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AHHOTALIUA
3uMHAg ngmenuna Operophtera brumata (Linnaeus,
1758) — omacHbBIN BPeOUTEJNb JIECHBIX HACAKIAECHUH
U TJIOZIOBBIX JIEPEBBEB, PACIIPOCTPAHEHHBI B CEBEPO-
3amnagHou yacTu Poccuiickoit demepaiiuu, B MoJiga-
Buu, Cubupu, Cpenuent Asuu, Ha KaBkase. [[Jist 60pbOBI
C TISIIEHUIIEN UCITONb3YIOT XUMUYECKIEe, MEXaHUYe-
CKue 1 OMOJIOTUYeCcKre MeTOIbI 60pb0bI, BAXKHOM CO-
CTABJISIOINIEH KOTOPBIX SBJISIETCSI CBOEBPEMEHHOE
BBISIBJIEHWE Y MOHUTOPUHT YUCJIEHHOCTU LAaHHOTO
BpenuTess. HesaMeHUMbIM MHCTPYMEHTOM JJISI 3TOTO
cayxaT hepOMOHHBIE JIOBYIIKY, B KOTOPBIX MCITOJIb-
3YI0TCS LUCIIEHCEPHI C TI0JIOBBIM (DePOMOHOM 3UMHEN
nageuuisl — (Z, Z, 72)-1,3,6,9-HoHaieKaTeTpaeHoM,
CUHTE3MPOBAHHBIM B OTZeJe CuHTe3a (PepOMOHOB
®T'BY «BHUUKP» 110 padpaboTaHHO! MeTofuKe. Jleii-
CTBYIOIIEE BEIeCcTBO, (hepoMOH, HAHOCUIIY Ha JUCIIEH-
Cepbl B CMECH CO cTabuausaTopaMy — BUTaMUHOM E
1 KOHOJIOM.

B manHO# pa6oTe MpeicTaBIeHbI PE3YJIbTAThI I10-
JIEBBIX UCTIBITAHUN PA3JIMYHBIX BAPUAHTOB KJIEEBBIX
(hepOMOHHBIX JIOBYIIIEK C CUHTETUUYECKUM (DEPOMOHOM
B [IByX Pa3HbIX f03upoBKax — 0,5 mr (cmech I) u 2,0 MT
(cvmech IT) — Ha 1 gucnencep. [TokasaHo, YTO cMecCh II
ob1a 3(pPpeKTrBHEEe cMecH | JTUIIb B KOJIMUECTBEHHOM
OTHOIIEHMWHY, HO He I10 IPOIOJKUTEIbHOCTY aTTPaK-
TUBHOTO JAENCTBYS, KOTOpPas OKa3aJlaCh OAUHAKOBOMN
st 06oux BapuaHTOB. TakuM 06pasoM, IIPU UCITOJIb-
30BaHUY (DEPOMOHHBIX JIOBYIIEK 4-KPAaTHOE yBeJIUYe-
HY€e JO3UPOBKY CUHTETUYECKOT0 (hePOMOHA HE MOXKET
CUMTAThCS 0653aTEIbHBIM. YCTaHOBJIEHO, YTO POMGO-
BUJIHAs JIOByIIKa obecrieunBaeT 6ojyee 3hHEKTUB-
HBIU OTJIOB BPEUTENS 3a CUET GOJIbIEl 3aKPBITOCTH
KOHCTPYKIIMY 110 CPaBHEHUIO C JIOBYIIKON «KBaspo»,
a Tak)Xe C IeJIbTOBUIHOM JIOBYIIKOY B PA3JIUYHBIX €€
MomuUKaIUIX. JJokazaHO MPEerMYyIeCTBO DHTOMOJIO-
TMYECKOT0 KJIes ITPY UCIIOJIb30BaHUY B KAUECTBE pac-
TBOPUTEJISI MUHEPaJIbHbBIX Maces (Kiei «IToruguKe»)
10 CPABHEHMIO C KJIEEM Ha BOLHO-MUHEPAJIBHOM OCHO-
Be (KJ1el «YHUDIIEKC»).
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ABSTRACT
Common winter moth Operophtera brumata (Linnaeus,
1758) is a dangerous pest of forest plantations and fruit
trees, common in the northwestern part of the Russian
Federation, in Moldova, Siberia, Central Asia, and the
Caucasus. To control the moth, chemical, mechanical
and biological methods are used, an important com-
ponent of which is the timely identification and moni-
toring of the number of this pest. An indispensable tool
for this is pheromone traps, which use dispensers with
the sex moth pheromone (Z, Z, Z)-1,3,6,9-nonadeca-
tetraene, synthesized in the pheromone synthesis de-
partment of FGBU “VNIIKR” according to the developed
method. The active substance, pheromone, was applied
to dispensers in a mixture with stabilizers — vitamin E
and ionol.

This paper presents the results of field tests of va-
rious variants of glue pheromone traps with synthe-
tic pheromone in two different dosages — 0.5 mg (mix-
ture I) and 2.0 mg (mixture II) — per 1 dispenser. It was
shown that mixture Il was more effective than mixture I
only in quantitative terms, but not in terms of the dura-
tion of the attractive action, which turned out to be the
same for both options. Thus, when using pheromone
traps, a 4-fold increase in the dosage of synthetic phe-
romone cannot be considered mandatory. It has been
established that the rhomboid trap provides more ef-
fective pest trapping due to the greater closed structure
in comparison with the Quadro trap, as well as with the
deltoid trap in its various modifications. The advantage
of entomological glue when used as a solvent for mine-
ral oils (Polyfix glue) in comparison with water-mineral
based glue (Uniflex glue) has been proved.
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PaszpaboTraHHbIN (hepPOMOHHBIN ITPenapaTr MOXKeT
OBITH UCIIOJIb30BAH IIPU BISIBIEHUY BPEIUTEIS U MO-
HUTOPUHTE YNCJIEHHOCTY 3UMHEN MTSAI€HUTTbI.

Knrwuesvle cnosa. PepoMOHHEIE JIOBYILIKY, Bpe-
JIVTEeJIN Jieca, O4ary, BeIsIBJIeHE, MOHUTOPUHT.

BBEJIEHUE

UMHSAS Tanenunia Operophtera brumata

(Linnaeus, 1758) — IMPOKO U3BECTHBIN

B CTpaHax EBpoImbl u A3uu BpenuTellb

JIECHBIX, JIECOEKOPATUBHbBIX U ILJIOMI0-

BBIX JIEPEBBEB U KYCTaPHUKOB (puc. 1).

CIIMCOK KOPMOBBIX pacTeHUU

3UMHEeN NSIIeHUIIbl BechMa OOIIUPEH:

K YKCJIy OCHOBHBIX ITOBPEXIAEMBIX T10-

POJl OTHOCSATCS pasjinuHbIe TJIOOBBIE, a TAKXKe Iy0,

Oyk, rpab, 6epesa, Jumna, KjieH, UJIbMOBbIE, JIEIIUHA,

yepeMmyxa u MHorue npyrue (AdboHuH u np., 2008;
http://ecosystema.ru; https://givoyles.ru).

B pesysiibTaTe paHHEBECEHHETO MUTAHUSI TyCe-
HUII BDEJIUTEJIS B TIEPBYI0 0UEPEb CTPALAI0T TTOYKU
U MOJIOJible TTOGEru, YTO OTPUIATEIbHO CKa3bIBAET-
cs Ha ypoJkae IIJIOZOB M CEMSH, a ITPY MHOTOJIETHEM
MaCcCOBOM MOPa’KEHUM BO3MOJKHA IT0JIHAsI I1beb Ha-
caxxmenusa (Boakos u Ap., 1955; http://ecosystema.ru;
http://wiki.rcfh.ru).

B JecHBIX MaccuBax ovaru 3MMHEN MIIIeHUIbI
yalre Bcero 6bIBAaiOT ITPUYPOUYEHBI K 3JITaKOBBIM U 0CO-
KOBBIM Jly6paBaM U IMTOVUMEHHBIM JiecaM CpeHero Bo3-
pacTa, pexe CIeJbIM, B 0COOEHHOCTY NPU HAJIUYUU
B HUX 3apOCJIEd AUKOPACTYIIUX IIJIOJOBBIX JEPEBBEB.
B aHTPOIIOTEeHHBIX YCIOBUSIX OHU BCTPEYAIOTCS B Iap-
Kax, 3allyIeHHbIX TJIOLOBBIX cazax. YacTo o6pasyoT
KOMILJIEKCHBbIE 0Uaru ¢ JPYyTMMU BUILAMU BPeAUTE-
JIeli — ¢ IUCTOBEPTKaMU, COBKAMU 1 BOJHSIHKaAMMU.

CyuTaeTcs, YTO MaCCOBOMY Pa3zMHOXEHUIO TIs-
JIEeHUIIbI CTIOCOGCTBYIOT TO/IbI C YMEPEHHO BJIAYKHOM
¥ TIPOLOJKUTEIbHON 0CEeHbI0, 63 IJIUTEbHBIX MO-
PO3HBIX MEPUOAOB U C HEXKAPKUM BJIAXKHBIM JIETOM,
OIHAKO B I1€JIOM IPUYUHbBI ¥ IUHAMWKA BCIIbIIIEK U3Y-
YeHbI JOCTATOYHO CJIab0 ¥ IIPOTrHO3MPOBATh UX BeCbMa
caoxHo (http://wiki.rcfh.ru; https://givoyles.ru).

TpyaHOCTU OGHAPYXEHUS NAaHHOTO BPeqUTeNs
MIpU IIPOBEIEHUN JIECOIATOJIOTUUYECKOTO 00CienoBa-
HUS CBSI3aHBI IPEUMYIIECTBEHHO C OTCYTCTBUEM YeT-
KUX W IOCTYIHbBIX IPU3HAKOB (CUMITTOMOB). O6Cemno-
BaHUE 06BIUHO 6a3UPyeTCs HA BHISIBJIEHUU B Havaje
WIOHS TYCEHUI] B KPOHAX JIePEBBEB, OLHAKO CKPYYEH-
HbI€e TayTUHOM JINCThS He ABJISIOTCS BUAOCIIEN(pUY-
HBIM IIPU3HAKOM, a 00JIaaolnye IPKO BhIPaKeHHOM
TTOKPOBUTEJIBCTBEHHOM OKPACKOM T'YCEHUIIbI OUEHbD
YacTo ocTarTcs HesaMeueHHbIMU (Kopuarus, 1971).
JeranbHOe 00CJiejoBaHME TIPOBOMAT MO KYKOJIKAM
B KOHII€ aBTyCTa — HavyaJie CEHTSI0PS, HO BBIIBUTD UX
B MIOJICTUJIKE U MTOYBE 3aTPYAHUTENBHO I10 IPUUYUHE
HeBOJIBIIOr0 pazMepa KOKOHOB, MaCKUPYEeMBbIX 10T KO-
mouku rpyHTa (https:/givoyles.ru). Bosiee mpogyKTuB-
HBIM CUMTAETCS NMPUMEHEeHVEe NHCEeKTUIIUAHbBIX WU
KJIEEBBIX IT0SICOB, II03BOJISIOUIMX KOHTPOJIHUPOBATh IOI-
HUMAaIOIIMXCS OCEHBIO IT0 CTBOJIAM B KPOHY 6€CKPBLIBIX

The developed pheromone preparation can be
used to identify the pest and monitor the abundance of
the common winter moth.

Key words. Pheromone traps, forest pests,
outbreaks, detection, monitoring.

INTRODUCTION

perophtera brumata (Linnaeus, 1758) — wide-
ly known pest in Europe and Asia of fo-
rest, ornamental and fruit trees and shrubs
(Fig. 1).

The list of host plants of the common
winter moth is very extensive: the main damaged spe-
cies include various fruit trees, as well as oak, beech,
hornbeam, birch, linden, maple, elm, hazel, bird cherry
and many others (Afonin et al., 2008; http://ecosystema.
ru; https://givoyles.ru).

As a result of the early spring nutrition of the pest
caterpillars, the buds and young shoots are primarily
affected, which negatively affects the yield of fruits and
seeds, and with many years of mass damage, the com-
plete death of the plantation is possible (Volkov et al.,
1955; http://ecosystema.ru; http://wiki.rcfh.ru).

In forest areas, common winter moth outbreaks
are most often associated with cereal and sedge oak
forests and middle-aged floodplain forests, less often
mature ones, especially if they contain thickets of wild
fruit trees. Under anthropogenic conditions, they are
detected in parks, neglected orchards. Often, they form
complex outbreaks with other pest species — with leaf-
worms, noctuids and tussock moths.

Puc. 1. Umaro camua
3UMHEN NageHuLbl

Fig. 1. Imago of a male
common winter moth (photo
(thoTo c cavita Poccuiickoro  from the website of the

Russian Center for Forest
Protection: https://wiki.rcfh.ru)

LeHTpa 3aWuThbl neca:
https://wiki.rcfh.ru)

dutocaHuTapus. KapaHTuH pactenuii = 58
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CaMOK, OJTHAKO STOT BapMaHT TaK)Ke HEeJIb3s CUUTAaTh
IOCTATOYHO TOYHBIM B CBSI3M C BBICOKOM aKTUBHOCTbHIO
PasIMYHBIX )KUBOTHBIX-9HTOMOGaros (http://wiki.rcfh.
ru; https://givoyles.ru). Takum 06pa3oM, B CJIOKUBIIEN-
CSl CUTYalluM JOOIOJIHUTEJIbHBIM, MEHEE TPYA0EMKUM
U UMEIONUM OGOJIbIINYI 0XBAaT TEPPUTOPUU CIIOCOOOM
MOHUTOPUHTA YNCIEHHOCTH IOIYJAUY 3UMHEN I15-
JIEHUIIBI MOTJIO 6Bl CTATh IIPpUMeHeHre (PepPOMOHHBIX
sosymek (http://wiki.rcth.ru).

[Tos10BO¥ (hePOMOH 3MMHEH IIAI€HUIIBI ObLI UIeH-
tuduIMpoBaH Kaxk (Z, Z, Z)-1,3,6,9-HoHaieKaTeTpaeH
(Roelofs et al., 1982; Bestmann et al., 1982) (puc. 2).

OmBITHI 110 pa3paboTKe IperapaTUBHON (OPMBI
CUHTETUYECKOTO IT0JIOBOTO (hepoMOHAa 3UMHEN TIs-
IeHuIbl ObLIY ITPOBeHeHbI Ha 6a3e OPTBY «BHUUKP»
B 2019-2020 rr. 3amadell mepBOTO 3Tama PabOThI
(2019 r.) 6B1JIa OIleHKA ATTPAKTUBHOCTY Pa3JIUUHBIX
IO3WPOBOK ITOJIOBOTO (DepoMOHAa 3UMHEN ISIIeHU-
IIBI B UCIIeHCepax. B 3aaduy BToporo arama paboTsl
(2020 r.) BXOOMJIM CPAaBHUTEJIbHbIE UCTIBITAHUA 3 -
(beKTUBHOCTU PA3JIMUHBIX BAPUAHTOB (PepPOMOHHOM
KJIEEeBOU JIOBYIIKU B 3aBUCUMOCTH OT KOHCTPYKIIUU
JIOBYIIKY U TUTIA TIPUMEHSIEMOT0 B Hell SHTOMOJIOT Y-
YeCKOTOo KJies.

MATEPUAJIBI U METO/1bI

Il BBITIOJITHEHUS II0JEBBIX OIIBITOB MCIIOJNIH30-
BaJics IIOJIOBOM (pepoOMOH 3MMHEN NANEeHUIIbl —
(Z, Z, 7)-1,3,6,9-HO0HaZeKaTeTpaeH, CUHTE3UPOBAHBIHI
B oTHeJie cuHTe3za ¢epoMoHoB PI'BY «BHUUKP»
10 OPUTHHAJbHOU MeTOoAMKe. [IefiCTBYIOIIEe BENMECTBO
HAHOCWJIX Ha AVCII€HCEePhI B CMECH CO CTabMIM3aTopa-
MU — BUTAaMUHOM E 11 MOHOJIOM.

B KauecTBe IMCIIEHCEPOB Ha IIPOTSKEHUN BCETO
9KCIIepUMeHTa ObLIM MCIT0JIb30BAHBI CUHUE MeIU-
IIUHCKME TTPOOKY BBICOTON 9 MM U JUaMeTpPoM 12 MM
13 6poMOyTUIIBHOTO KayuyKa mpousBojcTea KHP (co-
Iep)xaHue Matepuaja: Boga — 0,8%, 30JIbHBIN OCTa-
TOK — 47%, amMouui — 0,0002%, 1uuk — 0,0003%)
C HaHECEeHHBIM Ha HUX CUHTETUYECKUM (epOMOHOM
B konmuyecTBe 0,5 Mr (BapuauT I) u 2,0 M (BapuaHT II)
COOTBETCTBEHHO Ha 1 auciieHcep (puc. 3).

Ha mepBoM sTame paboThl B 000MX BaprUaHTax
OIThITA OBLIM UCIIOJIb30BAaHbI KJIE€Bble JTOBYIIKY TUIIA
«PoM6» (poMGOBUIHBIE JIOBYIIKHM). Ha BTOPOM 3Tare
paboThl OBIIM MPUMEHEHBI JIOBYMKY TUIa «PoM6»,
Ttuna «Kagpo» u tTuna «Jlenpra» (puc. 4—6), mapas-
JIEJIbHO B IeJIbTOBU/IHBIX JIOBYIIKAX ObLJIN IIPOBEPEHDI
KJIed Pa3HbIX COCTABOB OT HECKOJbKUX ITPOU3BOIM-
TeJlel.

JloByuika Tumna «JleibTa», WU AeJbTOBULHAS
JioBymIka (puc. 4), — yHuBepcajgbHasa U Haubojee ya-
CTO TIpUMeHseMas KOHCTPYKIMS IJis OTJiOBA 4Ye-
IIYEKPBIJIBIX C ITOMOIILbI0 TTOJOBBIX hepoMoHOB (TY
72.11.13-033-04731278-2015). Kopryc U3TOTOBJIEH
13 TIJIOTHOTO JJAMUHUPOBAHHOTO KapTOHA, KOTOPbIHN
CKJIaZbIBAETCSI B TPEYTOJbHO-TIPU3MATUUECKYIO0 JIO-
BYIIIKY, OCHOBaHUE KOTOpPO# cocTasiseT 12,9 cm, 60-
KOBbIe CTOPOHEBI — 12,4 cM, gauHa — 18,6 cM. Ha n1HO
IIoMellaeTCcd JIUCT KapTOHa pa3MepoM 18 x 12 cm
C HaHECeHHBIM SHTOMOJIOTUYECKUM KJjeeM (KjeeBou
BKJIaZbII). OGIIas MIoIlab KJIeeBOM MOBEPXHOCTH —
216 cM?. B oTibITaX BTOPOTO 3TAlla Ha BKJIAAIIIN HAHO-
cuiu 2 BapuaHTa Kies — «[Tonuduke» (TY 2387-002-
55841212-2002, «XuMT3K», I. Yha) u «Yuudiexc» (TY
5262-001-68159309-2013, Pecny6iuka Beiapycs).
BBLJI MCITBITAH TAK)Ke YCOBEPIIEHCTBOBAHHBIN BAPUAHT

It is believed that the mass reproduction of the
moth is facilitated by years with a moderately wet and
long autumn, without long frosty periods and with a
cool, humid summer, however, in general, the caus-
es and dynamics of outbreaks are poorly studied and
it is very difficult to predict them (http:/wiki.rcfh.ru;
https://givoyles.ru).

Difficulties in detecting this pest during a forest
pathological examination are mainly associated with
the absence of clear and accessible signs (symptoms).
The survey is usually based on the detection of cater-
pillars in the crowns of trees in early June, however,
leaves twisted with cobwebs are not a species-specific
feature, and caterpillars with a pronounced protective
coloration very often go unnoticed (Korchagin, 1971).
A detailed examination is carried out on pupae in late
August — early September, but it is difficult to identify
them in the litter and soil due to the small size of co-
coons disguised as lumps of soil (https://givoyles.ru).
It is considered more productive to use insecticidal
or glue belts, which make it possible to control wing-
less females ascending the trunks in the fall into the
crown, however, this option also cannot be considered
sufficiently accurate due to the high activity of various
entomophagous animals (http://wiki.rcfh.ru; https://
givoyles.ru). Thus, in the current situation, the use of
pheromone traps could be an additional, less labor-
intensive and more area-covering method for monitor-
ing the abundance of the common winter moth popula-
tion (http://wiki.rcfh.ru).

The sex pheromone of the common winter moth
was identified as (Z, Z, Z)-1,3,6,9-nonadecatetraene (Ro-
elofs et al., 1982; Bestmann et al., 1982) (Fig. 2).

Experiments on the development of a prepara-
tive form of a synthetic sex pheromone of the com-
mon winter moth were carried out on the basis of

a_/\_/\;/cs"'m

Puc. 2. Xumnueckas ctpyktypa  Fig. 2. Chemical structure
z,2z,2)-,3,6,9- of (Z, 2, 2)-1,3,6,9-
HOHajeKkaTeTpaeHa nonadecatetraene

Puc. 3. BHewHui Bupg, Fig. 3. Dispensers with
OMCNeHCepoB € CMHTeTUYecknm  synthetic sex pheromone
nosioBbIM (hePOMOHOM 3UMHEN of the common winter moth
nsageHuubl (hoTo aBTOPOB) (photo by the authors)
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Puc. 4. BHewHul Bup, genstroBupHoi  Fig. 4. Deltoid glue trap (photo by the

KneeBol noByLWwKK (hoTo aBTOPOB) authors)

Puc. 5. BHewHwui Bug pomboBupHoi  Fig. 5. Diamond-shaped glue trap

KneeBol noByLWKK (hoTo aBTOPOB) (photo by the authors)
IeNbTOBUAHOU JoBymkuy («Jempra-H», TY 72.11.13-
128-04731278-2020), KOTOPBIN MpeAyCcMaTpUBaeT
OTCYTCTBUE BKJIQJIbIIIe}N 1 HaHeCceHUe SHTOMOJIOTU-
YeCKOro KJies 110 BCel IJIONIaIN BHYTPEHHEN TT0BepPX-
HOCTU JIOBYIIKY (648 cM?).

JloBymiky Tura «PomM6» u Tua «KBagpo» IBISIOT-
¢t MOIU(UKALUSIMU JeJIbTOBUIHOM JIOBYIIKU.

JloBymka tuma «Pom6» (puc. 5) (TY 72.11.13-
080-04731278-2018) 1m0 BHENIHEMY BUAY IIpe-
cTaBisieT cob60l ABe CasHHBbIE Y3KUMU KOHIIAMU
MJIACTUHBI U3 JIJAMUHUPOBAHHOTO C JIBYyX CTOPOH
KapToHa padMepoM 20 x 16 ¢M, KOTOPble pa3Bopavyu-
BarTCcs B QUTYPY, HATIOMUHAIOIILYI0 06beMHBIN POMO
C IBYM{ BEPXHUMU IrpaHgamMu pa3dMepoM 10 Ha 16 cM
¥ OBYMSI HUKHUMU IPaHAMU pasMepoM 9 Ha 16 cM.
C BHYTpeHHEU CTOPOHBI JIOBYIIKY HAaHECEH BHTOMO-
JIOTUYECKUY KJel njs puKcaluu MpUuBIeUYeHHBIX
¢depoMoOHOM HaceKoMbIX. ObIIas maoiaab KieeBok
moBepxHOCTH — 420 cM?. B BepxHeM pebpe KOHCTPYK-
VY MMewTcda 2 oTBepcTuda guamerpoMm 0,5 cM s
MO BENIMBAHUS JIOBYIIKM C TTOMOIILbIO BXOISAIIEH
B KOMILJIEKT ITPOBOJIOKU.

FGBU “VNIIKR” in 2019-2020. The
task of the first stage of work (2019)
was to evaluate the attractiveness of
various dosages of the common winter
moth sex pheromone in dispensers.
The task of the second stage of work
(2020) included comparative tests of
the effectiveness of various versions
of the pheromone glue trap, depend-
ing on the design of the trap and the
type of entomological glue used in it.

MATERIALS AND METHODS

To perform field experiments, we used
the sex pheromone of common win-
ter moth — (Z, Z, Z)-1,3,6,9-nonadeca-
tetraene, synthesized in the phero-
mone synthesis department of FGBU
“VNIIKR” according to the original
method. The active substance was ap-
plied to dispensers in a mixture with
stabilizers — vitamin E and ionol.

As dispensers throughout the ex-
periment, blue medical plugs 9 mm
high and 12 mm in diameter made of
bromobutyl rubber manufactured in
China were used (material content: wa-
ter — 0.8%, ash residue — 47%, ammo-
nium — 0.0002%, zinc — 0.0003%) with
synthetic pheromone applied to them
in the amount of 0.5 mg (option I) and
2.0 mg (option II), respectively, per 1
dispenser (Fig. 3).

At the first stage of work, in
both variants of the experiment,
glue traps of the Rhombus type (dia-
mond-shaped traps) were used. At the
second stage of the work, traps of the
Rhombus type, Quadro type and Delta
type were used (Fig. 4-6), in parallel,
adhesives of different compositions
from several manufacturers were
tested in deltoid traps.

The Delta type trap, or deltoid
trap (Fig. 4), is a universal and most
commonly used design for trapping Lepidoptera us-
ing sex pheromones (TU 72.11.13-033-04731278-
2015). The case is made of thick laminated cardboard,
which is folded into a triangular-prismatic trap, the
base of which is 12.9 cm, the sides are 12.4 cm, and
the length is 18.6 cm. A sheet of cardboard measur-
ing 18 x 12 cm with applied entomological glue (ad-
hesive insert). The total area of the adhesive surface
is 216 cm?. In the experiments of the second stage,
2 types of glue were applied to the liners — Polyfix (TU
2387-002-55841212-2002, Khimtek, Ufa) and Uniflex
(TU 5262-001-68159309-2013, Republic of Belarus).
An improved version of the deltoid trap was also test-
ed (Delta-N, TU 72.11.13-128-04731278-2020), which
provides for the absence of liners and the application
of entomological glue over the entire area of the inner
surface of the trap (648 cm?).

el
e
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JloBymika tuma «Kagpo» (puc. 6) (TY 72.11.13-
127-04731278-2020), B cBOIO Oouepelb, SABJISIETCSI
BapuaHTOM POMOOBUIHOM JIOBYUIKU C YIIPOIUIEeHHON
cucteMoit pukcaruy GOpPMbI U C YBEJIMUEHHOH I1J10-
I1a1bI0 KJIE€BO OBEPXHOCTY: IPAHU JIOBYIIIKY UMEIOT
BHeIIHMe pa3Mepsl 44,5 Ha 24,0 cM, ob11as maonanb
KJIEEBOM ITOBEPXHOCTHY — 912 cM?, a BePXHSIA 1 HIDKHSIS
ITOJIOBUHBI JIOBYIIKY, B OTJAUYME OT «PoMba», MMEIT
ONVUHAKOBbIY 06beM. Ha BHYTPeHHIOI0 TTOBEPXHOCTD
JioByIIek «Pom6» m «KBazipo» HAaHOCWIIN KJIel yHuMm-
CKOTo mpousBojcTBa «Ilonupukc». Bce JOBYIIKU
MMOABEIINBAJIV HA BETBU JIEPEBLEB C TTIOMOIILIO TIPO-
BOJIOKY, CKPEIISIONeN KOPIYyC JIOBYIIKU. JIOByII-
KU BBIBEIIVBAJIM B KOHIE CEHTIOPS HA TEPPUTOPUN
®I'BY «BHUVKP» (MockoBcKas 06J1., PAMEHCKUI p-H,
Pp. 11. BBIKOBO) B JIECHOM MacCCHBE, COCTOSIIIIEM 13 COCEH,
ejell, ocuH u 6epes, Bo3pacTa 0koJio 50 JIeT, Ha BETBSIX
JINCTBEHHBIX JIePEBBEB, UePeys ITOJIOKeHEe JIOBYIIEK
Pa3HBIX BAPUAHTOB CIyYaliHbIM 06Pa3oM.

CraTucTUYeCcKyio 06paboTKy JaHHBIX TTPOBOAUIIN
MEeTO/I0M O HO(aKTOPHOTO JUCIIEPCUOHHOT0 aHaJIN3a,
peanusoBanHoro B I10 MS Excel 2016 1. Paziuuns otie-
HUBAJIU 110 t-KpuTeputo CThIOJEHTA U CYUTAJIU CTATH-
CTMYECKM 3HaUUMbIMU 11pu p < 0,05.

PE3VJBbBTATBI U OBCYKJEHUE

KakB 2019, Tak 1 B 2020 I. IOTOAHbIE YCI0BUS ObLIN
6JIaTOIPUATHBI IJISI MAaCcCOBOTI0 JIETA CAMIIOB 3UMHEN
nageHuiibl. B 2019 1. 16T Havajcsd B MePBBIX YKUCIAX
OKTSAOPS U MPAaKTUUYECKU ITOJIHOCTbHIO 3aBEPIINJICS
K KOHILy Mecs11a, a B 2020 1. HavaJjcs B KOHIIE TIePBOH
JeKaJbl OKTSIOPS U TIPOJIOJIXKAJICS IO TIEPBOM JeKa bl
HOs1I6ps1. Pe3ynbTaThl IPOBEeLEeHHbBIX DKCIIEPUMEHTOB
IIpecTaBeHbl B Tabauiiax 1 u 2.

Kak BUIHO 110 JaHHBIM TabJuIbl 1, HA CUHTETU-
4ecKkyio GepoOMOHHYI0 cMech II, colep)kaBIIyio 2 MT
IIeMCTBYIOIIETO BenlecTBa (JToByrky I[1-1 — 11-10), 661510
ImoiMaHo B 2 pasa GoJibllle caMI[OB IIeJIEBOTO BUA,
4yeM Ha cMech I, comepxasiuy 0,5 MI' CUHTETUUECKO-
ro (epomoHna (yoBymku -1 — [-10). Pasnuuus 6p11u

Puc. 6. BHewHun Bup kneesori nosywku  Fig. 6. Quadro glue trap

«KBappo» (hoTo aBTOPOB)

(photo by the authors)

Traps of the Rhombus type and the Quadro type
are modifications of the deltoid trap.

The Rhombus type trap (Fig. 5) (TU 72.11.13-080-
04731278-2018) in appearance consists of two plates
of cardboard laminated on both sides, soldered with
narrow ends, 20 x 16 cm in size, which unfold into a
figure resembling a three-dimensional rhombus with
two upper faces measuring 10 by 16 cm and two lower
faces measuring 9 by 16 cm. Entomological glue was
applied on the inside of the trap to fix the insects at-
tracted by the pheromone. The total area of the adhe-
sive surface is 420 cm?. There are two 0.5 cm diameter
holes in the upper rib of the structure for hanging the
trap using the wire included in the kit.

The trap of the Quadro type (Fig. 6) (TU 72.11.13-
127-04731278-2020), in turn, is a variant of a dia-
mond-shaped trap with a simplified system for fixing
the shape and with an increased area of the adhesive
surface: the edges of the trap have external dimensions
of 44.5 by 24.0 cm, the total area of the adhesive surface
is 912 cm?, and the upper and lower halves of the trap,
unlike the Rhombus, have the same volume. On the in-
ner surface of the traps Rhombus and Quadro was ap-
plied glue produced in Ufa Polifix. All traps were hung
on tree branches with a wire fastening the body of the
trap. The traps were hung out at the end of September
on the territory of FGBU “VNIIKR” (Moscow Oblast, Ra-
menskoye, Bykovo) in a forest area consisting of pines,
spruces, aspens and birches, about 50 years old, on the
branches of deciduous trees, alternating the position of
the traps of different options randomly.

Statistical data processing was carried out by the
method of one-way analysis of variance implemented
in MS Excel 2016 software. Differences were assessed
by Student’s t-test and considered statistically signifi-
cant at p < 0,05.

RESULTS AND DISCUSSION

Both in 2019 and 2020, the weather conditions were fa-
vorable for the mass flight of males of the winter moth.
In 2019, the flight began in early Oc-
tober and almost completely ended by
the end of the month, and in 2020 it
began at the end of the first ten days
of October and continued until the
first ten days of November. The results
of the experiments are presented in
tables 1 and 2.

As can be seen from Table 1, the
synthetic pheromone mixture II con-
taining 2 mg of the active substance
(traps II-1 — [I-10) caught 2 times more
males of the target species than mix-
ture I containing 0.5 mg of synthetic
pheromone (traps I-1 — I-10). The dif-
ferences were considered statistical-
ly significant (F fact = 8.04 > F table =
4.41; df = 1, P-value = 0.01). However,
mixture Il was more effective than mix-
ture I only in quantitative terms, but
not in terms of the duration of the at-
tractive action, which turned out to be
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MIPU3HAHBI CTATUCTUYECKU JOCTOBepHbIMU (F dakT. =
8,04 > F tabu. = 4,41; df = 1, P-suauenue = 0,01). Ox-
Hako cMech II Obina sdexkTuBHEee cMecu I nullb
B KOJINYECTBEHHOM OTHOIIEHUY, HO HE I10 TTPO0JIKHU-
TEJbHOCTY aTTPAKTUBHOTO JEUCTBUS, KOTOpas OKa-
3ajlach OJTHOM 1 TOU e MIJisd 060UX BapuaHTOB. TakuM
06pa3oM, 115 BBISIBJIEHUSI U MOHUTOPWHTA BPEAUTES
4-KpaTHOE yBeJIUYEHNUE NO3UPOBKU CUHTETUYECKOTO
(hepoMoHa HE MOXKET CUUTATHCSA 00I3aTETBHBIM.

[Ipu 06paboTke MAaHHBIX, TOJYYEHHBIX B X0l
MPOBeNEeHNUS ONbITA M0 U3ydyeHUI0 3 GHEeKTUBHOCTHU
Pa3JIMYHBIX BAPUAHTOB KJIEEBBIX JIOBYIIEK, PACCUH-
THIBAJIX HE TOJIBKO CPeJHEe KOJIMYECTBO CaMI[OB, ITOM-
MaHHBIX B JIOBYIIKY JaHHOTO TUIA, HO U, C YYETOM
JIOCTaTOYHOTO Pa3HOOOPas3usa KOHCTPYKIIUH, CpelHee
KOJIMYECTBO HACEKOMBIX, ITIOMMaHHBIX Ha 1 cM? Kiee-
BOU roBepxHOCTH (Tab. 2).

[Ipu cpaBHEHUU JBYX BapUaHTOB Kjes (Tabi. 2)
6oJiee 3(hheKTUBHBIM ObLI ITpU3HaH «[ToIrpuKCc» poc-
CUMCKOTO ITPou3BoACcTBa (JToBymiky AY1-VY5). YiIoBbI
Ha BKJAJbIIIAX, COAEPKABIIUX KJIEH «YHUDIIEKC»,

Ta6auna 1

the same for both variants. Thus, for pest detection and
monitoring, a 4-fold increase in the dosage of synthetic
pheromone cannot be considered mandatory.

When processing the data obtained during the ex-
periment on the study of the effectiveness of various
versions of glue traps, we calculated not only the aver-
age number of males caught in a trap of this type, but
also, taking into account a sufficient variety of designs,
the average number of insects caught per 1 cm? of glue
surface (Table 2).

When comparing two variants of the adhesive
(Table 2), Russian-made Polifix (traps DU1-DU5) was
recognized as more effective. Catches on liners con-
taining Uniflex glue produced in the Republic of Be-
larus (traps DB1-DB5) were on average 30% lower. We
attribute this to the fact that the loss of water by Bela-
rusian glue during operation probably causes its exces-
sive thickening, which negatively affects the possibility
of fixing target objects with a small body mass.

In a comparative analysis of different variants
of glue traps (Table 2), the diamond-shaped trap

Pe3ybTaThl OTJIOBA CAMIIOB 3MMHEH MAJeHUIIbI HA CHHTEeTUYeCKHii (hepoMoH

B pa3JII/I‘IHbIX /103npomcax
Table 1

The results of capturing male common winter moths for synthetic pheromone

in various dosages

Ne HUToro B cpegHem
JIOBYIIKH 110 JIOBYIIKE, 3K3. Ha JIOBYHIKY, 3K3.
Trap N¢ 14.10.2019 18.10.2019 22.10.2019 26.10.2019 05.11.2019 11.11.2019 Trap Total, ex. Trap average, ex.
-1 14 4 4 2 0 0 24 22,2

-2 14 24 9 7 0 2 56

I-3 9 4 3 4 0 2 22

-4 8 2 1 1 0 0 12

I-5 5 2 3 0 0 0 10

-6 10 4 0 3 0 0 17

-7 10 7 2 5 0 0 24

-8 1 3 1 2 0 0 7

-9 11 1 8 0 0 0 20

1-10 23 5 2 0 0 0 30

Cymma Total 222

-1 9 12 7 8 0 0 2l 42,5

-2 35 25 18 10 0 2 90

11-3 9 13 6 3 0 0 31

-4 10 8 7 4 1 0 30

II-5 24 14 5 8 0 0 51

11-6 20 11 9 3 0 1 44

-7 12 7 11 4 0 0 34

11-8 14 11 6 4 2 1 38

11-9 16 8 8 3 2 0 37

1I-10 24 12 3 0 0 0 39

Cymma Total 425
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Ta6auia 2

Pe3ybTaThl OTJIOBA CAMIIOB 3MMHEH MAJeHUIIbI B pa3JIMUHbIe BapuaHThI GepOMOHHBIX
JoByuiek (J1-/15 — joByuiku «JlejbTa», P1-P5 — 1oBymku « PoM6»,
K1-K5 — nmoBymku «KBagpo», IB1-/1B5 — joByuku «/leabTa» ¢ KiaeeM «YHUdIekce», Bemapycs,

OY1-71Y5 — noByIku ¢ KjieeM «Ilomudukce», r. Yia)

Table 2

The results of capturing male common winter moths in various pheromone traps
(D1-D5 - Delta traps, P1-P5 — Rhombus traps, K1-K5 — Quadro traps,
DB1-DB5 - Delta traps with Uniflex glue, Belarus, DU1-DU5 - traps with Polyfix glue, Ufa)

KosimuecTBO OTJIOBJIEHHBIX CaMILIOB I10 JaTaM, 3K3.

Ne Number of captured males by date, ex. Cymmapuo B cpeanem
JIOBYIIKH 10 JIOBYLIKaM, 9K3. Ha JIOBYIIKYy/CM?, 3K3.
Trap N¢ 05.10.2020 17.10.2020 28.10.2020 12.11.2020 Total for traps ex.  Average per trap/cm?, ex.
01 D1 2 22 18 6 48 41,4/0,0639
2 D2 1 33 11 5 50

I3 D3 1 30 20 6 57

14 D4 0 19 0 28

5 D5 0 4 16 4 24

Bcero Total 4 98 84 21 207

P1 0 14 22 13 49 46,0/0,1095
P2 0 31 27 58

B3 1 15 12 28

P4 0 30 7 13 50

P5 2 24 9 10 45

Bcero Total 3 114 77 36 230

K1 0 14 18 4 36 31,0/0,0340
K2 0 14 10 5 29

K3 0 15 12 7 34

K4 0 6 6 1 13

K5 2 21 20 0 43

Bcero Total 2 70 66 17 155

Ib51 DB1 1 4 0 10 9,8/0,0454
IB52 DB2 0 1 0

IB3 DB3 1 4 3 0

IIB4 DB4 0 0 0

IOB5 DB5 0 12 3 0 15

Bcero Total 2 36 11 0 49

Ioy1DU1 0 7 6 0 13 15,2/0,0694
Ly2DU2 0 17 4 0 21

Iy3 DU3 0 12 4 2 18

ay4 Du4 0 8 2 2 12

Iy5 DU5 0 7 4 1 12

Bcero Total 0 51 20 5 76

BBIITyCKaeMblil B Pecny6iuke Bemapychk (JIOBYIIKU
IOB1-IB5), 661U B cpegHeM Ha 30% HUXKe. MbI CBA3bI-
BA€eM 3TO C TEM, UTO ITOTEPS GETIOPYCCKUM KIIEEM B XO[I€
SKCILTyaTalluy BOJbI, BEPOSITHO, BBI3BIBAET €T0 UPe3-
MepHOe 3aryCTeHUe, YTO OTPUIIATENbHO CKa3hIBAETCS
Ha BO3MO)XHOCTU (QUKCAIIUY 1IeJIEBBIX OOBEKTOB C He-
GOJIBIIION MacCoy Tea.

[Tpu CpaBHUTEIHHOM aHAJIN3€ PABITUYHBIX BapU-
AQHTOB KJIEEBBIX JIOByIIEK (TabJ1. 2) Haubosee ahdek-
TUBHOU ObLJIa TPU3HAHA KOHCTPYKIIUS POMOOBUAHOM
JgoBymky (P1-P5), koTopas oTauvYaeTcs HaubosbInei
CTEIMEHBI0 3aKPBITOCTHU, 3aTPYAHSIONEN HAaCEKOMBIM
BBIXOJ] U3 JIOBYIIKY U 06€CIIeunBaoIeil TeM CaMbIM

design (P1-P5) was recognized as the most effective,
which is distinguished by the highest degree of close-
ness, which makes it difficult for insects to exit the trap
and thus provides a greater probability of fixing an ob-
ject on the adhesive layer (Fig. 7).

And, on the contrary, the most open of the traps —
Quadro, having the largest adhesive surface, is charac-
terized by an extremely low catchability (traps K1-K5).
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Puc. 7. CaMubl 3MMHel
nspeHuLbl B pombosugHon  moth in a diamond-shaped trap

Fig. 7. Male common winter

nosyLuke ((hoTo aBTOPOB) (photos by the authors)
GOJIBIIYI0 BEPOSITHOCTD (huKcaruy 06 beKTa Ha Kiee-
BOM cJoe (puc. 7).

Y, HarpoTuB, HanboJiee OTKPHITAS U3 JIOBYIIEK —
«KBampo», obyamas HauOOJbIIeH KJIEEeBOUM ITOBEPX-
HOCTBI0, OTJIMYAETCS KpaliHe HU3KOU YJIOBUCTOCTbHIO
(moBymku K1-K5). KpoMe Toro, obJsiajiast 4pe3sMepHO
6OJIBIION A1 CBOEM KOHCTPYKIIWHY TIJIONIA/IhI0 TIOBEPX-
HOCTH, JIOBYIITKA «KBaipo» B yCIOBUIX BHICOKOM BIAXK-
HOCTU OY€Hb IIJIOXO COXPaHSeT CBOI0 hopmy (puc. 8).

3AKJ/IIOYEHUE

Pe3ysibTaThl ITOJIEBBIX MCIBITAHUM (DEPOMOHHBIX JIO-
BYIIIEK OTE€YECTBEHHOTO IIPOU3BOICTBA C CUHTETHUYE-
CKUM (DEPOMOHOM 3UMHEH MSIEHUIIbI TOKA3aJIu UX
BBICOKY0 OMOJIOTMYECKYI0 aKTUBHOCTD IT0 OTHOIIEHUTO
K 9TOMY BPEJUTEJI0, YTO O3BOJISIET UCIIOAb30BATh
JIaHHbIe (DEPOMOHHBIE JIOBYIIKY [IJISI BBISIBJIEHUS U MO-
HUTOPUHTA YUCJIEHHOCTY TAKOI'0 OITAaCHOTO BPeLUTEIS
Jleca, KaK 3UMH4 Isagenuiia Operophtera brumata.
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In addition, having an excessively large surface area for
its design, the Quadro trap retains its shape very poorly
under conditions of high humidity (Fig. 8).

CONCLUSION

The results of field tests of Russian pheromone traps
with synthetic common winter moth pheromone
showed their high biological activity against this pest,
which makes it possible to use these pheromone traps
to identify and monitor the abundance of such a dan-
gerous forest pest as Operophtera brumata.
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