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EFFICACY ASSESSMENT OF FIELD TRAPPING OF THE CURRANT BORER Synanthedon
tipuliformis (Lepidoptera: Sesiidae) USING DIFFERENT LURES WITH SYNTHETIC SEX
PHEROMONE

Summary

Two-component blends of (2E,132)-2,13-octadecatmstate (E2,213-18:Ac) and (3E,132)-3,13-octadiémay| acetate
(E3,Z213-18:Ac) used in pheromone dispenser werdteactive to males of Synanthedon tipuliformssstandard lure from
the Csalomon company, based on field trapping.t&sts attractiveness of dispensers with pheromonedbiembined in a
E2,213-18:Ac/E3,Z13-18:Ac - mixture ratio 97:3 atsd of 1000 pg was the highest. Field experimeats werformed in
central Poland at three commercial black curranamqthitions and one commercial plantation of goosgbgéro plantation
was treated with an insecticide) during the seasmn®015 and 2017. The use of lures tested to ataleffectiveness of a

pest management programs (monitoring) is discussed.
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OCENA SKUTECZNO SCI ROZNYCH RODZAJOW WABIKOW Z SYNTETYCZNYM
FEROMONEM W ODLAWIANIU SAMCOW PRZEZIERNIKA PORZECZK OWCA

Synanthedon tipuliformis (Lepidoptera: Sesiidae)
Streszczenie

Zastosowane w testach dyspensery feromonowe z chpokentowymi mieszankami zawiecymi octany (2E,132)-2,13-
oktadekadienylu (E2,213-18:Ac) i (3E,132)-3,13-drtaadienylu (E3,Z13-18:Ac) mialy podobne wiashwabizce samce
motyli przeziernika porzeczkowca Synanthedon fgoatis do wzorcowych wabikéw zgierskiej firmy Csalomon. Najlep-
sze whasn&i wabizce miata dwusktadnikowa mieszanina zawigeaj E2,713-18:Ac i E3,213-18:Ac w proporcji 97:3
i w dawce 100Qig, dozowana do szarego korka gumowego i umieszazdapowej putapce typu delta. Badania polowe
przeprowadzono w centralnej Polsce w trzech progjukch plantacjach czarnej porzeczki i jednej péajitagrestu (na
zadnej z plantacji nie stosowardmdkéw chemicznych do zwalczania szkodnikéw) vete2915 i 2017. W pracy omowio-

no maliwosé¢ zastosowania dwusktadnikowych feromonéw w@lth motyle S. tipuliformis jako wabika wykorzystgego
w putapkach z feromonem na produkcyjnych plantécparzeczki i agrestu do monitoringu lotu motyli.
Stowa kluczowe Synanthedon tipuliformis, mieszanka feromonowajkigtutapki lepowe, badania polowe

1. Introduction

Synanthedon tipuliformis a specieSesiidag&known by
the common name currant borer. It is an econonyigait
portant pest of bushuits, black currantRibes nigrum red
currant Ribes rubrur and gooseberryRibes uva-crispga
in particular [1].S. tipuliformisis widespread in Eurasia,
North America as well as Australia and New Zealghé].

The larvae ofS. tipuliformisburrow into the cane and feed

on the medulla part of the shoots. They can desthmpts
and whole bushes, which significantly reduces fyigtid.
Therefore, it is necessary to control it systenadiiic Gen-
erally, the control of this pest is based on chainiiesecti-
cides. However, it is difficult to control with iesticides
because the larvae are feeding and develop insédstioots
of the bush. Synthetic pheromones may be used fovi-m
toring moth flight activity [7-9] and as an altetive con-
trol method for mating disruption of currant bof&0]. In
1984, Voerman et al. [11] found that theE(P37)-2,13-
octadecadienyl acetate (1) attracts male$.ofipuliformis
moths. A slightly later, Szocs [12] identified tliempound

the acetate (1) resulted in a significant increade
attractiveness of £137)-2,13-octadecadienyl acetate [13].
This strong synergistic effect was observed in the
population of insects in Europe [14], North Ameridat]
and New Zealand [15]. Next, other authors [10, ]
ported that a two-component blend of compouhdmd 2

at ratio of 97:3 was also suitable for control pagans of

S. tipuliformis.

In the present paper we report results of the rxeats
with selected combinations of the binary mixtureisioh
were tested against currant borer moths in twotioaa on
the three blackcurrant and one gooseberry plantatio
central Poland. The aim of the research was toimla
cheaper and highly effective pheromone dispensers f
flight monitoring ofS. tipuliformis by fruit growers.

2. Material and methods
Experimental sites: The studies were con-

ducted on four plantations, in two organic blackrant
plantations in Nowy Szwarocin village (region ofc8ac-

as major component of the sex pheromone produced lzgw) as well as commercial plantations of blackamitrand

virgin females ofS. tipuliformis The addition of a small

gooseberry in Jézeféw village (near Rogéw), in Rdla

amount (3%) of (B,132)-3,13-octadecadienyl acetate (2) toThe black currant bushes cv. Ben Hope were ca.
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1 m in height in Nowy Szwarocin site and ca. 1.8igh in
Jozeféw site. Bushes of gooseberry were ca. 0.5gimih
Jozefow village (Biaty Triumf cultivar). The selem of
the plantations was based on the fact that theg wéested
by currant borer in the previous years.

Materials: Based on the trials of Szocs et al. fid

used) and standard lure FCB. The experiment wasroam

15 May — 16 July 2015 at organic black currant faton
(ca. 50 ritrap) in Nowy Szwarocin site (52°13'00.0"N
20°07'01.9"E), captures of ma® tipuliformis three repli-
cates of each lure-type at delta trap and one @apere
placed in blocks.

Experiment 2. Field tests of dispensers LB2, LB3,

James et al. [16] two pheromone mixtures containingB2, SB3, PB2, PB3, RB2, RB3, containing pheromone

(E2,213-18:Ac) and EE3,713-18:Ac) at ratios of 100:3 (blend

blend B (for obtaining the blend, acetatewith >98%

A) and 97:3 (blend B) by dissolving in hexane thepurity was used) and standard lure FCB. The exparim

appropriate amounts of both acetates were prepAcedate
1 was synthesized as described by Grodner [17ityf26%)
or by acetylation of [,132)-2,13-octadecadien-1-ol (com-
mercially available from Pherobank, Wageningen,hidiet
lands) with acetic anhydride/pyridine in gEl, (purity
>98%) as described previously [18]. Second compo(®n
was ordered from Pherobank and then it was addition
purified on a chromatographic column to purity 09@%6.

was run from 15 May — 16 July 2015 at organic black
rant plantation (ca. 40 #trap) in Nowy Szwarocin site
(52°12'57.1"N 20°08'19.3"E), captures of mdae tipuli-
formis three replicates of each lure-type at delta &rag
one trap C were placed in blocks.

Experiment 3. Field test of dispensers containing
pheromone blend A (LA2, LA4, SA2, SA4, PA2, PAddan
blend B (LB2, LB4, SB2, SB4, PB2, PB4). For thehbot

Pheromone lures (dispensers) were prepared bynlpad blends used acetate with >98% purity. In addition, one

the pheromone blend A or B (without an antioxidantjo
gray rubber cap (commercial rubber penicillinuml daps

LK-6 (L) and LK-7/1 (S), purchased from Sanok Rubbe tation (40 nd/trap)

Company S.A. PL) and plastic fittings (purchaseahfrP.
H. N. Bracia Darscy Company, Warszawa, PL) as aegll
red rubber septa in hexane and the solvent wawedldo
evaporate in a fume hood. The rubber caps weraaztt
with acetone in a Soxhlet extractor prior to use.deter-
mine the optimal dose of pheromone blends to usaiiri-
ers, doses of 500, 1000, and 2Q@0for blend A and doses
of 500, 1000, 1500 and 20(@ blend B were tested in the
field. Loading of the blend A onto the large camtidose

standard lure FCB was used: The experiment wagroum

12 May — 4 August 2017 at commercial black curgan-

in Jbézeféw site (51°49'37.0"N
19°51'45.2"E), captures of mak tipuliformis three repli-
cates of each lure-type at delta trap and one @apere
placed in blocks.

Experiment 4. Field test of dispensers containing
pheromone blend A (LALl, LA2, LA4, SALl, SA2, SA4,
PA1, PA2, PA4) and blend B (LB1, LB2, LB4, SB1, SB2
SB4, PB1, PB2, PB4). For the both blends used &céta
with >98% purity. In addition, two standard lure B@as
used. The experiment was run from 12 May — 4 August

500, 1000 and 2008y gave the pheromone dispenser LA1,2017 at commercial gooseberry plantation (58trap) in

LA2 and LA3, respectively. Similarly for a smallgs -
dispensers SA1l (dose of blend A 506), SA2 (dose of
blend A 1000ug), SA3 (dose of blend A 20Q@) were ob-
tained and for plastic dispensers: PAl, PA2 and,RA3
spectively. In the case of blend B, it was incogted into
cap L at dose of 50Qg (dispenser LB1), 100Qg (dis-
penser LB2), 150Qug (dispenser LB3) and 20QQy (dis-
penser LB4). In the same way we obtained disper&@is

Jozefow site (51°49'39.6"N 19°51'37.0"E), captwksale
S. tipuliformis three replicates of each lure-type at delta
trap and one trap C were placed in blocks.

Treatment efficacy:Efficacy of the tested dis-
pensers was estimated by comparison with the stdnda
lures Csalomon in the experiments in Nowy Szwaracid
Jozefow sites.

SB2, SB3, SB4 when the cap S as carrier was usad. F

plastic fittings dispensers: PB1, PB2, PB3 and Rte
obtained respectively. Incorporating the blend Ri@de of

Data analysis: Data were analyzed statistically by
ANOVA in the Statistica 13 programm. Multiple compa

1000 pg into the red rubber septa gave dispenser RB2 arsbns of means were performed with Duncan test at P

dispenser RB3 for dose of 1504.

Experiments with
dispensers made previously and standard lures FOB (
chased from the Hungarian company Csalomon) weaieeg!
in traps with sticky floor (140 x 180 mm). Trapsthwaiut lures
were included as controls (trap C). Pheromone trage set
up in blocks in the area of four Experiments. Tlistatice
between traps within a block was ca. 20 m. Theadists
between blocks ranged from 40 to 100 m. At evepegren-
tal site the traps were hung on shoots of the huahheight of
0.5-1.0 m above the ground. Pheromone dispensees nog¢
replaced. The sticky floors were replaced when theye
more covered with insects or when the glue wasycarsd no
longer effective. The insects caught on the stigrs were
identified by morphological features.

Experiment 1. Field test of dispensers LB2, LB32SB

SB3, PB2, PB3, RB2, RB3, containing pheromone bBnd
(for obtaining the blend, acetate 1 with 96% punitgs
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0.05. The numerical data were analyzed statisyicall the
data transformed according to logarithmic functign

lures: Al the pheromone log;o(x+1), were x is number of moths found in each trap

counted during the all monitoring season on eacimtpt
tion. The data (in the Tables) that were not sigaiftly dif-
ferent are marked with the same letter. In addjtiemor
bars as standard deviation (SD) were calculated.

3. Results and discussion

During the field experiments, the weather conaitiovere
moderately diversified for both sites at Nowy Szwar and J6ze-
fow. In Experiments 1 and 2, traps baited withsrual phero-
mone blends B caught currant borer moths to atiophene traps
in both experiments. However, numberSftipuliformismales
captured in traps was low (Figs 1-2). The total lneinof males
captured was approximately 81 (Experiment 1) andExeri-
ment 2), and the largest number was captured mitheJune and
in the second week of July. Only one generatidgheopest during
season was observed. No moths were caught inriveldmaps.
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- In Experiment 1, the most males were caught ipstra
with pheromone dispenser LB2, LB3, SB2, RB2, delitt
less with SB3, and the least with standard lure FCible 1).
In the case of the Experiment 2, the most malesewer
caught in traps with dispenser LB2, a little led632RLB3,
and the least with dispenser FCB as well as SB2SB1@l
(Table 1).
10 7 Experiment 3 involved the testing of dispenserghwi
blend A and B on plantation of black currant atefow site
5 in 2017. In total, 746 males. tipuliformiswere captured in
the traps during the entire monitoring period (F3Yy. The
0 - flight of currant borer started in early June aastéd to the
FC 1B2 B3 5B2 SB3 PB2Z PB3 RBZ RB3 end of July, but the vast majority of male weretaegd be-
Source: own elaborationZrédio: opracowanie wiasne tween the beginning and mid- July. _ _
Significantly more moths were captured in trapshwi
Fig. 1. Sum ofS. tipuliformiscaptured to trap by various dispenser SB2 and LB2 than in the other traps €&l
pheromone lures in Experiment 1 Moreover, more male were captured in traps witpeliser
Rys. 1. Catkowita il&* S. tipuliformis odtawianych w pu- FCB, SA2, LA3 than with dispensers containing thestic

tapke przy uyciu rénych feromonowych wabikow w Eks- carrier. No moths were caught in the control traps.
perymencie 1
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Fig. 3. Sum ofS. tipuliformiscaptured to trap by various
pheromone lures in Experiment 3

Rys. 3. Catkowita il& S. tipuliformisodtawianych w pu-
tapke przy wyciu réznych feromonowych wabikow w Eks-
perymencie 3

Source: own elaborationZrédio: opracowanie wiasne

Fig. 2. Sum of S. tipuliformiscaptured to trap by various

pheromone lures in Experiment 2

Rys. 2. Catkowita il@¢ S. tipuliformis odtawianych w pu-

tapke przy uyciu r&nych feromonowych wabikéw w Eks-
perymencie 2

Table 2. Number of moths @&. tipuliformison black cur-

rant attracted to traps by various pheromone lulézefow,

Poland 2017

Tab. 2. llg¢ odtawianych motyli S. tipuliformis w putapk
na czarnej porzeczce przyygiu r&nych feromonowych
wabikow. Jézefow, Polska 2017

Table 1. Number of moths @&. tipuliformison black cur-
rant attracted to traps by various pheromone |uxEsvy
Szwarocin, Poland 2015

Tab. 1. llg¢ odtawianych motyli S. tipuliformis w putapk Average number of moths * SD
na czarnej porzeczce przyyaiu ré&nych feromonowych Pheromone lure Experiment 3
wabikéw. Nowy Szwarocin, Polska 2015 SB2 60.3 + 51.5 b**
SB4 40+1.7ab
| Average number of moths + SD SA2 28.3+36.2ab
Pheromone lure Experiment 1| Experiment 2 SA3 6.0 5.6 ab
FCB 07+06a | 0.7+12a LB2 53.3+88.1b
LB2 4.3+5.8ab 7.7+6.7b LB4 7.0+6.0ab
LB3 43+32ab 4.0+1.0ab LA2 9.3+23ab
SB2 47+55b 0.7+x12a LA3 27.7+275ab
SB3 3.0+x35a 0.7+1.2a PB2 47+6.4ab
PB2 20+x35a 1.0+x10a PB4 3.7x40a
PB3 1.7+0.6a 2.7 £3.1 al PA2 6.0+1.0ab
RB2 50+£6.2b 3.7+3.2ab PA3 5.0+2.6ab
RB3 1.3+0.6a 23%x32a FCB 33.3+48.4 ab
Control 0.0+0.0a 0.0+0.0a Control* 0.0+00a
* Traps without lures; * Traps without lures;
** Means followed by the same letter in each coluamre  ** Means followed by the same letter in each coluare
not significantly different (Duncan test, p = 0.05) not significantly different (Duncan test, p = 0.05)
Source: own elaborationZrddio: opracowanie wiasne Source: own elaborationZrodio: opracowanie wiasne
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No moths were caught in the control traps. Onplla@-
tation of gooseberry (Experiment 4), the patterrflight
activity of S. tipuliformis was similar to the previous
experiment. However, the currant moths were caught
traps in much smaller numbers than in experimeids3
males total, Fig. 4). The low level of trappingraglesS.
tipuliformis did not allow to correctly estimate the activity
of tested dispensers. However, we could observedisa
pensers with blend B was a little more active tbepens-
ers with the blend A (Table 3). As in previous ekpents,
no males of currant borarere caught in the control traps.

=

ORr NWAMUOOON®WLO

Total no of captured moths

o N Y AN N Y A NN A NS AN Mmoo
0 o0 << < << MMM <C << <O MmMa@<L << <O
A VKB nonm = = Jdddaaoaaaaoa &=

Source: own elaborationZrédio: opracowanie wiasne

Fig. 4. Sum ofS. tipuliformiscaptured to trap by various

pheromone lures in Experiment 4

Rys. 4. Catkowita il&¢ S. tipuliformis odtawianych w pu-

tapke przy uyciu r&nych feromonowych wabikéw w Eks-
perymencie 4

Table 3. Number of moths &. tipuliformison gooseberry
attracted to traps by various pheromone lures.fddzeo-
land 2017

Tab. 3. llg¢ odtawianych motyli S. tipuliformis w putapk
na agrecie przy dyciu r&nych feromonowych wabikow.
Jozeféw, Polska 2017

Average number of moths + SD
Pheromone lure -
Experiment 4
SB1 1.7+1.23a
SB2 0.7+x12a
SB4 1.0+1.0a
SA1 1.7+29a
SA2 0.0+0.0a
SA3 0.3+0.6a
LB1 0.3x06a
LB2 1.7+29a
LB4 0.7+x12a
LAL 0.3+06a
LA2 1.7+21a
LA3 0.0+0.0a
PB1 1.0+1.0a
PB2 0.0+0.0a
PB4 1.0+x1.0a
PA1l 0.3+x0.6a
PA2 2.0+35a
PA3 0.0+0.0a
FCB 0.5+06a
Control 0.0+0.0a

* Traps without lures;
** Means followed by the same letter in each coluare
not significantly different (Duncan test, p = 0.05)

Source: own elaborationZrédio: opracowanie wiasne
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4. Conclusions

Since 2004, research on the monitoring Sof tipuli-
formis population has been carried out at the Departimient
Synthesis, Technology and Biotechnology of Bioladjic
Active Products of the Institute of Industrial Onia
Chemistry (I.P.O.) in Warsaw. In that year, a neethod
of the synthesis of acetatewas invented in our laboratory
[17]. The samples of this compound (impregnated dif-
ferent carriers) were tested in field trials by fResearch
Institute of Horticulture in Skierniewice. The aittiveness
of dispensers with the obtained E232)-2,13-
octadecadienyl acetate to malesSotipuliformiswas much
weaker than the attractiveness of standard lues fthe
Csalomon company [19]. It is interesting that timaAus-
tralia strain ofS. tipuliformiswas found to respond opti-
mally to the single component, acetatd 4].

This study was resumed only in the next decadagus
as a pheromone a binary mixture of acetate 1 and&io
of 97:3 (blend B). The blend B was tested in twgamic
black currant plantations in season 2015. On batfer-
mental plots the number of moths trapped in thpstraith
tested dispensers and standard lures was smaltt@angda-
rable. Although the results could not indicate blast lure,
they showed that the tested dispensers were naeviban
the standard dispensers. In 2017 field trials wepeated
on a commercial black currant and gooseberry pliams
with blend B and a blend containing acetdatesnd? at ra-
tio of 100 : 3 (blend A). These blends were apptedari-
ous types of carriers in different doses. The tesod the
tests on the gooseberry plantation were simildhéoresults
obtained earlier in 2015. In a case of an experinoena
plot of black currant, males &. tipuliformiswere trapped
more than ten times more efficiently than in thesgberry
plantation. The best binary mixture tested was 13907:3
E2,713-18:Ac/E3,Z13-18:Ac dispensed into a greyberb
cup (dispensers LB2, SB2). The dispensers LB2 &2 S
were at least as attractive to malesSoftipuliformis as
standard lures. This suggestion is not inconsistéttit the
results obtained in the remaining trapping expenithe
Thus, it can be considered that the selected LBR SB2
dispensers may be useful for monitoring and protgct
bushfruits againstS. tipuliformis The lower price of the
rubber cup LK-7/1 compared to the LK-6 should méie
dispenser SB2 more preferable as the target lurdhi®
commercial use.
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