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SUMMARY

I. Title

Studies on the Development of New Insecticide from Natural Pro-

ducts(l)

II. Objectives and Importance of the Research.

Agricultural chemicals which are used massively as insecticides,
herbicides and etc, for increasing the agricultural production have
brought the unexpected social-problems related with excessive use,
abuse, cummulation, residue and etc., and further, induced resistant
strains of pests. At present, the more improved techniques must
be used for overcoming these problems.

Advanced nations including U.S,A. and Japan are trying to resol-
ve these problems, and as a method, to use the metabolites of mi-
croorganisms for protection of crops, livestock and human. There
are three cases ot success from theilr research, that is, avermec-
tins, tetranactin and milbemycins which were or is being commerci-

altzed by companies.

Because the research of this area is the early stage of develop-

ment and there are successful examples, there is much possibility
of development of the new pesticide. In addition, we have the ad-
ventage of natural circumstances which may have different strains

of microorganisms from other countries,

In this research, we collected soil samples from various sites,
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isolated different Actinomycetes morphologically, cultured the strains
under experimental conditions and screened insecticidal activities.
We established the simple and more reproducible method of first

screening for selecting active strains of Actinomycetes.

li. Scope and Contents of the Research

1. Soil samples of different circumstances were collected from
various sites of the whole country.

2. The number of isolated Actinomycetes type strains were check-
ed according to soil characters( site, pH, moisture ).

3. The first screening method for selecting active strains of Ac~-
tinomycets against brown planthopper was established,

4, Antimicrobial tests with selected strains were carried for ex-
cluding known strains,

5. Promising strains as candidates for new insecticides were cho-

sen through the above experiments,

V. Results and Recommendations

1. The total number of soil samples from various sites was 941,
which was composed of 127 from Seoul and Kyonggi-Do, 496 from
Choongchung - Do, 218 from Chulla~Do, 12 from Kangwon~Do and 88
from Kyongsang-Do,

2., Collected soil samples were classified into three parts accor-
ding to site characters, that is, humus soil 14 % , forest soil 35%

and agricultural land 51% . Seventy percents of total soils were
8



below pH 6, and 40% were in range of pHb5 to 6, especially.

3. The number of isolated type strains was the most in humus
soils and soils of pHS to 6. In view of the water content, strain
numbers from scils in range of 10 to 30% moisture content were
much the same,

4, In order to establish the first screening method for selecting
active strains, the reproducibility of insecticidal activity was exa-

minec using brown planthopper, larvae of Bombyx mori and Musca

domestica. Cases of B. mori and M. domestica were better. But,

considering preparing test insects and simplicity of screening, the

use of M. domestica was the bes-

el

>, When insecticidal activities were screened according to the
above method, 225 strains showed insecticidal activities and 12
strains growth regulator activities, of total 3,056 strains isolat-
ed, Active strains(237) were checked on antimicrobial activity ,
and 21 strains showed no antimicrobial activity under experimental
conditions (0.7% of the total strains ).

6.Final 21 strains showed good insecticidal activities against
brown planthopper.

In this research, we could select strains of Actinomycetes with

good activity against brown planthopper. Humus soils or pH 5-6 soils
is good for isolation of Actinomycetes strains. We concluded that

the best screening method is the use of M, domestica first, and

next B.mori and brown planthopper, considering reproducibility,

simplicity and convenience of the bioassay.
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M1 A& A =

eEY el Ed EBIHAxed wgog <sled Royalty A8 Ego
ZhEHU R, $HUEE AEE ZAAdATLE orjn Jde AJAZEN o
A AAH dESgEizg 2 AQJUE oA FEI AAAMEHI = A 3§

a8 Agel ol=A HU. oldT vBe IEY & Yr wPosz

AEE Fade o7 WRlel ®Weol AT aFdAE vAES ol
¢ AFE I heAde]l EL Rokolw, aFS oo REA A= A
A, @A, d9zAA, saAHAT dUHeR HFTATIE ol FA ;L gl
A AdE JdER Aol clzz Ao Iy A EFet RFEA SlojAME
Hlud 4AFF HHIYd #AE BS AFAE 1A RIded, ZHd &

AMEA HIAH ATZ we BA

tiio

8 dodn AT EF DAEF

=5 wAFe FRe ASHH FHL e olAYA 2EL YA I

oA 19303t o]¥F <39 antibiotics o] wWAFIA HEH ASolm?
HZdle 4AFAe Ade2A7A] e S HoFd wE ¥ Rrpl A
Zo] A ILE AAFA =HAoh

71E 38t Tkl dig AAg AEEAH A vg fElvel A9t
otz AAZFQA FA oAz mRATIRdA dE, 0FFEE w23} MR
FAMAE PAEe dAKIES ol§% FR"EA #HFHA 71e NP JAS
3 dA7Foly, AFFHe dAFZAIM}E  avermectins, tetranactin, milbe-
mycins 52 4FA7F AHs HAAY Ads Ao A olFHEd 0 AE

Boke] ERE FHFPN $48 A2Fe JRBPHE 9o BA2d o
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AHE obzkx Mzks Bl wARA fYche ol

o] Fofl Wi die A=A xE AE 7] dAd Uz,  Ard el

o,
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BEY
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—
30,
2.
s
o
r

> guideZ} 8 < UoH, g EGT P4
& 2 AHH FAd we 55T xelE Holn glerBR  AAHA
g fElvey A 2Eed gL JidE i 5 A0l dE A FHF

ol X|gdo] Hud MNzg AFA g, & AEF FHEYd AL ¢ =

[ "=siet =9 )

FHl M FF ARG AAAE g4 Es3 840t FAOY H:
of ostd Tl FFE AMEsA @& AT AAFHe=E 33.8%9 &
& HolA HM E3F ofr|o} XY (43.3%)° ©S A HHE UA @
i SHoh? 1980 ml=el Qlojx wWEFE FEol oF &4 insects
13.0% , diseases 12.0%, weeds 12.0% 5 & 37.0% 2A4 (¥} A}
PN E) Tz E o T80 EC o2z e ¥ aF FHFo 9
3 Fsefe Az Frigv ddh ol ¥ disAd dd S &
AL BHY DEZ MIFE FAEo] T3 dis) Aol F71 FHIAG,
2)s1Fe] FHEeo] AEHBERA AFA9 ARgel ¥ BadA HJAx, 3D A
ZAel g Aol FUHHAUH. 4) ELdIEL] A&KHA AMFrlE FAE
of &zoly F(E) W3Vt ZFaHUR, SH)HZIE HEolv HAFT WH
2 39 AMAAHE AFTsA He dHHAEHA BE FL A+
vake] A9 1960dul olF A9 HU HH FHolgt st w{FF, o
st WiEE HEE FFEY AT [NV HAHIHA O+ BES FFRS

i3
& g9 AFAE AMEEA HAZ, 22 AHAM FH AIAEE AZE
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Foz Y F Usled, e olzAMEe adHF g =4, 2-dE,
27 Ee 873 ZFAHTel A2E AR FAz JdFI A =HAd M
ooz olF &= Algziyl ¢ 1,4009d] olzm Yz xvie] AHuAm
b B FE5 FHAE RHela deov, FHHY A% AEAL wz=z A
AA e w#¥o] HyHo It e AAoH EF JIE€E Y v ddgH
Asdd g HFe HAF AEES HERI /Y T3 HIAH Fgod Wi
g WA 3 SoR FY AR FUHE UL, HIA olzIAe
FAEY R oz AT I AF EAVE dFEHEA O FHge #3A

7 HAEHs F olAle wr=A #Hddol & Aug AR EAI Hoivd A

ElYete] R (KkFRE) HI3H dAERE HAEP (1), FJ22 HHE
A E e sFozA oid EAV He ¥A ddd E7F4 A 2] o o]
°f 60 gthao] olz:, WWF WA AE 30 %tha o]do|n, olEE WA
3t7] siA Aol A9 4-10uje] eolz=3m UM wid AT @
< UAgH AH7t 28FHID e AdAolt 1989dxe] =Y Fef 7 A
e R Y viede F 2,9459dez2 M= wWlE 10.7% F7}
d93, 2% 43U 1,126 08 38.2%S AXAstn glow AAFE
€ Helxz Hddxel #H3jM 12%9 F71E RAGY U A& A
A (22) FEH(99,344,0008 )% 4247 33.5% (33,253,000 & )
¥ AR 9z 78 AL sY gAEFE EFANIOE g gdR, =
old Zoltf, &, MAL FFAFLS 1990de] 185¢E2 FAHFHT 93,

Oz A HAFA7F 33.4% = oF 6298 olE Hoeg UYIdHUG(FE3)
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Bl. F=E(KBIEFTH Y R WA 4%

2. gAd FANF('89dE )
(unit‘US 1,000 % )

CO 36,502(36.7 %) 20,2
A &= A 28,692(28.9 %) 15.8

AA CEH )

0.4

0

E
s

54.9

43.3

1.8

100




E3. MAd s AF Fo] A=

13,0001 13,300 | 12,800 {13,750 | 15,900 | 17,400 18,500

* 19833 % 7|Fog 3 d&F

[ ojdEo| Misies ASMHE )

19633 Streptomyces mobaraensis 9|4 piericidin o] Rzl o]lFx 1

Jee olgsd 434 BAL Fod: ATE I3 &

2
( Merck, Sharp & Dohme, Bayer, Pfizer, Sandoz % )& ¢E-74 (Kita-

AEE FEH O AP 7tz ) el AFAH 4ol #ul -HI FHIAW
( Table 4)
2712 wrEm A2 2AE5e Ao wERo i, 1y, JASE

AEANE FAH HACY FHEsed IO GAHE ZAS T dojx dagowy,
297]2e] QYEEZ o]83F Chitinase, Chitin synthetase % ¢ inhibitor

= 2} enzyme & IFoA AH FEZIAHAY AASe= AL o]&3F AL
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PIERICIDINS : 19633 Tamura® To] Streptomyces mobaraensis °l 4]

piericidin A (=A; )% B(=B;)E AL a3 ojF 19773 Yoshida

— 8 Q]

= Streptomyces pactum S 2FHE @& ¢ piericidins (A 0wBi-¢s

Cieey D1 D& E8 B3, £ 3FEL X@E pyridine ringol E
¥3t &4 (unsaturated side chain )7} E8EHE JelzA F2A Coenzyme-
Qs S £A3 A= mitochondrial transport systemolA] competi-
tive inhibitor® 28, g X ZEoAE respiration x} ¢} &} o
AFA4e Jeigit, a2y o]8ld respiration X9 i34+ & 2 FE9

Me #ASHA dojyr] dEC d8&3 HAe XIAG.

Table 4. Some Pesticidal Compounds from microorganisms.

structure . : .
compound cre microorganism activity remark
classification

piericidins? ® alkaloid Streptomyces highly toxic to
‘mobaraensis mammals
S. pactum
aureothin® aliphatic nitro-| S, thioluteus insect
benzene mites
tetranactin'® cyclic polyester| S, aureus nematodes | commercialized in
(macrotetro- S~ 3466 insects Japan (1973)
lide )
avermectins' | macrolide lac- | S. avermitilis | nematodes | commercialized by
tone MA 4680 insects Merck & Co.
(1986)
milbemycins'® | macrolide lac- | S. hygroscopicus| insects commercializing
tone subsp. acarides in Japan
‘aurelofaciens
nikkomycins!® | nucleoside S. tendae insects chitin synthase
peptide Tu- 901 acarides inhibitor

mites

20



(Continued )

structure . . .
compound ee L. microorganism activity re remark
classification

isariins'¥ cyclodepsipep- | Isaria felina insects
tide ( imperfect
fungus )

Nat-K*ATPase
inhibitor

L-681,110% insects

nematodes

macrolide
lactone

Streptomyces
sp. MA- 5038

chitinase inhibi -
tor

N-nitroso insects

amino acid

I.-alanosinel® Streptomyces

Sp,

macrolide insects

lactone

leucanicidinel? S. halstedii

macrolide insects

lac tone

L-155,175%

S. hygrosco -
picus MA-5285

allosamidine ¥ insects chitinase inhibitor

aminoglycoside | Streptomyces

sp. No,1713

DESTRUXINS 2} BASSIANOLIDE ; Kodaira ?’: Tamura® &, Suzuki® &

o] ZFo] HYUA FTHo]lHF< Metarhizium anisopliase] ujFefoir A
qrog 19-membered depsipeptide ¢l destruxins & ¥g RI3{FHI,
Kanaoka o] # ool HUAH FHo]H<2 Beauveria bassiana =2F¥ -
o] & T5E olgATII A= HAMANTII= AHAE o 24, D-a-hydrox-
visovaleric acid®} L-N-methylleucinee] Xdl2 4¥ZA ZFEH cyclic

2] 3l bassianolide 2} v 8}% T}

S

depsipeptide A¥E&
o] AREL HE=Ao] o1, £3 antifeedant effect 7} 2o o
2HEFEAE Aol Zsiy AEFA A= AEAo]l gigieouy, FHdd SoiA

| -

= destruxin®7} insect model°lA immunodepressant activityE
Wl 2, qAH oz oli e HIYHAAQJ] cyclosporinigp F2F F

AT gl7] W Eo] destruxinse] AN2F {8 dF7F R3PFolo], bassia-
21



nolide = 2% FE A¥L BN 2% % 8L 2= FE (acetyl-
choline, carbachol, pilocarpine, histamine, prostaglandin E, % )¢] ¢f
A Z3aE S UERTE Aol HEHA P AR #HE By o
AT,

TETRANACTIN : 19719 Ando & %  guluo] (Azuki bean weevil )
E A3 Iazor dlo ABAE AMNIAF, JdE Saitamae] Tsurugashima
o4 I EYoZRE] Streptomyces aureus S-3466 8 RadH, 1
el vl filter cakeo 2 HE AFEAeo] Hold tetranacting Il
o, 2 3IgEL 2 (Tetranychus telarius)oxE %353 A&E4HL e
e, Gramthadz HI7ER| A SH YA fumgidE a8& Jeldley 3%
FEAe AY 540 g Aez HI(LDg,»15% /%, mouse) Hoj, 1973
g AFdEigont AYsoldE  tetranacting] acaricidal activitye W $4-

ot ovicidal effect &= ©vleglr] w el olE SEEr] sirx &7]aA,

carbamate & &3 synergismE& o|&F HFEo] uwrEoXIE s} i
(dEFH, Mitecidin—c®%‘: tetranactin3d 4-chloropheny] 4>-chlorobenzene

sulfonate? 3ZE3Eo]i, Mitecidin—B®E'Carbamate9}51] 23EY ).

AVERMECTINS : EgurA oA 19791 avermectin®7} ¥ BuEd

A Az AgFE AN2E FJE WoldA €Uk Merck, Sharp and

Dohme Research LaboratoriesolA &= 7]|A &2 AAE9] Nematospiroides

debius & moused] HAYAZ] FE FUEE o83l AAH activity screen-
ing g 393, 9B Kitasato A FANANE EYoTRE EE3F =} uH)
Mg Madte A3, Shizuoka, Ito city, KawanaolA A3 E

JowBy FHeddHozg HE & Stereptomyces avermitilis MA-4680
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€ EEIHAUR, A7lclx HARHQ  avermectins 7} EASHA HIUT. ©| pro-

gram®] %% Screening SystemolA] E7|& Algte EE53J WA A

o
o

237  bioassay & A¥Y % vl 53] bioassayv AHSHEH FE4L
ggoaM g2 =9, A 2 AHABZt AgHIAN EHY asHy 54HE
A ¥ £ slve A o ayHo =z FEIHYPY, mEpA] 7] oA
QAE EBFEL FEFQA HaHRE THRIEMARE FA4o Al (e JHEA
of mWig F Zolzta AU, HdAIZ2 I¥A HAHGP

Avermectins = FxXog 16-membered macrolide lactone S J|EZF
Aoz 3dtd 2702] oleandroseE 2zt UE FEH e JPEEAN TIH9
TQ71AZE . AXE=F (nematodes ), A=% % (Arthropods : insect, lice, mite,
tick))ol disfid =25 4&* JedH, 2% J1Ee FEAC uiAe]l 3
v Z|AFdE a¥g& UYERATE o]A L avermecting] 2Z§riHo] GABA
of 93 neurotransmission SZAE PSS A2S 7)Aol 7] oFo]nd
ul2lx] GABA systemo] ZoEo] 3+ platyhelminthes (HFYFEE: &
5, ¥=7)dl= ageol gt nematode Z|AZFo WA= 7S] F&
4|l fenbendazole, levamisole, thiabendazole | B]s|A] 2-3 order
ojdel Z# 3 potencyE =T

Avermectin series 3%EE= 1 84 ZAxrgw B o A-series BUlE
B-series7} ] Algl&8Alo] 7}3lx, B-series Fo|A % Arthropod pest
o] A= BiarzF | BFAol 7}3H, corn rootworm® Diabrotica
undecimpunctatac] wisiA B2arz} AY Aol Z3A Yeldck o3t

At €l weli]  avermectin Br & FAE HIE(FAEL )2 LA

o]F avermectin B1 9 FTXF C22 ¢ C23 Alole olFZH gL 3IFHEFA

oz 3JIAUAIZl 22, 23-dihydro avermectin& 883 ooz JutE
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A HJAZ 2 wHE Ivermectinolglil 3P, FHIZde Ivermectin &

African river blindness2tal 9432 onchocerciasis ( AFA}EZ ) 9 2] o]
microfilariagl 3AAIA= (Onchocerca volvulus, Alge]l 3322 7]A
st I FFF, 7IAH HEY, dFFE FEANFH )Y FAY human drug
(MECTIZAN®)o = 21883 th® 19794  avermectin H3 o]F 7
Jd&Fel 19863 n©ulxe] Merck, Sharp & Dohme Co. oA AE3} EHo| Al

ol ZstsiA =R HMA 433 ARg 24 AN Rez dysa Y

tt.

MILBEMYCINS : 19744, Sankyo LaboratoriesolA 7}&¢ oH in-
secticideY} acaricide Boix ©] Z}23F biocidal activity & 2t =
macrolidesE& cruded AAejE Z3Hdzn JH® o] FFEL dE
] HokkaidoA|¥W KuttiandA] A3 E<oz He 2Hlg Streptomy-

ces strain B41-1469)] 9lsir AJAlE] Aoljglom, Fd B FFE8 B3

= A elA aerial myceliaiol “golden-yellow teardrops” 2o A&
22 A= oA 2 YL Streptomyces hygroscopicus subsp.

aureolacrimosus2t37 HWHINPG?® B I4F2REH A 23 BIE Ax
s A3, 19803 137019] milbemycin(a,-a,, B,-8;3) & Bedgn®,

1983 d°] F7}2 milbemycin D9 HE EISFIYG® I1F mutant E o]
£33 & HFEANESo ££& g RrRuHYT milbemycinsye FRF o=
avermectins & o}F RASHH], 7FA & zole Cl3 ¢ A9 a-L-oleandro-
syl-a-L-oleandrosyl groupe¢] ¢l AHeojt} milbemycinsg BA LS Aca-

rus (A =7] &), Aphids (AHEE) % insects BT »F AEAAL zZb

3 Ao HA dEAA A3 A YT
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22 Mg 2 @i

A1d EGANEAFH H Bdd &8 v
1. EY Algel

Yyt Yo EYLE UALE FE FA EY, Ag HIE, Wil ¥
AE B2 AFHstgo AFHOE BE 5-10cm Zolel EUGL Hslo A
H3, @5, AH AL FE 714, 4¥4de Rasyd EY Age 54 E
AHHE7] il EFH FY R FHTFE EY Asd 7 d5A7
* 333 pHE EY9 pHE 312 EYY 2 #§F2 AdE AzAR

EF FAE col&ste SAHAN.
2. wdzel FEe| 8 WY

EF A 0.5 Hd®E Ay A9s S« Y1 FES mng F
0.5 AL 3H3 0.00% SDS2 6% vyeast extract7} FH719 £ 4.5af
of Zisl 40°C #0208 WX, EIdE FHTUA 10°-107
o8 3JAMEm BAdA 0.1 L 50mp 449 cycloheximidest 20mg 4 2
nalidixic acid7} H7Fg W4T vl =g HAF B2 g9 o)
z] ( starch-casein-KNO, 8]%] )] A& Table 5% o =gy WAMF
22 wix= 30T ¥y wiFrielA TLdR wiF A7l o7dA dEd

a7 colonyE& wWFo]l& Al83led Bennet’s agar HiX|o] &4 By

sttt 30cCelA 7Y wFAR 4 FFELS 4TodAN RAFAUTH Ben-
net’s agar HjA|] FAL& Table 59 4,
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Table §, Media used for the isolation and cultivation of actinomy -
cetes

Starch-Casein- KNQO, soluble starch
casein
KNO;,
NaCl
K:HPO,

CaCOg

I MgSC)‘ . 7H 20

FGSO4* 7H20

l asar

Bennet’s agar medium l glucose

peptone

beef extract

yeast extract

agar
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A2d FAFY 2 H A4FA AAUYE FH

1. 2AS9 &H

Alggel AT 4FH B ALe AT AN AAE 2Fez ALg
gE W Yo e FATAATL ARIFUNA BFwol AL
stdom AmHEe B dTHAA Ad AgswEA Agel Agstwch

1) yYyHd 4+ ( Nilaparvata lugens )
HE 7o 7] A E2H FAYY] [FRE ARSI 241 (22-237C, 16L

: 8D, R.HT5% )olA Al ArgstaA Ade] AME-StH o

2) %o yu (Bombyx mori )
ARAN $%L& plastic petri disho] o] 25¢C, 18L: 6D, R.H. 65%

zAoE AYelA ALS3HA screening 3G 3 HolRe T ¥ AA]

3) A3e (Musca domestica )

FREE A3 2ae seld Ave 20wHE Tys AWM
Ad Argstach Aue Az ASLEE 25C-28C HEOW SEE
5% A=z FASAT. Holk ol dge =ZF ol IEagen 4
@ wAE @748 gol wHsa Agsgch A% #29 wHolze o}
A Amsh A48 1:1 A=z o) FIARoM FEE o Az A
HE fAsEt AgEel Ade JYANN e A sAsEen W
717k =71 HA w22 A¥el AgsuT
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2. o5y HEWH s

1) #gd7ot FYvrel el AR E Alge ZA

© = %

Felg WHad dFE  soybean-starch medium ( Table 6) 5 mo] &3}
of shaking incubatorolr] 28-30C 2 6Y A= ujgsiA .

@ F &

o] e @422 (10,000rpm, 10min, 4T )3 A wiF HEAEL
e 8til, #A= acetone 20mE& HIISl FEI uNE F O/KE8H F
g FEIHUG oMHE FEde AY FHd uiGF 59 WA HA
& Nsaz Agsgc

2) Aoy HA & Alndd 24
Eeld WAd d5F GAPY AR (Table 7)ol HFT F 287
2] incubatorolA T - 104z wiF3ty HFAE 3 FAA FHH A&
8t ot

3) FAFT A
© #ET

F2dez AHZ 107ElE8 EJsY CO, gas2 2% v 3NN F A
A& &7l W3 Almel 1833 HAAA wjgd HEES Ml FoeAid
Os Adle], ol F 3-5¢d E BAE 6-TFE P& AP (O3 X
20em ) ol o] ARSEGTE £ §H A¥g#$e 25¢C, 16L: 8D, R.H.
65% wwerldl RH@psden 24, 48, T2AIG ¥l PP AEFES
AF&tsd T,

EN
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Table 6. Composition of soybean-starch medium

soluble starch 10
glucose 20
soybean powder 25
beef extract 1
yeast extract ]
NaC] 2
K,HPO, 0.05
H,O 1,000 =£

Table 7. Composition of GAPY solid medium

glucose . 10
soluble starch 20
yeast extract 5
bacto soytone | 5
CaCO, | ]
Agar . 15
H,O 1,000 =f
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@ FAyol v
Petri-dishell 3% /3% 10vieie}l dAZe] QFAIRE Y1 Alad
200 ¢ & QIEAIERC AHZE oS BETY FUF AN AlEgE 24
3t ot
® Aot
GAPY iA|ujz|o] wigd HAd Al8el WHHZ|I7F =71 A §2 10
]S Yol 44Fol AFEE ZAEING £ AHE f3%o wdHr| €
Al TdF HdFoze gE9&S FAEIYG.

Al3d EEdE WAy 434 AR

1. 1X 454 HE

dEAd AR 4d¥ FFoE FJIAYE AT EQelA BEEF kA
@2 GAPY IAjufx|el] 7-10¢zF wids F, o] 122 Hdslg Zz
of Wel7]7} H7] 2AY #FE& 109y P31 4dFo] ALE &L A
Joh, £ AHI FFol HHZIZE @A TdFd HFoze gyggs A

St .
2. gy 4F

12} A8 AAMAM A4FEo] JAAHE dFEC U3 g3y HAAE

Escherichia coli, Bacillus subtilis, Candida albicans % A|7}x] ©}jA

= AR AT
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1) Agar plug¥hd
LB 114 uix]9)ol test TE XHF 0.75% top agarg Fof =
3l X, wix o] ulgE GAPY 2Auix|e] agarE FFZF Yo top agar

o] &¥lE3r E. coli, Bacillus+ 377C¢9], Candida+< 28 CeolA| incuba-

tion 3 A7 ALAM@os FY WAL YT

2) Paper disk “ii
Agar plug WA gFAEAE UEIA] g TIFES UALE paper
disk WHE& #yaigd, WddFel widd GAPY AujA]o] acetoneE ¢
i FEE g F FEFESE 58 agar plug Wde msiz =2
top agar 9] paper disk & 28 ¥F¥& ¥ 2@ wUHF
Ax paper disk fo] "Hojzma A7 ASFAXHPoE IFYHY L - #A A

27
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A3dd i = g

A1d EFAE AFH 2L g 28 - v %

1. B2 AlR2] MF

A=l 2 X9& ddes2 903 9¥€Yy 91d 6¥€e HX F 9417
9 EF ArE AHIIIH F8 AYE EY A AHIAYS Fig. 137
zith, AgWazeE AME-ANAY 12713, 2349 - 855 496 FH, dgd - 3%
2184, 4= XY 124, AAdG-HFE 88 HS°|UY. EY Z{HHEzZe =
7ke] EHulSe] AAY 14 % R, VIHEL 35%, A EYF 51% Soldth
g8 4 EY9 pHE F3s £ EA=2- pH 5-6 EFA B/} AM9
0% A== B BEXE U e® pH 6 olsle] A3 EGFGe  IAY
%F 0 %E AANEEL pHT o|He EFE ¢ 6% == =3 FHa& A

o2 YEC.
2. WMy =2l W Y

EQg] FHo o EeE HPHded FFY £5 2 BFH A EY
ojvp EH|9 ZASL7t Y EFA HE Fd A AdiHoR2 v BE
FHY PHAAEE A F Ae A2 Yy

5y, Fig.2& 4 EUY FHEUEZ EYY pHel weE& Iy a9
THe & 23§ A=A pH5-69 EY A5 A9l AdHeoz @
& FHe wHAFE B d £ de Aoz YEy,

Fig.3& #Ze Wyo=E EYY FF HFH @E elgd WHAded FTw
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ey paEe] A5 oz 2HF A

& 4 e Mz ge wAFY FHY F= B At Y EPo]
4 Bx EQ RS mRo $9% Aoz uehdoh
o) 4e AAsERY Hr} g PHFE 2sr] H8ME pH 5-69

57 FHE Ee HHlg A7t fEEHeE AE & AL

Fig. 1.
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Fig. 2. Effect of soil pH on number of types of
actinomycetes. A, forest soil; o, grass vegetation;
@®., cultivated soil
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2 g4 F HUIHY AgHE EY AISEERE £ 3,056 39 BN F
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A2zd A HAE TH FHY

12 424 AA wEe g9sy) 9% ddesd 44, WG 239 A
A58 A sk A WG A8E AEs SETY Qo] by
o AMY A 1A WFR ARE A8 ARAET AAY FAHE A

t

2 H w3 o

1. 879 43

A48 AEc JSHHo=z 234 dx ZAYew A4 23 HAH 2F
A HARS AHAEg F 4drEe] dYe T (Table 8). 243 4
ghEe] AX BYF 4FHE UHU = IFc S7HAIE RAFHJSH F TEF
ol g FE5L 1.6%= uYeimkoh v JAEE o] &E BEve 4
A AL wF AT HeE & F AUy H4FAHel % TFE

Agsr] ARME Be W

Ju
>,
o,
2

& =¥I A7kl 8 7HIUG, ol =

E AN WH, He AlgE AFATIe YRlHSE ol&d HAAE 4

Aoy HAWHes AHA &L Aoz J[HHIUCH

2. foiide] 43

AP L ANBE S5YHoz 23d ZA =AY 44L& A4FH FAA A
g3}tk (Table 8). 22@3 AAYUA 2P L el FFE 574K

om F HFTo I HEL 1.6 %AUTH

3. ducle] 4%

=99 270 TAARE 47 Fwoz dusld F 4wEe FYL A
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P3tH T (Table 8). olw] 4FHo] AAH= IF ¥k ohlzl Foule @
& YJAIste TF= 7 FZABIEO 223 49 BRE O A4SY e g
¥ oAz L Hole TIF= 1l dFYgoen 3.5%% 8= YEYC o)l

604-004¥ TFFE= 4 2F BY ke MUtk

4. Z} A-™UHE Hluw

Hd T, Ay Joele 434 HACMA 2399 Al AFH=
FFES A2 8P (Table 9). 2 A3}, A ulY Alggd A48 o
dTo FAydvhge Fe 4F3¥e AFHe TFE 44 S5TFAd, v
oA #F AEE AMEE AEe A 11aFFEE JeEyd £33 o8ER
o} HwoipgelA AdE TFELS UFEE g AP didyx Ay

& & & Uk

5. 1X ASd AIYUHN Ofgt A2

ol el AFM g5 Yol HEAFY A9 APAHo) g "oy wE
of 1x &ZA AAY AF2FozE AHA gun ALEHY oy
3 A g vad Bd JgErt oS3 2L 987 3PS I 3l
th

AR, Ao HARFL 434 EHY F& HAAHRCl 1A jAR|GelA viE

ARZE £ 7] wEY AL oz FS A #e 9 WA IEE
HAdd + 3tk
8, 1A HjRE AMSFoEN dF g ulEy HdFAH EFY il

golstd EF H4FHeo AHAFC] FHojurh

AR, GA 1A MRS AEFoRA A wjge] v FFHel AAHEHE
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aT& ®el AEg & st

Table 8. Bioassay results of reproducibility of insecticidal activity %

(Actinomycetes test strain total:317)

w once | twice | 3 times m

brown

planthopper

M. domestica (3)

* The positive activity means the above 709% death rate per a
treatment group except the above 50% in case of B. mori.

(1} liquid culture;broth and acetone extract of
mycelia; immersion assay method.

(2) liquid culture;broth and acetone extract of
mycelia;application with diet

(3) solid culture;direct application with culture media

Table 9. Comparison of bioactive strains against test insects

e T een [ wesse

404-001
409-002
410-001
414-001
604-001
604-004
102-001
102-006
104-002
417-003
708-004
106-005
431-002

ST 57 %) 10347 %)

* 4. 4+, <44+ mean activity potencies
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v, AvEls dAFHo] o & IFd BlE] wWl$ Holur] diEd ®BE &
o] /Al E EgA R F Arh

oA, Hoee] Adg F7]( life cycle )71 &7] @&l FFe g &
Y A B9 ozt A ZFE AdA( growth regulator )9 HAAE
fr-& 3t

ARNA, A {FF digd HA B ol AHFd UEd HAE &4
A & 5 U7l dEe] H4FHel AHH= FF5E59 groupingo] £e]3djo

ol 4 L olFE HFAH EF NS A4 1z AAWHezE I
gle AHEste Zol #F&3tthn #wuEo] o WHE AMgsld d4FA EdY
A dAFE FIYsith

1. 1X oSH 43

EFNA EHE 3,066F2] UHEE o= FomEld distd 1x A&
A AARE AAEES AA e AE 2 OHd Yol e AFY BY
gttt, A43FHol dFHe= dEFY AEE #3539 50%7F AAE YHERE
LDgo o5, =3 WHHl7le] 50%7t Aoz AR K3 TFE  positive
2 A, o 23, 3,006 A d4FHel JAHe dFE 22 dF
ZH  1.36 % TE€2 YeHoen IFo FAZHEAARE A4Sl FFE
12 724 0.39 %9 €2 uYElygrh (Table 12)

o]=, 12 screeningd]* positiveZ HAAH TF=5L Aoz Iz

HE S HAASA T
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2. &0y 4%

2 434 EF=29 HIA oA FIEHE JEleE dFe AYATI
T Aol d¥iHA FAAE P o olfe FFEFHE Yele e JIE &
Ad 7heAdel E¥om EZ I #F 9A @2 A7t #3HUE JleA ol
=0 O AEE AEEY s dAdAe ¥d8E WUEe ¥FE A
A7l Aol O FHEHO B AHHANAMEZ 13X screeningolA]  pos-
itive® JHE dFE distq Joad HAE AHAIEUTH(Table 13).
gy ZHAL agar plug (Fig.5) 9 paper disk WHeoe 2 3P3Pgow A
i PIAAEEES Gram negativeql E. coli® Gram positiveql Bacillus

subtilis, eukaryoteql Candida albicans & AF&3IAT.

AiolA & o lE°] 12 screeningor] HdF¥o] QAFH= #FEF F

AZ<=7} antimicrobial activity 7} e &F7HE& YA @G T#F=

EdoA EEgt F 3,006 79 €A AE 12 screening & EIo HF

g HAAESE AA3lAL positive strainsE o RE a8 HAELE AAESA

Table 12. Assay result of first screening

number of
positive strains

total assay number

number of strains
of Actinomycetes

containing insect
growth regulator

41




Table 13. Result of antimicrobial test

number of positive positive positive
insecticidal against against against

positive E. coli Bacillus Candida negative
strains subtilis ~albicans

237 42 156 144 21
(17.7 %) (65.8 %) (60.8 %) (8.86 %

g7e JeERR @ 21 #FE Al olE #FEL I
(Fig.6)®gr oyl ot vdF (Fig.7T)dx 5% 4FA3}E YE

ooz sEFe] HWAE 23 AEF e 12 screening o224 3
el g ALg3 Aol EBFsittn wUEHD gos oF 21 FFEA  oistg,

2a 2g 2 A, FREH, #F 545¢ £ As¥d ATE $98
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Fig 5. Agar plug test for antimicrobial activity

43



Fig. 6-1. Bioassay result of control against
M. domestica




Fig. 6-2. Bioassay result of positive strain
(431-002) of insecticidal activity
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Fig. 6-3. Bioassay result of positive strain
(604-004) of insect growth regulator



Fig 7. Bioassay results against brown planthopper
A, control ; B, positive strain (431-002) of
insecticidal activity.
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1991 ( 1 XM 5 ) QEIATEIM - T

I

B A WA AFAH dE=E N

2. dgdTHAY : slF2 AchE ¢} MFO&A o] &3 A
3. T AT F: =AY dTE FE FATEATA
4. E34A dATHUA: 2 % d

5. AHATHIA:F  AF A

6. Al¥ ] A=F . (1990.7 - 1991.6)

A = 4 ¥ 7] 7} AT
s ead e olufu ] o s oo ]c] @

3) MFO&EAAA

4) AchE $473%

F A & & 100
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7. A8 9l Az
1) M &

MFO (mixed function oxidase ¥+ cytochrome P-450 reductase)i= L2 1§}
2E BEes(EaF, oF, FASE, HE AdRF F)od &AsiH, ME v}
mj$ eHARE WeEgH Zeg Hrl, MFO= Tl E AT} ofln P-450,cyt, bs I
NADPH-cyt. P-450 reductase® JAAE]o] Q3 FAHU| &L Fujt} tlEc). X3 olE
< 98 7Y SHAEA(isozyme)BERE EXI3}H, Alufol Myt o EA L A Sy
AleE BEthe ALR sz A& A glojM mig Fasict

ol F2] AtE7|2}E WA A% P-4503 7|de] ZYA P-450 - 7] E}AI}
"t o] EYA= NADPHEH-E] cytochrome ¥HALE F3 HAE 17} o}
P-450 o] BHPLoe X, LtAFaiel AUMAM P-450 - 7]A - 0; BYAE BT
Tl. ©-%7| NADPHE L 25 E ¥7je] xS Tir] Holr 071 A3} Elo 7]- e 4t
st o|FA AN 7| A4} 1717 HItE o] P-450& ThA] iEFEoR H
=3

olgo] g Us A= miFHo AFA(DTR, FEpHo]EH],
phosphorothioatefy, cyclodiens&, ¥|&|EglA]), A x#H T 1,3-benzodioxideRH 2] A}
oA (synergist)&< &< benzopyrene} L |AFRXI} WS WE{ =4 R/,
biphenyl &, H¢®o] { &2 (nitrofurazone, dimethylnitrosamine, cyclophospha-
mine, 2-acetylaminofluorene, vinyl chloride %), ¥}3FA olul331E  nitroaroma-
ticsg, A27HA] & F, HAo AAGE LHEO|E, FUITEE, HEE Folt].

T% 3ABAY T2 ALEEY ACh (acetylcholine)= AZ AN F AHX A
Tho]] $IX]8l= 4829l ACh receptor & Wo{Z F Acetylcholinesteraseo] 2]3]
acetate &} cholinel B 7}4E3 % o] acetate= FHOZ FHAIE] I choline2 A
A &7 e5FTE AChY/gel 2} o]&Hcl. A3FAHY iFEE AR sl |71
A2} Fulo] Ex| §2 25 AChES} ZA¥ st 11 3H&& AA3l7] wfiol] 8 H
% ACho] E3X#| R3la 3¢ 43 F HAXE #Isle FAE 7/PH&h ¢
H HulEQd YIRS ACha&A| el AYUsto] AChet &go] A FAXErte Q= ol
< TE2E B3 AUt NIhE cartapS AChe-EX|&t ARSI AChZ A= 2§
Tl HSF olF HAFAHES ABAFAY 7|FF A A ETTE HFHLE F5

o ol =A%t y



AChER’d 2] A3 AdeA| e Hef2o) &3] A 225 EF AChE A% A
Bzgomel Ao 234 ths] wRo] MUEHe 7|7 ASole Zosjr)
RtotL] 2} AChE: -71Q1A| &t Flulo]EAo]l iyt AEAde] & YHOR HASl= 75
o% . ARHARY TEIUNE ACEE ZEAATE ACGE Ros
N-methylcarbonate® 3% 7] o] &x]vl, N-propylcarbonatetr= HPEE 2|3} AlEo]
VA A%l = Wol¥ AChEE 53| & A3t olX Y AChE= F7]UA|Y Ftuino]E
o] 2GHLZA, AdeHe AeFgoletert AP 7|FdE AU A
+45 31 a3 A b0l

2) AE 9P

el A Mo L (Spodoptera litura), Ipbopul(Spodoptera exigua), hujupyl)
(Helicoverpa assulta) % FEL}¥H(Hyphantria cunea) R35-& QUIAIFZ(FH1IE A}
S35t =d ZHAIE wxle obF’™ A7t gladel
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Table 1. Ingredients of artificial diets for Spodoptera litura, Spodoptera

exiqua, Helicoverpa assulta and Hyphantria cunea

euir il e il s T . e e i, -

Species

Ingredients e M

S.litura S.exiqua H.assulta H. cunea
Kidney bean(g) 100 95
Wheat germ(g) 90 95
Corn(g) 90
Soybean(g) 100
Morus leaf powder(g) 300
Yeast(g) 40 40 24
Milk(g) 6
Agar(g) 15 15 24
Salt mixture(g) 5 5
Vitamin mixture(g) 4.3
Ascorbic acid(g) 9 6 4.1
Sorbic acid(g) 2.2 2.2 2.2
Propionic acid(ml ) 3.6
Metyl-p-Hydroxybenzoate(g) 3 3 2.4
Hot pepper seed oil(ml) 4
Formalin{(35%)(ml) 2 2 2
Distilled water(ml) 1000 950 1000 880

) a o

b, mhghubt gl ghejupd o §52 1-28 71X & 12x3en( A Ex&o] )8 HE
2| Aol A 20ufe]d] ek ARSI, 3 -FEE 4xScnd] HEe]H Aol A A%
stodch HMELPYS] F AFAE Y okelollA 2 BT (Morus alba), -]
L (Salix babylonica), 93 L}¥(Tilia megaphyllo)% & Qo8 12x20x6cm8] X2lA

& &71M 1-28712]= 40ute]¥, 3FHE & 2002y HTARS3ch
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et
ox.
Y
oA

1}, MFO(mixed function oxidase)®
(1) F AN

102 glvcerol, 1mM ethylenediaminetetracetic acid, 0.1mM 4, 4-dithio-DL-threitol
ImM  1-phenyl-2-thiourea (ethylene glycol monoethyl ether o %), luM
phenylmethylsul fonyl fluoride (ethylene glycol monocethyl ether of 54 )&E X%
3}= 0.1M sodium phosphate buffer (SPB) (PH7.2) oA AEE=E XS A
3 stadct. o] FHZA o] A= HolTE& AR ¥ teflon homogenigeroll ¥, ¥
vj2|s 0.5ml 2] H]E&E ¢ JARFAE 7Y F A uiHidnh. zPAle UAE
21831 JHpg @ 25 FHojuo] YA Teflon Homogenigerol] ¢il, ¥F mi2|3 0. 5ml
2] 0.IM SPB (PH 7.2)& 71%t ¥ olfstdict A JA|E niAY die AFS 100ng%
400u1 ] ] 0.1IM SPB (PH 7.2)& 71¥ictl olaE ARES 600g oA 10430
AEelstsr, A Y-S 10,000g00 A4 20&2 thA] (AER]8l o2 HE LR FE N
& Aoz ARt f1o] A HAL 2~4CoAM +HEHIAL, EvH ALN2
FA] B8] AMEE 2Tt oAVIM FHFH M0 /g2 cytochrome P-450
reductase & ¥F/Agolct,

(2) BEZEZE

MFO2] Al A A8 2. Hansen M} Hodgson (1971) W Williams &} Kamin (1962)2] %}
Mg HlZy A} Williams £} Kamin (1962)8] o]l W& R/-E&35tadtt. mielA
Williams ¢} Kamin (1962)¢] ¥l ol &3}o utAF 550nm, 30°CollA] Pye Unicam UV/VIS
Spectrophotoneter& Al-23to] cyt. P-450 reductasel] ¥AdE& AAdIged], HHgY

o] 2L ® 29} Ur}

Table 2. Composition of the reaction mixture for MFO activity test

Cytochrome ¢ 2mM 15011
NADPH 30mM 150ul
NaCN 40mM 2041
SPB 0.1M, PH7.2 200ul
Enzyme Extract 20ul
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t}. AChE A7 A

AR5 He|F¢lE d2 3t teflon homogenigere]] @31, ¥t uj2] 200ul12] M)
&% 0.1M SPB (PH 7.2)& 718t Z oul2ligt ¥, 700goi A 1087 QalBasied Gof
A AAg 40T ARESIYct  £12 AL 2~4CollA] +£3x|93, Fulg X

A2 FA| FgH Bl AHEE T
(2) 88%

AChE?] /48 & ¥ 412nm: 30°CollM AAI¥Eu, Ellman F(1961)% Yo &%
AChREE A Z A e Hfej= acetylthiocholine(ATCh)2] 7Zis&E3lo] &3y A2
thiocholine} 5,5 -dithiobis-2-nitro-benzoate(DTNB)& BIgA]H AAdsl= A B
21l 5-thio-2-nitrobenzoate7} I3 412nm off FH FhE 71 &= Zof Z)Qigic) ¥
S8 R4E9Z E 33 Hr

Table 3. Composition of the reaction mixture for AChE activity test

ATCh 0, 075M S0ul
DTNB O, OIM 10041
SPB 0. IM, PH7. 2 300u1
Enzyme extract o0ul

e, Thia g

Cyt. p-450 reductase®} acetylcholinesterase¥Ad & ZAZ Z2AFL] chyalAder
o] Bovine serum albumin & 7]|&2 2 3}= Lowry %(1951)2] ury.& A}&3}eic).
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3) 23t q 3 ¥

XEo Ful vl BIHuhHo] cyt. P-450 reductase activity of n|X|= g8}

Cyt. P-450 reductasey= R ulo] ule}l A x2] £Salo] vl A veludct A &%
F & 50% glycerolo] X¥H SPB(PH 7.2)oll ©¥ -18'Colla WFRAUINAE ZF
B dAE BAHLE dojutA] 45712 90%28] B & BER3taLAdct $%HE #3
qol] ©x] Q422 g -70Co] BEEIJUE o], ¥U5F AL BEIERA 71
Z ¥ dAE VeI o|FFE TUaE v njdilied ol dels oA cyt.
P-450 reductase®] 3x} 27} ol uiF oy diEd Zolrl. FHZAEZ upAgl t}
< 10,000go M fHAalEelsln A5YS -70°CL -18°Ceofl 47t Rusi S uf del=
AP ollM W &ado] slddt).  ole} o] AP &A4lo] 50%8 glycerolo] EHH
SPBo]| F-%& RPN Lo 71 H2 olf=, XZo| & o WA= thiale] 3x3
ZHMo] mE BERLE US4 Q7| HELE FolH ATt EY -70Col R{Y of
o= B5US 7I81x] U JElolM FTXXE BAsts o], duee] ¥ ¢899
JEIE BR@st= A Mo B R &Aool A olf= WA wiEA| o] d7|ufEo
Z3Ao] AEHE A& oBr UE 4 U7 dEd F Hrlh o|F nlFo A&y
¥ A BEHFE 3= o] JHA uiEA St 28] XY 73§ 50% glycerolo] E
¥ SPBej ©Z Tl -18Coll X3 F 15U o]l Al&31= Zlo] uigt3 sty
1). cyt. P-450 reductase?] AL JAIEz|Wul] RCF (relative centrifugal
force)ofl ulg} i & Zie=d], 10,000g004 7HY & IS Uehds ojfs 3 9
Arel RCFo M= cyt. P-450 reductase ¥#o|] A 7}8l7] wfFo|BE cyt. P-450
reductase extract& TH|3H= AFolA EHI RCFE &F¥Urtes A & E4udrd
(X 4).

2zl zIvia el cyt, P-450 reductase activity

o] A%t whufivie) el f 2l 21 cyt, P-450 reductase activityE AIH R O
o & ¥ (total activity)S S8 QoM dEiAol, Ao QoM £33
ol 718 B2 ¥4-& EAFATHIY 2-A). ol&FY ¥AE wid H$erE (Y
2-B) 2} Hlx{t Y& UERY] ol ¥ S 7 cyt. P-450 reductase?] Y F
7o 2 A & & 4 Utk ¥] B (specific activity)2 JWIH O T F Ao
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MFO Relative Activity(7%
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-

60O

40

O — O Midgut Tissue in 50% Glycerol at —18C |
A — A Midgut Tissue at —70C
A — A Supernatant in 0.1M SPB(PH 7.2) at ~70C
® — @ Supernatant in 0.1M SPB(PH 7.2) at —18C

] i I ] ;

2 4 6 8

Time(weeks)

Fig. 1. Decrease of cytochrome P-450 reductase activity, depending on sample

storage method and period, {rom the midgut of the last instar larvae

in Helicoverpa assulta.
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Table 4. Cytochrome P-450 reductase activity from the midgut of the last instar

larvaea of Helicoverpa assulta

Gut suspensionPb Total protein Total activity Specific activity
(mg) (A\OD/insect/min) (AOD/mg protein/min)
600 g 12.542+1, 227 6.321 40,983 0.50410.103
10,000 g 9,721 +0, 895 6.134+0.724 0.63140. 089
25,000 g 7.425+0.764 4.21020. 637 0.56710. 064

L iy - d— - - L T i i i _— L e A e el

a2 3 days after the last larval molt.
b Samples were taken from the supernatant after centrifugation at the RCF

(relative centrifugal force) indicated,
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Specific Activity(AOD/mg protein/min)

o

AN

o)
—

o)
-

- a0

Total Activity(AOD/insect/min)

A/
0 i
0 1 < St?l in:{ar 2 6 . 1 %uPa% 4 3
Age(days)
O — O Midgut Spe.Activity (_JMidgut Protein
*o—© Fatgody %pe.Activzty W Fatbody Protein
1.200
B o
0.900 / \ 5
O O \“’“—o
\\
0.600 | O—uo—"
0300 - @ - ~— o
e - *o—@o ®
0.000

Fig. 2. Change in total (A) and specific (B) activity of cyt, P-450 reductase

A A

A O — A Midgut Totl.Activity

// \A

A — A Fatbody Tot.Activity

o l ' l Bl = :
O 1 2 3 4 5 6 0 1 2 3 4
oth instar Pupae

Age(days)

from the midgut and fatbody during the last larval and early pupal

stage in Helicoverpa assulta.
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A A ALMT} 2,50 o]4 EotonE Wololels] HUW B Arpiatg
& 23N o BUHA ol & 4 gty 2-B).

Cyt. P-450 reductase activityol] n|xj= #F712] g8

Hujvhy TR ¥ {3 245H 447K &3 F A BAAH LR AT}
Ao ASEE ALY Az W] 2~4Y Alojo] SAre] vy ghekn w) ¥
dol 243 a3t HAE ANASIAA v BEL 4~4.5¢ Alo]o] v wiE 3
& HAH§ 3). o]+ cyt. P-450 reductase¥®’dS 5 %E Qeld] 8-S wol
Uit A & WTh  cyt. P-450 reductased| B gz} thij o] §HeHNGLE &
A AZg A3laeE ASTH FAAARET MY I UAFIEE cyt. P-450
reductase?] /8 ‘UThAL}l WHY A} A& & 4 aladch

%

off.

Diazinon &]

AChE &} ZA§3t 1 ALE A3 |7]UAY diazinongd Eujuhye] I ZAIR
of EHE AMe|yt ¥ AFHI T wuivhy UFRSol FF3H 2 d¥E 4
BHHEoch # AIEE M 2% 54q 0.0133% 2] diazinon A a|oja WAy X
247t FHEYC o] Hrl W& wxoME wWRo] 2FH XX YA & ol ¢l
AcH g 4).

A S APl o AR specific cyt. P-450 reductase VA T =
Byt B& Vepd Tt/ 5). Diazinono] Me|H &3 F7x] 23 RFoA
cyt. P-450 reductase®] /-2 FAEH [FolAMETt o A Ueiutcl H3I W2
552 diazinon A 2|FolA TS H/do] Lielkd=d o] 22EL] ol ke (A
BAQd F5 BLE Astd) vyt ZE BHoFdcl. a8y wEdnz
Bl 4 Me|HE 158 8BS &3 ZA diazinong] G XA HClyE= $32)
cyt. P-450 reductase Aol ] & ¥%¥& nlHtHY 5). & F AMe|goA] by
APTol 718 wol 718t B xS F7171 gl 3, 0.0133%8] AHe|FolMe
e AR F717t nl gyt HbE /gL F71= 0.0066%8] FfRclx yolch ol
BHHYA F3Y URIFAH} A tiEXYE 0.0033% M| Rl cyt. P-450
reductase E/go] F718l ALfol Eoj& diazinong& AMBA|AH HALE Uggd U=
o ¥isiA 1Tl 0.0133%A 2]tollA cyt. P-450 reductase?] ¥AdE71E= diazinon
8] 52LE U4E UE [F7H 4 Ui USo] £IAY 4 yef gz, {1
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Fig. 3. Effect of starvation and feeding on midgut cyt.P-450 reductase activity

in last instar larval stage of Helicoverpa assulta. Fed in normal food

condi tion{(O Q), starved 2 days from the 2nd to 4th day during the

5th instar larvae(@®

®) (Pupation time is indicated by an arrow).
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Fig. 4. Effect of diazinon on the developmental period and body weight in the

last instar larvae of Helicoverpa assulta.
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Fig. 5. Effect of diazinon on the specific activity of cyt. P-450 reductase
(A. B) and protein content(C,D) in midgut (A, C) and fatbody (B,D) from
the last instar larval of Helicoverpa

assuita.



Y9 A 0.0033%N 2] FHT} #HA W2 o2 A

¢ &t FE =9 diazinong& ME TIE F7]8 f{Fol FF3E L= A
d 5 {54 WS AAPde] FHIULL FL =Y AMe|FoA ofjl B4
FEugRo] FALTHE 5). o|to] WRo] FUPRF-F &3] Wati, ¥y
 FAdte] $H-Eo] M Wlrh

vt gy 2 4718 w5l 04?—1%5—4 diazinono| *2|H UIZALRE
S ¥ 3UF o] APUHES RABIAEY, AR FridA HEEE UYERhE

11}’#1*}"‘0‘—4 AtHES gufvhde] Z-Rch ufeudsdc (Y 6). ¥HHE diazinong &
£ F718e IE T2 4718 {FFAWEY F71EE H& &rh  ole} o] Wuiu}
w2 L] oRIRFY AMEo] B2 AZ ofdAwFo] WdHAlSE Hold Pol
o1y 7-A) 44 {3 HCr} diazinon?] NUF,o] AP oe o Wi, cial
B5o]l w7 wfEA(1® 7-B) diazinon®] HAE&E O Wo] ©em cyt. P-450
reductases XY HFHAEL] Hido] ozl F37]0 iAoz ¥ aiEY FHol
t2g 10-C).

el 2AXF diazinonE A 2|8 uwj zphvitoa §7ixl= specific cyt. P-450
reductase activityZ} ©hujjuinte] AR} 213 713 2 VAF7E Ve ol
L 217 i spiubekE 0.0133%, ©ujuiebE 0.0033%0] (1% 8). Total cyt.
P-450 reductase activitys Ippiiidto] @7t 7] wiFof, §71% = specific cyt.
P-450 reductase activityZ} & o8+ Tt$l cyt. P-450 reductasel] ¥ado] Thufjr}ul
¢ ZgHrt A7) wfFoletal 4AZTE  spELge APgEe] ©eivhiie ZFeHc)
2] L2 usi( Y 6) cyt. P-450 reductase?] AL ¢k 2u] Axut o A
Ehdth e 8). welA diazinono] Tt § 23 & el Sl cyt. P-450
reductase?] H/dxlolvto = AHY 4 ¢lom ol&2 AChEY |3 (& 10)=} tl&E
Auaitsg B 7ol Hasicl

74 EY 4

BEWEE 44 BT, ¢9uE U dFUF 5 H7EA] o8 aF:4E8E AR
€ of ve]§-9]8 AChES] B x WHHSANES WURTEE v3lgdn 24y 443 o
Aol 2P AE o]F3, olFo= FH3] Al £33 Fo= vfe o2 BA
& UEPWETH Y 9-A). fFUF8 ACE/E = Atz ew IR wod S34
cyt. P-450 reductaseE A E(13 9-B)FA] HEFJFoljA Aty o= 71AEH LIElYL
o &332 F APHS Hdrl. olE njFolHol gF LR HELUY] Aele

67



Table 5. Effect of diazinon®, on 2nd, 3rd and 4th instar larval period, 5th

instar larval weight and adult emergence

Larval period(days)

Dosage -——
(instar) 2nd 3rd 4th
0.0000(%) 2.04+0,1b 2,040.2 3.0+0.2
0.0033(%)

Znd 2.04+0.4 4.24+2.1 7.44%3.1

3rd 3.3+0.9 4.6+1.3

4th 3.1%+0.4
0. 0066(%)

Znd 3.2+2.4 6.24+3.1 10.144.3

3rd 4 54+2.1 7.64+3.2

4th 5.3+4+2.2

e e

rate in Helicoverpa assulta

Sth instar
larval weight Eclosion rate

(mg) (%)
110415 96
53+18 52
63+18 64
102+17 76
41418 40
45-+16 o6

91 +15 65

a Diazinon was mixed in the artificial diet, at the dosage indicated, and the

artificial diet was given to the larvae beginning at 2nd, 3rd, or 4th instar

to the end of larval development.

b Mean#+standard error.
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Fig. 6. Effect of diazinon on mortality of Spodoptera exigua (A) and

Helicoverpa assulta (B).

8 Mortality was calculated 3 days after treatment.
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Food absorption rate
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Fig. 7. Foood absorption. rate (A) and body weight increase ratic (B) from 2nd to

5th instar larval stage in Helicoverpa assulta.
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Fig. 8 Effect of diazinon on the specific activity of cyt.P-450 reductase from
the last instar larval midgut of Spodoptera exigua (filled) and

Helicoverpa assulta (open).
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Fig. 9. Difference in specific activity of head acetylcholinesterase (A) and
midgut cyt. P-450 reductase (B) from the last instar larvae and early
pupae of Hyphantria cunea reared with different host plants (Pupation

time is indicated by an arrow),
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Fig. 10. Change in specific activity of head ACh esterase (A) and midgut

cyt. P-450 reductase (B) from the last instar larvae and early pupae of
Spodoptera exigua, Spodoptera litura, Hyphantria cunea and Helicoverpa
assulta (The inlet show a profile of specific activity of cyt. P-450
reductase during the 4th instar larvae of Helicoverpa assulta)-.

(Pupation time is indicated by an arrow).
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Table 6. Change in mortality, specific MFO and specific AChE Activity from the
5th instar larvae of Helicoverpa assulta and Spodoptera. exiqua reared with

0.01663% diazinon-mixed artificial diet for 0, 6, 18 or 24-hours, after the last

molting

Time(hour) Mortality(%)a Specific MFO ActivityP Specific AChE Activity?b

(AOD/mg protein/min) (AOD/mg protein/min)

H.Assulta S.exiqua H.assulta §S.exigua H.assulta S.exigua
0 h 72 0 (78) 0.723 1.184 0.083 0. 302
6 h 56 0 (51) 0. 693 1.146 0.127 0. 347
18 h 44 0 (42) 0. 662 1.106 0.164 0. 365
24 h 39 0 (42) 0. 651 1.057 0.198 0.413

a Mortality was checked 3days after the end of the treatment., Since Spodoptera
exigua showed no mortality at 0,01633% of diazinon, another test was conducted
with 0.053% of diazinon to get mortality figures given in parenthesis.

¢ Specific activities were measured at the beginning of the treatment,
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3] AUAEFE Ueh3 o] diFo] 'UL7|to] ZHoj{HI AChE & cyt. P-450
reductase?] ®/do] tlE 7|4 FolMel= €] ®A Uehd A Zch ol oA
gollAd, R} ¢HENE el dFUFY G AT S Ao E (S
"t} cyt. P-450 reductasel] ¥|/d-Z AChES] MgolM AN USirlo] whe} uls
g HotR UElEY ol ¥EE 534 WS ol WAHY BAE Z=A
o AzZtE Tt

vpphvhy, A&y, "@ulivbd 2 el A AMuupbge] AChE, MFO /gdu]al

spviy, ey, gulvpy % el AA Y& 448 JAFAIRE ARty
27]8] specific cyt. P-450 reductase %! specific AChE activitydS 2A3lgd o
ACRE(Z1¥] 10-A)28] B9 HHPLES oA 2A3] B BE Y] Z9(1§ 9-A)
2} vledte] QA FsTtAol P HE o|Fi FHI] A3t LHAF v ¥
& ¥ig UEpdth  shthps, geluby 9 @elAMoiuge) specific cyt. P-450
reductase activity(Z1@ 10-B)+x= WE ey E AN T ZliAdle] HscliAo 7}
B w2 & UERRIL ojFro] WRIIE AXTAM FH33| S8t £3A F AP
Bg olFEul, ol WRA2APH Wgo] AAYe] THE cyt. P-450 reductase?] U
dRTt dut SR Yol wiET] wfEe|(2Y 2-B: 0~3 day: E 6:4]
2173 2tof| ulel AptEo] ZHASER|RL specific cyt. P-450 reductase activity® <Al
ZA% 3% 10-A A0 mpE mizlFele] Oid $82 ol =e|A AN
(data not shown)), specific cyt. P-450 reductase activity 7} Tir] £7}3}d -3}
2 F 27t H= AL Y44 H cyt. P-450 reductase?] 3|7} Uut F A= 2] F3)
Brix &4 &7 wf£¢ 2 Zoi(ay 10-C: 43 2] ¥il7lol= specific cyt. P-450
reductase activity7} Bx} Z343%led ®a|AA 24A). apehupebe AChE &} cyt,
P-450 reductaseolr| TIE AT FHT HAY w2 VA& Ueldlsd, o2 U 1}
dhpgto]l guLilEct o & ASAAMYAEE A A& THAHLR Yepdria B
o et

8. 71cid =}

7}, o] 3ol A MFO,AChES 23le] 158 BH S &A%l 238
e 3l
Ll A2 JidElE A EY AU EE 2MciAl 52 st

THE BY.
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I. M =

SFLAE AT R FSY AL FHY ESFALAM Adw g

& dyHez AN-FFY

4

F YA T E"dAM FUAQY FHE SAGE
AMle A oAzl A RHolth

1940 ddf DDT, BHCE HIR3sld dAd o277 B2 #7184 &3
gol uEgio, dFaxrz AF 54, HojANH g JF AYY, A
Al 9359 RFgo] opr|ge] wekd AzE A EAs Ha o

daldle Ayl 437 BAAFYl He GAE b 2 RFyge
Zol FAARoW FHEe uIuRel &AAY WEH IAE AMME o
sta] WEALLS sob stmz FriEE AN EH x=FHol EAJ Ha g

et flet 22 FAEY A FFR dAR F e M2 ¥
W Zlefdel A3 s7He v, 43l A% HF Hd  uyEd
g3 AAshe A2 FAZ R RS AN A ABe %z 9
i, @2 PlAEFEde a8t SdHIL S

ki, 19433 Waksmano| EYWAAA Streptomyces 2°l* Strept-

omycin-g& £2|3 o]z, AR WA Eed FHEAL oF 5,000 o
FozA FYEZLY L ojFE XX Yo I FaAdol Fol Hr}H
2 Qlrh

o]g} o] PAEE |83 NIYBVHJEAY RFHE F2 L IJYE
7 JlatEoke] FAFHY Koy, FHIe 99 Gt wWaEedAl g A
A5 wgozA AHgE e A7 AlxREHIZ Ut 2% Avermectin I
tetranactin2 o[v] AFA2A I} AHF, FEFHHALW g FH
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A EHe] HAFEIN dn RuHi gith

Sejvielel e mFed IrtelA g Fel Aulz JFAHA  dAeE
Bt Hal Rl sl e Ze AP Fo] 430 Fo] ol=m
Aok oletol 513y WAle] Aol HASIHEERA  giFlekA]l sfe]  A]
"3 f3HR Utk

2 AgdAe FFFYr|ed T FAFHY S A WITARIY 48
&8 AEFY e #F AFE AesHAl "ol UM EYHATES £
g], 3 AFPYLEN MEL FELFTA ALdd Y FFATE FYSIn
Aok, B A7 1apd=dA . 2 7xdF24 dPiEe 8y Awrts
g #dstad.
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I. Mz % wWH

1. A8 &iF

A e AT ASHER AL A% ATNM HAYS =HoE  AlgHE
s=ol ( Bombyx mori ), Q¥E ( Hyphantria cunea ), THAATILHE ( S po-
doptera litura ), Shps( Spodoptera exigua ) S Meulsta 3ujet
Zawett AQAcA AWASE Aos 25T =Hez ASsEAM o

ozt B AP Azg ABAEE FISHUT(E. 1, E. 2).

Table 1. Composition of artificial diet for continuous-rearing of

S.litura, S.exigua, H.cunea.

Soy bean powder 150
Wheat germ 150
Salt mixture 10
Yeast powder 80
Agar 28
MPH 6
Ascorbic acid 18
Sorbic acid 3
Formalin 45(m¢ )
D.W 1400 (m¢ )

Table 2. Composition of artificial diet for continuous-rearing of

B.mori
Ingredients Amount (&)
artificial diet 300
acetic acid 3.6(m¢)
Vitamine mixture 1.24
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2. 3A&EQ X2l W SSetH0 st ZTH

23] g A|EAqE = petri-disho] 3%~4Fd sPsk= ol 1071E] 9}
A F UAFAIRE P, A5 20us, 200u¢, 500p2 & QAFALRC A
o, 25 CollA 24X ¥ ALF &S ZAIYUL
F7184d A did BdFEAd A F71 94, F7194, FlubolE
Alel i ¥H A=A¢l DDT, Parathion, Carbofurang 224 200 ppm,

60ppm, 20ppmeoz 3HEH AE FFLoL AFAE HHF o, 244

gAA ] Wi FedzAe JYAEC FFEFH7F = Kanamycin(Sig-
ma Co), Gentamycin, Streptomycin 52 AME3do ¥z 3o <l

AR AHEF v, 24 A%F] AMFES AT
3. EHARS] ZFH

AME A7l B FIG(AFET) 499 7 FHEE yAoE  Fd

Al A RHOZHE 5-10em Zolo] EGS 104X FHI AH s

EFNE 1§& Ead Aejdds 10méo] ¥u FE3] miA 9
dZoA 1A FAE O, YT EXE @48 EYHY 8 E
AP dATE JASH7] st ABE1ImEE 6% Yeast extract 9 0.05%
SDS7t XE¥d EHAFT Imlo] HrMstd 40 Celld 20 83 FA s

A F EAHYETE 107~ 107002 4t W BEl§ x| 3
A 10044 & =3 £9& HACdNE ARETH dE ATy HFZE

qkx]3}7] 93] Nystatine(10mZ/2 )& H7std 30T 274 5~7
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AA| =} ( 11.0cem, petri-dish )olA 34 AP W HITE kn-
ifeEd o]83sle A =Za} acetone 20mgE Wi 24 AILESH AR
FRAAEALZ FZd9UE 9 89 vaccum evaporatorolA] 3~4mg A

E2 FFdd AAEL ARE ANSIATD(2H. 1.).

6. MurTo H&E

eE WHdAT F O84S YUeEhd #F= Bennet's mediumoA]  FARA I}
83 W F wgdte TR FAAHE Hojulo] Salser’s medium o}
o] -20 Coll n&EEYTE g9 wixzMde H3d g

Solid culture

Streaking on media & incubation for 7 days

Direct solvent extraction

Add acetone(20mZ) to flask, O/N

Evaporation in vacuo

Extraction volume ca, 3-4m¢

Volume adjusted to 5mf with acetone

Biocassay on B. mori

Fig. 1. Schematic diagram of first bioassay procedure.
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Table 3. Media used for the isolation, cultivation and preservation
of Actinomycetles

i) Waksman medium(pH7.4-7.6) ii) Bennet's agar medium(pH 7.3)

- Starch(soluble) 10.0 (4/¢) Glucose 10.0 (&/¢)
KsHPO, 1.0 Peptone 2.0

MgSO, 1.0 Beef extract - L0
MgSO,+*TH,0O 1.0 Yeast extract 1.0
(NH,),;S0, 1.0 Agar 15.0

NaCl 1.0

CaCOgq4 3.0

Agar 15.0

iii) GAPY-medium (pH 7.3) iv) Salser’s medium (pH 7.3)

Glucose 10.0(¢/¢) Glycerol 4.0 (§/¢)
Starch( soluble) 20,0 K,HPO, 6.3

Yeast extract 5.0 KH, PO, 1.8
Bacto soytone 5.0 | (NH, ), SO, 0.9
CaCO, 1.0 Na-citrate 0.45

Agar 15.0 . MgSQO,-6H,0 0.09
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M. 21} 8 1N&

1. SA&2] Mol 3 SSrMo] ist a4

454 s A mldes Fohlr] AF g 3o AANLoEM FH
A< 1 W dEu, SiAANE, s s e i AldiARge]l o

Ha Aol FHol HA N3 Ao s Yerst adur ole gHE <
SALE SOl EYEol U7l wWEd, AN LEA B JdF FHE ¥ T

ATk HolAd £ AgAddAe FAFoR Forl H s

1 &3] aa3zd AAE fsiA Fele F4SHolu 4%t
sl HA$ HArAdes RBAof 37l dfd, 933 &S RE YASHHY
F21844  AFAled it A4Fukged #TE AEE WA

o MM ol s gentamycin, streptomycin 5 1mgoldle =%
ol Al 24 AIZF Fo] AEgo] 100%°]i, kanamycing 500 ugoldle] Fk
oA  100%2] AEEE HYdeozE 44FMH =3 €4 o 7| FAA
of A#gAHol A &AFHA AAUAZUel UFHUCL

T3 R7)1¥AH AEAd tis] Parathion 3 Carbofuran® #A$ 1 axg-
10 pg/mg el Fwxolrx 100%9 AAEE Holx, DDTe 7% 1.0uxg-
lug/mé 2l F=olA 100%2] HAREES YERo 7|E 4S54 o3 3t

T4l EFS S UFTIHHUH

2. EXARY HMH

Mg A7 2 9 -sd(AFES) ddel 1270 Ao F 60 He

ESE AFdA, F 324 dF€ EYSAI(E4).
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Table 4. Soil sampling regions and isolated colony number of
Actinomycetes .

I T R

Suwon

Pocheon

Pyeongtaik

Yongin

Kimpo

B T S
SR I L

Keyvong—-Nam Jinju

Chungmu 17

Hamyang

_

3. Wx® el % #F=d 4%

Tt 24" WAALE TS| S8 aerial myceliume| &
3 ¥ZxHe] SEMuEE i (Fig.2 ,Fig.3).
=%, EYARESE EEHE PAHAAE F 1A AFEHE YE T

67 wFolr. Y2 1a A¥EH dEFF FodAM Fod U 458 &

A4¥e Askn, 438 APLYE A R UMA #FEE As A

e 1z Adstn 2§ TLCAOA 9@Y spot HR1g F3 EFEAS

87



Fig.2. Light micrographs of aerial mycelium and spore chain.

A) & B) show flexuous spore bearing structure.
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V. & =

A o] ®¥jske A 23S ¥4 s, $A 1apd RdMe W
Adel ¥elg fa283oz fE3la, o FoM e did 434 HAA
A8 E AAlslo felidel AV dFE AEIACL
1. EFAs2 58 SDSHZIY A8 s AXNAAR S B EL&FHQ
g ¥ o e 484 712E FHIIG.

2. oo ti¥ 4AFY HALELS AFE 50%03Y #FE Addx
1 2 V| Ee 2 3.

3. ¥A] EaAFQ 324 TFF A 6ATFE 14999 fFe94o U
i $AsA L

4. 8 A7 KIST 90dx I3 A7TAKRISY dftes F-3s g
€ FHsA gl AolM EFPMEE FHUFE ATEE 1 AFEER
dtm lew, 2zahdxex A&HAM PAFE st 453Y APE
2803l 2}% column work ¥ spectrophotometryol 2|% A

F2e BulE KIST AT A4 FFo2 3§},
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THIA T BR oM AEZIFHE % A 7|FY ARE A" A
ojch, mety ro A&dn LA AR7|EE i Hu FEHolm A
ARY BERAAR A2HE Yo =M HU @S A¥H Ag @5g
F Y AdE ASAl2"Y gddde] Y™ ot

E dgoMe TN EATY FAITY dT4 FH AFANAL AKIY
AR FF3] ABEFL Nge #AE ATE FHFIA ol Ueix 0 4AE
T3S 73 EYsin dABAS3 A2E AEAAAA Hdd Had A
g€ ATFdozy FEAFA ded /Y FFATE Y AW B
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OI. Mg % wWH

1. Zt X9d, &8d £THS 8 % 2

A% FeaxAdel FAE P AFBd LAsE A HEHE 19903119

FE 1991 d 59 7kA] Ags &El ANgstn o

O FEIHF
B (Nilaparvata lugens)S ¥IER T2 s FHe dA, AF, 45
ko] Ad A &HA JFFTHE ol8sid xAHFHI}T S uiE " FHFE S
dE8 FTE=FEZE Ae AIg# (20X 20cm) o £ F AS4A (LD18:6) =
o] =3}t FrdE=HF FUHAISL $3lo] Plastic batt (30 X 40 X 40 cm)$

HE Y3 A8 Cage(26X30X20em)E &g F AR

¢ 7145 oETF, HET, E5HT T 379 EFFE AHUA o™
FRel ARHAZ] 2d F off ¥ HEFE FE O 15EY batto] 42 ¢
q T 3L FRoW WA Z2~3LF AujoA A

ool 2z A sdE ZIAEE RARIEY. E dEFEE fF5 Ev 9

d7ig& At dHANEEAN 3lEe 7144 HEE Bt ARSSE Y

@ AFsF
A A=l Bul4tu) (Callosobruchus) e AU, dad SdiA d5g322 B
2] 3} Compact Alolg| & o]l& ASG4E {71 T B2 e Yolk Apoly

of WALt Tl Awiatu]l (Sitophilus oryzae) = & How H3231 A
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2dted 341 olAE HE& AHE 15cm® mv|E Ael 1.5 liter glass

A o] LA AGWEFE Ud FREFNM AQFsY 242 U F
lcm?% 40meshel AR AE 7|FAAd nFE, £, EuE Fo HZEs§
At L ZMEEe RS 2ol (Tetranychus kanzawai) = WA Tl
AEd XM AEE AP et #ZHE WHoer AMFdHeoen, FdF
d B HEAZ F Forb JHAE Bz dErle AE %7l SHEd gt

Auitt HARe FaF

Of
>
Ho
0k
N
10
HI
[1o

2. 7FME U agds

TR FUANSA] LEWA Z olFe HAAREL Hs AAF(TX 20cm;
5X 17cm) & FZ4o 3X4cmz7]e F€& ol 1 cm?F 200meshe]
AVE REAA wEdu EdWRAE WY ARSE 3] olelAayE (10 X
15cm) e F4& AAT F HdAE A9 0.5mme| HAZ 5709 T4

& Wo] ARESHITL

3. ald &3 Alm SS9 =4l

Anagrus incarnatus+ 7|57H 7|AE&EE A7) #H8l BB (N.lugens),

NB - (Laodelphax striatellus), B35HT (Sogotella furcifera) =2 &
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2 29y 14 ARAI F 71AE 2@k YoM T|Fd mWE 7

A et 8ol (Tetranychus kanzawai )2l AEE5AL 7|FA yARE R K-3

Poto] AAE HAF 29 %, 349y Y F Fx7o I LR[gs
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Table 1. The present state of labortory rearing of each insect

pest collected in the field.

Rearing insect Host Collected site
‘Rice Nilaparvata lugens Stal Oryza sativa  Taejon, Suwon, Jinju
pests (brown planthopper) (rice)
Laodelphax striatellus Fallen Oryza sativa  Tae jon, Suwon, Jinju
( small brown planthopper ) (rice)
Sogatella furcifera Horvath Oryza sativa Taejon, Suwon, Jinju
(white~backed rice planthopper ) (rice)
Nephotettix cincticeps Vhler Oryza sativa  Taejon, Suwon, Jinju
(green rice leafhopper) (rice)

Lissorhoptrus oryzophilus kuschel Oryza sativa  Suwon

(rice water weevil) (rice)
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Rearing ins