (3) 2.0; (4) 10.0 a (5) 50; LC = lambda-cyhalothrin (2) 0.06; (3) 0.3 ; (4) 1.5; (5) 7.5; (6) 37.5; TF = tau-fluvalinate
(2) 1.92; (3) 9.6; (4) 48 a (5) 240; the highest achieved values are given in bold.

https://doi.org/10.59269/ZLV/2025/1/754 7L, 711, 2025 (1): 45-50 n


https://doi.org/10.59269/ZLV/2025/1/754

ZAHRADNIKOVA M. et al.

ZAVER
Mezi G¢innosti testovanych uéinnych latek lambda-cyhalothrin, al-
pha-cypermethrin a tau-fluvalinate proti lykoZzroutu smrkovému exi-

stuje statisticky vyznamny rozdil. Nejméné t¢innou je latka tau-flu-
valinate.

Z porovnani citlivostni reakce samct a samic na pouzité uc¢inné latky

vyplyvd, Ze reakce neni zavisla na pohlavi.

Vétsi ¢ast odchytu (72 %) ve $térbinovém feromonovém lapaci tvori
samice.

Podékovani:

Publikace vznikla v rdmci podpory na rozvoj vyzkumné organizace
¢ MZE-RO0123 a Ustavu péstovani, Slechténi rostlin a rostlinolékat-
stvi Mendelovy univerzity v Brné.

Tab. 2.
Test vicendsobného porovnani (Dunniiv test)
Multiple-Comparison Z-Value Test (Dunn’s Test)

Uginna latka/

Active ingredient AC LC TF

AC 0,0000 1,4980 4,7260
LC 1,4980 0,0000 5,0431
TF 4,7260 5,0431 0,0000

Poznédmka/Note: Tu¢né zvyraznéné hodnoty znamenaji statisticky vy-
znamny rozdil mezi G¢innymi latkami (> 1,96). AC (alpha-cypermethrin),
LC (lambda-cyhalothrin), TF (tau-fluvalinate)/Values in bold indicate
a statistically significant difference between the active ingredients (> 1.96).
AC (alpha-cypermethrin), LC (lambda-cyhalothrin), TF (tau-fluvalinate).

Tab. 3.
Kruskal-Wallis test mnohondsobného porovnéni (Dunniv test)
Kruskal-Wallis Multiple-Comparison Z-Value Test (Dunn’s Test)

Uginna latka(pohlavi)/  Median/ Statisticky odliSna skupina/
Active ingredient(sex) Median Statistically different group
LC(M) 76,92308 TF(M), TF(F)
LC(F) 70,83334 TF(M), TF(F)
AC(M) 68,33334 TF(M), TF(F)
AC(F) 62,67857 TF(M), TF(F)
TF(M) 40,83333 AC(M), AC(F), LC(M), LC(F)
TF(F) 38,31522 AC(M), AC(F), LC(M), LC(F)

LC = lambda-cyhalothrin, AC = alpha-cypermethrin, TF = tau-fluvalinate, (M) - samci/
male, (F) - samice/female
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EFFICACY OF DIFFERENT CONCENTRATIONS OF LAMBDA-CYHALOTHRINE, ALPHA-CYPERMETHRINE
AND TAU-FLUVALINATE ON BOTH SEX OF SPRUCE BARK BEETLE /PS TYPOGRAPHUS (LINNAEUS 1758)

SUMMARY

The spruce bark beetle (Ips typographus L.) is one of the most significant pests of spruce forests across its distribution range, which extends
from Central and Northern Europe through Russia and Siberia, Northern China, and Japan (ZuMR 1985; SKUHRAVY 2002; PFEFFER 1955,
1995; Knizek 2011). The use of chemical substances for plant protection began globally and in former Czechoslovakia in the 1950s. From
the mid-1980s, other groups of active ingredients were replaced by synthetic pyrethroids (WuLr 1985). Various active ingredients derived
from permethrin - such as alpha-cypermethrin, cypermethrin, deltamethrin, cyhalothrin, and zeta-cypermethrin — were introduced for plant
protection, including forestry (WORTHING, HANCE 1991).

The aim of this study is to determine whether there is a differential sensitivity to the following synthetic pyrethroids based on gender: lambda-
cyhalothrin (previously used in forestry), alpha-cypermethrin (used in forestry until 2023), and tau-fluvalinate (not used in forestry). The
efficacy of these active ingredients on the spruce bark beetle was also compared.

From May 2022 to July 2022, 13 subpopulations of the spruce bark beetle were monitored in the regions of Sumava, Brdy, Vysocina, and east
of Prague. Pheromone barrier traps (Ridex s. r. 0.) were placed in vicinity of spruce forest walls, from which imagoes were collected into vials.
In the laboratory, glass vials were prepared following the recommendations of the Insecticide Resistance Action Committee (IRAC) for testing
resistance in the pollen beetle (http://www.irac-online.org/methods/meligethes-aeneus-adults/) (IRAC 2009) by injecting them with solutions
of the active ingredients at specified concentrations. The following doses of active ingredients per hectare were tested (variants): (i) Lambda-
cyhalothrin: (1) 0 g.ha’ = untreated control, (2) 0.06 g.ha, (3) 0.3 g.ha”, (4) 1.5 gha'', (5) 7.5 g.ha, (6) 37.5 g.ha’, (ii) Alpha-cypermethrin:
(1) 0 g.ha! = untreated control, (2) 0.4 g.ha’, (3) 2.0 g.ha, (4) 10.0 g.ha', (5) 50 g.ha', (iii) Tau-fluvalinate: (1) 0 g.ha’ = untreated control,
(2) 1.92 gha', (3) 9.6 g.ha'', (4) 48 g.ha', (5) 240 g.ha''. After 24-hour exposure to the active ingredient, individuals were categorized based on
their response: (i) Alive, capable of rapid movement without loss of orientation, (ii) Sensitive to the insecticide but not dead, with antennae or
limb reactions only upon stimulation, capable of walking but unable to maintain steady, straight movement, often flipping onto their backs,
(iii) Dead. The sex of each imago was determined with dissection. Data were statistically analyzed using NCSS software. Due to the non-
normality of the data, non-parametric analysis was employed, specifically one-way Kruskal-Wallis ANOVA and subsequent Kruskal-Wallis
multiple comparison tests for all tested categories. For testing the influence of sex on sensitivity to the insecticide active ingredients, the numbers
of imagoes in samples were converted to percentages.

From May to July 2022, 3,799 individuals were collected, comprising 1,083 males and 2,716 females. The installed pheromone barrier traps
captured females on average 72% (57.5 to 79.5), and males on average 28% (18.9 to 42.5) (Fig. 1). The active ingredients alpha-cypermethrin
and lambda-cyhalothrin showed higher efficacy for both genders compared to tau-fluvalinate. No individuals survived exposure to lambda-
cyhalothrin at any variant. After exposure to alpha-cypermethrin at variant 4 (10.0 g.ha), 0.16% of females and 0% of males survived, while
exposure to tau-fluvalinate at variant 2 (1.92 g.ha) resulted in 3.87% of females and 2.8% of males surviving. Table 1 shows the percentage of
live, sensitively reacting, and dead individuals after exposure to the tested active ingredients by gender. Based on the results with p = 0.000 at
a significance level of a = 0.05, there are statistically significant differences between the tested active ingredients. The differences between the
individual active ingredients are shown in Table 2. Another test with p = 0.793 (p > 0.05) demonstrates that the response to exposure to the given
active ingredient (survival) was not dependent on the gender of the spruce bark beetle. The results of the combination of active ingredient and
gender are shown in Table 3.

In our experiment, 72% of the captured individuals were females, and 28% were males. There is a statistically significant difference in the efficacy
of the tested active ingredients lambda-cyhalothrin, alpha-cypermethrin, and tau-fluvalinate against the spruce bark beetle. Tau-fluvalinate is the
least effective. The sensitivity response of males and females to the active ingredients used indicates that the reaction is not gender-dependent.
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