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ABSTRACT: Mating disruption (MD) has been widely used to effectively control Grapholita molesta in apple orchards. A simultaneous
mating disruption (SMD) techniques have been developed to control both G. molesta and G. dimorpha. This study was performed to
determine the practical parameters to apply the SMD technique to field conditions. To determine the application amount of SMD lures,
a dispenser containing 10 mg pheromone was placed at different numbers of trees in an orchard. Application at every other tree (= one
dispenser per two trees) was relatively safe to expect effective MD efficiency in both wax and polyethylene (PE) formulations. One time
application at the end of March was enough to maintain a year round MD efficacy against both species. A fence treatment using food
trap was applied to prevent any immigratory mated females from nearby untreated regions. To enhance the food trap by adding
host-derived secondary compounds, terpinyl acetate (TA) was screened to be effective to attract females of Grapholita molesta among six
compounds contained in apple fruit extracts. Among different TA concentrations, 0.05% TA treatment was the most effective to attract
the adults. A mixture of TA and sugar was effective to attract and kill females and called FAKT (female attract-to-kill techniques). FAKT
was treated at approximately 6 m interval at the edge of the apple orchards. The females trapped by the FAKT included mated females
possessing vitellogenic oocytes. SMD supplemented with FAKT maintained the high MD efficacy and significantly suppressed leaf
damage induced by the two insect pests compared to control or single SMD treatment.
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Fig. 1. SMD efficacy of different application amounts against overwintering populations of G. molesta (Gm) and G. dimorpha (Gd) in an
apple orchard at Kimje from April to May in 2017. (A) Deployment of different treatments. ‘Untreated’ represents no treatment. ‘PE’ and
‘Wax' indicate formation types. “1/4’,1/2". and ‘1" indicate SMD application concentrations for one dispenser per four trees, per two trees,
and per one tree, respectively. (B) Total average number of males caught in a trap in different treatments. Different letters above standard
deviation bars indicate significant difference among means at Type | error = 0.05 (LSD test) in each species. Each treatment used three
monitoring traps per species. Monitoring was performed every week against overwintering populations for three months from April to
June. (C) Mating disruption (MD) efficacies and leaf damage. MD is calculated from the relative reduction of total males caught in

monitoring traps compared to control.
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Table 1. Effect of different simultaneous mating disruptor (SMD) concentrations on leaf damage. Experiment was performed in Kimje

apple orchard in 2017

T Mean numbers of damaged leaves/100 young leaves® SIS0 e Mean dama?ng
cl ml m3 el e3 rate (%)

Control 5.0 2.7 4.0 2.0 5.7 19.3 39+28a
PE-MD treatment

1 1.3 2.0 0.3 1.0 1.3 6.0 1.2+0.5ab

2 1.0 1.3 0.3 0.3 1.0 4.0 0.8+09b

4 1.7 1.0 0.3 1.7 3.0 7.7 1.5+0.8 ab
WAX-MD treatment

1 0.3 0.3 1.3 2.3 0.0 43 0.9+0.1ab

2 3.0 0.0 0.0 1.7 2.0 7.0 14+1.1ab

4 0.3 0.0 1.0 0.7 1.7 3.7 0.7+0.8b

“Trt’' represents treatments consisting of four application concentrations (an application per a tree (1), two trees (2), and four trees (4)) with
three replications in each formulation: polyethylene (PE) and wax formulations of SMD.

bi s 4

c’,'m’, and ‘e’ represent center, middle, and edge sampling sites in experimental unit, respectively.
‘Different letters following standard deviations represent significant difference among means in each formulation at Type | error = 0.05

(LSD test).
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USAH(Fig. 2).
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Fig. 2. SMD efficacy of different application amounts against G.
molesta(Gm) and G. dimorpha (Gd) in an apple orchard at Kimje
during entire growing seasons from April to October in 2017.
‘Untreated’ represents no treatment. ‘PE’ and ‘Wax’ indicate
formation types. ‘1/4', “1/2'. and ‘1’ indicate SMD application
amounts for one dispenser per four trees, per two trees, and per
one tree, respectively. Treatment effects were presented in
total average numbers of males caught in a trap in different
treatments. Each treatment used three monitoring traps per
species. Monitoring was performed once in a week during the
investigation period. Different letters above standard deviation
bars indicate significant difference among means at Type | error =
0.05 (LSD test) in each species.
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Fig. 3. SMD efficacy of different application frequencies against G. molesta (Gm) and G. dimorpha (Gd) in an apple orchard at Andong in
2017.SMD was applied with one dispenser per two trees. One time of SMD application was implemented at late March. Two times of SMD
application were at late March and mid-June. Three times of SMD application was at late March, mid-June, and late July. Trap catches
represent the total number of males collected from April to October.
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A5 6-2% AS AR A1t TAS A3} k2 BEAlo Week after lure installation
= g fAEA] itk E2 A7) AHRERo= FEHE Fig. 4. Effect of fruit extract compounds on attracting Grapholita
v 27 0] 3LB]E Ealolll 1. o} adults in an apple orchard at Andong in 2018. All compounds are
20~450Fe] e} sp7lo] ele Whl TA Edfell= 1~suele] o contained in polyurethane (PU) bag as described in Materials and
Zo] ZFE]o] g-olgof A= A 2o v]s)] &A5HA Method. The lure in the PU bag was installed in Delta sticky trap.
rob (A) Occurrence of Grapholita males during 4 weeks using sex
A pheromone trap. (B) Attractiveness of terpinyl acetate against

Grapholita adults among six compounds.
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Fig. 5. Effect of terpinyl acetate (TA) in food trap on attracting
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Occurrence of Grapholita males during 7 weeks (B) Effect of
different TA concentrations to attract Grapholita adults. Each
concentration treatment was replicated three times.
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Fig. 6. Effect of fence (FEN) traps on SMD treatment against
Grapholita adults in an apple orchard at Andong in 2018. (A)
Comparison of SMD and SMD + FEN treatments in mating
disruption efficacy with respect to total males caught in
monitoring traps. Three monitoring traps were deployed in each
treatment and counted for 5 weeks. (B) Comparison of SMD and
SMD + FEN treatments in mating disruption efficacy with respect
to leaf damage. Three host trees were randomly chosen in each
replication and 500 leaves in each tree were assessed.
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Table 2. Analysis of two Grapholitasp. adults attracted to terpinyl acetate + sugar trap in two Andong apple orchards in 2018

Among females

Location Date Total Male Female St Mated® Ovary®
Kilan 4/23 30 18 12 8 4 1.92
51 30 21 2 7 2.78
5/8 6 4 2 2 2.75
5/14 1 0 1 1 0 3.0
Sum 67 41 26 13 13 -
Mean - - - - - 2.61
Kinuri 4/29 9 4 5 3 2 3.2
5/7 6 4 2 0 2 3.0
5/13 3 3 0 - - -
5/20 1 1 0 - - -
5/27 2 2 0 - - -
Sum 21 14 7 3 4 -
Mean - - - - - 3.1

*All mated females had one spermatophore.

PAll females caught were analyzed. Degree of the ovarian development depending on oocyte development, in which 1 is previtellogenic

and 5 is fully developed oocytes.
g

oF 160,000%: 00| B TLE Lu|5 325 742 95% o] o
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