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ABSTRACT

The brown marmorated stink bug, Halyomorpha halys (Stal) (Hemiptera:
Pentatomidae) is polyphagous pest insect, originated in East Asia including
Korea, China, Japan and Taiwan, injuring leguminous and fruit plants and
many ornamental trees. H. halys was introduced into the U.S. and the Europe
in 1996 and 2006, respectively. In Jeju island, Korea, H. halys is considered as
the most significant stink bug pest of citrus. H. halys sucks up fruits and
leaves of citrus, and finally causes severe fruit-fall damage in the growth
season. It can controlled by application of practical insecticides such as
organo phosphorous, pyrethroids and neo—nicotinoids, but there is lack of
environmentally —friendly management strategy.

In this study, 20 of H. halys adults were originally collected in 2009, in a
citrus orchard in Jeju, and successfully established its laboratory colony by
feeding fresh peanut and fleshy potted-plants (Peperomia spp.) for water
source and oviposition substrate. The laboratory colony was maintained in
acrylic cage (110 x 70 x 55cm) with 24 + 1C, RH40-70% and 16L:8D. This
method seems to need less effort to keep H. halys population than previous
rearing methods. The body sizes between laboratory and wild colony were
not different in male and female adults, while tibia of hind-leg was
significantly longer than in laboratory males than that of wild males.

The feeding of H. halys was regarded as causing factor of fruit drops and
resultant decay of the citrus fruits. So, we examined the feeding effect of H.
halys on fruit drop before harvest and decay rate during cold storag (47C)
according to different feeding times: pre-coloring, coloring and harvesting
season of citrus. In this study, a branch with 9-12 fruits were embraced with
a mesh—net bag, then 0 to 1.0 H. halys adults per fruit were introduced in. In
pre-coloring stage of citrus (16, September), the feeding by 1.0 and 0.2 H.
halys per fruit induced 709 and 20% fruit drop, respectively, in 2010. In fruit
coloring stage (6, October), however, 0.5 H. halys adults per fruit caused 8%



fruit drop in 2011. When the fruits that were not dropped by H. halys feeding
were held in cold storage, the fruits decay rate were 2-10%, and there was
no significant different between feeding treatment and non-treated control.

In environmentally—friendly managed Shiranui greenhouse, seasonal
fluctuation of each developmental stages of H. halys and its preferring host
sites were investigated by visual counting method. The adult population peaks
(summer generation) occurred in mid-July for 1st generation and late-October
for 2nd generation. Most H. halys was found on young leaves of shoots
before fruit coloring (September) with few-individuals were observed on
fruits, while thereafter 4-5th nymphs of H. halys moved to citrus fruits for
feeding resulting in the fruit drop.

The insecticidal effects of eco—friendly materials such as pyrethrin(extract
of Dalmatian chrysanthemum) and commercial products of rotenone,
azadirachtin and machine oil were evaluated by spray method. Mortality of H.
halys adults were highest in pyrethrin treatment (50%) and its effectiveness
was same as synthetic insecticide, dinotefuran. Nymphs (3-4th instar) were
hardly killed by all chemicals tested, and machine oil 100x showed only 20%
mortality against 1st nymphs, indicating a control program of H. halys with a
stage-specific spraying.

The mortality effect of rotenone were much higher in infection treatment
than in spray treatment; increasing to a 80%. This result indicates that
researches for transporting target chemicals into insect body by increasing
penetration ability or through feeding bait is required in the future.

Integrating results obtained in this study, the management strategy of H.
halys in greenhouse environment can be summarized: timing spray of machine
oil against young nymphs in early June and August, and pyrethrin sprays
against adult populations during overwintering, 1st and ?nd generation period.
In open citrus orchards, however, further studies are required to control

immigrating population form outside habitats.
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Fig. 1. Body measurement of H. halys females (from A: wild; B:
laboratory) and males (from C: wild; D: laboratory); bl: body length, bw:
body width and hltb: tibia of hind-leg.
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dolE FAsto] Table 13 22 A3E AAvh. AUAS A5 AH, AF =
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Table 1. Comparison (Mean =*

halys adults.

SD) of morphological characters

between laboratory-reared and

wild population of H.

Sex Population n Body Length (mm) Body Width (mm) Hind-LegTB' (mm)

Female Laboratory 15 153 + 044 7.8 = 0.31 49 + 0.25
. } ns? } ns } ns

Wild 12 153 + 0.46 8.0 + 0.38 49 + 0.27

Male Laboratory 11 13.8 + 0.30 72 £ 0.25 48 + 0.27
. } ns } ns } *ok

Wild 11 134 + 0.58 71 + 0.34 43 + 0.35

! Length of tibia.

> Two sample T-test: NS not significant; * significant at P=0.01.
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Table 2. Fruit decay rate (2, Mean + SD) caused by feeding of H.

halys adults in 2010 expe:

_ No. adults : :
Date introduced ) Feeding duration n
per fruit
2010.11.11" 2 24h 30
1 30
0 30

1

H. Halys was introduced into a rearing cage with citrus fruit and the

Iaboratory.

> The results are based on 45d after colds storage at 4C.

® Means with same letters are not significantly different by Tukey's HSD test(ANOVA) at p

_16_
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Table 3. Fruit drop and decay rate (%, Mean £ SD) caused by feeding of H. halys adults in

No. adults introduced

Date introduced 1 n 96 Fruits dropped n
per fruit

2011.9.16 1.0 101 76.1 + 18.14a 24

0.2 99 19.1 £ 9.84b 80

0.1 106 5.2 = 8.14c 100

0:6 101 3.0-+4.83¢ 98

2011.10.6' 05 91 7.8 £ 13.02 84

'"H. Halys was introduced into a mesh bag with 10 citrus fruits on 16 September and 6 (
drop was examined on 17 November in the field.

> The results are based on 50d after colds storage at 4TC.

% Means with same letters are not significantly different by Tukey’'s HSD test(GLM) at p=0.(
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Fig. 3. Changes of fruit decay rate during cold storage at 4°C. The fruits
were fed by H. halys adults in the field until the harvest on 17 November
in 2011: A, B, C and D indicate 1.0, 0.2, 0.1 and 0.0 adults per fruit,

respectively.
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Fig. 4. Seasonal fluctuation of each developmental stage of H. halys in

Shiranui orchard in 2012.
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Fig. 5. Seasonal distribution of H. halys found on different tree habitats in

a Shiranui orchard in 2012.
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No. of H. halys caught in trap

—e— Baited with PSAGP
-9 Baited with PSAGP + seeds of blackbean
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Fig. 6. Seasonal fluctuation of H.halys caught in the pyramid trap.
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Average no. of H. halys caught in trap
N

Fig. 7. The number of H. halys caught in pyramid trap baited with P.
stali aggrigation pheromone (PsAGP) and seeds of blackbean
(chungja3ho). A: PsAGP, B: PsAGP + blackbean, C: control.
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4. JFZ %A 4S8R HA

41. %ol g 7IAR FA 25EFH

AAG FAE 139, 28 2 48 4 9719 AYuFeda) ofEo] EAb A5

of I 4% &3E Table 40 Yeb ek 7121 41 1008 54 S A2 s
] AEES 18 oFFolA 238 + 11.68%, 28 oFFolA 160 + 13.42%, 1@ il
47 FF oA 120 + 13.04% = HKAZE A F5 AT EC] Eodrh 1500

S 13e 160 +1 3% o} 450 A9 @ whEw At e}
4% 59E B 4 SN EF 28 48 okFL JAG fAe HE2 A}
gEo] UeUtets ER5 Ao vags W 1 gel BA4 Aol v
U= ek9kt} (Table 4; 28: F=2.15, df=14, p>0.05; 4%8: F=4.24, df=14, p>0.05).

42. AZ=, g2 € 9@ AAY $AEHG

A FZEI AldE e des 29 AAS Ay ed el dg
2F a7+ Table 58 Zom A7te] wWE AFES W= Fig. 8o YEU
o AFHe) A MY wEvb =9E S0 el A AFe) AFEES 50%A o
dg ek d AN E 6-24% AolZ A @ FAlo wet BFAHCE Fo3 A
ol 7} AANTHF=9.54, df=44, p>0.05). & Aol thz=z AHx B tx
HFHE 7349 ool st 4552 60%=2 Aol ALgE ojm X137 oFA
SR 3oy A= AAeke] TAAR Aol v (Table 5).

oFZoll A thx oFAlY AT Eo] AFET =4 vehd d wrel 1874 okAlE
of Edel= 2 Aol7k A AF= AAY A AdFE] 4-18%E HFTET
stolA= A#7b vekth wheba] ofFel] gk W8 Ao dF e A9
1% o™ (Table 5 F=20.66, df=44, p>0.05) <Al Az FFESo] 99E AF

E Anste] wE AA 18] o4 SuE FAE 264740 A8 kA
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43. A= #E "2 AAY FAL g FAEZH

A= F=E3 dads AAde Agufedad dFod dd dFadts
Table 63 Zom A7t ME AFTES] W= Fig. 99 YelA e}, dig s A
Al 1000 <5 A 2fste] 5 & APUF bl 5o AMYES 80% 2o
A FE= b0 H vz A9 AbdE 42 36%9 17%RY dAAs =

*ktH(Table 6; F=12.30, df=8, p=0.05). %3t dg = AAE FAS 25 459
AENATE 3-4Loll 2H A3 A8k v (Fig. 9).
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Table 4. Effects of commercial machine oil against H. halys.

Active Product Dilution rate 1" nymph 2" nymph 4™ nymph
ingredient name (times) n  Mortality (%)" + SD n Mortality (%) + SD n Mortality (%) = SD
Machine oil Machine oil” 100 51 238 + 11b° 50 16.0 £ 13a 50 120 £ 13a
150 50 16.0 £ 13ab 49 40.0 + 43a 50 0.0 + Oa
Control - - 50 20 + 4a 49 6.0 + 9a 50 0.0 = Oa

' 48h after treatment.
2 Dongbu Hannong, 95%

® Means with same letter in a column are not significantly different by Tukey's HSD test (GLM) at p=0.05.
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Table 5. Effects of several plant-originated chemicals against H. halys by spraying method.

Active Product Dilution Nymphs
ingredient name rate n Mortality(%)li sSD

Pyrethrin’, 1700ppm - 50 50 18 + 11.0b° F
- 100 50 10 = 7.1b c

- 200 50 4 + 89b c

Azadirachtin Greensol 667 50 10 + 7.1b c
1333 50 6 + 894b 5

Rotenone Eunchilihyung 1000 50 16 =+ 13.4b £
2000 50 12 = 8.4b 5

Dinotefuran, 10% Osin 1000 50 70 £ 14.1a £
Ethanol, 95% - 667 50 8 + 8.4b 5

' 48h after treatment.
> Crude extract of Dalmatian chrysanthemum at Jeju National Institute of Agricultural Science

® Means with same letter in a column are not significantly different by Tukey's HSD test (A
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Fig. 9. Effects of several plant-originated chemicals against H.
halys adults by injection method.
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Table 6. Effects of two plant-originated chemicals against H. halys by direct injection method.

Affective Product o _ 1
_ _ Dilution rate n Mortality (%) £ SD
ingredient name
Pyrethrin®1700ppm - 50 30 36.7 £ 15.28b°
Rotenone eunchilihyung 1000 30 80.0 £ 10.00a
Ethanol,95% - 667 30 16.7 + 20.82b

' 5d after treatment.
> Crude extract of Dalmatian chrysanthemum at Jeju National Institute of Agricultural Science and Technology.

® Means with same letter in a column are not significantly different Tukey’s HSD test (ANOVA) at p = 0.05.
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V. 1 z

AYUF =g Aol AyPAS-S v (Nielsen et al., 2008b)3} U E (Kadosawa
and Santa, 1981; Niva and Takeda, 2003; Toyama et al., 2006; Funayama,
2006)ll 4 Al &g v glov, ol A= AuAbso] ezl vyl flar ofe]  uwh
2 AUARE Reit kA 2 AT A= 200995 A gAY A
Wl FAbS & Alestar iAl S Aeedvh. B ATelA A WS
Kadosawa and Santa(1981)9} Nielsen et al.(2008b)¥} w37 A 2 AWy =dd
A AT FEH FRE FVIASE Fusts WHold, HolEA FE AW

T SR F¥ FFO AR ogsgonz FF ¥ waANG

g

7

A FolEol #E7E By &olstal Abeb g Tk AT ¢ A= o)Fe] 3l
A

ols AUASs JHAILS Aol &&8H7] Sk MALES =W okl JiAT
I HlaLste] o] o] H3tekA FokeS gl Favk ATk wekd T RAS
of A} A%, e vy AA AolE tAYE A& o] &t 4, 4
g A 4 FAo 2 o7t YFs ek 2Eu A A= At
= JhA e slvke] A Aolrh oA AR Y ZA YEETE Lim and
Park(2009)ell &3] A'd xIFAlolA Bl =dAFE dd Al A AL
Sl WA AFT AL =H A7 v e ¥ Lim and Park(2009)& z+
7] 1459 + 1149 814 + 0.82mm=, |7 7HAo] 4A I g2 EFE ] 39l
= s B ow AFR ok A B AUANS AATLS ol A o
Aw ety AlEe Fual @ vk ol HolAEolu Y2 22 3
fQloll ofsto] & A JHALe P =2

AYuF=dael F5 ezt B HGakel oo wx= Gl i -7
2 787 A5 a3 WAL solddd wel & AFolA s APy ed
A7 5 AAEY GHE H FHES Slske APEE AP 1
H o) 7] 5B 24 7)o A AguitedAe] gL A ko] Adig o

ol oy Hujede Fae Aem yEruth 3 209 F A7) HF 3
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