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AP Sautel AN ARIEA 6469tha] oF 45%<) 293tha s AHH
B}l 203 Atalzjslol <4 (2<4, Pinus thunbergii) W AR
(Pinus densiflora)o] ®tizt IE F3i e EAAZA|HE
(Matsucoccus thunbergianae)®] BE%A WAE A% 7leS AYsty] ¢
3t A 1 ARAe e £ dzAde Fol3 ¥4 uAES s
B3, &AAZAAEH 7 MAshe delAY ngEYS B3 AN
Elol Mo &R E Q) n]YEZA ZHEAAFe] € HdS FEICL
otgd A 2 MFAN e &A= 4%, Hy, Helol o
e §ATSE o A 27428 EA(Juvenile hormone esterase, JHE)
£ 33l cDNAF 2 Y313l Baculovirusolld W@y ¥ JHEZ} &3
ZiAd o] el nxe S RAt &P AR L AHFHY
BAE Y V2R EEPCL
A 3 AFHAANE £AAAAEH Y BA S ZABIAL o]§ S8 A
B3 wWArle 9 £dAZAAEY ofg) AR Yeke # gl

V. A7% 23 D Bgol UT Ao
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1) A1AF-2A
(1) ER87A 8 IR Y2258 YriztA) ulolgjA FAA NPV



1Bs)& F&sla 2 A3t oF 10°~10° PIB/ml A3} 9l&ol
ZHel= gt

(2) NPVel A AZ ]S 93] &R AP A2 GFol NPVE

A A ZEAS HA oo} HEgS AHEA

o¥oket.

(3) &AAZAE Aol AW &AAZAA e ofde AL
Al, of2lolM PP ngEe] AEHA FL2 TF(Y, e, ol
o], Al epggE)o2Re fAEZFZ0|RES Eelstdch A
EA3S B3 &£4d ZApgddo] Holaoez HAddE Uehis
APt Syncephalastrum racemosum®. ., H]Eo|HoT WHUHS
Ul e AMYFE Gliocladium sp. & SR F At}

(4) £432Z2484 3 45 vFELS #Estct. HAAEA
o] gl Eo¥o|= Pseudomonas sp. ¢} Bacillus sp.& FFLE 3}
£ Algol & 4.2~8.4x10%cfwg)B3E A8l AFFLE F=
Trichoderma sp. Aspergillus sp. Stachybotrys sp. 5224 1~2
x10° (conidia/g)BER Zxstgict. ¥ A&/ F7oE
Trichoderma sp. Paecilomyces sp. Syncephalastrum racemosus,
Gliocladium sp. Scopulariopsis sp. Stachybotrys sp. Alternaria
sp. &°] the Ezi3tAch

(5) &A= vz UES AcIst 25T/RH 70% F3golA
&AL A2 43 LHE F2 A o 23U F 4R
2 #RoE 93Y 43S HAY £ Y3 A Fo=RY 4
HE o W ofdE Y53}

(6) £ Pd 5ol3 U3 A Syncephalastrum racemosum

U Gliocladium sp. EALS &£ZAZA|He o] EX3te o]E AMY



Fol HAHE Uehde Fastac
(7) &RAZA A 3UY AR PUAA B 2o g Faky

9= ztu] E3|f AQl protease, lipase, chitinaseE& AJAlS}SiT).

.

2) A2A 2=
(1) 2%2] Junenile hormene esterase(JHE) -§-&A=2}= 37]2] conserved
dormaing& 7}A| 1 gt}
(2) &A= H g (Matsucoccus thunbergianae)= L}H]|H2] JHE -§&A
Ao} B g ZED)
(3) Conserved domain®] nucleotide& primerE A}E3}1%S wl genomic
DNAS| A unique bandg& €& 4 2t}
(4) Cloned genomic DNA2] nucleotide?] Zo)= 762bp%rT}.
(5) Clone No.1& Heliothis virescens?] JHE -{RAX}Ie}= 45,8%2]
homologyS R.¢3. | E Colorado potato beetle?] JHE SR =x}o}
+ 45% homologyE& R.gt}. o]8|¥t A3}= Clone No. 12 A el
JHE F-3=}2 Atz Hch
(6) PCR product% 440bp®] Clone No.32 E coli® wvalyl-tRNA
synthase?} 71% #54& B4t}
(7) €744 ZAEY JHE cNA2] A7]E ¢F 2.1kbgiT)
(8) Bac-N-Blue Vectoro] JHE cDNAS zjz3%} 3}ttt
(9) Bac-N-Blue-JHE 2j=Z3¥} plasmid DNA= S. frugiperda IPLB-SF9

cellofA] U A|A SDS-PAGEE. Hels}ar}.



3) A3AF2HA

(1)

(3)

&7 A7 dge] HAo2M ITHFHF= Coleoptera 114,
Dermaptera 2%, Hemiptera 7#fi, Hymenoptera 98 5 4H 7# 29%%
o] ZAlE g o ol = Coleoptera?] Coccinel la
septerypunctata(d 32wt d)), Chilocorus urbidus (¥ 4to] R et
W), Chilocorus ruwanae (F-%Hd|), Chilocorus kuwanae (o|%
Auto| 23 ), Hemiptera?] Sphedenolestes impressicillis (T}
2| B2 -21z]), Hymenoptera®] Camponotus obscuripes (&7}&7)
oj ), Brachyponera  chinensis (%% 7]n]), Vespa  carbo
flavofasciata (Wd) Fo| YAUETL AU UFFS WS &S
o] alct.

FHFEET Auiol oML # 108 27fio] A A=
Aryipoidae®} 8%, Agelenidaef} 18, Atypidae®t 18H, LcosidaeFt
58, Oxyopidae®} 1#H, Pisauridaek} 3%, SslticidaeF 38,
Thomosidae®t 388, Theridiidae®t 18, Tetragnathidase®} 2ffio] &
A=)l e o]l5 £ Argipoidase®te] Argiope bruennichii (133
Anl), Nephila clavata (% AHnu]), Argiope amoena (B AnN]),
Neosscona nautica (R%AN|), Araneus fuscocoloratus (% $}A
u]), Lycosidae#®| Paradisa pseudoannulata (&%tiAn]),
Oxyopes seratus (StREAglAUAN]), Dolomedes sul fureus (33StA
o) ol WAFgo] WAL WAUET &2 WE| Tt

HEFEY ¥Yo2A ZF(AE) solX= # 2H 68 1080
ZAlE|gl oM Muscicapedaek} 2#8, Motacillidae®t 188, Paridae®t
47%, Laniidae#} 18, Sturnidae 18, Corvidae 1#Ho] RA}IE 0]

ol& £ Muscicapidaeft®] Paradoxornis webbiana(E-2mg|L &8



o), Paridae®®] Parus majay(2A]), Laniidae®t®] Lanius
bucephaius bucephalus(wW|7}X])5o0] &N ET} £ FE0|%t}

(4) ¥ A7 AY oo zAlolM A& nFA|He dFolN &ZHA
Zh2pg o] Actuls)vt sidd F&olA 2UF(HF)FoR JF
o] FE o] BHE Y=l o] F FHE Y Fato] FAE Reg B
%t

2. #&ol tiy A9

£ A5 F3le] ol £7A A= H ] HEY YAE A AR
7l 9 7P ¥ AR &7F AR Sold HYAd AR
Syncephalastrum racemosur® Y5313 o|2] HHAE S HA L &7A
ZA g e B WA ndE 5 EE AT AU uAE ALS
Hustorte FolA I o7t ul-¢ Acta Azict

JHE QoA dolA Clone No.1& &3 #8429 putative JHE &
AAZA AF o] WEAA LS Paisle] BEEF Ao} o] gy
T A& Aojrt. =YX &£PAZAAEH Y FTEEo| oy Helzds| 3
(hormonal control mechanism)& Wsl=d] RN EE AMH 4= 913, cloned
JHE gene2 miu|& ZZF2] JHE AR} screening?} W& 7]12hS 83
o f&3tA AH&E 4 gl& Zolth

QARG @ 13 25t 3 F FAL £33 Yoy BF
slthrt 54 5 - ke 710] 24~25Cold A4 S (HER) o] o
7he AEA 54 e ditzes &4A4 ¥4y £ e oA YA}
¥]i 3 ofdE EAAEE AR k. olet T |HAM HHS BLY
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Folut UANIETt 52 FA S0l AFHALER o5& HEY F %=
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ZiAde o] BERY UYAAYE sk B8Y & A& Holvh. =¥
FHFEET Auli 108 27f0] RAIEHAUI, o] F #¥Fol YA

fr

Hule vl B2 fEEL £Z4AZAEY ] AR o|&Y £ U= IR
2127} nfAEgOo B g o5 o83 AEA WAl LY 4+ AUS Hol

o, JFFE HFHo=2A ZF 68 10M0] 2AENReER &34 7AE
gl WAE 98l ol 2RY BRITAN &£gAZAEEHS UEE W3
=t 884 5 3l& Zojr}

ety FF & d7E $39 Jidd AEAY B Jled TteRlY
&PAZAE BUE MAE % VY ZEY P uiG R AAANA
d 7le g3t ok usix]| At @Ree A& Fo AL olHAE
& BF AdelMe oiold AYy @ FHPL £ FAo] A ojop
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SUMMARY

I. Title

Biotechnological Development of Biocontrol Agents for
the Control of the Pine Bast Scale, Matsucoccus

thunbergianae

II. Objectives and Significances

The black pine bast scale, Matsucoccus thunbergianae, causes severe
damage to the black pines of southern and western coastal areas of
Korea. The insect also attacks red pines in the north-western areas,
Especially, it now occurs at Kochang and Puan, Chonbuk province. It
has one generation a year, comming out of the pine bark to mate and
lay eggs from early March to early May. Especially, its peak time is
from late March to mid-April. Although various kinds of methods have
been tried to control the insect pest, the infested areas and damages
are still spreading and serious in the part of north-western and
north-eastern of the country,

Thus, it is urgently required to develope the integrated pest
mangement system to control the insect pest on the point of view of
effectiveness and environmental pollution,

In this study, we will develope the biological agents for the



control

of the pine bast scale,

Matsucoccus thunbergianae,

with

consideration of the unique life cycle of the insect pest.

III.

Scope and Contents of the Research

IV. Results and Applications

Scope and content of

with insect-pathogenic 3

Sub-Research Objectives
the research

1. Isolation and identification of

insect-pathogenic microorganisms

Biological el from the insect and forest soil.
io n

ist Sub ¢ .ogul:)a :o alo 2.  Microflora examination of
- in st s

st = of pime bast scale infested pine and forest soil.

Research

Experimental infection of

of mass cultures system2

of the insects.

microorganisms.
re pathogen and determine their
potential in biological control
of pests.
Full length cDNA
9nd Sub cloning and characteriz|]l. Full length ¢cDNA cloning of
nd Sub-
—ation of juvenile| JHE gene.
Research .
hormone esterase (JHE)|2. Characterization of JHE gene.
gene.
1. Investigation of the natural
ination of naturel fenerrrlizts) O?e the i(;lsects rt:; thtz
3rd Sub- |enemies and establishment m‘.le e and vertebra
animals.
Research

. Development of mass rearing

methods of the pine bast

scale
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1. Results of the Research

1) 1st Sub-Research

(1) Nuclear polyhedrovirus inculusion bodies(NPV IBs) of M,

(2

)

~—

~—

thunbergianae were isolated from female adults and the IBs
number were counted at 10°~10%/ml, approximately.

When the M. thunbergianae NPV IBs were infected in the larval
stage, the presence of IBs were indicated but not found it's
pathogenicity.

Potential insect-pathogenic microorganismes were isolated from
the forest soil and cadavers of pine bast scale, moth, fly,
cicada, mantis, cockroach and also identified. The
Zygomycetes, Syncephalastrum racemosum was the most potential
pathogen to the insect pine bast scale specifically, The
Deuteromycetes, Gliocladium sp. showed also pathogenesis on
them,

The microflora of the forest soils and infested pine trees was
examined, The main forest inhabitting soil bacteria were
identified Pseudomonas sp. and Bacillus sp. and they were
counted as approximately 4.2~8.4x10° viable cells per grams
of soil samples. The main fungi were identified as Trichoderma
sp. Aspergillus sp. and their counts were 1~2x10% conidia per
grams of soil samples, The fungal species, Trichoderma sp. |,

Paecilomyces sp. , Syncephalastrumn sp, , Gliocladium sp. ,

_11_



Scopulariopsis sp. , Stachybotrys sp. and Alternaria sp. were
isolated from the infested black pine trees and identified.

(5) The infested pine tree branches were cut in early winter and
were incubated in the growth chamber at 25C/HR 70% condition
for induced hatching of the second instar nymph, into adult
male and female, As a result of induced hatching experiments,
the female adults deposit approximately 250 eggs in a single
white cottony ovisac,

(6) The toxicity of entomopathogenic fungi isolated from the
cadavers of insects and pine tree barks were bioassayed against
M, thunbergianae second instar nymph and adult insects. The
fungi Syncephalastrum racemosum and Gliocladim sp. were showed
insect-pathogenic activity.

(7) The entomopathogenic fungi Syncephalastrum racemosum and
Gliocladim sp. produced cuticle-degrading enzymes, protease,

lipase and chitinase, in culture,

2) 2nd Sub-Research
(1) Insect juvenile hormone esterase(JHE) gene has contained of
three conserved domains.
(2) The JHE gene sequence of the Homoptera Matsucoccus
thunbergianae has homology with that of Lepitoptera insects.
(3) When the primer of the nucleotide of conserved domains was
used, unique band obtained from the genomic DNA,

(4) The length of cloned genomic DNA was 762bp.

_12_



(5) The clone No.1's JHE gene showed homology of 45.8% and 45.0%
with that of the Lepidoptera Heliothis virescens and Colorado
potato beetle, respectively. Thus, this results show that the
clone No.1 seems to be JHE gene tentatively.

(6) The clone No.3 consisted of 440bp nucleotide of PCR products
showed 71% of homology with valyl-tRNA systhase of E, coli.

(7) The lenth of JHE cDNA of M. thunberianae was about 2.1kb.

(8) Cloned JHE cDNA was inserted in Bac-N-Blue Vector and then
was expressed in S. frugiperda IPLB-SF9 cell and then confirmed

SDS-PAGE

3) 3rd Sub-Research
(1) The natural enimies of M thunbergianae were surveyed total
29 species 7 family 4 oder in a predatory insects. In insects,
Coleoptera 11 species, Dermaptera 2 species, Hemiptera 7
species, Hymenoptera 9 species were investigated. Among them,
high frequency and population density were Coccinella

septerypunctata, Chilocorus urbidus, Chilocorus ruwanae,

Chilocorus kuwanae of Coleoptera, Sphedenolestes
impressicillis  of Hemiptera, Camponotus  obscuripes,
Brachyponera chinensis, and Vespa carbo flavofasciata of
Hymenoptera.

(2) In spiders, Aryipoidal 8 species, Agelenide 1 species,
Atypidae 1 species, Lcosidae b species, Oxyopidae 1 species,

Pisauridae 3 species, Sslticidae 3 species, Thomosidae 3

_13_



species, Theridiidae 1 species and Tetragnathidae 2 species
were investigated, which high frequency and population density
were Argiope bruennichii, Nephila clavata, Argiope amoena,
Neosscona nautica, Araneus fuscocoloratus of Argipoidae,
Paradisa pseudoannulata, Oxyopes seratus, Dolomedes sulfureus
of Lycosidae.

(3) Two order, 6 family, 10 species of birds were observed
Paradoxornis webbiana of Muscicapidae, Parus majay of paridae,
and Lanius bucephaius bucephalus of Laniidae were frequently
observed.

(4) The black pine bast scale is a major pest in Pinus thunbergii
but it is now observed host alternation into Pinus densiflora

in the infested part of Kochang and Puan, Chonbuk province,

2. Prospectives of the Research

The newly isolated pine bast scale insect-pathogenic
Syncephalastrum racemosum and Gliocladim sp. would be developed as an
effective microbial insecticide for the control of the Matsucoccus
thunbergianae, Thus, futher research and development for the mass
production of the fungi and application of the microbial insecticide
in the infested forest area should be followed.

Recently, the host alteration of the pine scale insect occurs in a
small area in the northwest coastal area, we should have increasing

concern that it will eventually spread into the vast natural growing

- 14 -



areas of Korean native red pine. So, biological control methods of

the serious scale insects should be prepared in advance.
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H1&d3 M Z

A1d 77U 533 Uy

1. a77Ue] "oy

2] Llzte) AlHA L AFEY 65%0| 42 ARSI 9lom e of
H4EQ AU (Pinus densiflora)$t =& (¥R, Pinus thunbergii) 2
A At 6465 had] oF 45%¢1 2937t ha& AHH3ta Qlch  waElA
Fig.1o] LIERd ule} Zro] 2] uigte] a3 iAxdd v &
of 2eigt F3E Fi = &3 ZAHel(Matsucoccus thunbergianae,
Miller and Park)2] &# 42 ¢2] viel AR I glo] F2¥ @Y
A olTH( o], 1998).

A B
Fig. 1. Photographs of pine bast scale infested Pinus thunbergii (A)
and Pinus densiflora (B).

2] U2t sdA Y F2 £FS BR(FE)0EAN HEAGE R}
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of M3tz HIxE @, Bt ZARE E57A] dddo] dAE
o] ittt &7A ZAAHYE LUFE IHE YA F2 HEU(E
g)ol o 2 W& FL 320 19639 AW 1EF =4S HEAA
22 YT olF Mt BogE AE Fal dHjUdBoRE Fd A
A gl 2l B i goz mHrt AlG HAERL glo] & 3Fol oyt
PR 3lo] AlFE Aol glrt.

1980t 2HE GAsiAxYe] sl &84 ZAE s 3o
B st Y-S Hu3A) ot o]yt msjdle] &7 2|
Helz HAFHPY 1983d &7DAlele x9S FHLE A 117
Ale] oF 12,000ha0] F¥tE o] ot I F ujd ¢f Sked] &2 ¥
AEls 2ol uid ¢f 10,000ha8] 3igde]l 2 IE L o
1990 = A 20047t had] 3fE AL AYg L AR 1%, FUAFeE
m3fix|go] Hrixio] ANH o2 of 307t had Sl FIHE U2 Ao
2 3353 glon E&ZozE FAh it oo dY, FFozE 7
3, FEaixlgel Atglole 2 $1yo] Ha gl
&7 3 ZR] g3 (Matsucoccus thunbergianae Miller and Park): njnm&
(Homoptera), 7} ] d @] 4¢ 2H(Coccoidea), o| Ml g]otztx]d & 2}
(Margarodidae)oll 43h= 3Eo2M Wt AU MU 2 #k
= 7135l AR B9 AEES LAMTIE fEl Uty Fay Aol
tHZ, 1986., 2f, 1991., Z 2} £,1992).

B 3o spH-e Millers} Park(1987)0] &3t AlE o wWwuiE|gle
o, WE(1941)0] &3l R1¥ AURPAZAEH (M matsunurae)S=
HelFo2 A9 fABIY 2232 19 1A Hgsiy 23 330F AR
St Wbl FRbe 19 24 HAste] 18 g3 o® AFshe o] A

2 xjo|Holela dlsic(Miller &} Park, 1987).
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a2 &AAZAx G FE AMAAZLZ 30F50] WA gt ol it
42| Fof tizt A 2AEY diFES FEHES 3t 1¢e] N
07 1~23 WA= Zlog B3 o] glth(®}, 1991).

doflA 2y Zo| of 0.35mme]| ofHe(F2e}F, neonate crawler):
2UR7EA] $1E Zlojtivcirt 7HR] 919 AW o F Al (1% F et
%, settled crawler)¥| o] mj® 7= AL 4E BL 59L& F+31
o ARstH  FZ, il 59 FEHAKWEB)Z e 2¥ 4F
(intermediate nymph)©o2 R F o]Fdlx| a1 2 FooA A&
ZhsiRich. RS 28 dFolA Y HVl ¢le BFLE FEHFHAMM)S}
Ak 30 AL 43 33 Felst AR #iEHR (preadult) 02 B
gk ¥ 71X 91§ JlojtiUcist 7iA] RW EE 43 Fol A, 1X&
A3 O Soll A S3H(Mfb) Tt X4 §5S 4L F g R
FAHo2 93 3= €A 28 4F VTS A 23 dF, AEE, &9

A3t fralsle] miEe] 4% 871 i dx)gch

AL L 7HA] & Jloichichrt anl ¥ F2 43 Fol B,
7R 2mm Lf]] B & BYY EFHUE Busla 3 o & Yerh
lule|g F Addee Fol uel detd 130~68070lut thi-2e F2
250~3007) Uiglolt}. ¢4 RF 28 F o]¥Y Fei: ¢o] glen 7]
F AEL 7BIBkE Al7le 18 3R 9 28 3o IYHch E¥ 1
B ol Zhal ol FAR Fol U HF T AEFLE |y
7] 712 B4l olFo] glon fAF] AR 27 qFolE I FAE
FE o= &5t Rata wAlsich( ), 1991).

U &34 ZAPgd e 1dol 18] Gty P33 F2 480 3}
dE Y3 o] &2 5¥Yol 3t ForEe A ¥ AU AF FH
713& Za 99 B FE AAste slaEly) Altshedl 119 Aol 238 &%

717 ¥y

o

Q
=
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o2 gy, AL F4E& ol Foshe AHA¥UTiL dHA ookt
u} 1985).

& AR Foll o3 AL He AFHY w2 £ kY-
QRE ZhHdn AlY ZHfols £[AAIE ZH, IABe S BRA
th e B4 wsir} At AAEE Aol sFHe] UAR
P EE 19 Fof AF w3 FAo] Urhid, o|2FE 1~2d Fo
kel JE3AL #EAh Aol ZHste 4L 3~540 F=2
ety & 9 7h&ells 974 T de] gittrt ol 53l o] Exel I
3 MetA]ol s msjzide] wiEA JYH =L +APEe|rt 2T FAE
2 ARt T QE¥E S EE RJlde Y dE UdAMx
UL EGE Boltirt Althzt B atste] wlel ole¥t JAF =7t 24ty
3Fo] Y AAE HigHe S Rold], ol Hx7lol ulgle
g8 f3FEol YslH XFE FHOE FAF] HAY F chE I
o]Fo] o]Fojx|7] WjEQ Reg Az glrh( 2}, 1991).

&3 Z4A e Fol AT 45 T dFo]l FEE 3 Lol Ex 7}
& o FFol &3 YR &4, olo] £H MET my g HAEY B
Ao 237t SYEo 2N Yehh=dl, FUY Z¢ m3EY duie o
39 7kt 829 44F34E $AY F AT A3t ©@d 7hgo
Zhashe, 3 F 27 2mn & ZAibge] A7 2 F9lol callusyt B4
Ho, callusg]Fole W $3o] #ulged FUErst Eod ybdo]
ISl ME QAFE o] AR FAHYE doA AZ sk Ao
2 Rastgek(®), 1991). ol ¥ 2AIihs ALHdl oo, A}

912 ddeo] 2 UF s Duda(1961), Bodenheimer2} Neumak(1955)
ol &BINE A ul gch,
&R AZAA LR YAE AT dFE F2 Qi dAF =4 W )
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S8 A 3715 =Rt AEHH WA, AsAY ¢33 Ax, £
Fd, ¥ EQAE Tl AT HYF YA, d, E AA L A4
T ARIZEIAE $485hs 4dF WA % A HEE)SH 52 FHeE
o] Foi x| 5L Qlrt.

T Watel &% HEIA YA 7Fs8(H, 1995)0] ZEEAL,
3t YA O 2 A supracided FF F-E7|Q 5Hol AdREdte] 9owol 4t
9 B2 ASENE ddoui(ut 5, 1984), ) WY AEI} oY AF
o] 3 5 FALo] LEEo] BRI, A4 T F4T AGolAgt 4A
of 2gxx olct. o]y Al WAL T HAY AFo] Yol £ 97F
o o] "3 gATL ofgfnz AR o] AL TF HF=2IA
(insect growth regulator)E2A Uu|& 4 ujin]& &iFo] AIEE3 Q&
fenoxycarb& ©|-§3 HFPA7t A EF o] FHepFe FAERA, 1383
er3e] ¥, 2893 YA EI Fol A ASn(Mendel 2}
Rosenberg, 1988), =tije] AH-¢ S5(1997)2 vige] shgulzo)] AL
e FZ2I 40% QTHAE 28 ofF LIl ¥F ARt 80%0
g2 WAE} ASE Eastdct

VLA YAE AF =7t 2 AR A T37t AR zhdo] WA
He 1 8 siE a7t F2 2% PaFY oud WA E e
AHn} glcHQi 2} Wang, 1981, Li %, 1980, Schvester %, 1980).

&3 AR dAGFol WSt £AE FUShe HHIZELY o
€3 UHH A7 o] FolA FAEI} Ao BuEgdrhei F, 1983,
Young and Qi, 1983, Park &, 1986).

olgoll A AWM upe} o] & AZAREY WAlo] iyt A7 vty
A W G 2R U ATt dF $RH T o) &UZvie] WAy
£ dlollA ulFo] & wl F2 3 Falo] 9Et= wha] v Ro] WU 280
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< agchd &AAAAEE WA vlEE olHt} A=
olnZ ¥R sty WAPHL Hio] AF3] JLHolof & Ao

1©
e
0

1%

S

3}
=

82
fljo
N

1=

2. A3 B2 H4

2 d7e £744 AAEd e T34 UA levidE BHoE AlA
FaAeNE &4 AR ol BYd nRES 28 FF%L, &
A3 ZAPE 7 M3 AeiAY u]FELS A, A gl A2
&2 ZAdd e nPEH ZEAAL Fel ¥ (UAdE FB¥UCE ok
A2AFRA e £33 ZAEe] 4%, ¥y, Helo] doqshe fof
JIEE oAHE 714E3]&F A (juvenile hormone esterase, JHE)E ¢33}
cDNAE E2Y3ta W8 F JHEZF A ZAAEHY G nXe
FEE ZAle £743 A=A IR YAE HY VxAERER
g3t ABMFIAAE £73d AP VY S XA olF &
£ AV le 9 £23 AR e @A S gt

fr
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M2z &ZAZX|He HAY ojd=E a+

Ad dFALSE

2] Ut sl sl DAY $7W AAPAE 19639
A DET TS uIBAOIN A WS A A Hoss AR

wietrd AdejAY s EE, £ dFol FEHE &UF A gold F
Fol 2% FHE F7] dEol ZHY AFAZRE WA} vif oy &
7HA] FRY YA Ao Qo] HELE WAE vjalst e AFPelrt
(Fig. 2). HIo] s £ 332 Sl Aelyd 54L& 23 ),
B7E AF WAYe] dBeE f8 PUAnAEE ol &ske nAEFH ¥
Aol 7H YT srte g Uk o] ojo] AR njAE AFH L AY
o] A3 oy Aot
Bzl ApAA ExsHs oF 10075 o]g2] EFo 718 W2 2
WY AES O FR7E ol sk, A2 EAEYE RR3E
FE3N LHOE ol 23 HHUnAESY FUHE WS FUAAA A=
& NAEANE FAAR AL 5 A HoEHN, AE ] SHoN &
FHUNEES o1 8T nBE AFA L Y AYL v w2 AFo|rt,
nAdE AFAEs #7188 54 o 7R EAES ME Re ¥ +
g ZFe] gtk 4 A 5 A oYY UAF, F - 2B sty
£ A3 A7 QI GAUGolU AR fitte]l AL GFFHA ¢t oA

T FEeFola FEHU F 9 BEE BA ¥ 4 ke AES 53
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Fig. 2. Photographs of pine bast scale infested forest(A), black

pine trees(B), and removed dead trees from the forest(c).
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A siEEAlel delde U] S8 dHOE AZ4HI Y
% HAuRES ] &T tRE AFAY AU Ful 5L R
AAZo e F2 dof, Bx, 4lgle] g siFo] &3t cHEE
X, 1994). eyt e uete] £33 ZAEHY B AeiHd |
a3t TH BUuAEL] A, udlelga W A 54 BEABER

& o, A, ulolai2 5o FFHE FEE 7K nldE Eot A

tu o

o®

2 st AdEOl HE /YUY AT VYUHIUATHZ, 1997).

=1

"

Az LFo] HAAHE Yehl= AMdat(insect-pathogenic fungi)Z ¢
1004 750% ojAto] B aE|3 ¢loL}, 1 £ Beauveria bassianad B]|E%}
A A% KA AP (insect-pathogenic fungi)o] m|PE AFAHZA
o] £¥ 1 Qlt}(Hajek and St. Leger, 1993, E/d3), 1993, Carruthers and
Hural, 1990, McCoy 5, 1988, Soper and Ward, 1981).

53] &% HYE AT § 8 E7QU Paecilomyces farinosus7t
L] E{(Lepidoptera) 7t oh2} }e]&(Diptera) X uin]E{Homoptera) L3 ol =
B8 JKIN, Verticillium lecaniizt AGEOIY ZAHEE 5572 7|4
e WA AMFeE dBA 3, FPFTFE U4FQ Entomophthora,
Erynia R TP Aol Fzpeut I Eol BU8E vehdoia B3 5
o]9ltH(Charnley, 1989). uwlzld, ZF FAUDBES 0] 83t & AZAH]
Hale] ]l UAE flal £ Ao £4AZx e ol HY
4 uBES Fel, T I ndELS FEsie Ad e stolAe)
& AZAE e nAEA ZEXAL Fel © ddS FEYch

EAZAEH Y Dyt AT AHE e AYEY W o] FF
c2Ry &4 ZAdd B ASES Rt ol wjdAAZE EY
HA FF AGE 4 A7 AR S AN &G4 E HAE s
njAE A7 A d Zlelch
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H2d A8

1. &¥93A#A4YY indigenous VL] nuclear polyhedrosis

virus(NPV)E2] U njjedA A ¥l

1-1. ¥}y virus(NPV)2] &3]

YrtA virusE E2I5H7] st &R AZAE w3 A=A A

A UFE, TW, 9% oA 1Y 9 GEAGY S

x
A FES dxtste £33 d¥ERE 4R 4F3 A A 43S

+781%ch o] & -80T YELo] HBY F virusEe ARE AE

Stoich. ¥rizbAl virus SUAAN(NPY 1Bs)E B3I $13iA4 &

(1989)2] wriel wiet &2 RS 30utzlE A Zol 2 FY&

#hAo] 1000rpmell A 5&E3 AHEest] I FEYE F3ta,

=
o
HAESS Aorh BIES 109 FFHRo] HEBHA o)Ag H¥t

dol 7 1200u) wiEE ulolelA AHARE HAsACL

9 Thi 5000rpmol 4 10837 L4lEe sl A5g AAsID

AR Bel F W o) ¢4 viruse) Y5 3isted 500mte
o FE AL o83 TR T VAE AA virsE B

@ 500mt2]e] ¢R445-E 20ul2] 0.01% SDS &of HEHgIT},
@ 5% 3t homogenizer& o]-&3lo] Eajgtc}

Q@ =HE AEE 1000rpwol A 1027 AAF F AFde 3
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@ AT thA 3000rpnl g 1027 dalEelshs g 3xtaut
5 g ¥ A58 AAs F3E S 0.01% SISEY 8nl
o Z@etgict,

® 40~65%2] Sucrose EE7u] 2o ANPEH AEE H7}EtA
22,000rpmof| A 147 5 A4 Feltt F bandE F=th

® LA bandE FAHHsS o &3l YMETeBLERE ¥
F ZF4 10042 HAMET F 15000rpnl 2 3027 JalEe)gt
=3
@ 459E 8 -20Cof B3,

1-2. NPV uj SA AT

Virus®] 7182¢ AidAE 04723 €E Quirusd JF
Qo33 AH @FAEY ¥ OrizAle 3A W REY I}

& Htza] Aol gt dxztA] &4 ZAAHYY AFAHHY
o] 7WU= A ¢tot Attt 2] FFARS RASIGTE 2U3F
7 °F 2cm®] 5~6UA 3MEE& EHEO) #AAo] 2 (greenhouse)ol
A AKAFIEA o] autFo]l HA AuFel &AA ZAdye]
AE FHAA F39 o] Aol FAst=FItT F2E 4
219 Ao FzAof ciA FEHYL FUBA virusyt AEHES
A &3t Virus JEF 2547 ALY &PAZAHYS 2135}
ol ¥F UPL HAsl olE ARZHEH Ay ONPV A&zt
TYY ol we NPVE F&513, Wo)Z RS AAS)
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2. 394 BB Felsd 2 W EY n3ES 4%

2-1. BUPu R EY Fe
2-1-1. Al
&7 Z=A " w3 el AP &£74- A=A &, /3,
Nodyl, 4% Z4A 2 A, 2URdA, EQ Y ARERYH
Thiery & Frachon(1997)¢] ®hioll wligl 2 XEXI¥ A Bacilluss Mo+
& Estdct £ €M+ o3
1) A5EE B3t e’ 102 80TolA 1027 A )3t
B YA ALERY AlES dA el APEAYUL
2) MBSHJX]|[KH,PO; 6.8g, Bacto-tryptose 10g, Yeast extract 2g,
MgS04 « TH,0 0.3g, CaCl - 2H:0 0.2g, Stock solution(MnSOs - H0 2.0g,
Fe2(SO4)s 2.0g, ZnSO; +7H0 2.0g, D-H0 1£) 10me, Agar 15g,
Distilled Water 1£,pH 7.2 10m¢E & Petri disho| x| 0.1
wE SUR F 30TolA 2447 vfg¥ich
3) o] wixjollA BA¥ ztzte] 2 (colony)E MRSHEZ] 10méo]]
AE3t 30ColA 48217 AP nFEL] &= ASHAE
ol P o g Jagict
4) vjgFYE& plateo]| =Ls}] 24-48A17 i gsicir & Mg &4

223t AlFe] 53, 54479, bioassay A|EE ARE3ZICL
2-1-2. 4§

FA(1983), Papierok & Hajek(1997) ® Goettel &

Inglis(1997)del 23] &gt
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1) £33z o4, §5, 43 T4 A L AMAE 5% sodium
hypochlorite(NaCl0 - 7H0)ofl 2-3%7 HA3}ALL, 65-70% of ¥t
of 10-1527 AAste] EHLFS AAIgT) 87} A2 AL A
g A1 w3t AAE AR 2dE AR

2) d9td FRTE 3-53] AFErch

3) AlEE F2|& ghdwlx] M84-aui=](egg york 571, glucose 40g,
Peptone 10g, yeast extract 2g, Agar 15g, D-H20 1 ¢ )of <zt &
FHESF Feth

4) Plate& 20-25TCollA Uzt wjdict,

5) AH WYL He|stod M87-anlz| (M84-anhx| ol A egg yorkE
A% Z)of] FLAIA BEYCL

6) £4AZAAE iAol EAAE €3 AR EX3t 15942
BRI HFE Yehle 78FS AT

2-2. ¥4 n]¥EY 53

Ml Bergey's Manual of Determinative Bacteriology(9th ed.

., 1994) & o]-&3te] EA} FHL= Manual of Techniques in
Insect Pathology(L. A. Lacey ed., 1997,AP ) W EEMRE( L,
FHIE—, #EN, BILE— =HE—B KBRS, LKesk
BILEEX, HSEF, 1978, )o 71&® 4o ulel HAstAch

2-3. 3973 MBEY 13

BHE nAEL ey BEE A9 Ast SgAZAHY
TEizle] HUES, HHEY F7] W A, ¥, $AAZALEY 59
Alzol EAstes WU B uEUdY nAEY dely BX nes
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ZAyster),

3. &gAA e nREY AE A4 el W AY 43
HAEYAE 21T HLE nAEL] EHY o8-S AAE FAA
Y FHL BEE, ALEZE, ZEAANRE, 5F Fol8 &S o

7kA A7t £8% 71424 Hysolof Yt}

3-1. &¥AgAEH e A7

EAHo| AMSH &£ EHS] o W odel(A1F WL 2% of
) &AL A A UFEA ARE I WEnt
<, WA €3 E =52 steF nhe, UYL tisE Hate] dn}
2, S¥Z H4Y dye oy, B5HE sfed stde o]t
Kot ANE E3E uby okg EHAM Ao A 2(4~7T)of

| B@stA Aol ARg-stalct.

o

3-2. &PARAAH] FABFE HEAALH

3-2-1. ZEAAMH A& &5

FEZZEY nBE SHS 93l &4 ZAE yEi|gelA
AT T ANBSEE el HAF 1085, FHo] 24F, oo MY
o4 Eo] ZEEel £ T3y, mtel, oio), Aty wiapdE §)
L 2HE F FYo| 5F U FE RME RRBAEAR di=o]

b REYRE HAFEPIED O (Research center for Entomogenous

3
fr

Fungi, Mycological Society of China) 2 ZX¥E £o Wt r}3-3 e

23 8 AT 12F7E AEAA A8l ARgshct
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Table 1. Entomopathogenic fungi obtained from the Research Center for

Entomogenous Fungi, Anhui Agricultural University, Hefei, China

Fungus strain RCEF number
Beauveria bassiana 0003
” 0064
” 0284
" 0333
Metarhizium anisopliae 0195
Paecilomyces lilacinus 0200
Paecilomyces farinosus 0219
Paecilomyces farinosus 0453
Paecilomyces fumosoroseus 0293
Paecilomyces tenuipes 0441
Hirsutella sinensis 0273
Verticillum lecanii 0915

par)

3-2-2. T5ELTY BUEEE 2 ZEAA BElzA

&AAZAEY Y ZEXAPE] L LAFEE A8 22T 1
AE 9 Fgd37|BLeERY FPLS T3HYZEE Manual of
Techniques in Insect Pathology (Lacey,1997) ¥ BEBIREkL(FEWN
M, RS, =WE—R, 1983)o] wizt &£RAURR| U AFAA 4
BUE FFol g AL 43S BNl o) dR=AL 8
Act.

3-2-3. ©mREF ZAEAA 4d ABE HY L34S EL

(cuticle-degrading enzymes)2] 4724
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EZEUUFL 37y EALE BAste] 2] F(cuticle layer)
& Easta FAL AG LIZIEAE VNN Y 555 UE
A A XAto] o]2A she ALE UFAHUTL

SAAEPFo| Barshe Z|AFHI H4 QU Protease, Lipase,
Chitinase?] ¥4 thga -2 A& AH83te HAstqrt

1) Protease®Ad A AYul x| (Skim Milk Agar)

Composition per liter:

Agar 15.0¢g
Pancreatic digest of casein 5.0g
Yeast extract 2.5¢g
Glucose 1.0g
Skim milk solution 100m? *
pH7.0

«Skim milk 8.0g€ Z/{4 100mtol A 15l 120C, 15%7
2YEFF 45~50C WY 2
2) Lipase®’d A uf=x](Sierra Medium)

Composition per liter:

Agar 15.0g
Peptone 10.0g
NaCl 5.0g
CaCl, +Hz0 0.1g
Tween80 10, Om¢ *
pH7. 4

+HEE 120C, 1582 2¢dFE Hu)
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3) Chitinase™4d ZAMu}=](Chitin Agar)

Composition per liter:

Agar 15.0g
Chitin, ppt * 3.0g
(NH, ). S0, 2.0g
Na,HPO, l.1g
KH, PO, 0.7¢g
MgS0, “H,0 0.2g
FeSO, 1.0mg
MnSO, 1.0mg
pH7.0

*Chitin 40g & HCl conc. 400mlo} B7LE o] A& 5Co] W%
ZH4 200] WHANFE Whatman No.19X|2 ojzp¥ HA
Chiting& $E42 1247t 548} KOHE pH7.0 28 =A
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A3d 47334 4 323

1. &£¥A2ZAYY indigenous WP/d nuclear polyhedrosis

virus(NPV) | 9 ufdaA 3]
1-1. ¥c}zbA] virus(NPV) 2] £

YriztA] virusE 237 $lsted &A= 3 HAx|ged u
F, ¥%, 3% g 1% L B9 siFHolA IAES
Avisly &£ dNERE 4R 45 € R 3L £4%9ch ol&
80 CWE T BAT F virusEe ARER AREssct ¥ckzZA] virus
BUA(NPY 1Bs)E B3} $leiAM F24REF ouje|& & Lot 2 F
g #hlo] 1000rpmoll N 52 WAilEeldte] O3 AFAE Hstax, o
459 thA] 5000rpmoll A 1083 FAEe|st FEAE AASE HA
& @4t FAES 108 FFHol BESIY o]RE FAnF 300
uf WL 2 Hlole|& AAATE HlstgrT]

ol A} Fig. 3. o Uehd utel o] §2 39 UFof virus7t ZEE

o] e A& HA & 4 9lgich
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Fig. 3. Light micrograph of Matsucoccus thunbergianae NPV IBs( X1200)

ZEAE H F @ o] ¢4% virus?] Y5 93lo] 500mte]9) &
S YR FR o83t AR P PPel AR WYL virusE E2
¥ A3} Fig. 4.9 3 L FAARE & 4+ UL, VA NPV IBs
AA 4= Wigley(1980)2] dry counting methodoll &]3] A4kt A 1 &

= ok 10°~10° PIB/mlQ) o= ve}ylic).
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Fig. 4. Light micrograph of Matsucoccus thunbergianae NPV 1Bs

obtained from 500 adult females(X1200).

1-2. NPVS] wjalAAR

YRR o 2cn] 5~6GN BEE Lol &AM 24 (greenhouse)
U 3%/ (growth chamber)ollq] FEA|F|HA of £1HR2] A QAy|Fol
&4 ZAAPEY Y G E FHAF FIHE gFo] AnFo FAsizE
3t AR 4F FHY 2o cidA AEHAE FUSt virusy)
HAAEES A=A, virus FFF 25U AMSH SAAAREE A
3l ¥F YL A3t ol AE2HE Ay O APz
YT FEol ulel NPVE F&315, Wn|FBHE AN A3 ggoaR

& A 4 sUsrhFig. 5).



£7AAZAH 7E F gL viruse £74AZR Y v EoTRE
247 FZ Ao AEE NPV [Bso} FUY Pito]l HAFHATH 4714
Azt A thiadsiEol iste] NPVZE ZEE Aol BAF e AR 8
4L YA oottt ojeidol ZEH Fo] FAUIL ¥Fol HAH
2 ok AL o] NPV} HA virus(virulent virus)7t ohd FE/2
virus(temperate virus)o]ALl, NPV ZE o] 22 AIALU Ex =5
f3710l virus7t ZEE0] f3o] FAISHA] RE HAeA 7]AH Zol
obds} &t meld FUE FFY HAL FF US FA3] FES
ojof & Ao Alm¥ch W HUPo]l & BF tidTE A4l
olZA ¥ 4 At YUY 7 Yg dEof BT toxint 2 HFE &
Az} e HelE 2sHe JHERAALY] £¢o] ofFojA o} & Fojt}

Fig. 5. NPV IBs isolated from Matsucoccus thunbergianae larvae( X
2400) grown on the black pine in green house and growth chamber.
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2. &P Y FLPuBES] £ FF R AURA 5
n 354 7%

2-1. &PAFAA A8 vBEL] e 2 53

&AAZAE A Gol ANH &P AL o, oidaE (A1
ok%, A20k%), 8% W Vel ZFIAAE E25t] 10nl8] HF F
F40of et F o|AEZ Nutrient Agar(NA, Agar 15g, Peptone 5.0g,
NaCl 5.0g, Yeast extract 2.0g, Beef extract 1.0g, Distilled water
1L, pH 7.4) % Potato Dextrose Agar(PDA, Potatoes, infusion from
200, 0g*, Glucose 20.0g, Agar 15g, pH 5.6, (* ZIx}E M@ 3t 500ml
9] FHPo] Y 08T FUATHE: JlotAE oj3ste] o zpefe] A7
Zeg ) AAG Y3 EF54 ILE mess up 3t AYHEF3I] A
%) @ M84-a(Egg york 57, Glucose 40g, Peptone 10g, Yeast extract
2g, Agar 15g, Distilled water IL)o] 22} 0.1m1¥ =osle] 25C =
£ 37ColA wigstEA A3l mAES Ee 2ABHAcHFig.
6,7,8).

Fig. 6.0 uehd upel Zro] Mg MIB-12 3dxfo] S8 B8-S
ehfglz, FHolo] MIB-12 9dxlo] &AAZAAHH RSB ElE ¥
g 5 Qs FIER FEY 4SS Ueldloh o] Il ARy RF
o]§3& AA37] 3 AMZBL MAZ 2% AgarZRE o] Fo| ufx|of
A2 739 A L AR o 3009 ulE]E =USIRL o|Ze] 1n1¢]
H A B0l FBolst AdE 47 ¥ colonyd] ¥E A ZE 7
Zt 5042 Bt =Usigct o|FA A 2dxFE ¥n]RF AL 5
Y A YT AE BR ¥ 4 Al
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(1) 5831 32 € 95

@) 22 MTF-1 ()32 N MTF-1 (@) 42N MTF-1

(5) 92 K MTF-1 (6)3ZN K2 MTB-1

Fig. 6. €Z44ZAdd 32 AN U AANE o]&% ¥4 u¥EY

4%
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Fig. 7. Entomopathogenic fungi isolated from the second instar
nymph.

A and B : Syncephalastrum racemosum. C : Gliocladium sp,
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Fig. 8. Insects infected with entomopathogenic fungi.

Moth(A), Fly(B), Cicada(C), Mantis(D),

Fly and Cockroach(E)
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Fig. 7.0l Ve v} o], @Az ol Folo= 448 U
EPs AMFE-L Hesseltine & Ellis(1973)7} 7]&%t The Fungi IVB, A
Taxanomic Review with Keys : Basidiomycetes and Lower Fungi (ed.
Anisworth, G.C., Sparrow, F.K., Sussman, A.S, pp.203-208, Academic
Press, 1973) W ={#(1978)7} 7l&¥ WENE(L) (FHIIKR—, #ET,
WMILE—, =SWE—B, KHAKE, ILNERE, HKUEX BB8EF, 1978,
i) o] BFI ol 2)A Syncephalastrum racemosun®. 2 57 ¥ %lth
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Az g o] Sol3 HHYA4L Uelle Ao By §X2 oy
Table 2%} Zt}.

Table 2. Morphological characteristics of Syncephalastrum racemosum

Group key Character

GPFA} B wEHD FHo) Mo, RFFAZY
B AgaAY 9902 R4S e A2 2
g Ree EAsA 23 A¥el glov UEe B

A FAHoz EAstq A¥e APvth A= PrE
EEARE RFAAE gl Btk FF E: ZX9 A

3de Y4V AYe }FY~UY, W2E 4
ow F&el 47 AL AR 30~80p, FA 43
RE o7t oM 10~404, LAY AL HA~2H
& @AY, Aol gae) TAde A FYIY

WERR ~ER(3~)5~10(~18)/19 EAE 142 A4
E2hd o), Eapdwe Aoz Y BHaIA FEdH.
(Edx2) FAAE 227 g2

2} Ao B4 GAE, BE, SRE~IY, A% 3~Tm.
HAFL Mucord, FFEAANANEL AY T, o3

4G 9, A7 50~90m, &4, Eol T ARG
g71% e A923 4

39 Fig. 99] Coll Uehd ulel o] &AL STl AU
o] BSHe7t FHASIE AP0l nie FHIY FF2 Gliocladium
sp. 2 TAE . &A= EANL HUG xRl thst Fr
SAIRY HETL Qlojor & Zo= wiehdTh
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Fig. 9. Photomicrographs of Syncephalastrum racemosum,

(A:

Sporangiophore and a head of rod-shaped sporangioles

B : Zygospores) and Gliocladium sp. (C).
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2-2. £QAFAALY ANLEL] nBEY 43
&2 Ee Tz g A LA A 9 WEg opite 374
AogHe EQAEE At o2 HAY HEH MAFE APLE
FE In, 2m, 4n, 5m, @ YFFEL2 Hro] nREY AEES AT AER

A&t (Fig. 10).

Fig. 10. Approximately 20 years old infested pine trees

were harvested for investigation of microflora,
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7} A& 1g& E23t] 10018] FFFFol Q=Y F o]2i& NA Bl PDA
wjzlo] 0.1n1% =3te] 25T R 37ColA wiQPt ¥ ZAstdch a3

BAF6TRE, 27 AT 41F U Tl UFE Ee5IgtHTable 3).

Table 3. Microorganisms isolated from the forest soils and

black pine trees damaged by pine bast scales

S L Bacteria Funei
o Gram(-) Gram(+) et
Soail-1 2 4 Trichoderma sp.
2 2 2 Aspergillus sp.
3 2 . Stachybotrys sp.
Stem 1m-1 3 2 Trichoderma sp.
2 3 3 Trichoderma sp.
3 2 1 Trichoderma sp.
Stem 2m-1 11 6 Paecilomyces sp. & 2types
2 4 3 ltype
3 3 3 Paecilomyces sp. ¢ 2types
Stem 4m-1 5 4 Syncephalastrum sp. 9 ltype
2 . . Gliocladium sp.
3 9 Gliocladium sp.
Stem 5m-1 5 2 Gliocladium sp.
2 . 1 ltype
3 8 2 2types
Scopulariopsis sp.
Leaf-1 2 1 Stachybotrys sp.
Syncephalastrum sp. ¥ 1type
2 3 4 Alternaria sp. 9 1ltype
3 3 3 1type
Total 67 41 24

ol & I SAHMTFLEME Pseudomonas sp. 7} 1% YAHAHFOR

M Bacillus sp.7t F%& olf3 QGitl APIFOEANE EYos

Trichoderma sp., Aspergillus sp., Stachybotrys sp. 7}, &7)oj=

fr

Pacilomyces sp., Syncephalastrum sp., Glicladium sp. 7}, &oj
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Scopulariopsis sp., Stachybotrys sp., Syncephalastrum sp. %

Alternaria sp. 7} &8 $AZQ oz FHEACHFig. 8). g,

E9k 4 Z7) ¥9lo] u}E u]PE 4= Table 4 of Uehduie} Zo] EY
e MFS  4.2~8.4x10%cfurg), AMFFE 1~2x10%conidiasg), &

7l Mol 2.0~4.9X10" ~ 1,5~3.2x10°(cfuwg), AMdZFL 1.5~
7.3%10%(conidiasg), Yol AlFol 2.1~3.0x10%(cfuwg), AT 1.
5~2.8x10°(conidia/g)o] &3t AUSS ¢4l

E3| Fu|2e AAEME &7 9 d5-¢9lol  Syncephalastrum sp. 7} ¢
AEoT EAFUche A o] AttFol &P AZAAE o] U3 S e}
e 245 dAANA & ol o] Aol &7AZA Y FejAo o)
3 4FE njA RoT gt uebd & Aol iyt A A4t
Hulz} ol Ao 2N &AAA LY YAE AT AN2E BH A )y
E oo it E RAog sl

Table 4. Distribution of viable cells in forest soils and

infested pine trees.

Sample Bacteria(cfu/g) Fungi(conidia/g)
Soil 42~84 x10° 1~2 x10°
Stem 1m 15~32 x10° 1~4 x10*
Stem 2m 47~77 x10* 21~34 x10*
Stem 4m 20~36 x10* 46~73 x10*
Stem 5m 20~49 x10* 15~41 x10*
Leaf 21~30 x10° 15~28 x10°
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Fig. 11. Filamentous fungi isolated from forest soil and black
pine trees infested by pine bast scales.

A : Trichoderma sp. B : Aspergillus sp. C : Stachybotrys sp.

D : Paecilomyces sp. E : Syncephalastrum racemosum

F : Scopulariopsis sp. G : Alternaria sp. H: Unidentified
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3. sdARA RS AEH gd AP @ dAFE
31. &UARA B 35 {=
SRR G TolAe ASYOSRE AYY 51044 WES
60cn 2 ATl +EFUE WA Astl FDAS uos Wy
8t 0|2 & Fig. 120] Uehd 2 2ol ol 25T/RH 7052 239
el B3 YVEY AzoY BHLE wlY 33 ¥ $£RES EF
thoob 139 F A2etgol $3she Alslol YA A2ekEel T w2t

-7

pul

sl

4ol dn H4E BUNE TUHES L5x7m 22 B 42UF
AZXE Y& ujokA A (disposable plastic Petri dishes)ol| ®ol &z37}

Ao ¢35 FAYPch AT Fo] wE FHBEE BT A
ok 13d ¥ 4Foge 37t HAFUCHFig. 13).
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Fig. 12. Induced hatching from the second instar nymph from infested
pine trees.

A : Pine bast scales infested forest, B : Pine bast scales infested

trees, C : Paraffin sealed branches. D, E : Pine bast scales

infested small branches and leafs., F : Water sprayed branches

in growth chamber,
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Fig. 13. Hatching stages from the 2nd instar nymph(A),

laying female(B), pupa(C), adult male{D).
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3-2. E3HLFY 398 A3 9 AGAA Fel 24
o, 7447 de v 4F, £FAAA L A, LFoEF e
By Ha" AFE FFE 7hz oA 2N e o)A wjadsiel EARAE
A3 o]8 1x10° spores/ml FEE WEF F msloz &£7AZA] He
otz BAAo =xddrl. o]RE TEE URY A= ¢lo] Petri
disholl ©o} 25°C/RH 70% ZAIo|A HUEE A3 ckFig. 14).
23|33 £ Syncephalastrum racemosum®} Gliocladium sp. a3FRto] 3

€4S VelitKFig. 15). Syncephalastrum racemosums 3% B Zol

o

Eol3 g HYuEE UetWey Gliocladium sp. 8 3¢ &£WAZAE 7L
AN e AUE A AAE HYol Hele JElE FBIER o] A}
Aol ozt AME ZEZ Wesicia AFE S

ZAX AL El = Fig. 150 uehduiel o] A FANZE &AW 7=
dale] ZuE nAste] 94E AL Y EAPGEAY Ho £3
PGS FAY FOE nFolHol & ARFo] FHIshe 1 AAA L
2ty B3| H L (cuticle-degrading enzymes)7t &7 AZAde o] Zty|o) 3
&3l 5 ZuE BBt XAje] o]2A & Ao HwrHTE & th
< Fig. 160 AAISHe wiel 2 Z3HAE 47 9y 2d 229
U XA FElE 3 Aoz kYo
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Fig. 14. In vivo culture of the pathogen for bioassay.

lxlosspor‘es/mz conidia of entomopathogenic fungi

were sprayed on the hatching pine bast scales.
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Fig. 15. Experimental infection and determination of their
potential in biological control of pests,

A : Sporangiophore and sporangioles of Syncephalastrum
racemosum on the infected adult male, B , C : Sporangiophore
and sporangioles of S racemosum on the infected second
instar nymph, D : Spores and sporangiophore of Gliocladium sp.

on the infected scales.
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Aupg =zt Zzjof] §3
{
Lo}
!
(347 B4)
!
ztw) 2] 4
!
(Zt el F47)
!
Rz et 3ty FY
¢ N

AgHe 2A g BN E: YYZoN KR
=439 Mg A 34

FEATNEA 4 ? 78 B 778 FA171

Fig. 16. T3¥ Y8 47 48 Z4d 3= : dojux] UL + A
= tiALE YT FA] (Deacon, J.W., 1997, Modern

Mycology, Blackwell Science Ltd. pp. 265)
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3-3. nAEF ZFAAEU A3 AT T3AY 23 149
g A4
&EAAZA LY P Aol B 34 BFBA XL (cuticle
_degrading enzymes)Ql protease, lipase W chitinase?] ¥4& A3t
t}. Protease ¥A-& Skim Milk Agar Wjx| &, Lipase &2 Sierra %]
£, Chitinase ¥4 Chitin Agar WiZ| & o] &3}t olF wix|of &F
Wl o gEL FE5lo] protease W chitinaset wjx| ol Uehts F
ZH(clear zone)E, lipaset: FTFE4ol Uehte IAIE 43 A%
Hdl F4¥GRTE stk
Fig. 17o] vjepd uiel o] &@AZAAEe] Hd  AMGEd
Syncephalastrum racemosum® *$712] &% Z}y] B HAALE BF QBASIA

c}.

oH.

_59_



Fig. 17, Production of cuticle-degrading enzymes

by entomopathogenic microorganisms.

A : protease, B : lipase, C : chitinase
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H3d &HaAZAXYHY e 7 s2&

&
30
r
P
R
-

ol2Hz=Z JleEdla2

A1d d3ALEE

&7 7YY 4%, YY|(molting) 2} el (morphogenesis)oll o] st

Zootg 2R o AEE 7l4E3)FE A (Juvenile hormone esterase,

fr
e

JHE)E ¢33t cDNAE &Y 3l JHEE baculovirusoA w43 3t ¥
JHEZ} &7 A2 A1E e 4ol nAe S-S 28I SRAAAEH

APgety PAE A 7xAEE AFYCL

A24d A4y
1. JHE full length cDNA clone 284

1-1. Primer # %}

&7 A 72| Y &) (Matsucoccus thunbergianae)?] Y| T EE Z Ao JFA
5t= A *}¢l Juvenile Hormone Esterase(JHE)2] genomic DNAE EZ Y35}
7] $13te] A Z7HA] ¢ 3 Heliothis®] JHE R3FXLe] cDNAS} 328 45
esterase?] sequenced B| A3} Heliothis JHE Eo0]3 sequence 7}t
highly conserved regiong PCR primer #|Z}-& sequence® M A3}3 o|&

HIRI O 2 3to] 570¢] primer& 3/33SITH Tablel).
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Table 1. constructed primer for PCR of JHE gene

T
]

Primer Sequence Length
1F(forward) [5’- GGC GTG CCG CGC TCA GCG GAT -3’ ] 21mer
2R(Reverse) [5'- CGC TCA TCT CGC TTG CCG CCA TG -3° 23mer

3F (Forward) [5'— ATA CCG CCT AAA CTG TTA TTT ATG ACT C -3° | 28mer

3R(Reserve) [5'— GAG TCA TAA ATA ACA GTT TAG GCG GTA T -3° | 28mer
4R(reserve) 5'- ATG TTG GCA AGA AAT TAC TTT AGT AAC C -3 | 28mer

Table 2. Heliothis virescens juvenile hormone esterase precursor

(JHE) mRNA amino acid sequence’}?] conserved region 1, 2, 3

trans|ation="MTSHVLALAFLLHACTALAWQETNSRSVVAHLDSG| | RGVPRSA

DG!KFASFLGVPYAKQPVGEERFHKEL
conserved regionl
SEMSEAC | YAN | HYPWQSLPRVRGTTPLRP | L¥EHGAF AFGSGHEDLHGPEYLVTK
conserved region2
NV IV I TFNYRLNVFGFLSMNTTN | PGNAGLRDQVTLLRWVQRNAKNFGGDPSD I T1A%
BSKEASAAHLLTLSKATEGLFKRA | LMSGTGMSYFFTTSPLFAAY | SKQLLQILGINE

conserved region3

TDPEE | HRQL | DLPAEKLNEANAVL IEQIGLTTFVPIVESPLPGVTT | IDDDPEILIA

EGRGKN | PLLIGFTSSECETFRNRLLNFDLVKKIQDNPT | | | PPKLLFMTPPELLMEL

AKT | ERKYYNGT | S| DNFVKSCSDGFYEYPALKLAQKRAETGGAPLYLYRFAYEGQNS
| IKKVMGLNYEGVGH | EDLTYVFKVNSMSDALHASPSENDVKMKNLMTGYFLNF IKCS
QPTCEDNNSLEVWPANNGMQYED | VSPT | |RSKEFASRQQD | | EFFDSLSSRSPLE
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1-2. A2 A3
1€olA 5¥of AA &7AAAEHY FAE LAY AR I¥E o
o) oF A AYE duiE I W3 T AUF 400 FE AR
g ok 453 35S AN oE BEEES AR flstd A

2 shaich

1-3. £8A2ZAPd FFoA genomic DNA £2| ¥4
) X}7H8 1X SSC $4%-9Y(0.15M NaCl, 15uM sodium citrate(pH7.0)) 22
ofd W AA F ANUALZ F<& FASNS AHEAIZIA] -80Tol| BF
Rastoct
2) AlE BA2] 2.5u12] DNA & $+594(0.5% SDS, 5mM EDTA,
20mM Tris-HC1(pH7.5), 0.IM NaCl, 10ug/ml proteinase K)&
F upz} APk o] g3to] miadtey  37CAM 1583 WA FCh
) 2ml2] 1M Tris-HCI(pH7.5)%} 3ml1e] phenol 7lsted H A3 ¥
AL QL2 (5,000rpm, 5C) F Z5AL A} FHE KZch
4) Phenol/Chloroform 1:1 ¥2¢}& Zaro| E|A 23] A 2]slzlc).
) 3uj2] salted ethanol(2% Potassim acetate, 98% ethanol )& #7131
DNAS EH A Zch
6) EHY DNME Rel8eE Rof TERFVo| %A F ciA] 3uj
salted ethanol& 715le] DNAE HAA|F|3, 70% ethanold]
vashing ¥t ¥ AZA|A 1mle] TE ¢FNE 718l S4ch
7) 10ug/ml7} 5| 5% RNaseAS X e|3t ¥ 37To|M 24|12 EQF HkgA)
#A RAZ AA T ¥, RNaseA?] BAHEL olr] 9131
phenol /chloroform(1:1)8& 23] A3 ¥ salted ethanol 2 DNA
& BRI
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8) AT DNAE 70% ethanol® washing ¥ ZAZA|A TEEYLE &

n

3

c}.

1-4. PCR %H-g

Genomic DNA2] HEE O0DwolM A3 v=&F ZAT the °olE
10ug/ml E|58 52 2AZ ¥ F3}F 4 Taq DNA Polymerase(BIONEERS]
AccuPower™) PCR PremixE& AFE3}e] PCRE $#3}glt}. Premixd T4
1 unit®] Taq DNA Polymerase, 250uM®] each dNTP, 10mM Tris-HCI(pH9.0),
40mM KC1, 1.5mM MgCl, Stabilizer and tracking dyeo]t}. EJF PCR ®H-&
e WA 94T, PPUHE 74CTE AHESIASL annealing 45CE &
slo] 5CH LHA g WEste] HF 2] 60TUS HUsich
€Z2-2 PCR premix(20ul-€)ol] DNA template 1Qug/ml 5ul, Primer 10pM
lul 228]3 deionized water 17ulE& A 7}5lo] 94TolA 10&, (94TollA
1E, 60ColA 18, 74TollM 1) X 353, 74TolA 10228 €AZE MR

researchAl( 2@ : PTC-2000) PCR Machine& AH&3lo] 3314t

1-5. PCR 4152 ¥ W 3 AY
PCR 4HE-2] ¥ & 1% agarose gel A7|FFLE 43Tl PR A=
(500-700bp)E pGEM-Teasy vector kit(PROMEGA Co. )2} 3:1 H|&=E E§3t
th 16TolA 35 W5t ub§ AlZl ¥ E Coli XL1-Blue(STRATAGENE
Co.) ~competent cell o] X% <©}& LB agar plated]
ampicilline(50ug/ml )3} IPTG(100mM) X X-gal(100ug/ml)o] EIH g

wjAlo] T=3te] A3t white colonyE A1uslat}.
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1-6. Plasmid DNA £ @ inserted DNAS] &<l
AMuEE white colonyS-& LB+AP brothollA] ujj¥gt C}3 QIAGEN | AlLe]
plasmid prep kit& AM&3lo] plasmid DNAS #2]3}9 5L insert ¥ A
FtE A FcoRNIE AR ThE 0.7% agarose gel A7]95E Fdto] 433}

fct,

1-7. DNAQ 7| 24
HAARA Q] insert DN B7|MEE E4317] $I3te] SP62t T7 phage

primer& A3} dideoxy chain termination ¥F-$-& ¥t Tl automatic

DNA sequenerE ©|& H7IHE& E43tolch

2. BaculovirusojA] JHE f-A=}e] Wy

2-1. A=A

Ayt guF3 AE 2Pl £33 Z4AdE S-S HE3o
Az Nkt oy gASURA et sle &34 ZAAEEHE
forecepS® 2|A3lT Wn|FLoE |Hst FAHdH=E Hdd L3ET
233t et

2-2. mRNA?] & &|
&7 Z=ApdEY total RNAE £2I317] $18t 2] AE4-E ARE
& A3¥ thE ClontechAl?] mRNA £2] kitE o] &3le] RNAE £2|314
c}l.

2-3. cDNA library # %} W RT-PCR
A mRNAE Promega Co. A}2] cDNA library kit& ©]-&3}o] library&
)23t 2, EFH A oRNAZHE] RT-PCRE 4383} cDNA cloned ¥4
c}l.
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2-4. Full-length clone %}
olu] cloning®l®] nucleotide sequenced Y31+ clone No.18) 53}
3’ 9] oJu}3ke] complementary sequenced /g3t 5° 3 -expending PCR
< %3t

2-5. Cell?} virus
E A¥o)| AHE3 M XEE= Spodoptera frugiperda(Lepidoptera) IPLB-SF9
cell& TC-100 BYZ](GIBCO Labratories)oll 10% fetal bovine serumo| 37}
H uixjoll A wfeFste] Apg3tgict.

2-6. recombinant plasmid Z}’d 2} Wy
JHE cDNA {3} Zt= |23 plasmid®} virus Z}Al= InvitrogenAl2]
Bac-N-Blue-DNA kit& o] &8}l 4338lgict. JHE YT SFI cellsol 0.5
p.f.u/cell 7} E|£F recombinanat virus& Zg3dte] 4UIt w3 wjef
o)¢] crude extract& o] SDS-PAGE A7/|E5o 8 FAx} UP LAY
que +usgc
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A3d d7Z24 4 23

1. &% A=A YWY (Matsucoccus thunbergianae)2] mRNA Fe| L
RT-PCR

&7 A2z 84 2] nRNAE FA kitE o838t el AL F reverse

transcriptaseE ©| &3} cDNAE 43t YAHV cDNAE AV|¥FL

2 Holgt ¥(Fig. 1) ¥ primer® PCRE $33l&rl. PCRS 433t

Z 32} JHE Eo)3 unique band7} VFERUR] ¢t & 4] multi-band7} U}

E}utct. olg ¥t A3} PCRo|l AHE-¥ primer”t Heliothis 5©|3 sequence

o]7] Wi R AgHCrHFig. 2).

2. JUE §A=x}2] genomic DNA2] 22 Y

JHE RA=}S] genomic DNAE FE2Y37] €3t &FAZAEE
(Matsucoccus thunbergianae)?] genomic DNAE Ee|RASIL o|&
template® ARE-3to] glolld AHEE AW primer& ©]§ PRE +33tATL

67]12] 2% o8 PCRE 433t A} primerE 1F-4RZ} 1F-3R % 3F-4RE
AH2-%F PCROJA] 500bpoll Al 700bp Z7}8] product& ¥ it} (Fig.3, Fig.4)
o] wHHEL PROMEGA Co.2| pGEM-Teasy vectoro] ligation ¥ 3=
STRATAGENE #|A}e] E. coli XL1-Blue competent celle] =&t 3 LBoj
ampicilline(10ug/ml )=} IPTG(100mM) ! X-gal(100ug/ml)o] EFH ul=x]o]
Euslo] z}gt white colonyS& A AHANZE MYstHr). PrimerE IF
2} 4RE& AFEJ PCR productoll A 371, 1F&} 3RS AFR-¥} productollA] 27)
2] recombinant& AwWstaict

ol A HBAMELS wlYU¥ ¥ recombinant plasmid DNAE 2] A A%t
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2.(Fig.5) inserted DNAS ¥913}7] 9|3} EcoRIII AFtAAT AT F
A7195S B3l HUgt ZA3} Fig. 694 Eo] 5712 cloned 4714
cloneolA] inserted DNAZ} EQIE|ich. o] cloneES Z+zt JHEI-1,

JHE1-2, JHE1-3, JHE3o]2} @ 3ladc).

1 2

Fig. 1. Electrophoresis patterns of
synthesized cDNA,
Lane 1. A Phage- HindIII size marker

Lane 2. RT-PCR product

1 23 4 56 78 910 11 12 13 14 15 16

Fig. 2. Electrophoresispatterns of PCR product,

Lane 1 and 16 A Phage- HindIII size marker

Land 2 to 15 PCT product
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Fig. 3. The electrophoresis patterns of
genomic DNA of Matsucoocus
thunbergianae.

Lane 1 : A Phage- HindIII size marker

Lane 2 and 3 : genomic DNA of

Matsucoccus thunbergianae

Fig. 4. Agarose gel electrophoresis patterns of PCR product.
Lane 1 : A Phage- HindIll size marker
Lane 2 : Primer IF and Primer 4RE long band(JHE1)
Lane 3 : Primer 1F and primer 4RE short band(JHE2)
Land 4 : Primer 1IF and primer 3R& band(JHE3)
Lane 5 : Blank
Lane 6 : Primer 3F and primer 4RE long band(JHES)
Lane 7 : Primer 3F and primer 4RE short band(JHES6)
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Fig. 5. Agarose gel electrophoresis patterns of transformants.
Lane 1 : Aphage-HindIll digested size marker
Lane 2 : Clone of inserted JHE1(JHE1-1)
Lane 3 : Clone of inserted JHE1(JHE1-2)
Lane 4 : Clone of inserted JHE1(JHE1-3)
Lane 5 : Clone of inserted JHE3(JHE3-1)
Lane 6 : Clone of inserted JHE3(JHE3-2)

1 2 3 4 5

3. Genomic DNA sequence ¥4 W A

Recombinant DNAS] @7]ME& E£A317] ¢13to] DNAS B=|3 ¥ Sanger
9] dideoxynucleotide chain termination ¥hg-& 43§t F automatic
DNA sequencer(PERKIN ELMER Co. )& AMZ-3}9 reading 3}4itT}.

Clonel& 762bpE 14523 ©] nucleotide sequence& NCBI2] BLAST
programg ©]-£3}o nucleotide sequence homologyE H|Z sl & Az}
Heliothis virescens?] juvenile hormone esterase®] cDNA sequence2} <
45.8% homology® X @3 Colorado potato beetle?] JHE -F2%}g]
sequence$} ¢t 45%2] homologyS E.¢tl. Zz]'Hd# ¢l Juvenile hormone
esteraseo] UF A= AL AFEY Meloln @A ZFolAH &

(Lipdoptera)ol] <&3}=  tobacco burdworm(Heliothis virescens)2}
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Fig. 6. Agarose gel electrophoresis patterns of digested recombinant
DNA.
Lane 1 Aphage-HindIll digested size marker
Lane 2 Clone JHE1-1 digested with EcoRTI
Lane 3 Clone JHE1-2 digested with EcoRII
Lane 4 Clone JHE1-3 digested with EcoRII
Lane 5 Clone JHE3-1 digested with EcoRII

Colorado potato beetle(Trichoplusia ni), Cabbage looper FollAqte] &
72 g Atk JHE 222 homologys 3ol wald A xlo]7}
v}, & LB &3= Heliothis®} Cabbage looper?] AEA42 2}z
45%2} 47%0|glcth. ol ¥ AHUE clonelS &HAZARHHSY putative
JHE f-2xI2 Al= ¥}

38, putative clonel-2 genomic DNAo}7] uwf&o] intron® EUIE 4
0l7] wj&oll homology7} W ZoZ AzHch (Fig.9, Fig.10 )

Putative clonel& Heliothis virescens®] 1271 nucleotidefE| 728
nucleotideZ}X] homology7} Q= ZROE Kol o] {§AA= JHE gened)
upstream ¥-¢|E€ AlEE o #¥al full length clone& 3'-2} 5 -extending
WHog 23 9= Folth. ¥ putative clone3S F7|AE 440bpE F

dEojgl: H7Igd2> human3} E, coli?] valyl-tRNA
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synthetase(Valyl-tRNA ligase)®} 50% homology& X.oJF 3 ¢lt}. ofm|i:=

Ay Ao E, coli®] valyl-tRNA synthetse - x}e} 71%2] Hd5/do] B

Acrh(Fig. 11)

T7 (5') 1- GOOGTHECHE GOTEAGEGHA TCGCGTGGAC ATGGGCCTCG TCCACCGGCT - 50
SP6(3') 1- CCGCACGGCC OGAGTCGCCT AGCGCACCTG TACCCGGAGC AGGTGGCCGA - 50
T7 51- TCGCCGACGC CTCGGCTATC CGGACCATGA GAAGAAGGTT GCCGCTGGCA -100
SP6 51- AGCGGCTGGC GAGCCGATAG GCCTGGTACT CTTCTTCCAA CGGCGACCGT -100
T7 101- AGTCGGGTCA GTCCCGGGTT GAATGCGCCG AGCACATAGG TCTGCGCGTC -150
SP6  101- TCAGCCCAGT CAGGGCCCAA CTTACGCGGC TGCTCTATCC AGACGCGCAG -150
T7 151~ GAGCCCGGCG CGGAGCGGCG AGCGGGCTAG GTCCACGTCG TCGGGCGTGA -200
SP6  151- CTCGGGCCGC GCCTCGCCGC TCGCCOGATC CAGGTGCAGC AGCCCGCACT -200
T7 201- AGATCAGGCG GTCGGGCGTC ATGCGCGCAA CCAAACGCGG CGCGACGCGA -250
SP6  201- TCTAGTCCGC CAGCCCGCAG TACGCGCGTT GGTTTGCGCC GCGCTGCGCT -250
T7 251- TTGGACCCGA CACCGTATCG TGGCTTGCGC CGGCGACAAG GCGCGGGAAT -300
SP6  251- AACCTGGGCT GTGGCATAGC ACCHAACGCG GCCGCTGTTC CGCGCCCTTA -300
T7 301- AGCTGCGCAG CGGGGTGCGC CTCGACAGGA GTATCATCAT GGCCAAGGCA -350
SP6  301- TCGACGCGTC GCCCCACGCG GAGCTGTCCT CATAGTAGTA CCGGTTCCGT -350
T7 351- GCGGCACCCG AGGCGAAGGA CGGCGCGCCC AAGAAGACCG ACGGCATCCA -400
SP6  351- CGCCGTGGGC TCCGCTTCCT GCCGOGCGGG TTCAACAGGC TGCCGTAGGT -400
T7 401- CAAGCCCGTA ACGOCCTCCG CCGAGCTCGC CGCTGTCGTG GGCGAGGGCG -450
SP6  401- GTTCGGGCAT TGCGGGAGGC GGCTCGAGCG GCGACAGCAC CCGCTCCCGC -450
T7 451- CCATGCCCCG CAGCGAGATC ATCAGCACGC TGTGGGAATA CATCAAGACC -500
SP6  451- GGTACGGGGC GTCGCTCTAG TAGTCGTGCG ACACCCTTAT GTAGTTCTGG -500
T7 501- AACAACCTGC AGGACGTGAA GGACAAGCGA CAGATCAACG CCGATGCCAA -550
SP6  501- TTGTTGGACG TCCTGCACTT CCTGTTCGCT GTCTAGTTGC GGCTACGGTT -550
T7 551- GCTGGAGAAG ATCTTCGGCA AGAAGAGCGT CACCATGTTC GAGATGAACA -600
SP6  551- CGACCTCTTC TAGAAGCCGT TCTTCTCGCA GTGGTACAAG CTCTACTTGT -600
T7 601- AGCACGTTTC CGGCCACGTT AAGTAGTCGC AAGGCAGCTT GATCCAGCGG -650
SP6  601- TCGTGCAAAG GCCGGTGCAA TTCATCAGCG TTCCGTCGAA CTAGGTCGCC -650
T7 651- CGGGCGGGCC ACGGCGCCGG GCGCGACGGC GCTTGCGATC GCCATGCGGC -700
SP6  651- GCCCGCCCGG TGCCGOGGCC CGCGCTGCCG CGAACGCTAG CGGTACGCCG -700
T7 701- GAATCCCCCT TGAATCCCGC GATCGGTAAG CACTACTTAC ATATCGCTGA-750
SP6  701- CTTAGGGGGA ACTTAGGGCG CTAGCCATTC GTGATGAATG TATAGEGALE-750
T7 751- GCGCGGCACG cc(3 ) -762

SP6 :

Fig. 7. Partial sequence of the JHE]1 started from
T7(5'->3') primer and SP6(3'->5 ') primer.
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51

10t

151

201

251

301

351

401

GECETROCHRE GETCAGCEGA TAGTCGACGT AGTACAGCGT:GTCGGTGACG

CAGCTGCA TCATGTCTGA CAGCCACTGC

CGGGTGGACT CCACCTCGAG GTCTGAGATC GCGCTGCCGC TGCCCGGATC

GCCCACCTGA GGTGGAGCTC CAGACTCTAG CGCGACGGCG ACGGGCCTAG
CCAGTTGACC ATGTAGCGAT CGCGGTAGAT GTAGCCCTTC TCATACAGGG
GGTCAACTGG TACATCGCTA GCGCCATCTA CATCGGGAAG AGTATGTCCC
CGACGAACAC CTCGAGCACC ACTCGGGCGT AGGCGTCGTC CAGCGTGAAG
GCTGCTTGTG GAGCTCGTGG TGAGCCCGCA TCCGCAGCAG GTCGCACTTC
OGCTCGCCGA CGTAGTCCGC GCTCGCGCCC AGGCGCTTGA GCTGGGAGAT

GCGAGCGGCT GCATCAGGCG CGAGCGCGGG TCCGCGAACT CGACCCTCTA
CATCGTGCCG CCGTACTGGG CGCGCCATTC CCAGACCCGC TCCACGAACC

GTAGCACGGC GGCATGACCC GCGCGGTAAG GGTCTGGGCG AGGTGCTTGG

OCTCGCGGCC GATCTGCCTG CGGCCCGAGC CTTCCTCGAC GAGCCGGCGC
GGAGCGCCGG CTAGACGGAC GCCGGGCTCG GAAGGAGCTG CTCGGCCGCG
TCGACAAGCG TCTGCGTCGC GATCCCCGCG TGATCGGTGC CGAGGATCCA
AGCTGTTCGC AGACGCAGCG CTAGGGGCGC ACTAGCCACG GCTCCTAGGT

CTTCGCGCGG CGGCCCCGCA
GAAGCGCGCC GCCGGGGCG

Fig. 8. Partial sequence of the JHE3 started from

T7(5°->3") and SP6(3'->5') primer.
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Fig. 10. Compare of nucleotide sequence of Helioyhis
JHE and putative JHE1 Clonel.
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pir|JSYECVT valine--tRNA ligase (EC 6.1.1.9) - Escherichia coli
)gi|43302|emb|CAA29322| (X05891) valy|-tRNA synthetase
[Escherichia coli]
Length = 951

Score = 155 bits (389), Expect = le-37
Identities = 71/141 (50%), Positives = 102/141 (71%), Gaps = 1/141 (0%)
Frame = -2

Query: 433 RAQRMRGRRAKWILGTDHAGIATQTLVERRLV-EEGSGRRQ | GREGFVERVWEWRAQYGG
257

R ORM+G+ W +GITDHAGIATQ +VER++ EEG R  GRE F++++WEW+A+ GG

Sbjct: 64 RYQRMQGKNTLWQVGTDHAG | ATOMVVERK | AAEEGKTRHDYGREAF | DK | WEWKAESGG

123

Query: 256 TM|ISQLKRLGASADYVGERFTLDDAYARVVLEVFVALYEKGY | YRDRYMVNWDPGSGSAI 77

T+ QHRLG S D+ ERFT+D+ + V EVFV LY+ |YR + +VNWDP  +Al
Sbjct: 124  TiTRGMRRLGNSVDWERERF TMDEGL SNAVKEVFVRLYKEDL | YRGKRLVNWDPKLRTA!
183

Query: 76 SDLEVESTRVTDTLYYVDYPLS 11
SDLEVE+ +++++ YPL+
Sbjct: 184 SDLEVENRESKGSMWHIRYPLA 205

Fig. 11. Compare of nucleotide sequence of putative clone3d and

E, coli valyl-tRNA synthetase.
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4. Baculoviruso]A JHE §A=te] wal o A

4-1. mRNA?] &% ¥ PCR

>

ZA ZA Y total RNAE £2 BA HUL 1% agarose gel&

o5t 4ustedr) Fig 12014 Uehdulel gol ¢41 2=
total RNAL: 28S rRNA®} mRNA2] bandE& & 4 alglch FAH RNAZF-E
mRNA 2] kitE o] &3l ZFAF ¥ cDNAS YA thd PCRE F-331A

THFig. 13.). $ZH DNA Zol& 4kbiE thgdt A7]8] chigo] 485
olch

4-2. Full length JHE A =12} cloning
Full length JHE §-#HX}E cloningdl’] ¢35l 7|23 ¥ JHE clone 1
o] @/l EEHE reversedFOF 5 ‘-TCCGCTGAGCGCGGCACGCC-3” primero}
forward®}3¥© 2 5'-GCGATCGGTAAGCACTACTTAC-3’
primer& ¥/gstact. JHE cDNAS templete® 3}o] $1¢] primer&& AHE-
3‘-end®} 5’ -end expending PCRE 43§13} ¥ T-easy Vecter(Dakara Co. )oll
ligation §+¥ E. coli XL1-Blue celle] E{I3te] AHuR|oq FAAH
A& st
ALE FAARNES BF oF 2.1kbe} 1.8kbe] insert DNAE ZiL
glaltHFig. 14). ZAR% virus DNA ZA|E £13 DNAS] A}t JZAAE=E
7] $18te A FF AP} HLE Astd AY B4 A=E P
AcrHFig. 15). A¥ HL% BamH I, EcoRI, Ncol, Kpnl, Xbal, Xhol

5o ANF97t e Btk

4-3. Recombinant DNAconstruction
HollA insert DNA ¥ X3 DNAE BamH] 02 AT ThE o]
DNAS Z&3}o] Invitrogen A}2] Baculovirus Bac-N-Blue?] BamHI H-$oi
ligation ¥t TR E. coli XL1-Blueo) E¢3}o] ¥ HAAFTA oA
insert DNAS] 23] %8 U7] 9i8to] Ban ] 02 VY THE A7) G5
3t} Fig. 160l X ule} zho] ¢F 2.1kb2] inserted DNAE ¥Q13}4
=3
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4-4. JHE §-A=}2] w4d

2|23t recombinant virusi= A ZF ALY wbyel uwhelM A 2T vha
Baculovirusoll Al JHEG-Axte] LS 7] ¢35l SF6 cellol floA A=z
% recombinant virusZ 0.5PFU/cel I A ZtdAIZ ¥ 100mé2] TC-10084A]
ol 2TTCE 497 wjPE TS AEE Y3 ¥ PBS buffer2 A3 t}
S 7m¢2] PBS buffer® x2|¥E}3}il ultrasonicationg $¥3le] crude
extractE® @3l o]E SDS-PAGER ¥Q13}githH(Fig. 17). Transfectants Al

L TC-100 uixolA] Zz}elxl oo} H2ue MEE dden o|E
crude extractd TS0l AJ|1F% slgrh A7 4% A dizFol 3
A chaide] 257} ¢ AL ¢ 4 ddch 2y dizee e
thlal band HElE B o] band7l JHE Hol# bandQlA| radioisotope
labelled culture systemE ©o]-& ¥Qldlojol & Zojr},

1 2 3

Fig. 12. Agarose gel electrophoresis patterns of
Isolated total RNA

lane 1. Isolated total RNA of M. thunbergianae

lane 2. Isolated total RNA of M. thunbergianae

lane 3. Size marker DNA
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Fig. 13. Agarose gel electrophoresis patterns
after RT-PCR.

lane 1. Amplified DNA of M. thunbergianae

lane 2. Amplified DNA of M. thunbergianae

lane 3. Size marker A HindIl digested DNA
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Fig. 14. Agarose gel electrophoresis patterns of full length JHE
DNA.

lane 1. size marker A HindIlldigested DNA

lane 2. full length ¢cDNA of M. thunbergianae

lane 3. cDNA after 5'-and 3'-end expending of M. thunbergianae
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3 4 5 6 7 8 9 10 11 12 13 14 15

Fig. 15. Restriction Map of JHE full length cDNA.

Lane

1.

Lane 2.
Lane 3.
Lane 4.
Lane 5.
Lane 6.
Lane 7.

Lane
Lane
Lane
Lane
Lane
Lane
Lane
Lane

8.
9.

10.
11.
12.
13.
14.
15.

size marker ADNA HindIll digested
digested with BamH I
digested with Bglll
digested with Cla I
digested with Dde I
digested with EcoR I
digested with Hincll
digested with HindIll

digested with Kpn I

digested with Nco I

digested with Sac I

digested with Saa I

digested with Xba I

digested with Xho I

size marker A DNA HindII digested
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Fig. 16. Agarose gel patterns of recombi-
nant Bac-N-Blue-JHE DNA.

lane 1. Size marker

lane 2. BamH I digested recombinant
DNA
lane 3. Intact recombinant DNA

_88_



Fig. 17. SDS-PAGE gel electrophoresis
patterns.
lane 1. Crude extract of Bac-N-Blue JHE

recombinant cell

lane 2. Control cell crude extract
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Aux 27N EHel MY

A1d a472] 2974
1. ¥zt A3 F2%
M4(|/E, Pinus thurnbergii)S @Mo]l W Ayt EYZAAME
2 zehn F - slEe msis FL fejutel AAt]Y thEHA £FL
2 oalx gt 2y 19639 A 1EF = ulFAHRMIL) A #HE
2 ulAEly] AR 4747k 9l(Matsucoccus  thunbergiane)s 19833 5¢
He ER7 57 ARt mid 4~5km FE¥ b b3t F2 SHTES
AEHoZ 7187 el sEUY B2V U2 Aol I w3
7} AH Aol 53] Mads Bl U dAsigA o] fXT Ad F
F, AE, BEA], FELE, LR, 1¥E, AL, BAEE AdF 4

AL

[}

thel ssee I msrt AT Holn At Hose JUL, FVTL
AX AE 3FF, F¢F ZALS dololztA] e kst glew

2R g ezE A FULE, AALE AA Fd ke €T,
AAE, A7tz 2 wsirt 48] Hejga 9= A oltHFig. 1).
ol¢} o] HrAsigrE whet b bstEA HE|ZE A3 HatHa glen
X E2 £ 18 Uy BL % FAL £33 Lo BRE Bl F3st
of AFHoz itttz 5A H3keZ Y 710] 24~25To| o] HHE H
Roll E01717] wiZol LALAI 7]o] AE = o gL= wEA Hr}
ol 3t WHA £ #Ea@ol uiFt XS ol & AEHY YA Y A=t
of-$ 323 EIKRE 7R3 de Reolth

&2 A7 d= Homoptera, Coccoidae #}(Cockerell, 1909) Margarodiaeft
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(Morrison,1927)  XylococcinaeBaf}(Morrison,  1927)  Matsucoccus/
(Cockerell, 1909)22 #&E|glon, & #HRAMNOT 34Mo] Figks ol dltt
(Rieux, 1975).

ghd 19804 FHE felviel EHERESEE] BEY ALl B8t
4:(1986) Matsucoccus sp. 2tal $REF3r vl Ql31, Park & Mill(1987)¢]
Matsucoccus thunbergianse®. RTE &3St

& o]l WY £HEH BHRE AMStLA 3= X2 Rl
gdolr  &3AZAEUE B HBABMOZAME  Coccinellidae,
Anthocoridae, Cecidomyiidae, Anthocoridae, Cecidomyiidae, Chysopa spp.,
Hemerobiidae, Formicidae, Miridae, Cantharidae & Fhdal¥E, 33|
H, Sye|E JuE Solzts 31%.S0(Anderson % 1976, Beardsley
1975), Argov & Rossler(1993)& X| 53| Z x| l(Saissetia oleae)?] A
Hog nxEH, Frdelf & & 178, Battaglia(1994) 52 ZAH
#|# Pseudaulacaspis pentagona®] ‘BA|o] FerH#e] Lindorus lophantae
7t #RayolelaL steich

¥ McClure(1986), Samway & Wilson(1988)2 3ol XHHl m3|&
F= Matcucoccus resinosae?] 93t X AIR}7} Harmonia axyridis®lil 3}
Hom, Gao(1987)= EXxRIZ|Fe| Dufouriella ater®] MEdzt FHikol
Matsucoccus matsumurasS HRICID &SP O, Erichsen(1991) &2
e |#e] Chilocorus nigritaZ} W& zZAMa| S, Hoebeke(1991) %
2 AvpFul#e] —8Q Anthribus nebulosus7t ZHAHEHY ERES BR
Yrlar 1A, Li.G(1980) 52 &AAZAAEHS Ko E HERRE T
WH % Xanotrachielliela inimica®, Schvester & Demolin(1984)&
Matsucoccus feytaudiE HR = =ANEE WL
&A= E e HAo2A  AnEe o HEEANE  AuE

_94_



Anystis spp.7} &RAZAHAS KEIri 31gOom(Ariderson et al.
1976, Beardsley, 1975), Grimble(1976)2 &7 AzAda e XBEXREl &
olfFely s}, Ji(1991) &2 ZA|AH M| Lepidosaphes salicinag Au]
¥iQ) Hemisarcoptes sp. 7} FA&IICIS st

g+ Cheng & Ming(1979)L XAl o3l Anystis spp. Fo]
Bacillus thuringensis B<& BESIEE &AW WEMF &
Fayolet slgom, £(1993)2 £Z WAL K2 Anl 19
S @ vt alch

ZA LS Mol FhdE THTF HY HREAE HEZAAYE
) # 2] Rastrococcus invadens®| 7Z%ZFW#S Gryanusoidea tegygiZt
%74 3htial 3}9l 3 (Boavida & Neuenschwander, 1995), Deng(1985)2
Anthribus niveovariegatus(Coleoptera : Anthribidae)7} Wzt =&
o] Ericerus pelao) &I #HEsIGAT. I Zhao(1990),
Spollen & Hoy(1992)2  Ae|Elotzpdellol HEFEEMe Aphytis
melinus(Hymenoptera : Aphenlinidae)7} #4ERICHAL #453%F v} Qlcl
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Fig. 1. Degree of damaged with black pine bast scale

in south region of Korea,
A ! Heavily infested areas,

B : Current infestation expanding areas
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2. &3 8
&7 AR DL Fig. 2 o9} o] U4RL ¥3 F 23 43S AA 4
o] Hi BoA HelS i, £31L 3BUFE AA §o] Hol 450l
L fAHEE shs Boldt AlE 717 3 o=A(Fig. 2) 13 &
A(AF=p: 2AFA)s WARATIE sl uhet cha Hole Yot 3 &
&N 59 F£7 02N I peak X Yol uwhe} xjols} glont 34 3}

&~44 FeHolth

A -
- Basching: pamel e

Fig. 2. Life cycle of black pine bast scale,

|-— d : egg — first instar nymph — second instar nymph — third instar
nymph — pupa — adult male — complete metamorphosis

L 2 : egg — first instar nymph — second instar nymph — adult female
— incomplete metamorphosis
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Nymph(3rd instars) Pupa

Female( %) Male( &)

Fig. 3. Each stage of black pine bast scale.
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ZARHAFA)E B51(1992d VLR EYH A 31 43) £AAAR
Mol 7122A BE Ao] PIAAUE, RAUkAUT, HelthauE,
Elol S AAUR $& #&T ul 9o} o] T KRE 1 vinyl house
Uold 2t 7|74 Be] YyHos $AAZA G HEl 2 A
o o3t Aztg ot YA AE DA B Arjel ofy oplelqe &

L (R ) ol cigddnslis 448 SAdS ®EUTH

H2d AFAUER

Ao % sF YAl I LA Mt AFHS =Y, FH/A
2ozN 1A YALAE v Wi 7SS AR FAAA
BARLE golv WY F/ARE A vEs AUTh

Selvetel e &RAZAREY T ZAE AFHL 2 16F0] ZAEHNE
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1. 2218, 71478 A[=zA

1-1. &AAZAEd &, 4F, &, 43T N 2Y
A=A}
1-1-1. F35E - 5, 2FA), A7 A3F

1-1-2. BHFFE - 23§ 2 A¥FMA), A3F
1-2. £¥AZAEY] &, 4F, &, 3ol 71783k= 71874
ARz

1-2-1. 2357 714878 ze] & 7184
2. £4478A449 dIAS

2-1. U3 - £83AEY

2-2. ARy B YL YGRE LY A

15-18C =7 &A=zt ciFEgste HHE F
ot FEL 40cn A= Ay, &FAZAAE 7} &l HFH
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A4d 743 4 2
1. A2 xAH1999. 10. 20 71x] ol d3})
1-1. 3+
&7 82722 Ao T A 1999.10. 20U 7R o] AX ZAH RHFE
2T 23Fc HREAE 118 AAEEE 28, x=IAE 78 €A 9
B 5 & 48 29%oigeni(R 1), °olE % Coleopteradi Coccinella
septegpunctata(Bd5del),  Chilocorus  urbidus(¥-Fufo]Fwhdd),
Chilocorus ruwanae(F-Hd|), Chilocorus kuwanae(oll ¥ vlo] i)
7} Hemipteraol A= Sphedanolestes impressicillis(T}a]F]Z=2]) &
o], HymenopteraollA|i= Camponotus obscuripes(-&7}&7lu]), Brachyponera
chinensis($27Wu]), Vespa carbro flavofasciata(id)So] UAul w7}
EAY Pl @y MEo|P e, H3] Coleoptera?] Coccinella
septempunctata, Chilocorus ruwanae, Hemiptera®] Velinus nodipes:= Tl

FASRE Hobd HAH Q24 o] A7 w2 AL E MTiFEATh
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Table 1. Natural enemy of black pine bast scale (Insects)

Order/Family

Scientific name

Korean name

Remark
#Frequency

Coleoptera

Coccinnelidae

Staphylinidae

Carabidae

Dermaptera
Forfidulidae

Hemiptera

Reduvidae

Coccinella septempunctata L.

Chilocorus rubidus H.
Neotriplax lewisi C.
Chilocorus ruwanae S.
Anatis halonis L.
Chilocorus kuwanae S.

Neotriplax lewisi C.

Creophilus maxillosus L.
Philinthus spinipes
Lathrobium angulare L.

Perigona nigriceps

Forficula scudderi B.
Forficula mikado B.

Sephedanolestes impressicollis S.

Velinus nodipes U.
Cydnocoris russatus S.
Harmonia acyridis P.
Haematoloecha rufithorax
Isyndus obscurus D.
Velinoides dilatatus M.

AN FFE
3 Zulo] Ry
F3dd

g5 73

oj&uro} FEHd

aled!
FEEud

SEEEREEE

Z8ol AN
=g FAEE

EEESSENER)
CEERCE
EEE MR

3OOK

K
3 %K
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Table 1. Continued

Hymenoptera

Formicidae Leptothorax congruus S. Rz 7t 700 %
Camponotus obscuripes M. - 71&711] K
Tetramorium caespitum L.  FE77| %
Pristomyrmex pungens M.  ZLES 717 iié
Formicatusca japonica M. Z 71| #
Leptothorax congruus S. A7 %
Brachyponera chinensis E. 437 1] #

Vespidae Vespa crabro flavofasciata C. =9
Vespula rufa schrenckii R. o gy

Total 4 Order 7 Family 29 Species

1-2. A&

&4 AZAE ol tit AnFe FHS R 2004 B il o] #10
#t 2780] RAIE| =t Argipoidae#t 8%H, Agelenidae#t 1M, Atypidae®t
1%, Lycosidae®t 58, Oxyopidae#kt 18, Pisauridae®t 3%, Salticidae}
3%, Thomisidae#} 28K, Theridiidae®} 188, Tetragnathidae® 28 %o|%l
on, o|& % Argipoidae® 8] Argiope bruennichii(1Z#An]), Nephila
clavata(F%7nl), Argiope amoena( &3 An]), Neosscona nautica(FE#
n]), Araneus fuscocoloratus(H¥An]), Lycosidaef8] Paradosa
pseudoannulata( S5t Anl), Oxyopes sertatus( St EAgtAUAD]),
Dolomedes sul fureus(ETtAn]) So] u|x3d wAlelo] WAL} wAul w7}

w2 WSl drh
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Table 2. Natural enemy of black pine bast scale (Spiders)

Remark

Order/Family Scientific name Korean name
¥ Frequency

Argipoidae  Neoscona soylloides ~— A5olgl4A 7] %

Argiope amoena A %
Cyclosa octotuberculata *1 5 3 H 2| A 1) #
Argiope bruennichii 1358 A O X
Araneus ventricosus — AFSA | #
Nephila clavata F3AA X
Neosscona nautica HALAN O
Araneus fuscocoloratus %A v #
Agelenidae  Agelena limbata SEAn #*
Atypidae Styus sp - 3
Lycosidae  Paradosa astrigera 5o A #
Paradosa pseudocnnulata S5t A 1) %
Paradosa sp = X
Pirata sp - #
Lycosa suzurii F5 A A %
Oxyopidae  Oxyopes sertatus G2 AU AT O
Pisauridae =~ Dolomedes stellatus =37 ®
Dolomedes sulfureus  F%3A7 K
Perenethis fascigera H ) A B %
Salticidae Marpissa elongata EARF AN #
Dendryohantes atratus 7tA7ZF A7 *
Evarcha albaria A=W AFEAT %
Thomisidae Xysticus sphippatus ) S Al A1 %
Tetragnathidae  Philodromus subaureolus 2] -$-AA ] #
Pachygnatha clercki g A n P
Theridiidae  Tertagnatha clercki id 2 el b
Theridion octomaculatum SRRV AT) %

Total 4 Order 7 Family 29 Species
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1-3. }F5E

HE3E5ES tiYoE st &4AAAEHY AF 22N 2R(BR)AA
L % 304 RL uiel Zo| 2H 4F 108fic] ZA}E|o] Muscicapidaef} 2
fi, Motacillidae® 1%, Paridae® 4%, Laniidaef} 18, Sturnidaef®t 1
#, Corvidae® 1ffie] =ZAIEgen o] %  Muscicapidaef}e]
Paradoxornis webbiana(B-&m g Bo0]), Paridaeft®] Parus majoy(
A}), Laniidae®®] Lanius bucephaius bucephalus(mj7}x])5o] EHNET}
E9rom 53] Muscicapidae#®] Paradoxornis webbiana(B-om 2] QB
o) Aol 2etE APt & of&nkE FHe P S
oA AABEA &R 7 An|Aisty] Slsto di$e] ®d
of el 34 33keZ e 449 steFol W /MAEe] &332 7424
o] Bt Mo} EASH] $iste T EE gol BAS FE3L
2L 3oz AL JlvEE Folart

Table 3. Natural enemy of black pine bast scale(Birds)

. N Remark
Order/Family Scientific name Korean name
¥ Frequency
Passeriformes
Muscicapidae Turdus nawnanni naumanni =ZFH WA #
Paradoxornis webbiana Beogd B Fo]  mH¥
Motacillidae Motacilla grandis Sharpe Z R i | £
Parus ater amurensis
Paridae kA Y
Parus varius varius Temminck.
& o] #*
Parus majoy wladivostokensis
vk % %
Kleinschmide.
) aes
Parus palustrius hellryri
Laniidae Lanius bucephalus bucephalus ) 7} %] 3 ¥
Sturnidae Sturnus cineraceus Temminck. R a2 7] £
Oriolidae
Corvidae Garulus glandarius brandtii E. X pd

Tgtal 2 Order 6 Family 10 Species
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ZAE WY ZFo| = Muscicapidaed| H-2m 2] LEEo|(Paradoxornis
webbiana), Paridae®] “}AN(Parus majoyminor T & S), Laniidae2] wijz}x]
(Lanius bucephaius bucephalus)7} @RI =7} &9ith

Index : Natural enemy of Black pine bast scale, Matsucoceus thunbergianae

Fig. 6. Demaged trees of pine bast scale, Fig. 7. Velinus nodipes(Insect),

Fig.9 Coccinella
Fig. 8. Neghila clavata(Spider) septempunctata( Insect)

Fig 10. Componotus abscuripe Fig. 11,Paradosa sp. Fig. 12, Paradosa astrigera
(Insect) (Spider) (Spider)
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Fig. 13. Araneus ventricosus (Spider) Fig. 14. Lycosa sp (Spider)

Fig. 15. Parus varius varius(Birds) Fig. 16. Pirapa sp (Spider)

Fig. 17. Paradoxornis webbiana Fig. 18. Dolomedes sul fureus
(Birds) (Spider)
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Fig. 19. Development of mass rearing methods of the pine bast scale.
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Fig. 20. Control of the pine bast scale's life stages.
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