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Biological Control of Chestnut Gall Wasp,
Dryocosmus kuriphilus with Natural Enemy Insects
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SUMMARY

Biological Control of Chestnut Gall Wasp, Dryocosmus kuriphilus

with Natural Enemy Insects

This project was conducted to investigate the biological control of
Dryocosmus kuriphilus by natural enemies from October 1999 to October
2002. Investigation was comprised of three themes as analysis of
damage, exploration and ecological characteristics of natural enemies, and

biological control of D. kuriphilus by natural enemy.

1. Ecotype of D. kuriphilus and exploration of resistant chestnut varieties

1-1. Analysis of damage by D. kuriphilus in chestnut orchards

The first damage by D. kuriphilus was reported at native chestnut
orchards in 1959, and has distributed to the whole area of the Korean
peninsula. Population of D. kurphilus has increased recently. Damage was
also reported at resistant chestnut orchards in Middle 1980, and has
distributed to Gwangyang, Chonnam province and Hadong, Kyongnam

province.
1-2. Ecotype of D. kuriphilus and exploration of resistant chestnut

varieties

Seasonal prevalence of adult emergence was different between Hadong
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and Chunchon, and this was distributed not to the difference of ecotype
but to the adaptation to climate. There was no difference in RAPD
analysis by using OPB 01~07 primers and morphology among D.
sinensis collected at different areas and chestnuts varieties.

The number of oviposited winter buds was low in the varieties of
Ishizuchi, and Daap, indicating that the two varieties were strongly

resistant against the pest.

1-3. Effect of damage by D. kuriphilus on shoot growth and fruition
Shoot growth of chestnut trees damaged by D. kuriphilus was
different dependng on the age of chestnut trees. There was no difference
in number of fruit set per fruit branch, when gall formation was less
than 30%. However, number of fruit was almost zero when gall
formation was more than 50%. It was strongly recommended the damage

should be managed below 30% for the good products.

2. Exploration of natural enemies and ecological characteristic

2-1. Taxanomy of natural enemies

Total 20 species of natural enemies were emerged from D. kuriphilus
galls including 15 parasitoids such as Torymus sinensis, Torymus
beneficus, Torymus geranii, Torymus sp. Eupelmus urozonus, Eupelmus
sp. Eurytoma brunniventris, Megastigmus nipponicus, Megastigmus
maculipennis, Sycophila variegata, Reikosiella sp., Eurytoma setigera,

Ormyrus flavitibialis, Ormyrus puntiger, Ormyrus pomaceus, 4
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unidentified parasitoids, Diptera sp.. Lepidoptera sp., Coleoptera sp., and 4
spider sps. were identified as predator of D. kuriphilus. Eight species
was collected from November to March in the next year, and nine
species was emerged from D. kuriphilus galls collected from May to

August. T. sinensis was the most dominant parasitoid.

2-2. Ecology of T. sinensis, Torymus geranii, and Ormyrus punctiger
Ecological data of immature stage of the three species of parasitoids,
T. sinensis, Torymus geranii, and Ormyrus punctiger, were investigated
newly. The three parasitoids were identified as external and single
parasitoids. Female ratio was high in stable population of T. sinensis,
and male ratic was high in unstable population. Sex ratio of 7. geranii
and O. punctiger was similar. The longevity of O. punctiger was 619
days when honey was supplied. When there was no food, the longevity
of three parasitoids was within 3.3 days. Oviposition number of T
sinensis was 64. T. sinensis, T. geranii, and O. punctiger have one,
three and two generations, respectively, and overwinted as the last larval
stage. There was difference in seasonal occurrence of 7T. sinensis
depending on the investigation time and area. 7. sinensis emerged 9
days earlier in Hadong, Kyongnam province than in Chunchon, Kangwon

province.
2-3. Parasitism form

Torymus sinensis, Torymus beneficus, and Megastigmus nipponicus

were primary parasitoids, and Torymus geranii, Sycophila variegata,
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Eurytoma brunniventris, Ormyrus flavitibialis, Eupelmus urozonus,
Eupelmus sp., Eurytoma setigera, Ormyrus punctiger, and Torymus sp.
were identified as facultative hyperparasitoid. Fupelmus urozonus was

parasitoid of hyperparasitoids.

3. Biological control of D. kuriphilus

3-1. Relationship between D. kuriphilus and T. sinensis
3~1-1. Synchronicity of D. kuriphilus and T. sinensis

T. sinensis emerged before the gall was formed, where T. sinensis
could oviposit. This indicated that synchronicity was weak. However,
larval growth of D. kuriphilus in Kyongsang province and emergence
time of T. sinensis in Kangwon province showed strong synchronicity.
This result showed that 7. sinensis population of Kangwon province
could be effective for the control of D. kuriphilus in Kyongsang

province,

3-1-2. Survival and parasited rate of 7. sinensis

Survival rate of T. sinensis was investigated in three generations from
May to next March. Survival rate was different in each generation with
range of 18.0~51.6% in Chunchon, Kangwon province. Survival rate of
each generation in Hadong was 31.4 and 35.8%, respectively.

Relationship between damage by D. kuriphilus and parasited rate of T.
sinensis was investigated from 1988 to 2002. As parasited rate of T.

sinensis has increased, damage by D. kuriphilus has decreased. During

-920 -



2000 to 2002, damage by D. kuriphilus has decreased, and the parasited
rate of the pest has dramatically decreased. Parasited rate of
hyperparasitoids has also decreased, as population of T. sinensis has
decreased. This showed that - population of 7. sinensis and
hyperparasitoids was dependent on host population.

Estimated parasited rates of hyperparasitoids of 7. sinensis were
higher in Hadong, Kyongnam province with range of 30.0~33.3% than in
Cunchon, Kangwon province with range of 1.1~21.3%.

Among parasitoids, parasited rate of 7. sinensis was highest, and

considered as most effective factor for the control of D. kuriphilus.

3-2. Ecotype of T. sinensis

To investigate the possibility to use 7. sinensis as biological control
agent for D. kuriphilus, ecotype of T. sinensis collected at resistant and
native chestnut orchards was analyzed by using RAPD. There were no
differences in RAPD analysis by using OPB 01~07 primers and
morphology among T. sinensis collected at different areas and chestnuts

varieties.

3-3. Release effect of T. sinensis

Emergence number of 7. sinensis was high from galls collected in
January to March. The parasited rate of 7. sinensis in adult or gall
release area was higher than that of no release area. Adult release was
more effective than gall release.

When adult was released in chestnut orchards with different damage
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rates by D. kuriphilus, parasited rate was much higher than that of no
release area. Parasited rate of Hyperparasitoids did not show much
difference among checked. Although further study on the response of
parasitoids to the host, and on the population dependence was necessary,
T. sinensis was considered as effective biological control agent. In
conclusion, we systematize the procedure of biological control by using
T. sinensis, and conclude that 7. sinensis is most effective agent for the

control of D.. kuriphilus.
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H13E3 M E

A 1A A4NEe] SAx 84

1 AFHe) 24

B (Castanea crenata S. et Z)e FUFTH JUF&o S 49
Au 2oz APHogr F3 B, gFd BEad, e AHF Hut
7= WU AE(Castanea crenata) 14FFH  PYYFAE(Castanea
bungeana) 5% 22 EFHo| Ju, nAURE FHAFoR 45 AT
g 7120] Juh 1960dTie] YR ozHEH AFE FUFE =Y AASHA
om, 1970 ddl FwkolF W Ao H&3] &

E UYE N&Hoez Aastn o, of ted ok 27%E FE}L Y

FAEY Fad ASdojrh
a8y ol WuF zdAd Z4F FHFol Tt %‘—’\a‘q REFEE &

rir

2N AL B2, WITAAE TANNE 5 4T d8E 21 A
H2de FUTEFEe @ At ARz FA%n Yov, 53 o
zHoz FARY EF0) AATe U FyAe YexYA G 2
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2. A7 2aK

A wWYFZH(Dryocosmus kuriphilus)®) LA B L F= A&, 3=,
Amoln, Hx AL FFoR FAIY F29 IEAHNA AT BEO
Aol drlEo] Q7toputdE Akl A 1941dd] Hx2 LA, AT
2 BAH HuE A A4S g FAG FHAAME 19594 F
5 ART FdEdAM 22 EAHAT, 19649 A= HEEH AR
E 24T R 2ALE dFste @A ol R REITIE HA AYEE
AHEGez e dAe A FE HAFAG. o] F 19809 =

Qo WFY FFo2 4eid HuFAE dAol FIHIUL,
HAIde EFATe HuF AdzdR o dAsd A4 e F
o 2y B e duFo £ER oY A9 el F 9 (insect gal)S ¥
At 3 e AEgse AHEA 54 dEd /7104 5 o8 7A
A5AY A E BTt S g PAaRE dx B
FEHAY A F B, ddA B 49 T EAES 2HFe
ATE ¥kt

mEpA o2 AdzAE Hxstn TH WARHE FHY) A9
M oEFY AATEEE xFse AEaUAS Hgstn, F2 AE.A
et et JxdTe B8 T2 1A distd fFEAC B8 HE
7t ot dA7A R EY

N
;z

7
FAA B4, 715 2 S AH, Fo AEAR] dF AFARe
Ax, EARHL ol 8T A WY 5 ATH YAS 9T F

FE olRoIAA Fgh BN 4 29 &

A G54 FRE AAAE 2 439 WA 5ol o] A
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Aol BAshe 29 Fol datel PR 53 ¢ FHA FI01Y
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9, MR AEY 7 AEHE APSHATh BB B A3 4B PAE w7
37 Al 9FozRH WAL =Qse] AdAA AHSHL A
o

- 32 -



o3l

°| &

2. ATFHAA

T
o S
iy 7 G
“ﬂAIL dﬂ ~— oud
Mo %O = el
W B)owr o ® o
o O ?
X " RN
LTIt
o wﬁ < T
Ao of o = N
W om Ll o
® o
il N G T
® e o 03 -
Ov HE OH )\
_ — ]
e
3
No o RO
Ko W
‘ql?m” ‘i_v \WE ~—
- N %O
o N
Tw 5 =
2 - = W
WE T

_33_




Jok

H
=

1o
0=
u
Na
El
=O£
=O£

x

H 2 & dhtg

A1AAA

W7 (Castanea crenata S. et Z)¥ FUFH T & L3t HEE
HaEoz AFe FEI 100m~1,100me] AT AHo2E =,
B, ST 223 BE $£3 15~20m, F1AE 1m7tA Ao A 4,
1987). 8uety AAHF HuF= T AIS(Castanea crenata) 14% 3%
P} F A B (Castanea bungeana) 5% 2.2 TR IHU m ARy T34
Fog AAYE AT 7S] YArHILA T4, 2001). HANZEL 1970 )
olF &3 F7hete] 1997dd e o 13TE L3 ey HT
dE 8~10%ES A&H o2 X3 Jog olF o 21%7F FEHIL 3l
o 2001 9] FAAGFE IWHHE(RALY: 25709 D) =AM o] JhEd EF

HollA 609%7F AE R Je=RFEA, 2002) FAEY] T8
g a5t a8y 29 WuiF JAdzPAd e i FEE, ek,
Bsotdwht § s LTl A% It FAH AAZA 4TS A
A ew, 53 HuFd e AA WIFHoR EFIAE ST

FFAME FAEY] ARete Ha FAHIL e AR

o
rE

BM3E-E - (Dryocosmus  kuriphilus Yasumatsu)S 2843 Cynipoidea)
o &3tm, o] Fole ZaIWAy WAPAdH sedLd FHNHS F
®e T A7) WA (parasitoids)7t EFFH ] At olg 2 ZHAARFE 2
AAow HAY(EEMR)SE A3 Aol Z¥ I (Cynipidae)ol™, 2
NEd & FAL 7F°) T 2L A3 E54T 4SS

7FA 3L th(Yasumatsy, 1951). 715 %9 dREL IUFFoly, guF
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B s A8 27tokutd Aol 1941dd Hzz SAHoH,
ryocosmus kuriphilus2 7] A = 1 tH(Yasumatus, 1951). ©]% 1948
3 QA and, 3 2A0E, Exgdes FatEoed, 196249 olF o
2 59 Raxex ZAsHA HATHEEL F, 1965). & W #AAad
o2E T3 FItHOZRH WuFFHe] 7R Jd BE9
ozt AoR FAd A Yut ol 197430 = " T ZA|olFoAE
UEEo) wAEled(Payne et al, 1975) 7 FH o vhyFgow ity uf
2 tHPayne, 1978).

[
O
&)}
—
v
!

3
93, 19649 BVIE BT FPRE BRT L 2ATS 9AHE ¥4
A olue] RESL AR AAEE, AIER FAH o
o SARYTHAAA D, 1968). e TAANe FRozR
% AAA FU EF o] FWHYEAE FAHA L + dot 24
2 BAAVE W] dEosRy YT B2 ¥4 I FYHAS
Aol Atk guRIEe 3% F A4 REAGE dusy, dur 2
A A Sek BAREZ T J(@FH QR)AAE oo U 7
B2 A, AH TR B ATAA RuE o APGRE F, 1949
A% & 1956, ¥FIR, 1956; &4, 1958, HHY, 1959, 1960a,b; Miyashita et al.,
1965; Yasumatsu et.al, 1979; # %, 1963: #b 55, 1981). 12{1} el A o]
47 AFE ARAGe) Fshe] YFI $ALT R VW, FF L &
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AT 3 S ST GG FHAEE 5 2 AYUE &
e AT FupFol 7|Yste PFIEe & £F, £ ARArEE
et FeNHA 5L AR o, T3S (S22, 375X H84mn)
of A AR £ TP ¥, FIoREH g 4FS AR
stel 2t 29d 3718 2ol g Wl wE g

A o]

D $A By f3A9

=AY SAE PrTEe YPYPA 2 FFL Table 2-13 2o
debd s BF, UF, B4EE AF, 85, Z4EE 45, 29 £4, 3
71% 74 ol

Table 2-1. Collection records of T. sinensis and D. kuriphilus

. . Variety of Castanea
Strain Locality

crenata
A Chonnam Gwangyang Foreign
B Kyongnam Hadong Foreign
C Kyongbuk Kyongju Foreign
D Kyongnam Jinju Native
E Chonnam Naju Native
F Kangwon Chunchon Native
G Kyonggi Gapyung Native

2) Total DNAY %

7S de] 802 RE Total DNAS &2 “Lifton” method of DNA
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extraction (Haymer %, 1992)& W &3t AAleAth =, & 570AI 0.2ml
9] homogenization buffer(100mM Tris, pH 9/ 50mM EDTA/ 05% SDS/
02M sucrose)E& #H7bete]l whEta, vl (0.2me)e] 4pLe Protenase
K(=40pg)E A7FE@ste] 65ToAA 108 At F, 02me 24M
K-acetateZ H7} &3 2 10,000rpmei Al 5827 944 93t A= 035
S AUtk AEH Fo DNAE 2560 (0.875m8)2 99% ethanol #E7F 2
4°C, 15,000rpmel A 1083F |4l ofste] A T Addee] DNAE
04me] TE bufferdl @ES3, F3(04m)Y phenol-chloroform-isoamyl
alcohol(25:24:1)% 7}, 387+ vortex % 4T, 8,000rpmol A 5&3F Aol
ot S7)EMe HES AAFASH, 1/10volel 3M Na-acetate (pH
52)9F 0.75me(2.58) vol.)2l ethanol& &7} -70TA 30~6083F A %
4C, 15000rpmol Al 10#3F Aol o3te] Total DNAE IAAZ LA, 50
@ TE buffero] 3] z+ Ao AL&34 . g8 RNase HMEe 9t
A wyor AAsgth &, 50ul Total DNACl 1z RNase A
(Boehringer Mannheim) 1pg& H71sked 37C, 3087 Aad & 53 G0uL)

8,000rpmel Al 5&3t Al ofsted AFAS I|FaRom, FF A 40u)dl
440(1/10vol.) 9] 3M Na-acetate(pH 5.2)¢ 0.1me(258] vol)2l ethanolS #H
7veted -70Col A 30~603F AR E 4T, 15000rpmel A 10E3F LAl
©3te] Total DNAE HAAIR o™, TE 50uol dEate] 2 43 (RAPD)
o A3kt

7} PCR (Polymerase chain reaction) 7 3¢

R sl fAd Hol EAL 9/ RAPD (Random amplified
polymorphic DNAs)E A A15t7]0 &4, HA 9 PCR 2o HA3F 7]

_39_



A9 o @& PCR FEAME S Hlil, RNase A #7} PCRell PlA= 9

3, DNAS ¥ %7} PCRel vlxl+ 9% 2 Random Primer® ¥%=7} PCR
o e 4F So #Asld EA3grt. &, PCR %82 Minicycler (M]
research) & At83t 2.1, PCR cycling®) 72 3min at 94T, lmin at 9
4C~1min at 35C~1min at 727C(43cycles), 5min at 72T . PCR 5%
AbE-o] B4 & Mupid2l (COSMO BIO CO.)E AM&-3td 1.5% agarose gel

(TBE buffer)ol Al 50V, 30~60%7F A719 5o 2o &34t

1}) RAPD (Random amplified polymorphic DNAs)

g 13 We]l ¥4& 9% RAPD (Random  amplified
polymorphic DNAs)E 7] A¥dA Zy3 A ue AAsdd. F, &
A AF8 wpel o] “Lifton” method of DNA extraction ¥ RNase ¢l
ot} Sojzle] fo2XE AL total DNA 504t F 2445 PCR w3
(26p0)ell H7tetRom, ¥bged Fo Primer (OPERON Tech. KIT B,
OPB-07)¢] 5%+ 10pM ol t}h. PCR wHg-de A& o3 2
< PCR mixture (2544/1 reaction) condition >

Total DNA 20 b
10x Taq pol. buffer 25
25 mM MgCl; stock 25 b
10 mM stock ANTP 1.0 L
125 pM decamer primer (OPERON Tech. KIT B) 20
5 unit /¢ Taq pol. (Promega Co) 0.3

dd water 147 1L

38 RAPDo| A1€% Random Primer (OPERON Tech. KIT B) 10-mer

LA )
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oligonucleotide®] G714 €& Table 2-2°) FE A3 upe} 2o}

Table 2-2. Sequences of RAPD Primers (OPERON Tech. KIT B)

Primer No. 5 - 3 sequences

OPB-01 GTTTCGCTCC
03 CATCCCCCTG
04 GGACTGGAGT
06 TGCTCTGCCC
07 GGTGACGCAG

IR SEREEERE LT
7. AEA A%

SRzl Agde 54 HiA e Hstd AAE AR AR
€ Table 2-3, Figure 2-13 2t AUz #3373 FHGE 5

24 EF d&7 2AHA g FogA F2 AAFA, BAEE dF
# FFAGL AAFH WY EF 7 TS EY A Ao
2 AT AAYE 5T BH 22 g s i REde o3 34
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)%}

flo

ezt SAEAA 2 d A Fgoen, HAHVIBELE 62%~
97%2A EAFH TFAGA wls) dAAs @k AFAE AL 5zt
(1997~200D)9) B#7]1 &% e £ 11.3C< 1,3466m, (A &
54) 129C9 1,66556m, 243 FAFRFF #F4) 135T 1,635.1m
olew, £33 stEt FEAAA ol HUFIZTE FFo] fIse A
N6EdteE~T8 ) BE FE52 207Tm/sec, ATHEFLS NNE(F 20°
/3607 ol ATH7137, 2002).

o
o

Table 2-3. General description of the experimental stands

Sl Stand age ¢ 9
Location Varieties Aspect ope ge % of Gall % of

(degree) (yrs) formation Parasitism
Chunchon Dong-myeon  native SW 10~15 30~40 535 25.8
Gongju Banpo native SE 10~15 20~30 39.2 32.7
Hadong Bukchon 1 Tsukuba NE 10~15 17~25 415 83
Hadong Bukchon 2 Tsukuba W 15~20 10~15 424 6.2
Gwangyang Okgok Tsukuba SW 15~20 20~25 54.6 9.7
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Figure 2-1. Location of study sites

648 TTHE 74 FFe=2 100

AAH AHsA TFASH(FHAE:G75xHm)] ¥ wjd 241 7F
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7h wuF 29A e F3E A AEA

AZH o7 wol MFH WUFEFTE UFAHE HEI}/ Sy rFE
ABAEAHS HE BT 88 dteol FAFAIAAA AuHL Sl
10FZ (5, BEE, ik, A8, £%, F%, BX, M, 581, FREAA &
FR o 1002(AARAE Ak FFE2 AJE AxE 35L&
, FR, A)eta AAAW AN ok winter bud)E HHste AdE
ABFolg/ZAE L X100)3 Fold HFABF(AANTF/FHAR T
148 ZAIshe] EAEA(ANOVA)E AAsAth WA Addgore] 2X,
4@ do] dERYE So st o] FEARN(Two way ANOVA)S 4

Astdeh, 2AEA Az 2FE o] ot de AR dEHdE B

g *

o

EAEM & STATISTICA (StatSoft, 2001)& ] &3

HIEEY 432 QFHor AT ¥ AVFYE AT EE

=
NEFe 9FE(Ru, HE, Wk, T, 8% F% B A smez
2] 9]

60cm~90cm 2719 $3E T E(G30cmxH30cm)ol Aol A&, 7859
GRAq Ezo 7% HYTEE AL FFEE Ax7 3vtEy

_76&}\
AEs e FE3Hh 885 A Fols At 4 Fot
o AATOIFE AP oH, AFE S HFEART, o] FH 54 A FF

H 3P4 e v ARG

- 44 ~



2%

o

7_3|
o 7 vl X) o

13, 7 Z2AFEA delz

3

kis

=

e B¢ #3AYe
Lk

\

H
A

weTge 45249 1095 H 9d 69744 144
zH 2

Z9

) %9 wew 99 295
obire] AAFANM DREAZL 31

3

0o

N

o9, o Zh&H 30

°o]&

=
=

g AR A 23] (Image-Pro Plus:Version 3.0)

i

F3, A A
H A& (P -3}

Il

sty A7

A3

=

=

2 NFA ) WEQ E2H AAF

d

gl

ek

=

=

35 2
o $st AAEA 9gF & 10074 Fol

st
o} 73 skl M

S

oy

=]
T

tdch 2 %, €573 24

o

d/(F- 354+ Fehd ) X 1000E A

=2 A
T

A

9%

Ao

1

I}
y 64

Al A FA}

=]

<

reich 9

[

a2 2 AF 82100

S

F)/%F BT H3HF <100}, 54 {(2€
I AF T X1000E FA

Zlde $9€ dAAste] FIHAN 25

o
a
ap

o

7

Gy

_45_



Helsl g5 2AAT YUTEFY AEde e N2ARE AT A%
of B3} SFEAGNN 3NGANE HAs] 2AAT wel ALRH 2
Aol FFL MAE AA 4R FFol Yol W 2] g B
o mEe Ans =287 Astd wad Bel 4Ase U, w4

557 ¥ %3 waEFos sdch AT WFYe] A5 £YL
Pste] 35Fon FRAQUG. 2AZE $0] 20d oldeld R
FH7 ol TolAE AL AA A 15FL 694, A 257 1394, A

A& A o)HEEY Ho g AFHARA WAFL dulEAbetS
10%°] 3}, 11~30%, 31~50%, 51~70%, 70%°]d2o= 7]&& AstAqo. A
ZARF L FAAEL AAEA FHYRAME A9 2AHA BT o
A(PALT 4, 200D), HFFAE F e JRIAAAN HFFH, s
2 ¢ 5070e AARRAE oz ARG e FAFHE FH &9 Aol
© 3A Fou(H, 1963), L% FHRE 1A
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A 34 23 2 nF

1 WyFEEe] sade

1999 F71(9~109)e]l AZFH oz whiREZ Mo 9% PR sy
HE AR A= AAHY de g ARSTduid duFS
Wol BAE giglon, Ao wi Fa e diel tha Zolrt 3,
AAEE #AFEAY. 28y g BuiY Aee
A3t Ak
YR Edo] 1959 FHEE AMdN LT F AZoz FatEol(Y
AANFA, 1968), NG AATLYES FEAYo] wEHoZ et g
om, HIZE B F9 ATl FUstn A AR BEHUG

53 A duRs A FRAgeA ATEEe] FUtek ¥

g AW om B FL 3~43 AR o] Ndo) 2AEY) AP A
oz Azt A4 vhFEde] A &t Ad A9 ddd=
4 ARGE g, AT A T IRAG dAFeH, 1 9 A
42 st et AY FAsA gt

ol WEA WUF A AHLUNE A Fotaty] Hste] Bdd
E, Agds, $AEE A9y WEF4 9uF 2YAE AAso JHRES
Ag ARG 2 A3 Table 2-49F 2

Xl LY EFEgo] 13%0INen, HdIEde ARG 21~

1=l
-1
66.7%Z FEA Lol R, AYEE AAGE 17.6~606% 2 3+F AP

2
I

i3
ol
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259 ol W Fso] Zr4aky] ARaE 11~2084 YEAA Aol
735%% 19 meton], 1064 olstl HE 407%% FAEANN JUHoR
S8t A Gehg

Table 2-4. Damag rate(%) by D. kuriphilus according to main culture

areas
. City and | No. cultured | No. damaged Rate(%) of
Province " %
county tree tree damage
Gongju 1,352 - -
Buyeo 917 12 1.3
Chungnam
Chongyang 280 - -
Total 2,898 12 04
Gwangyang 1,726 1,134 66.7
Sunchon 1,158 24 2.1
Chonnam
Gurye 795 95 119
Total 3703 | 1253 33.8
Hadong 1,990 1,206 60.6
Hapchon 1,310 231 176
Kyongnam
Sanchong 649 150 23.1
Total 7,171 2,015 28.1

¥

Unit: thousand

Chestnut tree: Tsukuba and Tanzawa
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Table 2-5. Damage rate(%) by D. kuriphilus according to age of

chestnut tree

No. No. Rate(%) of
Age of tree " =
cultured tree damaged tree damage
less than 10 605 246 40.7
11~20 1,964 1,443 735
more than 20 1,147 651 56.8

*

Unit: thousand

Chestnut tree: Tsukuba and Tanzawa
2. Axpd MR EEY =W

199939 A=A HUFZE AP zAE xR
32 FAEA gt Fd A EQ), F 5 ws2), 3% $5 73
o 3 ZRZARA A dad T EEe] FFFEE AFFoE =
23 Figure 2-29F 2o 8tF 534 1, 2& & g
A& 415%% 424%0A AxpdE A&H oz I go] Frbet 3dF
A 200230l 620% 72.4%° 2T FF S5 199939 A&l
546%2 Eghoy dxd WEEol ZA &g, 2001dd € 2d AH "%
g 51.96%°102H, 2002 =l W2 Fo] A=) Fafe Ay
ol Bt AUt

%
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, %—O—Hadong Bukcheon 11
90 [ | —a— Hadong Bukcheon 2:
i :—a— Gwangyang Okgok |

Gall formation (%
I
3

(9%
[&]
L A

1999 2000 2001 2002
Years

Figure 2-2. Annual changes of gall formation rate

Figre 2-3& WuF3do]l Hx B¢ APoziy APAY vhirx
HAZ FAf7h FAHE FFS T TG TR FAEY EHE
& Aolth. 1973 =& 5 H FF RG] TAsgoY Ao
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FE A9 7, AF, FF, FHY dRA G Fak= A 19983 7
1999 el of 40km7t FFAFo2 absglon, 2000493 20013 =l =
°F 20kmz dx=d FAATE dhazolrt velgt =3 PUFIdEe 3
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Figure 2-3. Spread pattern of D. kuriphilus on resistant chestnut

varieties in the southern province of Korea

3. ESTAE Fue A 2 FRA o

7h S eAE gee] 7 A

FuFsHo & £ £ dyd EAL ALY o9 (Figure 2-4),



e sEe WEY HUYF(ESHY FHEE FF 2 BEE FHALA
A AR ZFe] dFFHE A ¥l 2t Ath(Figure 2-4, Table 2-6).

TR sdol &2 A4 0.14mm~0.16mm, @73 0.10mm~0.11mmol™, &
o224 040mm~055me #AFE 7HAx dvh FEAZTY {F5E&
Z AA 016mu e, TRt 1/4do] AuR sfo] A Foldol
FUe A AFAST =& g Ax s neRor Jhe
ojAw, £& 12vtdela, 9} AZAAMS A &9 AP oF 243mo]H,
Agde e du $3A7I7 7RSS SEANE Wt

e WEAH FFQA S 7|AE HUFEE 4F A 236+
0.03mm, F% 069002, ¥27} Zo] 230+008m=2A FF 2 £H1AY
o] At =279 zelF MolA] kol Lee(1979)9F ¥ F(1981)e] A &4 ol
ZE FF At AL AAe] o FFo 7Aste AR ¢ A
3 g Adete Aolzh Uk

=
=

ot
o

5
d

Table 2-6. Comparison of morphological .size of D. kuriphilus between

resistant and susceptible chestnut varieties in different province

2

Part Hadong™ Hadong®* Gongju®® Chunchon

Body length(mm) 236003 239020 234*016 2.36=0.08
Head width(am) 069002 071005 068015 0.70%0.15

Fore wing length(mm) 2.30+0.08 231%+014 229%=004 2.28%0.21

*! Resistant(TSUKUBA),  *? Susceptible
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Egg(Jul. 2001) Larva-1(Aug. 2001)
i “‘@%&

Larva-2(Sep. 2001) Larva-3(May. 2002)

Pupa(Jun. 2002) Adult(Jul. 2002)

Figure 2-4. Various stages of D. kuriphilus
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. Ay g REge §a53ol

1) Zt 8.%10] PCRe "X& 4%

47

7} DNA ¥ =7t PCRell vjA& 9%

“Lifton’ method of DNA extraction ¥ RNase X g ol 23t && Total
DNAE PCR @3 (25u)el Z+zt 1, 2, 3, 4uE #H7bste PCRE A A
(Random Primer : OPERON Tech. Kit B, OPB-07)& Z 7} 249l DNAE
471819S Wyt PCR 2%2189 sx7t /M 2on, 4udlss SHY
2% A2 & AAFESAY). gy B AT E 1-2m09 total
DNAE RAPD 249 o] &3t}

1}) RNase 2|7} PCRe wA& 4%

Total DNA 2 Random Primer(OPERON Tech. Kit B, OPB-07)& Ah&
5] RAPDE A A3l3, 15% agarose gel(TBE buffer)ol A 50V 30&3F d
71d %o o8] BA8 A3} Total DNAE RNasez A elatd& 45 (Figure
9-4, laned)7} A @A Bke AS-(fig. 1, laned) BTt FEAES] FE7}
=9th wekd, B A7 A= Total DNAS RNase AZ A &3 DNA A
#E RAPD ] &3t

th 71 A=Y ol @& PCR 3449 Bl

Clan e 2

o] Total DNAE F%% ttg F%(1u)e DNA 3 Primer(OPERON
Tech. Kit B, OPB—O7)‘“?" Abg3te] RAPDE A Alstil, 15% agarose
gel(TBE buffer)ell A 50V 3087 A7ldEe) 8 BAY 2, 2] de

NEE

o =
e
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o] $Zoz3nE %3 Total DNAZY PCR FEAHE (Figure 2-4, 2v9}
2] lane 5, 398} lane 6, 47}€) lane 7, 578 lane 8)Y ol UAHA &
gtk wEld, B AT 3~5vlE 28 EH FE53F DNAE AH&s A

#) Random Primer®] ¥%7} PCRe| WA= g%

PCRA A9 Random Primerd ¥%& +937] 939 PCR %8
%9 Random Primer(OPERON Tech. Kit B, OPB-07)¢9 =7} 77t 5
10, 15 pM& Z=A% 'S PCRE AAsz, I ZAFHFE 5% agarose
gel(TBE buffer)oll A 50V 3023 A719 5 o8} 48 A3, Figure 2-5
o} lane 9(5pM), lane 10(10pM), lane 11(15pM)olA R & upe} o]
Random Primer7} 10pM%¥ W FZFAE9 F%rt 7b sioh wepA, 2
A79 RAPDY A= Random Primer®l ¥ %% 10pM= AH&3A

(e

Figure 2-5. Effects of RNsae, numbers of larvae and concentraction

of Random Primer on PCR
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lane 1 : Treated total DNA with RNase.

lane 2 : Non treated total DNA with RNase.

lane 3 : PCR product from treated total DNA with RNase.

lane 4 : PCR product from Non treated total DNA with RNase.
lane 5 : PCR product from purification total DNA from 2 larvae.
lane 6 : PCR product from purification total DNA from 3 larvae.
lane 7 : PCR product from purification total DNA from 4 larvae.
lane 8 : PCR product from purification total DNA from 5 larvae.
lane 9 : PCR product using by 5pM Random Primer.

lane 10 : PCR product using by 10pM Random Primer.

lane 11 : PCR product using by 15pM Random Primer.
2) Y3 o] RAPDO 23 Az 2A

Random Primer OPB-01%¢ <3422 RAPDE AA® %, 1 Z#E
Mupid 21(COSMO BIO CO.)& Ab&3t 15% agarose gel(TBE buffer)oll
A 50V 3087 A7 Fel o £A4g 23k, Figure 2-6, 7, 8, 9, 10°14
B vl 2ol A YW 2 WyF FFE ZE FAFLY RAPDA Zel7t
AT F, FINmYEY BAF RAPD Z#H9 "hBHAE 3
primere] €3t RAPD ¥A|Z2# 2+ RE JUFEd B A4 W

ol AT F UM

z
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Figure 2-6. RAPD analysis using by separated by Operon Random
Primer Kit B No. 1. Lane 2 to 8 represent the PCR products from
Larvae of D. kuriphilus Lane 2. Michon Jinju Kyongnam(resistant), Lane
3. Hwajong Bukcheon Chonnam(resistant), Lane 4. Banghwa Bukchon
Chonnam(resistant), Lane 5. Gongju Chungnam(native), Lane 6.
Chonnam(native), Lane 7. Dongmyon Chunchon Kangwon(native), Lane 8.
Gapyung Kyonggi(native). The tasted were treated with 50V on 1.5%

agarose gel electrophoresis for 30 minutes
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Figure 2-7. RAPD analysis using by separated by Cperon Random

Primer Kit B No. 3. Lane See figure 2-6

Figure 2-8. RAPD analysis using by separated by Operon Random
Primer Kit B No. 4. Lane See figure 2-6
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Figure 2-9. RAPD analysis using by separated by Operon Random
Primer Kit B No. 6. Lane See figure 2-6

Figure 2-10. RAPD analysis using by separated by Operon Random
Primer Kit B No. 7. Lane See figure 2-6
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R L LI
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7 ANPAEE 69RH FUREY 342 AHsS TS (Zgag,
@75xH84m)l ¥ WU $FMAFE ZAS AHdE Figure 2-113% 2
o 53 FEALAMN WA L AAF T AT PYFEEe
69 2090 $3H87] Azsid 79 1590 Fasgon, Qe 79 59

2 FAF Aol TG WEA YURY FJozRE SR}
A FASsE0] 506%A8 HEA, AAFYT] ASE 667%2 EA
dehith A9 69 2BYo) 387 Azsto 79 1596) FRFHY
onf, H47)% 79 108010}, $327E ARSI B2 gvaA 2718
A8 Boltk A7) olF FAS Basgo
b F08DE WEH EF JQsE WUREZEE AAF) AsE
Ao Hlae $5H47)7 MEon Rug w gou, B 2AAAE AF
S4d me ¢35 Hue Aolx uehdx @std. MiT(1960ab)E HHIE

P ]
39 471k 79 MEw, ke & FEFRE R
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—— Hadong (Susceptidle)
—e— Hadong (Resistant)

—— Gongiu (Susceptible)
—— Chuncheon (Susceptible)

No. of emergence

6/20 6/25 6/30 7/ 5 7/10 7/15
Month/Day

Figure 2-11. Comparison of adult emergence of D. kuriphilus in

different province

4 195 S8ALe 248 AAE Figure 2-129 2o 21 104 %]
oF ANAA R HFe] $astm Aok AN 120%H 144 A}

olo]Qom o] Akl < 60%7} S8t

80 r

[=2]
(=)
T

% of adults emerge:
N Pl
) =)
T T

21~08 09~10 11~12 13~14 15~16 17~18 19~20

Time

Figure 2-12. Daily rhythm of adult emergence in D. kuriphilus

under field condition(Hadong, Tsukukba)
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2) 4 A3zA

7H R gAY A o F5E A
Zt 7153 YUFEEY AE54E A Aste] dddx
Ao AR 10FF2] VX(AARA)E At AFEHE xAstd
A St A THSTATISTICA :StatSoft, 2001). FFzF 7HA 598 dawn d
Fotg Ads Fol dstd RARM(ANOVA)E HAAE A ol EF
FEL 9 ATEAZR Feofd olzb e e UEwd wetM 4
FEFL FAMS vl Yt Tukey's HSD ©3¥| A& AA8h3l
oo, z+ FF9 Fd AYE wwsr] Hstd BrFAFE T (Vertical
bars denote 0.95 confidence intervals)& X Aldte] Bl W &4t
FETEE 7T BFAEE S vlud BAE Figure 2-123% o] &K
AgE7E 7 sskow, A Fol b wdTh o9 FF HEL fFAS
et

A

B=
£A4

Oviposition rate {%)

Tsukubs
Arima

{buki
Ishizuchi
Ginyase
Pyounggi
Okkwang
Tanzawa
Daak
Susceptible

Varieties

Figure 2-13. Rate of oviposited winter bud by D. kuriphilus

of some chestnut varieties.
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ARG HPEFOISFE ML AT Figure 2-143 2o) 2AR FF
Hed frikst BHE ARTolrsl A FUEYel wrow PR
Sl QL 1 g9 EFe WBFIFA A ¢ RelucE o *
dol foldow WTh MEQ0D)E WHFEEe Fobe 2rs} WA
a3 AZFo) amgoldel ol Fz Mudd Ass] WEel A 3
2oe] ol AUNEs} FHT GG W FF FAHC) date) 29
W2 WA} (Table 2-7), 3 oo REsE FT 4P Fo
T, BEIL R, Bk, S, B Eor EXT MW FAD Aol
Ut 39 A9 FEG 4% Aol g AR dehged,
Aol W FolF: T, T, Sl %3 AEVF EhoH SANeR
folg Aol7t Qe Aoz vehgoh

u)
ol
o

BN
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Figure 2-14. Number of eggs oviposited by D. kuriphilus on winter

bud of shoot parts in some chestnut varieties.
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Table 2-7. Comparison in oviposition of D. kuriphilus on winter bud of

some chestnut varieties by Turkey’s HSD analysis

Varieties Lower Middle Upper
Tsukuba ab a ab
Arima abc a b
Ibuki abc a ab
Ishizuchi be a a
Ginyose bc a ab
Pyounggi abc a a
Okkwang a a ab
Tanzawa abc a ab
Daap bc a a
Susceptible abc a ab

FUFEFT 2 7EAR g2 @5 HolE =AY AFE Figure
2-159t Zoh FFd AVITE A L WA Bgted e HYF
NN =okth T HM, FEF, EX, 2 AskmEA R A B9 Ass
7t Rka, el mghovt o 9o FFAE ASEYE Aolvt gle
AL RT3 vt W FED /A4S AES Z3} Table 2-83 o]
st BHAM st £, T FANNE L, £ fekfEe) A2 7d

T AR YERL, 4 s EFFI AT Aol gE Re=

Jebeh
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Figure 2-15. Distribution of egg oviposited by D. kuriphilus on

shoot of some chestnut varieties,
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Table 2-8 Comparison in number of egg oviposited by D. kuriphilus on

shoot parts of some chestnut varieties by Tukey's HSD analysis

Varieties Lower Middle Upper
Tsukuba a ab a
Arima bed ab a
Ibuki bed ab a
Ishizuchi cd b a
Ginyose cd ab a
Pyounggi abcd ab a
Okkwang abcd ab a
Tanzawa bed ab a
Daap d b a
Susceptible ab a a

Fold ArgkrE ZAE AFE Figure 2-167 7o) FE3IF Xol7b Ve

oo hEE 2 LHRo) Witk Fold Ao FAE FAHYL Table 2-9
o o] JHx RgE= figk R HEKo] 19 FFH TEIHAD dFE
FTOAA A>dEForT 14 oo Addel AFH gFUABVHE AL B
oF3 Aot o)ie] At o] AdFoly, HARAE APFF, FobR
TE A R B dodoz Jbd 2 @e EoqdF3 g o
12 FF HUF3E9 & A4 2yve Ae g F1 Je
4 I Aol Fote A7 & AE AsstE ASFA AEAAnE
2000) oty & 899 o3 AJAE FEA 4o a2y, AsAH
FALE] A HEZALGARE, FHE, B, Akl st I3 AAZ)AA WFA o]

dE FEL 2% T #F9 ¥Rl AEste 9ol 2AHA Gy

rlr
o
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Figure 2-16. Distribution of egg oviposited by D. kuriphilus on each

winter bud within shoot parts of some chestnut varieties
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Table 2-9. Comparison in number of egg oviposited by D. kuriphilus on

each winter bud within shoot parts of some chestnut varieties

by Tukey’s HSD analysis

Varieties Lower Middle Upper
Tsukuba a abc ab
Arima bc bc ab
Ibuki bc ab ab
Ishizuchi c a a
Ginyose c abc ab
Pyounggi abc abc ab
Okkwang abc abc ab
Tanzawa bc ab ab
Daap C a a
Susceptible ab c b

W) AEHTA AT AdAY

7HhdeA 2AE Ht 5 9FF) dEtd 69 st dEAGY WFA

FEEEA 7S YUFZE S 02T vty AFHFSL, ATFAR
g ZAMSAT. Table 2-1091A49 Zo] RE FFo duFFHo] Add
ol 24 ¥ 4 Aoy £, A, FHY AxdE vy Aggo]
AUk FFE AdEE &L HEIT 636%2 7 Eed FHE 50.0%, R
# 407%, EX 405%9 &oldth. aU, ol B Huk, FHE EX
M e g0 THAHUS B e FFAME F9o] 45HA duch
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Table 2-10. Rate of oviposited winter buds by D. kuriphilus in some

chestnut varieties

Varieties |No. of tested bud|No. of oviposition bud|Oviposition rate(%)
Tsukuba 33 21 63.6
Tanzawa 18 9 50.0

Ibuki 31 12 38.7
Pyounggi 24 6 25.0
Ginyose 27 11 40.7

Arima 28 9 32.1
Okkwang 42 17 40.5
Ishizuchi 23 6 26.1

Daap 36 7 194

o 3 %4

454 1087 455 d&3 697429 ZAAE £59 A=

Figure 2-173 #Zth golA F34ax of 374do]l A 108748e B¢
025mA7) 2 F3o] Agth 1 F WUF ol Eo7] AnAe AEEE
7 =PAT 49 o)F sPo] o) FAAm, dFe A Fgo] FEHATA
FE&EEZ ¢8dd £330 WEA FFH AE4EA AHFT B Aole
Vel ¢gkth Table 2-112 49 o] 27 A%stn Fdol 27t Al
ZadA frEe 2ESEE wHPS YelFT A 49 s olF F
Q2717 TmmelFes sl AW 1 ojdd] wiE 2mAxEe] AVIE AF
R o 2FFHY Aol AU

d
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Figure 2-17. Developmental velocity of D. kuriphilus

larva in field condition.

Table 2-11. Developmental size of D. kuriphilus larva within gall in

Hadong, Kyongnam

10th Apr. 20th Apr. 30th Apr. 10th May
varieties gall | larva | gall | larva gall larva | gall | larva
(mm) (mm) (mm) (am) (mm) (mm) (mm) (mm)

Tsukuba| 2.0 0.78 42 0.86 7.4 1.00 11.0 1.75

native 21 0.79 44 0.90 7.7 1.12 11.8 1.96
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Figure 2-18. Number of D. kuriphilus larva within

gall according to times.
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dF2 Faste Aoz Uuyt §5719 ARELS S8 AR 9483
ol 100%°1 28, M= 46.4%, AAFL 66.9% 1At FFHAAM GE3
A Rt AR vl &L FEEFTOl 124%2 AAFY 51%ETt =
ojg} o] Ralg B {FF9 AYEL AUWF vl LW, ALEAA Fo}
2 WFE FFo2 gt A

o]-)l MO

Table 2-12. Mortality of each stage in D. kuriphilus (2000.9~2001.7)

Rate of no Mortality (%)of Larva Rate of no
Varieties hatching (%) (%)
atching (%6 pre-overwintering | post-overwintering | €S¢aP€l0
native 1.3 14.1 51.8 51
Tsukuba 9.7 7.3 39.1 12.4
Ishizuchi 12.3 100 - -
Daap 155 100 - -
3 AL

YuFEde] AAHL Table 2-13% 2ok £ #F2 1d 140 23
o 4R SN s, AV AE D Aol whe} ke Zolrt
Aow, FS4H2 BUAZ HilA BEie 4€ /AT o & 247
e 68 TEHH 88 TR Y, F3F FFL = 23 UM €F
¢t ¥ F90l AR 49 o) F FAHI A3t 59 R H 7H Ae
7t &3ttt ASSIAE 69 FE4EH 79 steztA oA FEA
ol M et 22(1963) R kb F(198D)0] ZAFE ATt vt ¢ 10U =
7t wEA $-3tate Aoz gobs Aot

o]

O

ofr
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Table 2-13. Life history of D. kuriphilus in Hadong, Kyongnam

Jan. | Feb. | Mar. { Apr. | May | Jun Jul. | Agu. | Sep. | Oct. | Nov. | Dec.

Egg OO0 |00 |00

Larva |OQ0 |O0O0 |O0O0O |O00 |000 (0O 00 (000 (00D OO0 (000 OO0

Pupa 0 000 |©

Adult °® ©®

Y
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Figure 2-19. Straight growth of fruit branch according to gall

formation rate of chestnut gall wasp
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Figure 2-20. Straight growth of fruiting mother branch according

to gall formation rate of chestnut gall wasp
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Figure 2-21. Number of winter bud according to length of fruiting

mother branch.

i
i
-a
ot
E
1)

o] W AxA AAFYAFL Figure 2-229 2ok I8
8ol F5E AR QLo AU ol Z FAA R ¥EFH Fas
A sgol 52 2AA Ao FopxE AYAE Holv A22A
gafh&ol 10%9 A$ole B 56mAFIAo Y, 51~70% FEAA= 1.3
mZ 2% 43mARsE 0w, 70%0| A= 32m=E vh$ AAIF A=A 7t

A=A

_76_



Diameter fruit branch{mm)

I Age class |
[ Age class |l
253 Age class it
—— Age class Overall

11-30 31-50 51-70 70>
Gall formation rate{%)

Figure 2-22. Diameter growth of fruit branch according to gall

formation rate of chestnut gall wasp.
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Figure 2-23. No. of fruit set per fruit branch according to gall

formation rate of chestnut gall wasp.
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Figure 2-24. Straight growth of fruit branch according to

fruiting mother branch
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Figure 2-25. Diameter of fruit branch according to length of

fruiting mother branch
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FuFEde 59 271E 30~50m9 6.0~80mY 2FFo2 FASAT
NEPES BEY Fo FIS AHFARAGAA HAs ey I
< HUFEEHFFY E9E BEso ARAREE ARG
TE HUFSEF ol FHHE AV 4€9~54
Rom FAMY S b3 2o 9o AL Ut
T uYFE A IAAE F8B(Z0)120cm, 2
7

$g 5 AARE Aol s Raie] Ao

TRAmYSE] 4AL FES FAHH ASS A st 59 A
¢ EZRE MAE A olgdon, YuTEE FIL VAo &
A B2 AAF MAE TE7] HAste] oklZR Y YR E AHEY
Aol A AY, okl 9] whubg kAol Fgol A Aol FALE 4

gol F4E Fol AMHstA AHolA F4tstAth(Figure 3-2). 4%
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Figure 3-2. Rearing apparatus for egg laying

of T. sinensis
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FRUnEEFES $HT 3, 9Y SAYE 2Ae) Aokod A
c. Bz 27 10%+5%8 P/ BT AF A

. A% SEMAREH FEAA JHFS e A 104 ~1141e A

A 34 43 2 n&
1 R Ede) 34

AEH FA FR AEJAE MALE7] et ZF AN PF
T HAL gAsder 1 dxE Table 3-13% Zth 7B
Torymus sinensis, Torymus beneficus, Torymus geranii, Torymus sp.
Eupelmus urozonus, Eupelmus sp. Eurytoma brunniventris,
Megastigmus  nipponicus, Megastigmus  maculipennis,  Sycophila
variegata, Reikosiella sp., Eurytoma setigera, Ormyrus flavitibialis,
Ormyrus puntiger, Ormyrus pomaceus® 15Fo|ow ojgd 1xd |
T, 71T 1%, 25EE, 34, €% Tl AYIAL

FA4E 7IAY 165 7124l Eurvtoma setigera & 7371 A% Ormyrus
flavitibialis< 749, 7471, 23X W Ormyrus pomaceus$}t Reikosiella sp
= ZAYALY  Eupelmus sp. ZA71AW  Torymus sp.®¢ Torymus

beneficus= HAgAgell @At ZEEAT o]&9 AELE A AAY



o 452 TASPoH, 1 9ol AvFY S

i

3

ofj
o

it

FU A gUFZde] JAFTHFE €(1963)0] HEZ AP B ow,
AT 135S 2383 A AA 10F, F 1155 715 v itk 7159
7184 A=A 7V ¥ Ormyrus koreana®t TLAH Sl Apanteles sp. © &
At A BEE A &kth ©]F Kamijo (1982)= 93 AHdA 7144
Torymus koresnusE 71&3tom, H(1993)& =W =718 4F(Torymus

F

BN

sinensis Eurytoma setigera Eupelmus sp. Sycophila variegata)S A&7l
dAG AU wrEEHe] dAHor F 16%°] 71E€ ¥ o 59
71(1993)o sty 7129 = w71 EF 7 Sycophila variegata~ Ko
A97)7F FUFZEREYEH APste] xS 6 Ao

23] 2AAH AR o)A 71 HAQ Reikosiella sp.7F, g
A Torymus beneficus7t MEA LAHNLY, Torymus sp.o 35 7FH4A]
oo ojo] HEAHAME LHAH Lot Axo] £XZ 7Aool 3

e
N

A
= Ao ArgEY. E3 Torymus beneficus7t AEhd s A dbojl A 2 5
Fed B L& F2 dEd BEae Foz v(1963)0] VAT ol F 2
HA FHoy 53 At ALTHEHA

et Fud 2xde durEd ddoze 7A4Y 16%, 714
1%, XA HA 6322 F 24Fo2 HAAHJYHW ofd 7F

B
W

oy
i
i)

Encyrtidae sp., ¥A1®¥ 3 Ichneumonidae sp. XX 2} Braconidae sp., H
Z9¥ 3 Eupelmidae sp.ol &3t 71A4E & 150 AFHAJLY HyF3
o 7ZlAste HHUA BEB3IY AFA ALstdn. FF B 7A4E
g HEZF ¥ AoE A€

TS 1

101
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Table 3-1. A list of natural enemies of Dryocosmus kuriphilus in Korea

Distribution
Species Korean name
KW|KG|CCN| KB | KN | CN
Eurytoma brunniventris Ratzeburg EAeEd + L+ +p+ |+ ]+
Eurytoma setigera Mayr - + - - -
Megastigmus nipponicus Yasumatsu et Kamijo w@aEFd + | + +
Megastigmus maculipennis Yasumatsu et Kamijo| w#&nafd | + | + + +
Ormyrus flavitibialis Yasumatsu et Kamijo @ EH | + | + + - _ _
Ormyrus punctiger Westwood ZoegdAaEy + + + + + +
Ormyrus pomaceus Geoffroy + - - - -
Eupelmus urozonus Dalman L@ ERE + + + + + +
Eupelmus sp. - - + - - -
Sycophila variegata(Curtis) FUREAEEE | + | + + +
Torymus sinensis Yasumatsu et Kamijo FEIARAEFTE | + | + + +
Torymus beneficus Yasumatsu HAmAEd | - | - - - | - +
Torymus geranii (Walker) SANRHEY | + | + + + 0+ |+
Torymus sp. - + - - - - —
Reikosiella sp - + - - _ — —
Apanteles sp. -] + + - - - —_
Encyrtidae sp. REZWUE + - - — — —
Eulophidae sp. FHF + | - - - - -
Pteromalidae sp. 2EYH + | - - - | - -
Diptera sp. el + + + + +
Lepdoptera sp. Un 2 - - - - -
Curculionidae sp.(Curculio dentipes(Roelofs)) vhto] + |+ + + + +
Thomisidae sp. AHu & + + + + + +
Agelenidae sp. A& + + + + + +
Argiopidae sp. A & + + + + + +
Salticidae sp. A& + + + + + +

KW : Kangwon, KG : Kyonggi, CCN : Chungnam, KB ! Kyongbuk,
KN : Kyongnam, CN : Chonnam
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7 A9 ARF 2 =4F HhFelA 1195 o 3€7x9 713k

T9e At sete 1A FRHE AAFE ZAEAT AGF

wW
/%
PN
>
)
J;Jd
ofy
A
2~
}_2‘1
o
o

e 74 HEe AEFAA(EYF)Ol 581%~
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B, dak fEE AekA gt olo) Hldtd dAmelEEe 33z &9
2 AEAge] 20%~241%, AFA o] 141%~162%2 & A G 1]
shed wgka, Ao e AR FAE&Y Ael® AshA deEbdTh
SrelgaSE Y] F¢ FLAGHAA tha Be] @A
L5 63t ZAMS ZAFe Table 3-37 2t} o] 9A] F3
AueFgol HLH Fojen Fo TFAHHEL ZF A dxd wg
6~826%0°13053, AEER & Aolv YA &skt. 71A4dE shedH &
el EE2 g8 A9(Table3-2)7 wluste] FAH| g0l tha =il
AHE R =GF PuFd FHE F9 o= e 7
AEF JHed SR0mYFEY VALY ES 7 Fot B Fol By sy

o WEFPel A AEsm g Aoz AT
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Table 3-2. Species composition of parasitoid adults emerging from D.

kuriphilus galls formed at chestnut in the previous year

No. of parasitoids emerged (%)

Parasitoids|{ Kyongnam Chonnam Chungnam Kyonggi Kangwon

2000 | 2001 | 2002 | 2000 | 2001 | 2002 | 2000 | 2001 } 2002 | 2000 | 2001 | 2002 | 2000 | 2001 | 2002
Torymus 82 | 206 | 167 | 256 | 237 | 212 | 164 | 177 | 164 | 205 | 61 | 38 190 | 65 42
sinensis | @] 753682 (762)] (75.2) | (73.D)| (76.3) | (7.7 | (67.8) | (86.9) |(80.3)} (72.5) | (78.2) | (80.2) | (65.6)
Torymus 34 6 28 | 49 | 51 | 4 17 28 | 3 14| 4 8 7 4 6
geranii @] o | 010|046 |62 14D | 79 | 114|132 69 | (63| 100 | 29 | (49 | 9.4
Torymus 1
sSp. (1.6)
Eupelmus | 17 | 33 | 22 7 10 | 12 5 14 17 5 5 6 5 6 4
urozonus |21 00 | @D | B2 | 96 | 23) | 66 | 700 | @1 |68 | (75) | 20 | (74) | 63
Eupelmus 1
sSp. (1.3)
Sycophila 3 6 8 6 6 8 8 | 19 | 2 7 6 4 8 6 5
variegata | 21120 BHA O || @D | an| 6D | B0 (79| 6O | 33 | 74 | (78
Ormyrus 5 | 24 ] 20 18 4| 16 21| 9 8 5 B B 3 _ 6
punctiger (36) | (88 | (82 | (54) | 1.2) | (65) | (9.8) | (36) | (33) | (21 (13.6) (94)
Eurytoma 1 3
setigera 0.3) (3.8

_94_



Table 3-3. Annual fluctuation of parasitoids emerged from D. kuriphilus

galls formed at the native chestnut in the previous year

No. of parasitoids emerged(25)

Parasitoids
1995 1996 1997 1998 1999 2000 2001 2002

Torymus sinensis | 134(72.4) | 176(82.6) | 235(77.8) | 126(70.8) | 133(69.6) | 290(79.0) | 34(81.8) | 42(65.6))

Torymus geranii 24(105) | 120 56) | 12( 4.0) | 100 56) | 11( 58) | 100 2.7) | 2( 48)| 6(3.4)

Sycophila variegata| 18( 9.4) | 15 7.1) | 17( 56) | 15( 84) | 16( 84) | 12( 3.3) | 3( 7.1)| 5(7.8)

Eupelmus urozonus| 15(7.9) | 100 47) | 11{ 36) | 6(34) | 7037 | 7019 | 3(71)| 4(63)

Ormyrus punctiger - - 270 89) | 21(11.8) | 24(12.6) | 48(13.1) | OC O | 6(94)

gASE, IudddEd, =2negwEEd,  Sycophila variegata,
Eurytoma setigera 9%°1th. ©] 7Fd A$HFL S FHo|Q e
W, 3 ggo] WEEnEFY

2000, 2001d Z+ Age) 7 FE FAENELS AYgdE o
A g meEE e Fgugol Z 475%, 44.9%°1 A 1L,
TAH o] 7 413%, 475%0]Q 0, AAEE WFEA
Fol TAHEol 7 333%, 29.2%°I% 1, WA FmeTEe FAu &)
Zt 36.1%, 317%°1Ath AdE FHANGLE X inE
7 16.7%, 21.5%°1%0 31, WESneFd e FAu&o] %
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Table 3-4. Species composition of parasitoids emerged from D. kuriphilus

galls found at native chestnut varieties in the current year

No. of parasitoids emerged(%)

Parasitoids name Chonnam Naju Kyongnam Jinju |Kangwon Chunchon

2000 2001 2000 2001 2000 2001

Torymus geranii 76(475) | 53(44.9) | 49(33.3) | 47(29.2) | 20(16.7) | 26(21.5)

Sycophila variegata 1( 0.6) - 10((6.8) 9( 56) 8(6.7) 5( 4.1)

Megastigmus maculipennis | 66(41.3) | 56(47.5) | 53(36.1) | 51(31.7) | 53(44.2) | 60(49.6)

Megastigmus nipponicus 1006) | 2017 | 8(54) | 10062 | 108.3) 6( 5.0)
Eurytoma brunniventris 40 25) | 4(34)| 5(34) | 11( 68 8(6.7) 50 4.1)
Eurytoma setigera 1( 0.6 - 40 2.7 6( 3.7) 5(4.2) 4( 3.3)
Ormyrus flavitibialis 1( 0.6) - 6( 4.1) 9( 5.6) 4(3.3) 2( 1.6)
Ormyrus punctiger 6(38 | (08| 7048 | 10( 6.2) 7(5.8) 8( 6.6)
Eupelmus urozonus 425 | 2017 | 534 | 7044 5(4.2) | 5( 41

b1
)
R

H Mg A2 AAEE 35 EUF PFRPACdA A3
Ao A ¢33 HAZEFL Table 3-58 #o} 7FoIUx, AHF *
2o BAHQY Eurytoma setigera, Ormyrus flavitibialise 3 =

T
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2AA S BF GANREZ LT )
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Enggde] v+ Hl&g o
Af ot FamAFE TN &L 338~50.0%2 SHITL AU,
MAEnEHo] 206~254%01 0k ZAAVER F F49 Aol7t vE
s ol 2dte) AT F2d) 2dsn ¥ ASHA AES B
% AL Azdg

Table 3-5. Species composition of parasitoids emerged from D. kuriphilus
galls formed at resistant chestnut varieties in the previous

year

No. of parasitoids emerged (%6)

o Chonnam Kyongnam
Parasitoids name .
Gwangyvang Jinju
2001 2002 2001 2002
Torymus geranii 45(50.0) 25(35.2) 31(35.2) 23(33.8)
Sycophila variegata 2(22) 5( 7.0) 12(13.6) 2029

Megastigmus maculipennis| 21(23.3) 18(25.4) 22(25.0) 14(20.6)

Megastigmus nipponicus 20 2.2) 4( 5.6) 5( 5.7) 6( 8.8)

Eurytoma brunniventris 5( 5.6) 6( 8.5) 8( 9.1) 7(10.2)
Ormyrus punctiger 5( 56) 5( 7.0) 4( 4.6) 5( 7.4)
Eupelmus urozonus 10(11.1) 8(11.3) 6( 6.8) 11(16.2)
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2. 72 71889 g R BEA}

7t zEamelzael ge L A

SR s FEARY T FW Ul A &2 Hyos FEdd
olm A& Zo] 04310.05mm, F 0131001m=E € FEole Iifilegg
stalk)eo] &) s+ch(Figure 3-3 A).

W 3

AT FF9 AT fFuNoR F FHA "ol dAFH i, Zo
T 04910.02m%E 0.22£0.02molth, o]F FFL WUFZE Ao 9F
71t A4l B&ett Aa %L hymenopteriform (Clausen, 1940)3
I, BAL @3S mo, doly 279+0.19molth E3 FE Ao ZH
(mandible)2 Hg3A #ZFHW, Zolx 013%£0.0lmme] H(Figure 3-3 B).
T2 g s TEst9 14otd 2 A 2ntd R H A guibzbA] g 2
Zag ww ggsil, A3etd g 11t 7hA] 949 7lEo] #EEH.
b &

D49 ez &35, £3x7)9 F(ER 2 #HE)e +E48 dy
AlZbol ZpstdA FAMoZ wWgstn, ML G VFREH AL 9
71 AFste] Al d&std FHe] gle AR WM. §9 ZHole
Aol 22410.08mm, FHo] 1893+0.16mm=2 ¢ARo] FAHA HFH AT
(Figure 3-3 C).
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Various stages of T. sinensis

Figure 3-3.

male(right)].
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g0 O & AFE HIY. F7 GU¥F 542~63.3%, AF WF 542~
647%2 A71AM L ARl MNE M) L] 542%~633%, 54.2%~
64.7%% EA e tHp<0.05, x*-7AA).

EAFUUT ()Y FHAA 3T FR0ugIY
AEE SEAWAA 423~482%°1A 1, MHgE FEALo] 413%~
426%2 FAUERG FREL] A JeEbdt(p<005, x’-#F). 4 &
AR d el A= dREEo] AR E Fdoy Aot A HERUEA &
pig=

Flanders (1966)¢} Sandlan (1979)% 714X A9 dule #Azdoly
T FH L PEGn RIHPL, HEAPHE 2 F HHE =
Abste] Fe] MATS dHBEo] 54%~63%°]1, Y& WA AT
2 WAl o] % 8d7A] dAu]Fo] 40%0l8tE dgoy I olF AT ¥
T9 Z7ket I gAH L) 8% ~66%= Tt I ot Bugk v gl

AREHtFde B SHFARYFHEY GAEo] 50% o] Ao
Fol o HEH B Fo] At Y Fo] wrEHT
AaEE, EERUTAe A shaiblgo] 50%elst2 FA A Hlaty &
Hol FoHoz o, EFo] AefF PUFZEY olFdtd HEsr] Al
Aste 27 wAZ ARET

lo

EE LR

i

flo
o

N
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Table 3-6. Sex rate of T. sinensis established at the investigation site in

the different chestnut orchards

Female ratio (%)
Investigation site Species
2000 2001 2002
Kangwon Chunchon Native 49.1 51.9 545
Kyonggi Namyangju Native 62.4 54.2 63.3
Chungnam Buyeou Native 49.9 52.1 53.2
Chungnam Naju Native 59.7 54.2 64.7
Kyongnam Hadong Foreigne 42.3 45.0 45.3
Chonnam Gwangyang Foreigne 41.3 42.2 42.6
W) 3
HolEF 2 2EXA5T, 20T, 25T, 20C~25T) w& T8 F
ol 4E49E 2AY AFE Table 3-7% 29 FH& 74 F2xds
Hol FFo) JFL wkon ¥ e ¥ FIS ATH AP0 HolE

AFsA Fe AFTo vt FHo] AJYTh F A& TFE B4
LExAY £ Eg F30), L2A(BT)NM 2ok A0
5C)A ZAA vegon, 15CaAA &3] 4E713HE 5364, 7] 46.
dolAdnt.

9 2 EL T

]

TEE A$E #3730l 1829, ¥H o] 2749 A ES
63%, 674 AEHAT Heolg TH
X e AgTAME AAA A AFoiey 49 ool BE WA
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Table 3-7. Adult longevity of T. sinensis under different temperatures

and diets
No. of .
Food Temperature Sex individuals Longevity
00
P ) (days£ SD)
examined
2 21 46.7% 14.3b
15T
¥ 20 53.6*125a
3 20 24.4%10.0c
20°C
Honey 2 20 41.0£11.3b
3 20 12.8+5.9d
25T
% 20 205% 6.4c¢
3 28 31+ 07
15T
¥ 26 3509
2 26 1505
None 20T
% 26 23107
3 26 1.3+0.3
25T
+ 25 1.8%0.7
Host(Gall) + ] ] s 14 118.2x83
20C ~25C
Honey ¥ 12 27.4%+9.2
2 10 6312
Host{Gall) 20C ~25C
¥ 10 6.7x15

Mean in a column with the same letter(a,b,c)are not significantly

different at 5% level

Piao and Moriya (1992)% ¥ 9L FFse FIndFEe A&7
+

e AR AT o2 AFUL)NN LA 464%81, FAH 42%1239,
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15T 25C 3, 80%~85%RH, 16L-8DZ 73t A ] 7mw| 47 A FE
HE7IY0] 2 43099 1519, Aol 24297 10892 L] A F
FPE RO BuF u, B AYE o9 FAsh

Lo

P
rr
o
offt
S
e
b
i)
32
K
Ej
=)

=~
FRAnEY A%E $84% vz av
],

A ZFe 15 ~20&%0)9th, v & Atazlz

, A2 Z8A M= 3290l

e HyFEEe] QI d AddHg de 93, 7Fd R
o 7% ABde AU F9 WRe 49 ud b, do] F s
o 5Y~794(20C) 28HE Aoz #AHUG

G 3%y, 2 AAE daLE WY AsT Fe UEA #F
ot 35 dA ol Hi 6~7/9 A= S (Figure 3-4)°] HHEH
on, o] F AL Frhste 4dAd e BT 224702 A4 LRA2Y o] F
A gasion, ¢35 10dAds 17.0701 00

ol 2 AW &g W % AFPFog mFo] E FL2 UFH(H
o) Zagte wat d=ogrt Z271ete &% Flanders(1950)7F A 71§+
synovigenic £o.2 #ddt},
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Figure 3-4. Average number of ovarian eggs of T. sinensis
after emergence.

Vertical lines show the standard errors.

A 20T 64704, 25Tl A 30470 A2 20Tl Bl 3t} 25C ol A
A AT M2EA(20T ~25T) 8kl M & 581717 ] ATh.
Adzdd d@dsTE Figure 3-59 2ol F2RASA 20TAA 27¢,
26TlA 189, Wxdstd e 2692, 20CaA 742 2o 4d 4@
FE Ad@x7)d e Aoz Yeygow 20CTAA Ho HT AIFFE 64

Aot A#A7IZE Wl A& oz Addhe FEFE BAT
Fh} SFR(1992a,b)S AEol AdAI|ME AHE F A& or Ay
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Table 3-8. Preoviposition periods and reproductive potential of

T. sinensis under different temperature conditions.

Preoviposition period Reproductive potential

Temperature
(Days= SD) (Days*=SD)
15T 45+t2.4 -
20T 26X 1.3 64.0*= 28,5
25T 24%16 3044 14.8
20T ~25C 3.2X1.7 58.1£20.6

No. of eggs laid per day
O = N W > O O N ©

1 3 5 7 9 11 13 15 17 19 21 23 25
Days after emergence

Figure 3-5. Daily oviposition of T. sinensis
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Figure 3-6. Egg laying of T. sinensis.
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Table 3-9. Host searching of T. sinensis adult observed for 1 hour in

exprimental condition

No. of 5day-old ] Active time within|Active time without
o Size of gall . .
parasitoid female host (min) host (min)
L length
10 individuals 141+39(5.1~187)1459%+3.9(41.3~54.9)
3.0~5.0mm
o length
10 individuals 13.24+4.0(45~19.1)|46.8+4.0(40.9~55.5)
6.0~8.0mm

7R &) AR AE ZALG ZAdE Table

R o Atgsled AQ% AHe 4 38525729
459+31.24F 0101, 7159 BNE A Fstd A@dApA e AA 28zt
Zt 402.31315%, 474.4+36. 721t}

E 29| Drumming & Tapping HEATE F99 A7) mgt Zol&=
A9 21U, Probing gall & Ovipositing #EAIZFE F99 A7]d wet xbol
b vElon Fgol F AL d@ASA U Abe] 22530 Murakami

flo

fo

and Tokuhisa (1985)= #& &9} Torymus beneficus®l A% 71F< ¥yt
TEh&2d Agsted 2ygE Ao] 820% 8 Rudtyen, B F34
o] 7b At
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TIZ7NE M3 2 LS
30~50me FFo gt
TR P AFTIHFIE 104E453 0o AdAEFATE Z 29%%
12%°1 9. A ZFY HFHF € AFHIFIFe 2o FL VR (F
F)ollA BTHt # A, p<0.05).

o] dE& AU AT, dd Fro AAAH A AN o] Fof
A REAHA AF Peddelnz AE2A LAE AT 284S 343y

fletde $3 F 7 =€se FA, ARG #A FE& FAE
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Table 3-10. Require time of T. sinensis for oviposition

. . ) Probing gall & .
Gall size |Drumming & Tapping . Total time (sec)
Ovipositing
3.0~5.0mm 12.3£3.2 3865+25.7 402.3%315
6.0~8.0mn 156x47 459%31.2 474.4%36.7

Table 3~11. Oviposition of 7. sinensis according to gall size

No- o | o, of oviposition No. of gall
) 0. 0
Size of gall galls o. of oviposition trace o. « ga
for 1 hr. oviposited (%)
tested
3.0~5.0mm (length) 85 154£5.6(13~22) 29(34.1)
6.0~80mn (length) 73 104+45( 8~16) 12(16.4)
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5) TR mYFEY AEE

2 Fo A¥HS Table 3-12¢ Zo] @ 1Ad FAsH, maxfFToR
4534 4E L 49 2¢° 2384 59 2&d FEIH, $EAHF 2
Hlate] 24 ~349 FRH A3 AFHgc B Fe durREe §5 9
Hol| a@ste R/ AX A A (ectoparasitoid) ol N H, 4FS F=2 I
(gall chamber)® 170 &4& Ardax|nt FH3po destes 235 2~3709

To] BAHE FUE Yor, o A A dstel Ivpe Tl a3

oAA &stst At

Table 3-12. Life cycle of T. sinensis

Jan. | Feb. |Mar.|{ Apr. |May | Jun | Jul. {Agu.|Sep. [Oct. [Nov.|Dec.
Egg 000 [0
Larva [©00 (000 |O 000 |000 |00 (000 OO0 |0O00|I00C|000
Pupa 000 |0
Adult ORORONIC)

2001 2~39el AT HYFEA L AAEN AN AN F &S £
gotod, £3x719 MAAE &Y W& (Z0]200mm, 27%86.5m) ¥ 16T,
20°C, 24°C, 28°C9) &, 70%9 Hdi#%E, 16L:10DS] FFx 8t AT
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A+ Figure 3-93 2t

PR g9 w8y 16TolA 185Y, 28Tl 6992 &x=7F A5 Fl
el gtk AMSeEe #8ETo #AFAAL Y=00077x - 007202
FAHAYLH, FANOZRE AE3 FRIALEE 95T

o
¥

Jal

20 r 1 0.16 =
518t 4014 9
R {012 2
RS 3
%-12 L 1 0.1 -q>-,
£10 + - 1008 7
g 8 r g
g 5 & . + 0.06 g
il \ 1004 8
8§31 R? = 0.9804 ooz 3

Q

O 1 1 1 O

16 20 24 28
Temperature

Figure 3-7. Effect of temperature on developmental velocity and period

of T. sienesis pupa

GogAznEEe g 2 484

D EsdAE I 71A
7hH &
SR EYe] £3ARE F& 3 Ulo AddE ¢ WY FEdgezs
Aol Zol sy wlate] Yow, Pifiegg stalk)o] SATT. &9 Zol
£ 056%+0.03mm, #0.14+0.00mm°] tH(Figure 3-8A).
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)

o]
i

o
ofj

2 WAool witiyt MRS T, Hole 294018 mZ HEE X3
o] 1548 o} }(Figure 3-8B).
o) &

ggoln, AL ALl WAoly wio] APHUAM 2F &4, A

RS

ofj

Ayl 28 drp odzle & =Zr)E 2.73£0.09m, FHY A7E 201

£0.18m=2 Zlel 7ol Hlgte] A (Figure 3-8C).

Figure 3-8. Various stages of 7. sinensis

[A: egg, B: larva, C: pupa, female (right), male(left)

D: adult, female(up), male(down)]

- 111 -



2) ¥l 2+

7} A8

U= FH, AGEE UF, FALGT F99 AT FUFe} I
3Fe =YF PuFd HE 904 33 dEAW L A 1 AUy
438l E Table 3-133% 2t}

AU dANEL AAFTHUF AL, dFALANA 59.7%2 @A
3 o (x-AA p<0.05), 2 9 AHANME o7t YERER] Fpow,
ZA AEE Aok ge AoE FdHAYG =YF HUTHAMAE A
F oA e fAbs At vebdoh

FAR A AYF FUFHAAM Al 1AW SAB &L ZAPIEEZ R} o)
7b e, 20009, 200190 2 4069, 46.1%2 WA vrebshovk(x -3
p<0.05), 2 & AFA M A9 Aozt vetuz AUt 2y =UF
Wt Fo] A¢E 642~696%% FRAETD A A JElET

ole & Fol A F ZAHUY Aol 9ste] g o} YeuE

A2 AZHY 25 443 BAL FAS A5 Basd

Table 3-13. Sex rate of T. geranii established at the investigation site

and the different chestnut orchards

Female ratio (%)
Investigation site| Species 2000 2001 2002
Mar. | Jul. | Mar. | Jul. { Mar. | Jul
Kangwon Chunchon Native 519 | 406 | 488 | 46.1 | 52.1 | 50.2
Chonnam Naju Native | 597 | 50.3 | 54.2 | 505 | 51.0 -
Chungnam Buyeou Native | 514 - 49.6 - 50.2 =
Native [ 51.2 | 503 | 479 | 51.7 | 52.3 -
Foreigne | 482 | 69.6 | 453 | 642 | 51.2 | 66.1

Kyongnam Hadong
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AN F3) @tk AAHoZ B Fe £ue sART o, nL

ALAA 2 3FS BT

Table 3-14. Effects of food and temperature on the longevity of T.

geranii
No. of )
g Longevity
Food Temperature | Sex | individuals
. (Days* SD)
examined
. ) 20 275 6.8
20T
¥ 20 428+ 9.8
H 20 204% 6.6
oney 25 8
¥ 20 2651 11.0
Host 20°C ~ 25C () 20 157t 6.5
(Gall)+Honey ¥ 20 235+ 86
Host (Gall) 20C ~ 25T 8 20 70* 31
o8 ? 2 20 91% 35
. ) 20 2.3+ 05
20T
¥ 20 3.3+t 0.8
None
. ) 20 21 04
25T
¥ 20 2.0%f 0.8
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3 HBHIZ L RS R ABE

FANRYEY 43S SHAF v avss PFol AU WY
A7)7k Table 3-153 2©°] 20CoA 41Y, 25TCelA 3292 A2l 2
ATh ArSFE 20T FL2AANAM 223704, 25TolA 422704 oA em A

@710 2719 b ddses S 2R

—

Table 3-15. Preoviposition periods and reproductive potential of T,

geranil under different temperature.

Preoviposition period Reproductive potential

Temperature
(Days= SD) (Days*= SD)
20C 41x1.2 223x125
25T 32+17 4221184
X ¥+ Figure 3-99 2ol $33F G o 4579 Asdo] #F
900, 4NN A% Frhetd BE 191702 H2o) 2HTA o F A

b Zastel £33 129 Fole 1027001900 ol 2 dal & £ ’

3 2 AEFA Tog nFo B 28 gynovigenicF o2 BH ALY

- 114 ~



25 r

20 r

10

Shl—I_‘
0 . . I n . ) S

0 2 4 6 8 10 12

Days after emergence

Mean no. of ovarian eggs

Figure 3-9. Average number of ovarian eggs
of T. geranii after emergence

Vertical lines show the standard errors

4) G mygFHe Jge

A#$L Table 3-167 Zoh & T 7P sde JRIA7IPAEAN
3 Y B, =&5fFo2 dE5GAT dEAY A4S EAVILe 59
F&~69 deolon, A% wrjste Addsd. AlAW ZTEA
71k 693 ~TE4E, A 2 AFEAVITL YT~ ol

=9} (gall chamber)® 1708 && AH&3ly FE3I9 Adesie 7

o

Of
Of
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Table 3-16. Life cycle of T, geranii

Jan. | Feb. [Mar. | Apr. |[May | Jun. | Jul. |Agu.| Sep. |Oct.|Nov.|Dec.
Egg 00 O
Larva 000 |000 |00V |00 O |[O0D [D00|00D|0D0O
Pupa 00 |0
Adult ®® |®
Egg o |00
Larva (cle)e)
Pupa 00 |0
Adult ® 0@
Egg 000
Larva 00 |0
Pupa 0 |00
Adult [OXOXO)

YUFERY FFAL TS S0 ol Aoy 2 W] gragos
=2}
=2

I dglE kel Fo] AR d|Fd Hoo W*ﬁ(egg

stalk) ] st ol Fth &9 ZolE 0.48+0.02mm, F 0.13+0.00mme] ok
(Figure 3-10A).
W) F%

Fe WMoz YRR 449 FHoz uolm, vt PETh

_<l_)r
ko fF9 Zol= 253%0.15mme] tHFigure 3-10B).
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ate] §3}she,

Aol F2

9] 4ol
Fol Z ok (Figure 3-10C).
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olJ
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10D
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o 7ol
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I} (Figure 3

5]

3

3

Figure 3-10. Various stages of Ormyrus punctiger

[A: egg, B: larva, C: pupa, D: adults, female(left), male(right)]
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2) e 2 &3

7h) A

AHElE FAME Ade Table 3-173 2o 24 F AN 35 4359
AuleE UFA9e AYs ZE NgoM FRE &l gout sHFFAA
33t AFe Adule 22 Ro2 e

Table 3-17. Sex rate of O. punctiger established at the investigation site

and the different chestnut orchards

Female ratio (%)
Investigation site| Varieties 2000 2001
Mar. Jul. Mar. Jul.
Kangwon Chunchon | Susceptible 73.4 46.4 64.5 47.8

Chonnam Naju Susceptible 480 54.8 51.0 497

Chungnam Buyeou | Susceptible 59.0 - 51.3 -

Kyongnam Hadong | JooS@Mt | 556 | 500 | 8531 | 517
{(TSUKABA)

W) F9

HolFH E E(20T, 25T)d & &
& Z3, Table 3-18% Zo] Zt &2x7
5ol b4 ddon, Holg FFEAA ¥ AP TAME I3 AR

2 Q92 FIS %Y 9L FRRT G0, neuche AeolAel
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Table 3-18. Adult longevity of O. punctiger under different temperatures

and diets
No. of )
R Longevity
Food Temperature Sex individuals
. (Days=SD)
examined
) 20 59.0f11.0
20T
¥ 20 619t 54
Honey 3 20 298 8.0
25T
¥ 20 455+ 8.1
£ 20 26% 06
20T
¥ 20 3.1 0.8
None
) 20 23 04
25T
¥ 20 19+ 0.8

FFol HIHAG. A&

Table 3-19. Preoviposition periods of O. punctiger under different

temperature.
Temperature Preoviposition period (Days=* SD)
20T 6.5£2.0
25T 4618
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E3#4¢E Figure 3-113F Zeo] £32F g4 e 52709 A5 &
Ao o|F 4AANA AL Frrstd B 12302 J3 @ut
ol F M #ZA3t $38 129 Folx 8070t ol 2L dA W &
ol ¥g 4 AAEAH TOZ v Fo] B FL synovigenicELE AT ET

24

20

Mean no. of ovarian eggs
K

1[]

g 2 4 [ 8 10 12

Days after emergence
Figure 3-11. Average number of ovarian eggs of
O. punctiger after emergence.

Vertical lines show the standard errors

4) oA EE 42 d

A28 Table 3-20% Zth & F& HFEde IR EY7AYAEN
24 Aete =a5fFo2 dFsHn A 140 AFeAar|te 5d
ShE~69 Folen, A 249 AFLAVTL 74 2E~88 FEoIN
.

%L &% (gall chamber)ol F2 1719 &¢& A&} FH3S AH3
© A¥=: #EEUY

d
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Table 3-20. Life history of Ormyrus punctiger

Jan. | Feb. |Mar. | Apr. |May | Jun | Jul. |Agu.| Sep. |Oct. |Nov.|Dec.
Egg oli[ele]
Larva 000
Pupa 00 |0
Adult ®eo® @
Egg 00 |[c0
Larva 000 |000 |[000 |00 (O © 000 |00 |00 00000
Pupa 000
Adult ®|®o®

3. 7184 HAGBF)Y AGE $34a%

PUTEYe GEejA
AE 3% 144 AA(F
J AGL(FHLE HEL, AGGE UFA, FLE EJA) $H2TS
TA

Hat i

4 o
E
A}
o
E“E
afl
3
™
k4
ich
o
g&
i
vl
n
ol
2
oy
@

gl F9oRRY FIPungFdel st A 2 AAFE
Table 3-215% 0] 06419 %8317 AlZate] 18A<] F g3 7
ARE 0% AR 49 98 F AT 87%7 $-3 stk d=A
st $-gste AAE TAHR Lo

Table 3-21. Hourly number of T. sinensis adults emerged from the galls
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on three days

Time No. of adults emerged/500 galls
April 21 April 22 April 23 Average (%)

07:00-08:59 12 6 11 16.0(16.8)
09:00-10:59 21 10 23 18.0(18.9)
11:00-12:59 37 25 20 271.3(28.6)
13:00-14:59 16 3 13 12.3(12.9)
15:00-16:59 10 9 14 11.0(11.5)
17:00-18:59 5 0 6 3.7(3.9)
19:00-20:59 0 1 0 0.3(0.4)
21:00-00:59 0 0 0 0(0)
01:00-04:59 0 0 0 0(0)
05:00-06:59 4 7 9 6.7(7.0)

Total 105 66 96 95.3(100)

2) A9d 3%

T FHA, BAEE 3F, FAGE TFAHAA FEE APsHA
A9 -34S ZAR AHE Figure 3-12, 13, 14, 159 2o

ZFEx EHA DN M (Figure 3-12), 20008 Hx $319L 49 17d, T8
de 59 4de|Ren, H4rle 49 214 FH 2797kA ol ATk 2001 9 F
+3dL 49 209, F5YL 5¥ 6¥olRen, FPVIE 49 22URH 4
4 26901tk 20023 Hx $3U& 49 149, FEYL 5914 LH,
A7 492195 49 24Yolth B F9 Az fd e ARG
ubgtA] oFgre] Aozt Yelgtou $3 AU 449 steAeE FAE A
FS 2Hh
39 FFAGM=(Figure 3-13), 20008 $3HAxdLS 449 184,
BYL 59 2¥0|NT, HAHYS 49 209 FH 49 2497HA oA 2001

P
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9 Hzx 31U 49 20%, £859YL 59 3doilen, H4E 49 22
dHH 49 27d oAt 200280l = Az 9-3tdo] 49 119, T5YL 549 2
Yz 871 & dxd vstd Ax, AV 49 199 AIFR
20000 3 20019 = Ao 2 A YE

BAFGE e A G A (Figure 3-14), 20008 Hzx $3dL& 49 3¢l
on, FEYL 549 14U $3H 471 49 15¢FH 49 23U71A] 0]
AT 20019 E Hz 3142 49 3Y, TEYL 49 2640l en HA7
= 49 11959 49 134Ut 20029 Hz 3 49 24, 842 4
9 18U, HYrle 49 7TUHH 49 11¥ =, dx98d 4 334
71E Ad=e FAIE o 20008 ZAxet t2A Jegd

g $3laES vl AA}E Figure 3-159 o] A &A1 go]
e FFAG vlgte dFd, A EHAG "o 99 wEA ¢
shakgl 3, 20019, 20029 FAMEATE A Ao mE $84]7]7F vl 3l
Az}ets Aol et ole 7|FxAd F¥s Lol Ed Hez A
459, 53 $-3 HA7]1 Aole AGFHY H/F HHE g $HAAF

o2 Aadr
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Figure 3-12. Seasonal fiuctuation of T. sinensis adult emerged from

D. kuriphilus galls collected in Chunchon, Kangwon.
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Figure 3-13. Seasonal fluctuation T. sinensis adult emerged from

D. kuriphilus galls collected in Gongju, Chungnam.
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Figure 3-14. Seasonal fluctuation of 7T. sinensis adult emerged from

D. kuriphilus galls collected in Hadong, Kyungnam.
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Figure 3-15. Seasonal fluctuation of T, sinensis adult emerged from

D. kuriphilus galls collected in February, 2000.
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Figure 3-16. Seasonal fluctuation of T. geranii adult in Chunchon,

Kangwon.
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Table 4-1. Data on sample galls of D. kuriphilus collected for

investigation
Season of Collection of sample galls
investigation Locality Date
Feb. 25, 2000
Kangwon Chunchon
Nov. 12. 2001
L Feb., 15. 2000
Kyonggi Suwon Nov. 10. 2001
Kyongbuk Kyongju Feb. 15. 2000
’ Oct. 25, 2001
2000~2001 —
Chungnam Gongju Feb. 25. 2000
Nov. 12. 2001
Feb. 25. 2000
Chonnam Gwangyang Oct. 25. 2001
Feb, 18. 2000
Kyongnam Hadong Nov. 15, 2001
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Figure 4-1. Release of T. sinensis adults in Gapyung, Kyonggi
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Table 4-2. Synchronization for oviposition period of T. sinensis with gali

stages of D. kuriphilus

Gall size (mm) <30 | 31~50 | 51~70 | 71~9.0 | 91~11.0 {11.1~13.013.0>

Larva size'of

. - 11240121151 +0.21(1.98+023/2.16+0.072.30*0.15|2.45+0.21
D. kuriphilus

No. of gall parasited by
T. sinensis (%) - 10(33.3) | 13(43.3) | 5(16.7) 267 - -
(constant temperature)

No. of gall parasited by
T. sinensis (%) - 12(14.0) | 47(54.7) | 18(20.9) 8(9.3) 1(1.2) -
(natural condition)
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Figure 4-3. Development of D. kuriphilus galls in Chunchon,

Kangwon province:
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Figure 4-4. Development of D. kuriphilus galls in Hadong,

Kyongnam province.
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Figure 4-5. Development of Dryocosmus kuriphilus galls.
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Figure 4-6. Relationship between development of D. kuriphilus galls

and emergence trend of T. sinensis in Kyongnam 2000.
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Figure 4-8. Relationship between development of D. kuriphilus galls

and emergence trend of 7. sinensis in Kangwon, 2000.
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Figure 4-9. Relationship between development of D. kuriphilus galls

and emergence trend of T. sinensis in Kangwon, 2001.
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Figure 4-10. Relationship between development of D. kuriphilus galls

and emergence trend of 7. sinensis in Chonnam
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Figure 4-11. Relationship between development of D. kuriphilus galls

and emergence trend of 7. sinensis.
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(Kyongnam) and emergence tread of T. sinensis (Kangwon), 2000.
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Figure 4-13. Relationship between development of D. kuriphilus

(Kyongnam) and emergence trend of 7. sinensis (Kangwon), 2001.
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Figure 4-14. Survival curves of T, sinensis for three generation

in Kangwon.
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Figure 4-15. Survival curves of 7. sinensis for two generations

in Kyongnam.
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Table 4-3. Parasitism trand of T. sinensis collected from D. kuriphilus

galls in chestnut orchards, Kangwon and Kyongnam

Province

Year

Parasitism (%)

55~5.15 5.21~5.30 6.5-6.15
2000 712+79° 65.8+6.4° 447+53°
Kangwon 2001 36.9+5.2° 287+35" 17.8+3.0°
2002 324+47° 29.8+4.2° 285+45°
2001 143+46 135+38° 10.4+4.2°
Kyongnam a b
2002 19.8+3.0° 175+5.1 9.7+£34

Developmental stage D. kuriphilus, May 5-~15. immature larva, May 2

1~30: full grown larva, Jun 5~15. pupa,

Mean in a column with the same letter(ab,cl)are not significantly

different at 5% level

@H 9g olA714de 71 4&) WsH(Table -4 AT FHAY
of A% 20008 = Ehoy 200145, 200295 43 ¥} o= 9]

A Gl A W FE7F 33 ol 9%&

W

CEE
W, 71FUEY F4% Aas WA 483} Bdsd AR}
¥ AT SEATY A$ 24 99 J4ed WSe] ¥yt
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Table 4-4. Parasitism trand of Hyperparasitoids collected from D.

kuriphilus galls in chestnut orchards, Kangwon and Kyongnam.

Parasitism (%)

Province Year
55~5.15 5.21~5.30 6.5~6.15
2000 228+t4.2 30.3*5.1 205*46
Kangwon 2001 23+1.0 63122 9423
2002 56x34 3.7£20 52%24
2001 125%3.0 15.8%£2.6 126+35

Kyongnam

2002 10.7£3.2 12.4%£3.2 17.1+£3.0

Developmental stage of D. kuriphilus; immature larva(May 5~15), full

growth larva(May 21~30), pupa(Jun 5~15)
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Table 4-5. Number of parasitoids which emerged from galls collected on
March 2000 and 2001 from an experimental chestnut orchard

in Kyongnam.

No. of parasitoids emerging per 100
Parasitoids galls

2000 2001

Primary parasitoids
Torymus sinensis 22.2 48.3
Total 22.2 48.3

Hyperparasitoids
Torymus geranii 1.8 1.7
Sycophila variegata 2.7 2.0
Ormyrus punctiger 40 8.0
Eupelmus urozonus 1.2 1.2
Total 9.7 129
Estimated % it f T
' S 1‘ma ed % parasitism o T 304 910
sinensis by whole hyperparasitoids
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Table 4-6. Number of parasitoids which emerged from galls collected on
March 2000 and 2001 from an experimental chestnut orchard

in Kangwon.

No. of parasitoids emerging per
Parasitoids 100 galls

2000 2001

Primary parasitoids
Torymus sinensis 63.5 42.7
Total 63.5 427

Hyperparasitoids
Torymus geranii 45 55
Sycophila variegata 34 2.0
Ormyrus punctiger 6.4 3.0
Eupelmus urozonus 2.4 16
Total : 16.7 12.1
Estimated % iti f T.
. S 1'ma ed % parasitism o T 908 991
sinensis by whole hyperparasitoids

mebA gold olarjM e FHNAEE £33 o)Xyl BF
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Table 4-7. Percentage of gall chamber parasitized by parasitoids and
gall-formed bud by D. kuriphilus

o Percentage
Percentage of gall chamber parasitized ¢
Year >
. . gall-formed
T. sinensis Others* Total
bud
1998 535+ 25.8 116%*5.1 65.1£269b 264F 95a
1999 65.7+20.1 19768 85.4+t20.6a 354%10.8a
2000 712%£246 2298+67 940+289%a 342=x1lba
2001 369124 23+22 37.8%16.3c 54% 4.2b
2002 32.4%+15.6 56+42 38.0%t154c 1.0+ 0.8b

*Others: Torymus geranii, Sycophila variegata, Eupelmus urozonus
Mean in a column with the same letter(ab,clare not significantly

different at 5% level
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nipponicus), %218 &Y (Megastigmus maculipennis)< 1aB R A1)
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(facultative hyperparasitoid) 2, Eupelmus urozonusts Q2713 3} o] x}7]
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Figure 4-16. Schematic diagram of relation between D. kuriphilus and

T. sinensis
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Table 4-8. Size of pupa and adult of T. sinensis at each investigated site

Size of female (mn)

Investigated site length of | width of | length of | length of

body head wing ovicluctor

Chunchon, Kangwon(native) 2.39%0.16 0.63x0.03 | 2.24x0.17 1.54%+0.18

Naju, Chonnam(native) 233£0.13 | 0.63%£0.05 | 2.37£0.15 1.73+0.12

Hadong, Kyongnam(resistant); 2.54% 0.17 066x0.05 | 260%0.15 0.69+0.16

Tsukuba, Japan(resistant) 2.33%0.13 | 0.63%£0.05 | 2.37%£0.15 1.73£0.12

Size of male (mm)

Investigated site
length of body | width of head length of wing
Chunchon, Kangwon(native) 2.07x0.14 0.58+0.04 2.16+£0.14
Naju, Chonnam(native) 2.11+0.20 0.73%£0.03 246+ 0.13
Hadong, Kyongnam(resistant) 2.24t0.18 0.64*=0.04 246*0.12
Tsukuba, Japan(resistant) 2.11x£0.20 0.73£0.03 2461 0.13

Size of pupa (mm)

Investigated site

length of male length of female
Chunchon, Kangwon(native) 1.79£0.18 2.06£0.25
Naju, Chonnam(native) 1.80£0.13 2.04£0.20
Hadong, Kyongnam(resistant) 1.73+0.11 1.99+£0.16
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Figure 4-17. Comparison of the adult emergence in each of the

local Torymus sinensis population in 2000 and 2001
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(TBE buffer)o| Al 50V 30~60%7F A7)gFol o3t #4g A3}, Figure
4-18, 19, 20, 21, 22014 R vwie} o] Ay W Wy F FFY RE ¥
Al 285 9] RAPDY ztolzh Itk &, FAI& primerol 9f & RAPD

A AFdzEe RE FRVuYEY o F44 WHolE U & fUM

16s IRNASH 2o] 54 #474 999 97149 247 2e f4¢ AN

& Fdart e Aoz wddn.

- 170 -



Figure 4-18. RAPD analysis using by separated by Operon Random
Primer Kit B No. 1. Lane 2 to 8 represent the PCR products from
Larvae of T. sinensis. Lane 2. Okgok Gwangyang Chonnam(resistant),
Lane 3. Chukpa Jinju Kyongnam(resistant), Lane 4. Kyungju
Kyongbuk(resistant), Lane 5. Jinju Kyongnam(native), Lane 6. Sanpo
Naju Chonnam(native), Lane 7. Dongmyon Chunchon Kangwon(native),
Lane 8. Gapyung Kyonggi(native). The tasted were treated with 50V on

1.5% agarose gel electrophoresis for 30 minutes.
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Figure 4-19. RAPD analysis using by separated by Operon Random
Pmer Kit B No. 3. Lane : figure 4-18

Figure 4-20. RAPD analysis using by separated by Operon Random
Primer Kit B No. 4. Lane : See figure 4-13
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Figure 4-21. RAPD analysis using by separated by Operon Random
Primer Kit B No. 6. Lane : See figure 4-13

Figure 4-22, RAPD analysis using by separated by Operon Random
Primer Kit B No. 1. Lane : See figure 4-18
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Figure 4-24. Number of emergence of T. sinensis adult at different

collection time
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Figure 4-25. Emergence chamber of 7. sinensis

12 ‘ a_.‘_.{ 33 T Figure 4-26. Collection implement
: A : fine mesh nylon screen

B : rubber band
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Abet et HUF 2EAAA FFol 50m~70m=Z FHHUE W, FAE
A% F T2 dd FIARHIEE PAEY JAEE AN ARE
Table 4-99 Zt},

g 24E A AFAATY A F FHFE 85/ A R, F
nEFd 7T FHes H6AANE 1B &S 609%0 AT A
UF 4%E PAS A F ST E 60474A 01T, 7|AZE Fuse

4

ANA IR, 71BE&E 61.9%1UH. A AAFSE BAR] TP E]

Table 4-9. Parasitism(%) on experimental pupulation of D. kuriphilus

No. of No. of average Gall chembers
i . Total gall . .
T. sinensis | galls per one parasited by | Parasitism(%6)
chembers ] .
adults released branch 1. sinensis
Two pair 21.0+50 585*75 35.6%3.7 609126
Four pair 205*6.3 60.4*8.6 37440 619+ 85
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Table 4-10. Parasitism in gall after the release of T. sinensis

.\ Parasitism of T.
Parasitism of T. i .
.. . L. Rate of gall sinensis in Rate of gall
Investigation|No. of| sinensis in release L o
. formation in| non-release trees |formation in
Year| time after | galls trees (%)
release trees (%) non-release
release tested
other (%) other trees (%)
T. s K T. s .
species species
20th May 50 [522%94| 3506 352x62| 2507
2001 | 20th June 50 (355x52 1 7.8%21| 379%34 |208%t34| 74%32| 369%51
20th July 50 [324%48(11.4%x35 164%5.7{102%42
20th May 50 (61.3+10.3] 42125 402+73| 33*12
2002| 20th June 50 1456+84| 8430 6.7% 24 (224x68] 94*34| 145t42
20th July 50 1342154|156%52 135*6.4[ 165182
297y 2AMEAFAEE FRURYEFEA 3t ZAHZTY TEJAEHRE
=drle olae Zuol slou AHYA Fol uehd N4y FrHAe
2748 e o8% FANSHE AAsT g
2) FRAGNN ] PAEH A
7 BA WA FFH o2 € AFH AEdH
FTEIAYF Asd 2 299 olNEAE HEI T HEd
A o] o)A 7| &S A Abe Table 4-11, 129 2o}
74% 9 AFHE ot 2090 AHF Fo FHU FIE MY
o AXFFE 7|V &S ZAIS B (Table 4-11), 2 /HATS 0] &3tHo
WALGE AP FRangFEY VAELS 381%, FE MATLE 284%,
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Table 4-11. Parasitism(%) after releasing adults of 7. sinensis in an

experimental orchard of Kyongnam Prefecture.

. ) . Paratism of| Paratism of
Collection area of | Experimental condition ) .
. . . T. sinensis other
T. sinensis (Date of gall collection) o
(%) parasitoids (%)
before removing nylon
Release of T. screen (20 days later | 38.1%34 0102
sinensis collected after release)
in Chunchon, after removing nylon
Kangwon screen (40 days later | 353%4.1 45%*1.3
after release)
before removing nylon
Release of T. screen (20 days later | 28.1%46 0.1%0.1
sinensis collected after release)
in Gongijuy, after removing nylon
Chungnam screen (40 days later 278154 6.4£25
after release)
5th May 3.7%3.2 0.3%£0.2
Control
25th May 29+34 34%20
B9 $9¢ o 4ax Y A%T T FAWe FIe A, 94F
Fd 7188S 2AMS AT (Table 4-12), ZY AATES ol &3t ALg
ANFTe FFRYFHY 7NAEL 173%, ¢ MATS 235%, 42
AAT o 2zt 168%, 205%E 9 /MA T 714 &0 t3x A YEW
o 74g ok AN 2AY ¢ A BT wAEA gL AYT

o 70 FASA =

71et F9 71A&L BAAA A,

FA= MAZAA 25%, S HAT

A 36%°101, GHAA F 2z 54%, 82%FE TAAA Fd da Frtste
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Table 4-12. Parasitism(%) of T. sinensis after releasing galls containing

T. sinensis in an experimental orchard of Kyongnam Prefecture

. Paratism
. . . Paratism of
Collection area of Expernimental condition . . iof other
. . . T. sinensis L
T. sinensis (Date of gall collection) (%) parasitoi
(o]
ds (%)

Release of T before removing nylon screen 173442 125402

(20 days later after release)
aft i 1

er removing nylon screen 168452 |54+20
(40 days later after release)

Release of T before removing nylon screen 035446 |36+18

(20 days later after release)
after removi 1
r ing nylon screen 205449 |82+41

(40 days later after release)
5th May 3732 103%02

sinensis collected in
Chunchon, Kangwon

sinensis collected in

Gongju, Chungnam

Control
25th May 29+34 |34%x20

W) ok} WuF 2YANA FFH oA
AddE stew 5AW A 2 AT Al axe guFEEAd

A FFAnAEY 43¢ AYST 2 200 WA A Age W 3
g AN
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2002 468%= HA Frtagon, FXAmeEY ojel HHF 7|4
&2 AEEZ 7} 21.0%, 208%, 169%°lUtt. HA L o]4sA] e A
o 718&L 20009 23.6%, 20013 28.4%, 20021 285%, ol¢le] HAE
o 71A&E AxEE 7} 149%, 15.7%, 16.%°l A th.

FRAnYSTEY A S, 014 olde HEVIAREo) 87%0IA™ Ho] o]

Ao 7| AES 346%2, 259% A5t FA3 JlAgo] Frsts @4
& BPon) o|FE 74 40.0%, 468%F F713td 3.4%, 68% AT A5 Etd

1 E88e %] vewd a2 9 Jg g Agge 1Y
o 4R o} mfol Al BF FAGIP oW, AxE ol YUTh

AA NAY&LE o] do| AdxdE 7t 556%, 58.3%, 623%5 Hxt Z7}
3t 3L, wo] A x| do) 236%. 284%, 27.8%E EAEE A Aol ¢
Ak,

AFA mdde] FARR G A AV A= Figure 4-283% Zoh 3
o)A A FINmAFEY 7)1 HEE WARHY 65%0TH Aol wAG
dole 187%2 343 Zrhstg e, 2001d el 22.3%, 20024 275%=2 3
A SR o) FE FEAGH FABHA F/tE%e] E3HAG
9 AL 7|4 &L 125%015 2 A G vty @A 2y, A=
d ole FFAAA FAE dEoldeh. HE oJHIA ¥ AFAY
FENmAEY AL 2000 54%, 2001 85%, 20029 11.3%2 A
2 F7 A o AR G vlEte] 122 Skt

FuFEE FRYH LS 35299 H$ Figure 4-299 Zo] JAW
AF AR A dxEE2 7t 536%, 35.1%, 289% 2 HxF @i on, w
Abetz] @ A PGRACME 552%, 45.3%, 406%2 AA WA Fy
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WFEAFe] B9 Figure 4-303 o] HHLAANGRA AN dx¥z Z
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21.8%, 185%= W 3}sx ¢

olg go] FANMAFHEE WA A He 7|4 &0 WAEA & A F
of Hlated ¥A Yetui, F9YAH &0l FastE AL BEFE 8T AE
A wA s AAEE AeR AlgEY, 53 £ Fo WAg #ds
o o)) AHol FA3F FiEAY i FFol YEREA o} old
e dge e Ao |EHJAG & PARdd FH8) A=EJAELY
7 Ehdyg o} F E3sE @4 st e 3dzte] A#z F8317] oY
7] W&o FF PARA Ao gt QxEz ALstd 2AY "Warl gl

EF FFHEEEH L)) 2L EANGA v FIHAHE] ®e

AFANGAAN 718 &0 £ R4 &0l @A vehed °lc 7159

AetE Zog % 25 & 2dd dd HEJ "aso
dEAME FFAN E9 00 FEE 27049 HuF 2¥A
of WA Az, WA Zde] 10059 7 BAAAFI 310kl Ao B
A 3dFol 10WRel 23ted WARE 3dulel F43] F7HR I, ol F 1990d
o 30wie] Estdtti B ety o™ (Moriya et al, 1992; sFE, 1992), 7
MR EHY WuHF YA o) wALg AdE BAelF HASFY F7hE Rl
st on, WAL 11EFRE Frstdou WAL 4EF AR 2tupal oA
AL 2d 9] Ao wikEAh ol o] AAF Aole 7|AHA 24, ¥
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Figure 4-27. Annual fluctuations of percent parasitism at chestnut

orchard in Hadong pref. after release of 7. sinensis
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Figure 4-29. Annual fluctuations of rate of gall formed buds at

chestnut in Hadong pref. after release of T, sinensis
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Figure 4-30. Annual fluctuations of rate of gall formed buds at

chestnut in Jinju pref. after release of 7. sinensis
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) FAAFE olAA 9 HHFE 7IAEY AVE WE

ZI2RYEE] PA A, Fol HHY /A EE AR AR Table
4-133% 2t} AR FInYEE NATE A FAEE 3F
2ol wARRE A, wAMEEY] A 200089 71AEL 71F HUFEE
o] §HFE7d 21.3%, FHFE7N 156%, & R AF 53 ol 9.4%
olon 7lE o)A Y E & L AF¢solH 137%2 7 wUhTh

ARG o) F 2001, 2002d9 A& FUFEEe #FFFI7
555%%} 55.7%, Z#E-4Z71 549%, 647% & B AEFSstoldd 39.7%,
508%°11em, 7Bk 4o o AEe & R AFFsoldd 174%,
11.0% % =8k

Table 4-13. Parasitism(%) of 7. sinensis and Hyperparasitoids collected

from D. kuriphilus galls in parasitoids released areas

Species of Parasited rate (%)
Year L
parasitoids 55~5.15 | 521~530 | 65~6.15
before Torymus sinensis 21.3 156 9.4
2000
release Hyperparasitoids 4.0 35 13.7
Torymus sinensis 555 54.9 39.7
2001
after Hyperparasitoids 45 3.0 174
release Torymus sinensis 55.7 64.7 50.8
2002
Hyperparasitoids 3.0 47 11.0

Developmental stage D. kuriphilus; May 5~ 15immature larva,

May 21~30; full growth larva, Jun 5~15:pupa
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Table 4-14. Composition of species and kinds of natural enemy in

the release area of parasitiods(Hadong, Kyongnam)

Composition (%)
Species
Feb. 2000 Feb. 2001 Feb. 2002
Torymus sinensis*' 38.0 75.3 745
Torymus geranii 24.1 2.0 54
Eupelmus urozonus 14.3 119 10.2
Sycophila variegata 5.2 2.0 3.8
Ormyrus punctiger 18.4 8.8 6.1

" releasing time (late Apr. 2000)
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Figure 4-31. Change in rate of parasitoids according to the release

distance.
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Figure 4-32. Emergence of T. sinensis (Tsukuba, Japan)
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} A3 Table 4-163%
2ok, $-38 £ QALY GRYLL 515%E Anle 1E #dHH,
He 15~25CHYNA 57} FolAS5E A JEerR

P GdEAE AAFEE FAEIL, AFEE A

¢

Table 4-16. Adult longevity of T. sinensis collected in Japan under

different temperatures and diets

No. of .
Temperature o Longevity
Food . Sex individuals
() ) (days* SD)
examined
) 10 223%f 94
15T
% 8 40.2t15.1
) 11 16.3 7.8
Honey 20°C
¥ 10 167+ 6.1
) 10 104 56
25T
¥ 9 167 5.2

. E9dAH e o) &3 #dT A

2 ATNE EQUAHES o §3tel HBH WAL S5y e RASDA
QoA WAL =Qste] oo e AHE PESHL WAL A¥L F
sach 29y A8 EduANd 92 AHEY 2 89T E ¥Y

33 g FATPA22RE B AT BAste] TN wdd ¥
JEEE H4HE 23] AN AdlA Aok $dozRE &

3 NAAAR 2 e §& o2 Ag2YE Torymus sinensis® 3%,

A% TYste] okl WAEE WA ARZ ogdHE do] YEF F
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NE 7 52m¢ 32molRom, 2QF4E0) 0%l FANE 21~2242
Aok A ow, 0%l Y e wel Foast BF 034052 AH A
A715)%) 9ol HolE 29 FAEo] 0%0E FAHES YT 2
s Belse Ao R7AG.

- 199 -



2. ¥bEEde AT L A 54
ouREEe d425e 25 2 74

dugsdel A2 wAd Rz JEAAE FHIE Ao TR
OE 8% FAZAM ol sty 7IAGHA SFo] AU, T
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Ormyrus puntiger, Ormyrus pomaceus® 15%ollew, vl53 7|4, 7]
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