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Japonicum (Hymenoptera: Scelionidae), in Apple Orchards

Seonghoon Baek, Chung Gyoo Park', Bo Yoon Seo?, Jum Rae Cho? and Chang-Gyu Park*

Department of Industrial Entomology, Korea National College of Agriculture and Fisheries, Jeonju 54874, Korea
'Department of Applied LIfe Science(BK21 Plus), Gyeongsang National University, Jinju 52828, Korea
“Crop protection Division, Department of Agro-food Safety and Crop Protection, National Institute of Agricultural Sciences, RDA, Wanju 55365, Korea

ABSTRACT: The populations of Riptortus pedestris (Fabricius) cause serious economic damages in local apple orchards. However, there
was no study to manage its populations with environment friendly tactics. Thus, this study was conducted to analyze its attraction effects
of one of R. pedestris aggregation pheromone compounds, (E)-2-hexenyl (Z)-3hexenoate (E2HZ3H), to its parasitoids, Ooencyrtus nezarae
(Ishii) and Gryon japonicum (Ashmead). This compound did not increase the number of these two parasitoids and change its spatial
distribution. However, this compound could attract two parasitoids within limited distance. These results indicates that one compound
of R. pedestris aggregation pheromone, E2HZ3H, could be a good candidate to manage R. pedestris populations in conditions that its
populations locally occurs in apple orchards.
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2-tfj(temperate) 2| ol A] AAFE| L Z|Lofli= oFFdli(subtropical)
o} Aefi(tropical) A Sl A& AJAto] E] L IeiBrown, 2012).
=Y of| A= 2019 AAY 32,954 ha X of|A] 535,324 =0] AY
AbEl= 7R 2 Q5 I ZHE & Shufo|ti(Korean Statistical
Information Service, 2020). -7 o= AL} IHA-S 21 7138] 8}
= EHolAAUEN Carposina sasakii Matsumura) 0| 2
ol=URHK Grapholita molesta Busck)©] 5231 3502 o
%) 21 ¥2) =] QI tK Choi et al. 2008). LU}, FLojl= 753}
of Th2 LA WA 10} SOFARAL el e] Syt B
574 o= sl kA ol 27k gsfof] Bhilo] S7FstaL 9l
L Aol tKLim, 2013). @A AL}l ZA7 E| 319 1)
A F= 2N = HA(Plautia stali Scott), AEY UYL=
(Halyomorpha halys Stal), Sthe]|7)u]3] ] =AY (Riptortus
pedestris Fabricius) 50| Tt o]& £ 19904 o]% i} 7}
o] Al BT} 7P wol SUIRE A o' dEA
9ltKLim, 2013).

S e A = 228 2l = AT Riptortus < 3]
202 I3} 50| FQ 7|Fo|A|ut K, F e AFRME,
T, AR 22 M Aol At A o whet A 2R s E
of715taL UtK(Lim, 2013). A4 Frhe| 7|8 2] =AY
of gt =2 sl FENA S AE FHETHL

2 3 Yioh =351 o] ARe] RS o=

o A|gtk Fl 2ol ol At o] F7HEl= A= ‘il‘:l(le,
2013). o] gk FrtE|7in] 8] 2l e AR E 2 i A 7= 3
9401]*1 YA 22 Brs /it thegRt 712 Q18 A7 of

oz dHA St ol59 U e ] shuz
i*‘7 JBAE ol-8sto] B WA 7hs A AR A
Eo] Ea1% It Bennett, 1990; Jones, 1995; Loch, 2000).

o4 Brielula 2] EA7 A e
A H(Gryon japonicum Ashmead) 1} =742 H(Ooen-
cyrtus nezarae Ishii) 2%0] F£QF 0 2 A& A QIcH(Paik et al.,
2007; Son et al., 2009). T & 2= 5L HE 2Ay517| A 2Fs}o]
Y] BoI7Rz 119714 THloA WA AR el
WS F2 FZo|A AE7HA, ldAWRSEZHE oFolA 7t
S7HA] AR o2 23sH= o] 9Jti(Mainali and Lim,
2012). o5 LAY AEE Bre]Aulslel=gle] Wet]
RELS lo|2E 0 2 0]85}H(Numata et al., 1990; Leal et al.,
1995; Mizutani et al., 1999; Masuta et al., 2001; Mizutani, 2006;
Paik et al., 2009; Son et al., 2009), | 222 AM2-51H ofe] i
Zol| A 2] 7| E0] FAkEl= FAE B 1% Ick(Mizutani, 2006;
Son et al., 2009; Alim and Lim, 2011). £3] St}2]7j0] 3]
R 2] gt 2= A E 5 (E)-2-hexenyl (Z)-3hexenoate (E2H-
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Z3H)7} =R 7AEEH o] 714 g-olglo] 2L Ao 7 ot A
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Fig. 1. Imaginary grids (20mx20m) and observed points for egg parasitoids of Riptortus pedestris. Lures indicate the septa with E2HZ3H.
[ indicates the outline of active grids used for statistical analysis.

(A) Egg straps (B) Egg strap tied onto a branch (C) Egg card

Fig. 2. Egg straps (A) with artificially inoculated ten eggs in the laboratory, an egg strap (B) and an egg card (C) tied onto an apple branch
in the field.

AlollE A&l & Fol S AEE o83t AR 7h 20163 £A)7)YAS0] H2e AR ShEEe U g
AJol| 2|5k leH(Fig. 2). ZAPE7] fi5to] 84 11 Uof| Freiu] sl e e GAERY

IS 2 A A7 A 4 vl 7= weE = 6471 Aol AA|shglom, H2] dFd F8d 18Uof A
Ao A= 2T A A F SR AES D)3l o] % 4l n]7jef] 27t 37
Hof| 7ho] 220 & 2}-8-5h= E2HZ3H /212 hexanof| 3]4] 3 WSS 2ARSH] $18) 9 d 8 ol ARt S T ko = 2ok
(5 mg/mL)gh -, 315 A2H(12.7 mm x 23.7 mm; Sigma-Aldrich, sto] ol AAT 7= E FaL 671 Aol EA7 1A+
USA, St. Louis)of| 2.0 mL#| 253} F23] S5 o & d UWE Ao, FLe E FrEI v A &
SEA| o R4 A 2ASEo] g aLo]l ARE- A7A] Hags) EfE 6471 Aol AT A AL $-99 150
A ARESHIT *;1111?1_ A u7|ot FAEY RS 2l ol 20179 9] 73
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Fig. 3. Mean (+ SE) number of two egg parasitoid wasps, Ooencyrtus nezarae (@, O) and Gryon japonicum (R, [J), occurred from ten
Riptortus pedestris eggs in the apple orchard in 2016 (A) and 2017 (B) (@ and M, before baiting with the lure; O and [], after baiting).
* Means followed by the same letter are not significantly different (P < 0.05, Tukey's HSD test at 95 % confidence level)

Table 1. Spatial distribution of Ooencyrtus nezarae and Gryon japonicum, and its related SADIE statistics in the apple orchard.

Year 2016 2017
Date 08/18 09/15 07/14 07/18 07/21 07/26 07/28 08/04
O. nezarae
L* 0.921 1.054 1.306 0.748 1.257 1.590 1.247 1.097
P, 0513 0.359 0.077 0.872 0.154 0.026 0.128 0.256
Spatial pattern  Random Random Random Random Random  Aggregated = Random Random
G. japonicum
A 1.118 0.864 0.815 1.603 1.044 1.065 1.352 1.556
P, 0231 0.846 0.846 0.026 0.256 0.282 0.077 0.026
Spatial pattern ~Random Random Random  Aggregated  Random Random Random  Aggregated

*Overall degree of clustering (/,) with its associated P values (P,). I, = 1 suggests a random, 7, > 1 suggests an aggregated, and 7, < 1

suggests a regular spatial distribution pattern.
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Table 2. Spatial associations of Ooencyrtus nezaraeand Gryon japonicum occurrence patterns between before and after baiting

Year 2016 2017
Date 09/15 07/18 07/21 07/26 07/28 08/04
O. nezarae
X* 0.1452 0.1549 0.3651 0.2368 -0.066 0.3831
P 0.1564 0.1133 0.0032 0.0306 0.6859 0.0018
Association No association No association Positive No association ~ No association Positive

G. japonicum

X -0.1886 0.0321 0.1685 0.1186 -0.0071 0.1131
P 0.9149 0.4041 0.1282 0.1713 0.5263 0.1893
Association No association No association ~ No association ~ No association ~ No association ~ No association

*Index of association (X) with its associated probability (P). For a two-tail test at 95 % confidence level, P <(.025 indicates significant
positive association and P > 0.975 indicates significant negative association.

Table 3. Density (mean + SE) of Ooencyrtus nezaraein control grids (no effect grids for Riptortus pedestris lure compound) to lure grids
(grids with the lure), affecting grids (lure grids and their abutting grids), and abutting grids (only abutting grids excluding lure baited grids)

Lure grids vs. Control Affecting grids vs. Control Abutting grids vs. Control
Density' Density> #-value DF Pvalue Density’ #-value DF Pvalue Density* #-value DF P value

2016

08.18 13+£032 1.7+0.84 042 40 034 15+039 039 62 0.35 1.5+£044 028 56 039
09.15 03+£0.18 53+£2.65 451 40 <0.01 1.3+£0.68 1.50 62 0.07 02+0.18 -055 56 0.29
2017

07.14 6.0+1.02 2.5+1.02 -137 40 0.09 45+086 -1.09 62 0.14 50+1.04 -062 56 027
07.18 2.0+0.29 2.7+133 0.72 40 024 1.7+036 -0.76 62 0.23 14+£028 -1.41 56 0.08
07.21 49+1.18 5.0+124 0.05 40 048 42+1.05 -040 62 0.35 40+130 -047 56 032
07.26 5.1+2.14 46+122 -0.09 40 046 2.7+045 -098 62 1.67 22+041 -1.07 56 0.14
07.28 1.0+029 22+0.87 149 40 0.07 3.1+085 256 62 0.01 33+1.06 259 56 0.01
08.04 48+133 6.7+4.00 0.52 40 030 35+094 -072 62 0.24 27+£050 -1.19 56 0.12

*Density', density?®, density’, and density* indicates the mean occurred number of O. nezarae in control, lure, affecting, and abutting

grids, respectively.

ol 7|7} A AR} o]} 17 ARES Z3tsto] tix - Ak Q1 Hi(olHH Aol A= BHE 10 m) WollA] = 5=
T} Bl = o2 SIAUATHP > 0.05) HE AL o] 7|1 ;5-S f9lske Aoz Holth ey, I o] Qo]
A7101A ol ARFS oA T RFo] t ko HlsiA 28] A= FolMAH SAE FORHP < 0.05) o2
Ao A= e HATKTable 3). o] 2|7t ok 1<l w|7|7} P A A= G Al o2 T =l ol ke A
AXE AAE Al LJskar -2 w77 AR A4 A AR = Y o FriEinl st o] HgH e i 5t
e 2t} vl glE o % Z3ekE| Itk(Table 3). =AY U E2HZ3H & 7ho| =2 o & 2k-g-sto] 47|89l el A7
PaEe oleigh A AN ARYHAINE BUSA B SEUI AR ARANL 5k Ao AzE, fe)
| rhTable 4). 2 AN w52 w2l o)k Paik et al. (2009)9] G ATH wS- AgHA Wl
AL B Foll A A= (Numata et al., 1990; Leal et al., Aoz AziEof Y ARt dpaprlof 285k wf 1L Bk
1995; Mizutani et al., 1999; Masuta et al., 2001; Mizutani, 2006; uju|g Ao 2 Helct oyl Eote] 7l u] s ] =AY ©io] |
Paik et al., 2009; Son et al.,2009) EetelolalelealAlel & Ak T glol A wh - AITHEL HSlol A S AT e
SIS R A RF FHZIH Aio] o 2R o2 astol o) WER TSR 2%, o] 2|eo) 4 A site-specific ma-
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Table 4. Density (mean + SE) of Gryon japonicumin control grids (no effect grids for Riptortus pedestrislure compound) to lure grids (grids
with the lure), affecting grids (lure grids and their abutting grids), and abutting grids (only abutting grids excluding lure baited grids) and

its related ~test statistics

Lure grids vs. Control

Density' Density® t-value DF P value

Affecting grids vs. Control
Density’

Abutting grids vs. Control

t-value DF Pvalue Density' #value DF P value

2016
08.18 03+022 0=+0 -0.45 40 0.33
09.15 0.6+0.61 82+298 399 40 <0.01

0.1+0.07 -0.68 62 0.25
1.8+0.87 1.13 62 0.13

0.1+£0.09 -054 56 030
0.1+0.05 -0.72 56 0.24

2017

07.14 3.0+0.53 53+0.67 1.72 40 0.05
07.18 1.1+024 0.7+042 -0.64 40 0.26
07.21 1.8+0.48 48+236 2.08 40 0.02
07.26 2.0+043 4.0+148 1.64 40 0.05
07.28 09+0.25 0.7+049 -034 40 0.37
08.04 35+135 2.8+0.65 -021 40 0.42

43+131 097 62 0.17
0.5+0.15 -1.98 62 0.03
1.9+£0.64 0.18 62 0.43
24+£0.58 052 62 0.30
06+025 -0.68 62
1.5+£034 -132 62 0.10

40+1.66 0.67 56 025
04+0.16 -198 56 0.03
1.1£042 -095 56 0.17
20+£0.60 -0.10 56 046
0.25 0.6+029 -064 56 026
1.1£036 -139 56 0.09

*Density', density?, density®, and density* indicates the mean occurred number of G. japonicum in control, lure, affecting, and abutting

grids, respectively.
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