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1. Title of the Research

Isolation, mass culture, and Insecticide formulation of
insect-pathogenic microorganisms for the control of pine needle gall

midge, Thecodiplosis japonensis

2. Background of the Research

- The pine needle gall midge, Thecodiplosis japonensis 1s the most
serious insect pest in the forest of Korea since several decades ago.

- The 1insect infests Pinus densifroa and Pinus thunbergii, the most
dominant species of pine tree in Korea.

- Althoguth various kinds of measures have been tried to control the
insect pest, the infested areas and damages are still spreading and
serous all over the country.

- So, 1t 1s urgently required to develope the integrated pest management
system to control the insect pest on the point of view of effectiveness

and environmental pollution.
- In this study, we will develope the microbial insecticide for the control
of the pine needle gall midge, Thecodiplosis japonensis, with

consideration of the unique life cycle of the insect pest.



3. Purpose and Contents of the Research

Objectives Scope and content of the research

1. Screening of insect-pathogenic microorganisms
Lst Screening  of from the insects and forest soil.

vear | the effective | 2. Conservation of the experimental insects

(’94) | insect for bioassay

pathogens 3. Establishment of in—and out-lab bioassay

system against the pine needle gall midge.

Selection, 1. Screening of the effective pathogens.

2nd | culture and 2. Analysis of characteristics of the pathogens.
year | formulation 3. Establishement of culture system of the
('95) | of effective effective insect pathogens

pathogens 4. Formulation and small scale field application

of the microbial insecticide

+ {

Mass 1. Mass production of effective insect pathogens
3th production, 2.. Formulation for field application
yvear | formulation 3. Field application of microbial insecticide

(’96) | and field against the pine needle gall midge

application



4. Strategy and Approach System of the Research

DB Searching,
Conservation of Screening of | e.arc m_g
: : : consulting with
experimental insects insect pathogens o
speclalists
Establishment
of biloassay system
KRIBB,
In-lab bioassay (
FRI)
Screening of effective (KRIBB,
insect pathogens FRI)
Toxicity and
safety test
Characteristics of |(KRIBB
Mass culture Formulation | (KRIBB)
Field Application (FRI)
Commercial production (Production by private company)
and industrialization (Purchase by Government)

_5_.__



5. Results of the Research

1) The larva of the pine needle gall midge, Thecodiplosis japonensis were
collected from the infested pine needle in the field, and conserved in

growth chamber at 4TC.

2) Insect—-pathogenic microorgamisms were isolated from the soil and
diseased insects 1n the field. Among 300 samples from 50 sites, 420
strains were 1solated by preliminary screening and finally 14 fungal
strains were selected including Beauveria, Metarhizium, Paecilomyces,

Penicillium and Verticillium spp.

3) About 9% 10’ spores/g culture were produced by the plate culture of

Beauveria bassiana HY-1.

4) The insect pathogenic fungi, B. bassiana HY-1 were cultured with large
scale on wheat bran etc. Optimal moisture content is 41.3%(w/w). The
production efficiency is 1.36X10” cfu/g in the flask culture, and 2.05X
10° cfw/ g in polypropylene-bag for mass production under the culture
condition of 27C, for 11 days.

5) Biodegradable natural formulating materials were selected by

consideration of economy and easy to get, nutntional balance,



protective effect for spores, and texture. The formulation efficiency was
tested by the amount of capsulated spores and pathogenicity to the

insects.

6) In the first year, B. bassiana HY-1 were immobilized to gelatinized
starch as carrier We tried to improve the stability and durability by
various factors, UV, dry condition, and swept etc. In the second year,
in addition, we introduced more cheaper materials and simple methods
with economical point of view. The main composition of formulation is
the mixture of clay and detergent for trapping viable spores of B.
bassiana HY-1. In the last year, we have developed the formulation

with easy care type as microbial insecticide.

7) Various types of formulations were prepared for the process efficiency
checking and comparable tests. The test microbial 1insecticide was

massively produced for the field appication to control the pine needle

gall midge, Thecodiplosis japonensis.

8 In this study, we have isolated effective insect—-pathogenic
microorganisms, produced it and developed the microbial insecticide for

the control of the pine needle gall midge, Thecodiplosis japonensis.
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ol oA HYAu|AEo ZAFo] £& ZFoly £YIing AREYo R
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Metarhizium, Paecilomyces, Penicillium % Verticillium Z°| &3+ 14

Mg FEZSHYBE F Beauveria bassianaE ©]-43 FBu| %S

AANE Ao #A g F oF 9x10°719) ¥£AE AT F UATH

A7 &E FRATLE e TAMA A E£dZTHE HA9AEQ
Beauveria bassiana HY-1& ®wWFsEd. A FEFHFL 41.3%
(w/w)Rt. A F€& A£72 AAEF23dA 136 x 10cfu/g, NP
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£ 9 Z 92 (Thecodiplosis  japonensis)t 9] #] 3 &(Introduced Insect
Pests) 2 24 QLAAF-H HAY7IA] F2uyet A =4 FHE AA
3t 9lew, 53] MAFHZ FEugt diF& AHAA B s EF
FEQ AYUFGRIA: Pinus densifora)®t & (1S, B Pinus thunbergii)&
A3 eA 71t ot £9E3TEsE 5497 AUF9 ofd Yo Adg 3
i F3E e vE €99 7IFE o]Fdd 9 AT H FH4L F
o AyFo AH5ES AMAY. weEkAN, 245 AFL A3 £31F
3, A BF 2-3d o] HEsEo] wetsE B Y {F52 &
H715-o] FEHAA 3B7R S 3L 10-119 iAol 8 E €23
o W3 AYSF FTHY EYSE F97HA StcmolW FHoldA HFE Frt o
28 4-5¥€ Wy #AFE AR 3 1-2d AEY FF7T ¢
al, AFEES 3= 130 13 LAY RBEALES 7HRY 19293 A &3 B X o A
e 249 ol FASAYAME I Hadgo] &AHJL, -yt A
Y371 d& FFAH LA & galE FAoY, dEAME 215G 9
fZFo WA F B L VEHoY & 2HE BA £33 AHo|t}, 1
Q¢ ZTIA] WY E YA o] HF FAE AR A o4 A
AL 45 AF9E A3 d £ LyUFEo] o FFd AldEa 9o
H, HZd= Gy AR FIARGF s Ao z7lx sz
A TOdHEZA = AR ol stetsdoz dix F§FLAE Jo, F&
=3 J37t & AA olF FAFIIE . BAE F=2 HFHZFA o
&Y AXS} FNFAYE o] Yed, FUFAY A$ lha 9 1209 9
AHo] Hagdry &4y WA 69 Lo E Fol B2 o
&°] Jow, HA HEFH dFUEE AFASI|EY A L WA A7)
o] Ao, R 7BEFTY TAE Fugol EFAHQA wAd A U}

19973 dA LAHAL AFFHoE ¢ 28%Hhaol®, Z L E(67,12%ha)0

LN



ojo] 7d5(39,000ha), 5 5(15000ha) A HEol H3|7} &3] A¥ ALE ¥
Ha glow, AYEe B¢ oF 15794dF AFFHoZ @ 38099 o]
Ed5 9] WA AiS AFRs Y. FR HIAHEE AFEE X
Ao g diFfoly, AA7IFGER] HolEFY 3771 et A & &
A Y. et 959 3 X ST AHEeE Qg AFE AHY
A 2 87 A A4d faE U] fEMe U599 AHY &
Hdoz Rl ZTFHUPIAE &S FAHoE I F}FH WA AA
(Integrated Pest Management System)E #83t= W ulHo] A|F3 KH
dot. 53], v}t AR A EF AYUF7F 2R3 e dEF FAAYE
< 1 E df, I dFAYDL=XNY AAH 7FA Eqk opdg, AET
A BHA, olisterh: 1A, FAY B3I B JFIHEHTY 7, FIHY dHG

84S A s ARt weEtM, dA €352 YAE 8 FYH
A Ye GiE oA HETE o Al|e] 31 AFAE ARFTOEHN LA
T AZE 3Hed R Ao 54 FAE HAS dof 3= AR FFH
Heto g2 tiFEH glow, old #HHAA HAXFA ofr] FAHoE ANk
H3 e AEA BA Jed T840 HAG 8529 &, 373333
i, 8F7]5 & o& H3 FAVL 7heste, dAlFela el €95
2] HAZ|eZX ZSHUUBEE o8& WAV|eS FY FELE T W
AANAE vtddiol & Ao 5, 1995). HFY AAFLZE &9 I g
FAE f3 e rAEESTA= A 7] Wl sYRFEY Vexd
T B7HE3it. fEugdA R dF dFAE YT 72T ® SAxY
o] A|ZEn} QA A &F ol AAHA R, =HY FHor HITH
J AHRE AAE= ZYUT (E F, 1982 ; # F, 1975, 1977, 1978 ; &, 1975
, HF, 1995). o8l BHeA B AFdAE £45 3 FAFS FAHL
2% Py A9 Ud ¥ EYoERE FEAITHEY tdes 84, &
2] 3la, AAAQY i SA| LS Esly B&Aola, HEAA HHA Al
A g 7S NEIAT




23 Az 3 U

=43 AM2E =S

1) A¥d&s (£4359) 9 gn

£330 WA a3 <5 HHdv s 4%} A e 49
=59 Y FE LAV AEH o G mEAM £ AFEHE &9 55
o] a7l AT AFe 2N SFIFAZE] F 600%E W+ =2 T HUT
AUE gxz] dd9 HEd NG9S £d&EHY % FH AQez HAF
ATt

2) TB225Y HAHUIFY 35E AT ol XY 4 A

w7 BEE okYdA9e MAZA #HyFHHoez E (5X20X06m)E
A2 AX3H LFEHA G ARG ZHE demFAZR n2A 23 2 Yo
HEFYS SemTAZ 2. 281 FHEOE2EREH Hee 43EF (E9F
B §F)e X RY HIBoEZRH B3I Asto wxAYH H4

o|F AewWoe=E Yt

3) AWl dP¥AF AA

THo2EE WYL £d3Ze {FE ASHeE JoAr]e AgE
o2 #8377 g AFH Rl Y A2 AFI (33X24X24m)E F
T Azt AA3T B_AVZER] AEE5E A fR#E ] 9
3t Zet2E A (60X40X10cm)E FEAZ S ofe] ¥ oA dojR
£dZ9Y7t & FU3FE o] AAe "ol AW AL AFA(AF 4THA)
AR



2. 2% WYl 0|MS0| EM

1) €592 J3 AQe EFAME AH

£dET e A FAAEGY HdfHLIIE 90 AHY HsHe F4
E, 3% 2~5cm Alo]el EYS oF 10~20g A=Y AHSFAH. AAFHE
ANBEES AFH AFY Fd, A, AHAHY FRBBY A, EF EA
5 AHEE 7|E3AY. ol AMNEES €d5He WA o]&7Ed FE
TEHATBEY B E AT AR #EUATY. EFAMNE AHAAHS IH
1 o Yetd A3 2.

23 1. 29E e g FETEULNAE AL 9
BN R A Fh



2) ¥%o] ¥5F FH

ESANEZ2RY FFo] #FE Y37 A3t MHE EFAE (01g)
g 975 Gmbol FEAAGY. dE9YF 0.1mleS FH3te DTMHEA (F 1)l
=23ty ch ol 30CAA 547 wlAIZlA, A 23t A DTM v A
HEete] FIdxAAA g, ol oFEHd dFES A2HAT0)d
2@ AY HAg g Ao o] &3St

¥ 1. Dermatophyte A& x] (DTM)

(glucose

Soytone
Penol Red

Cycloheximide

Chloramphenicol 0.01
Gentamycin 0.01
Agar 1.5

Acetone(w/w)

3) H4eYg AA

GxRE 4o 4759 £9&59gd dig HAdHE HAEY] f18tH Sg
o] AR (F 2)7F o A= A8F (20x 2 cm)oll HEI & 28ColA 6
A7F wiAd ATt =FSFE FHA filter papers 7+ petridish (87mm)el] £ <
ZiE] 75 20vEdE ¥e H, FEFAE 3l FFRT FA €xH e
Lo]FAY. HYE HAAS Ao dF dEHY G00ul)S € 948 7F
o] S+ petridishell #5384 26ToA v F3HAT.



Wheat Bran

Potato Dextrose Broth
Brain Heart Infusion
MgS04.7Hz0

DW

3. A 0j8=9 HH 3L

1) AlefF R A4 s

Soytone (Difco), Potato dextrose agar (Difco), Czapek-Dox broth
(Difco), Yeast extract (Difco), Fermtech-agar (Merck), Bacto-agar (Difco),
4 Gelrite (Kelko Co., Inc., Rahway, NJ, USA), Kaolin (Shimakyu, A|d4td),
Potato starch (Sigma, T4 F), Na-lignosulfonate (Sigma),
Ca-lignosulfonate (F=4h), ALFHolE (qFuY) 2 ZF saltiF (Sigma,
T 933, gAiksts) 52 AT

N&d AEZE soybean, rice, barley, wheat, mungbean, rye & U}
Ao E TYste EE3 3t ARRIIH oY, soild =, ¥, AY, Aok FoA
FHE AFH3I}A BEAA 100mesh R 200meshd] A= Hz A ALL3STH
S3lo] o3 B2 1A 7T E AR Y.




2) AL R S Y

Syt AHEYoEZREH g4 FEE 35 WA ¥F<2 Beauveria
bassiana HY-1 KCTC 0155BPE &Sl&32d tid WA a3 HAHS A
AA S Ao ol &EATE  HAu|R| A wigdH AAeIER FHuIE
3 3gd ¥AEES v Y O A3 wYgEE, SAF 9T TR
B, Bl BHuF ¥2 SAEZE V|ELE B o JAuR|AAY FF WAL
o] fE 3t} ojuf ALLH HlAE Yeast extract’} H71E Czapek broth
¢} Potato-dextrose broth®t}. Agar-plateE ©] 43 Hu vjge FF 24A 9
¥29 m4xd ¥AFEZ A FAHALY T AXTA 199 wi g7
ol £8P, dF AAE FAE HFY AWAHAPAE FHEA EZQH. 3
H, 7]&S& o] &% A wigE o Al vide o ¥ HAAH FAUS H
g ¢ UM ALARHT. FAE BiF AF ALLIAY FFZAANA 1F
d ol HAIHA AR ¥FE HT|E FHL 1ANY £ A E
7} A skt

3) XA g & 3

Czapek-Dox agar (& 3)olA FTE& FFE wjdstd 01 - 0.05g9 ¥
A R FAAE T4 Z2ES A9 ldem FF 9 HAWIR| Y] AZNHE
spreading 3}t GAYERS 26T #2434 xA3 W& A& WS Ay
o ASXHOoE 15¢ WA, aFAv)A FloA Z]FAF Eo] £}
ol BFHI 7Y dANYe] Foj & EAE scraperE FHolA 3¢
sttt 3" ¥x+= AZRF AHE Jedt FHU)71R 29 olu AL wuH
&t AT}



¥ 3 2%l TAANE A% WA =4

Bacto saccharose 30
Sodium nitrate 3
Diphotassium phosphate 1
Magnesium sulfate 0.0
Potassium chlonde 0.5
Ferrous sulfate 0.01
DW 1,000
Yeast extract O
Agarx 20

* Gelrite 5go. 2 AT & U=

4) <} A vl &
Yeast Extract 0.5%7} ¥3% % Czapek Box broth (Facto-Saccharate 30g,

Sodium Nitrate 3g, Dipotassium Phosphate 1g, Magnesium Sulfate 0.og,
Potassium chloride 0.5g, Ferrous Sulfate 0.01g, per liter)ollA] ZI & 8l YF3}H
ot HA A ke 2AHASE dAF B &2 RUR| T v AlZEo
dEH3 2 g aAu A HF F AF SE7F @A FAHUH 14
(Bellco flask, 4 baffled) %=+ 54 (one baffled) & =2 vjY¥L7]d 20%2] uj
kRS a9 150rpm, 27C ZZANA blastospore’t FAE7] A2E w7}A]
2-3YUz7t w3l FHS M AT wiFRe MES FotoE fIE H
n] 7 dto| A counting chamberZ #<Q13}o] vjet A|7HS B A3 T

5 & F&9 XA}
AzHE HolE HFE3AHEY ¥x ¢ FAY AETFE SAHIAUC
Rose-bengal @ 3 A A nalidixic acid 50ppme| #H7}¥ Czapek agarollX A&



g U3l WA= B bassiana HY-19 TF L& ZAEI9EY. E£3
hemacytometer(100um depth)oll A ¥ X+E F13ld 3]4+& 2L spore titerE
ZAtE e, TAILE A ¥4 : Plackett-Burman designg ©] €3k E 7
gtz ¢l v A3t (Monaghan R.L. et al, in Novel microbial products

for medicine and agriculture, 1989).

6) AzZtE2 AT E 0|83 Beauveria bassiana HY-12] LA v <

D AEA]: H7]€E2 AZXdE ZAEA Cmm x 2mm, pellet type, T+
g 12%) 80ge 500ml %2 AAESh2A @t o] nA A F/
4= 30ml, 40ml, 50ml oA HF FETHF 36.0%, 41.3%, 45.8%(w/w)L.&
ZARA3 1, ¥Fulg foil =T cotton plugs vH7Z 3t 121°Col A 15#-37F AF
T 3 AT

2 EdugE 05%9 yeast extract®t 3% malt extract’t H7MH
Czapek-Box broth 200mlo] WEEAH F+HY ImlE HEsH ¥A45%E 15
x 10°cfu/mle] & wW7+x 2~3Y 7 27°C, 150rpmol A A& wjokst gl

Q A E{e: FolE A iR Fo wlFd 32mlE HFIS 27°ColA
g2 Bl kAT

7) dZF A u]F

@ LA pellet 500gramd] 250mle] FF/FTE A7 (wet wt. 770g) =
o 20ml-& HEIA wlFFzAL 27°C, 40W x 2 x 1.5me F=F AgEFE
20~90% = FA = At

@ wjgg7] @ B7H FAL 93 filter membrane (7 X 7 cm®, & H A
A7 35cm)°] 23 FZ ¥ Polypropylene bag (50 x 22 x 10 cm’)& HWE/A
et ARG TH

@ A i FuiA] : Pellet FH= AFHE LIS IAMAZ ALE (7]



TEYE 10-15%, w/w)stAt. DA F vz o] HF FEFFE 37-40%7}
HEE FFTE A28, wdErE 48 F 120ToAA 3083t 13] 2+
3t FH|BIAT A AF FEFFS 12%FE HAsAUT ZE A A

dead spaceE Z°|7] Y8 F£3 ST wxvktaA g v P31t

8) Al A3}
D H&s A

Hedt Ax (X 49 & & Ho, A& 49 FHFA &3] €A A
121Coll A 15 - 3027 A R 338 Al ¥, 47] Mol g @383 A
e A WA Y. wHb7| oA (Flat blade, d=5cm, 200 rpm ©]%) 10&
ol &A3) Ao F, Awto] ALH= FedA HulAle AXIEAE Y
43 Mo PRy #FE 7R AT AEEPAA PE filmel
kAl WAl ERE AXAA FEIF 15% oluizt HA 3Tt
100g olWe 2% A Al 7% FEFIFS 7IEoz2 353

¥ 4. e} G4 7|& 24

..............................................................................

........................................................................................

..................
--------------------------------------------------------------------------------------
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--------------
--------------
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.............................................................................

........................................................................................

trix
75
= 5
275
X 2|7
A IR
A P

Soil (HEF)

DW

3.3} (121°C, 20min)




N&dr7t B 359 dFES Food mixer (39, 2-blades type)oll A
5 - 10 2 9EAHoR FH3Ut BRI AFHo Wolg st Holx &
& w7tx AEdAHT. dAF ZAPe 4% Pin crusher (Daega pulverizing
mach. Co., Korea) 2 %3 39t &3 £2<L Sieve separatoro] A 250 1
m (60 mesh) ©}3te] F&32 3330

@ BAAH A

A 1xpdxoE 339 AR (gelatinized starch)E F A (carrier) 2 3}
£JZ 9z ¥YA v E B bassianag 133 ARG YJF FHOEHFHY
oz 7R FEdAE F, ALdM, AZZA 9 F49 BFAE MAZA A
9] AR AFAHE Fol2A 3T} 2x1AZd = A7 FAZE FAA3
o Htp & Qx5 R 9T WYHES EUSIAY. =, XAE FHEFA FobF
=(trapping) ol FUHE 5o clay € AWHEAAY THELS GA=Z 34
of, E3 AR = o] TAHAE 9TV HEI EYFoE AP X H
A HF A A AT d+E FHEIAUT.

A A sl ALgE WA GA wigd LTEAE AFE3}AY, Pellet typed]
W7]-& A e x| o] vjFsly PEAIZ XX EJES AL T

AEAANA HELE AALHL F 7IA R AAE AR Z2A9Y &
g3t EAE HAAHRANA EA, F3HA K pelletF e YAZ TEJA.
Mortar, Food mixer ¥ Pin-crusher& AF23l9 YA XA A u|UE S
w3t HEAES] ST EAE T HeE AAA Y vlF F
dJol oAt ¥xe M3 R R ASEHR F2 A2 7|Usta A A
| T2 AZIAUY. EAE IIARY TAHZ A|A DX, EHH F
A R FIA FAA3}HLH Food mixer ¥ sieve separator 3 3ol Ab§ &
13t TIHETS APt 250m R 595m A B HYAE XA THEO,
30 mesh)

by

2,




¥z ¢HASE Y3 AHEF HERARY FHRE ZIEXZAEZE Lignin,
Lignosulfonate % Diatomaceus earth, AHZAHAZE  Polyoxyethylene
nonylphenyl ether(HLB=13.3), Triton X-100(HLB=13.5), Tween
80(HLB=15.0), Brij56(HLB=12.9)& AF&st3tt. Az &4 3 &3 WL
Mortar, Dry mixer % Pin-crusher& Al8£3}= FAo] 100g L9 AR
A 100kg T8 HE7ZAA A"EHAG, 22 FFEe] XAl Counting
chamber®l] 93 sporeE Al W¥ 3 nalidixic acidE o] &3+ FFo] Ay
2ol 4 ¢} Viable countE *H 83}t



=1
x

d=43d M28 15

1. g 2359 &+

1) 4¥8% (£93343) 9 du

sz AFE A% £99 VP2 Ryt T FHG 9 452

g8 goz YALANAA 2 2 T o4 ARHAN 24T FAL ol

dgoud 2o Agd NFHA ¥ F= E4¢ AU Ao ol

& A% FAMES] YYTFo2 g AE £UZ Y Fur £UF
&

metA B A7ES £93509 Hirt FHG AFdozy FH4YA

o] ¢f 60%ZE "¢ EL Fd EH¢T 294 HEg 499 H$E YL
2 ARSI o] AFezRyY FFo] AL

A& oF 1,000 kg AE FHIAY. FFo] FAHE £ 1,000 Kg T <
12 x 107] A=Y F9L 4& & 3oy 15 x 10° vt AEY AR §3

L A8 4 P& Ao=Z FAHQU

2) BEHAQ A&=d +5

FHE FHoEREH APILIFA €959 FFUHE 3] A% &
Aoz J5E oFEHS AFHASAUT. oFdEF AP & FH
(1,000 kg)& ILEA ZolFi oAZXHFEZHEH HII7] 9o IdxALS
|33 AR S 2SE 7] /3 AN olF aeWoeE YA o8
gt 5 ofgje] of 271 E AXE WAANPoZN &£UZ N FFo] FHo2HH
A Ue =g R (29 3).

Toz Ry wWAUYL §F0] Bole HF4FUE L g2y AR ¢
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o} o] AAAMZ AW H2AF3o] A HBAINAA AKEFHo2Z 35 HdY
n e g4 2 HYy HA T U/ E/EF AT FLE o8 F 3
=& 33

2. &Q Rz YHME wva HADNG=E B

£dEgld FAF HUBEES £33 % IR ofgoA o
Quj A& o3 AAH | TFES AN FEHUAMPEL £
= U &£959g MY EY AE25H BEdte iS "I &
ASTHAYAMAES £33V A% EFARE £€94FHEd T HIrt =
Agt A9 g3 HAA7E 90 A FolA AHIAG. HIT 50 Qo
258 U7X EFAEE FHA LS, DTM ®iAE o] &8t 957 713 9
TFol dFE EHIFAULH, o|l&F T2 HAEAEAL € ¥YAHJ BEAE
FTH O 23t 258 7IRE FEIFAT (F 5). ol Z47S HYy HAAEL 4
HZ] (B 2)o A wigdted &UEREE ¥ petridishd] AZg F 27T of
Al FEES FAAIIBA AAERE ZASAY. 249 petridishe w27
FA FARE FFTE EFA FALH, TFTE ALYIA FE AEdAM =
529 £d5RE 7550 AEH AU 20% ol e AALAHRE Hol
= 967HA #FES Y3t NEAYEE A HFHCE 1471A] FHAFE A
A3 FHE 5). ©]5L Beawveria 4, Metarhizium <, Paecilomyces <,

Penicillium 4, R Verticillium $2.2 %599 (219 4, 5).



Taejon Natmnal 14 40 40 9 1 0
Cemetery
Cheongyang 6 32 26 5 0 0
Hongsung 3 21 15 6 0 0
Chungnam
| Taean 12 0o 32 16 3 %
Seosan 2 32 4 4 0 0
Chungju 3 33 9 4 2 2
Chungbuk
Jecheon 8 30 3 1 0 0
Wonju 9 43 27 12 0 0O
Hoengsung 5 37 16 3 0 0
Hongcheon % e 6 2 0 0
Samcheok 5 47 5 4 1 1
Kangwon
Donghae 6 39 f 1 | 0
Jeongsun 2 32 % 1 0 0
Pyeongchang 2 39 2 0 0 0
Myeongju 3 40 4 2 0 0O
Haenam 9 28 2 1 0 §
Jeonnam
Jangheung 5 21 2 0 0 0
Buan 4 28 4 2 1 0
Jeonbuk | Byeonsan 8 36 13 S 0 0
Gochang 3 25 3 2 - -
- ! not yet ( continued)



¥ 5. (continued)

...............
.............................
...........................
----------------------------
............................
................................
............................
.............................
..........................
..........................
...........................
...................................
.................................

lllllllllllllllllllllllllllllll

Kyeongbuk

Yeongduck

5

Total

- . not vet

29

141

957

208




3. &=z YHE YA Did=9 dzdu

1) XA}2] A4t

¥z 457} ¥il, Bacillusi9 @70l #FHE LANGEES A
3t7] 98, o F(d=8cm)E T3 #A 2 EAE I3 (& 6). CY
agar plated °F 05g¢ FA7} AAHAR, #A4 g2 91 x10°/19 A7 &
2= AT

# 6. CY agar i X|olA e ExAA

Recovery c.a. 0.5g-spore mix / plates,

No. of Spores by counting
chamber

9.1 x 10"spores / g-spore mix

2) }H4EeA23E o] 83 Beauveria bassiana HY-19] zA|vl¥ A3} 41.3%
o] FRGFS 713 wiA A i FAITE 6¥e 2.09 x 10°cfu/g, 20¥] 1.34 x
10°cfu/gel T2 FA7} A3 (2 5). WiEe HEFFE 254 A9 A
A8lal A A o] o]FojFom WA A wiFEY FAU wFe A%
o wel dAIA FA3 FA AFo HE gk B 2 FRo Zu
< ¢ F UL




— - — — 15

fe+9 -
£ —12 2
% 1e+B - %
=5 D
‘5 =
-l -9 2

le+7 - e
= ®
S S
C
8 1e+6 — 6 §
o ] —
S I
— D
[0 Q
O 1e+5 - —3 2

—@— Viable cell
—&— Whtloss
te+4 | - - - - 1 0

0 5 10 15 20 25
Culture time, days

18 6. AZEFHATE o]l 83 Beauveria bassiana HY-19) 314 vl ¢,

N Z R AAE o] &3 Beauveria bassiana HY-19] LA H] <

80g9d HIAE 500ml E=tAAe] Yo cotton plugdte] 26°CollA
dstAtt F#L PD-brothe]Al 3¥3t Auidd dA wdE=
3% 3ml B A3



N7 ES}ADE ol 88 APelN AN Y FRFH FA BAF BA

= We) ARelA FETF 413, 458%S) WAL FAF AHE HolAw
36.0% WANAL el EHHAT (27 7). MFEIY FRFFO] 2
A% wopo] A&EWA WFF A Ax Aol FoHAN FHA #
xbe] Garo] o]2o}x)7] ol eHA AAFA AF £ AVE Ao B
At}

1e+9 -

1e+8 -

1e+7 -

1e+6 -

1e+d -

1e+4 -

Number of propagules, cfu/gram

1e+3 ] I
0 ) 10 15 20 25

Culture time, days

a9 7. AAES LA E o83 B bassiana HY-19
A} g A R I

3) A HAH3

g Ae $1% AdAZ il AL wiF&7Ier oA &
BAAe = EAEAT ALEE Wae ARRE AEA Y < FEITEH
¥25ke] i3t FENEH, T4 BER MH, HMAEAM EETY FIFS



Placket-Burmnan design®| &34 A3 Fr}. olw FAHI FX= #F&
P43 Aot viR e AR ZoIUY. & 7oA Hxo] 7|&9 44 E&
A30A9] ujZzAo] polypropylene bagdllAE & HLHE & & YA
TEFFE 50% Huhs 37%7F Y RS o HAF oA J[EY
ZHaA0A S} vlRIIR 2 40% F2& Al AL 2

...................
......................................................................................................
...................................

.......................................................................................................................................................................................................

........
........................................................................................

Factors Higher Lower V'a;l: /g‘iz:?ts Cc:)r;s:gg;(;on
g“f‘:r::t p"efr ";:g;a 500 250 0.75 1.31
Water contents (%) 50 37 0.84 -2.63 (>70%)
Light ON OFF -1.10 -1.03

— Seed inoculum Unfrozen Frozen -1.19 -1.25
Glucose (%) 1.0 0 -1.93 1.34

* Response was detected after 21 days of culture in solid-state media.

4) Beauveria bassiana HY-19] tizwjg X A 3

D 7 BEFF BA 1%, 2%, 4% (v/w)8 TEE AHEdo vl A3
¥ lag timeS FHA3Sta FF 48| FE HAHE J 2%E diF YA AHE
& At

@ vwi%¥&7] © Polypropylene bag ®i &7l stupol AU A uf x| <
& AZXFF lkg, 0.5kg, 0.2kgol thsiA = 25 - 50% (w/w)e £H2
2 ZAEY. B4 9 ¥ A AXE U EY] HEiA s Al A
filter7} vl Aol A4 B2 %+ FHE FAFAC. 23l e w5 "Wt 9
3 £719 ARAHZE Fo]7] Y3l &S AT autoclave = 13| =2 A 3N
=3



® Polypropylene bag ®i%&7]|dl A A (29 8). @ vl 1F L
A Aol BE Hjx|o] EALEHR T, o]F E A3t o w2t 109 ol F
o EAEE7F 2x10°%cfu/gdl °) 23t}

Number of propagules, ciu/gram
3

1e+5
L—o— propagules |
le+d +—— — ———————————— —]
0 5 10 15 20 25
Culture time, days

1% 8 Polypropylene bag vj %8710 Ale] A uj ek

5) Beauveria bassiana HY-12] A4t

g 227 26T sidde Ad 55 20-60% ATt XA 57449
8% 2 40W ¥dFsS HEAY YA HAsH HHE FAMAZ 1.5me
ZA0E 24AL FHIATY. WFL7I= xol 40cmd Awke]l A A 3L
o] o}, 174N Y A, 1743 =A47|E AX AR GAAM EXE
AAEEER T F A AHAE XFE 259 FoE AU H AL
A58 DAY AES 19 HEHF 7| E 500g x 120bags = 60kge] AAE



&8 Holn, ¥ 208 J1E VIFEoE A7 1289 mAA HasgE&E HY
o}, (8, 218 7) TS A% TAE d&dstd AA 1g8 A5 10°
7 ol Ae] AAE AHASIA T

rrrrrrrrrr

. oweoaE mmmam
S0 {EE Lag timex} & 4d|g 2% (V)
b 2t 2 7| 7|8 S Polypropylene bag with vent

A b x| o] < 0.5kg

DHB SR SRR 37~40% (W/W)
Al rt 120C x 30&F
H| X2 /5 25C/AH 55 20-60%

e 28  ZXEIEZ 40W x 1.5m

o L 1.2=/20&




(Powder media)

SSF media in poly-bag
(42% water content)

m Sterilization
. Incubation
Electricity (2 weeks)

Recovery

EXTRUSION
(Pellet size 3x3mm)

DRYING
(water content ;
less than 11%)

Pellet media -
Polypropylene bag
(with air vent)

Seed culture
(PD broth)

1% 9. B. bassiana HY-12] aLAuf<ke] &3k =4k



4. X x5}

A IAAENE 388 AE (gelatinized starch)S B A (carriern)® 3}
sdZve] HYA U|AE B bassianas 1AZ} AlZY oF 7oz BES
g2 7}A] FAAE &, ALAH, AxZH 9 F49 BAE MAdo kA
o] A AEHHE FolAA UG 2APA R = o) AAAES ets)
o Bo A A8 2 093 MHES =YY &, EAE A FolF
+(trapping) o] FAHS Fo clay R AHEAA Y THES A= 3 H
of. 3 o] EFFAE 7] HE BFo= AY3ste Y HF A
= $A43o 3adx AFEES XYt

1) AAFGAE o] &8 Y3} A

Aol HE A ARE HAEstr] d3, 7o &olA, AAY/E4 Y
o] T, XAE HAEA 93 & F e H3IdH € EAAS 1y
o AAZ} a3 vl 43t G ARE A3 Zbze] Qe X
= AL (R 9), ol 449 HYgS AASNAY. 429 &4 A=
& 7l 50g & AZEsIH, 05g8 Y ¥ THEES a5 3.
SHFTFE2 AA3] 343l PDASA colony forming unitg Z+ A
AEE AL Jes AR 23 AAAE, A7HF 223 e d e 3
F&o] AHoez Ui, soild A= 100%ET F%2 Y, bicassay 4
o vjxd o owujyt fIY. &3 A, X9 d9HUA 4 HA AERA
AM A e wAS7] A8 7ol A Aad, ¥ad R 77 H7
AZ T E, 4 R s0ild 718Hez APt o B¢ e Mo Alm
T hemacytometer2 FALSHH] H3, Padt Fol= TEA GA HAE 3%

A © 2 hemacytometer thAl FA X ANFE FASIY 1, A%S FHlsto 3

N
of%



9 ddFAHE AAS BE

..............................

Potato starch
Rice powder

Barley powder
Solil

Kaolinite
Wheat

* Spore input : 0.5g dry wt-spore / S0g-matrix

@ 14 AAEF B2 (Lot IR-1, IR-2)

TR 2 2 HuAFEY AXE 3 H 99 LS 2HOE 2kgo A
A5E FH8lo, A AZFH lkgd 5g9 sporeE H<3t YTt PR
A7 20pm ©]3te IR-13 250 m o|&e] IR-2& A X3 F T4 F¢
e ¥ & SA3}AY (Table 10). XA 3F&L 93 - 137% At
2kg B EFS A2NAM AU =H ol AAY FEFZF w3 IFE& ]
Aty ACE Hol Fdd met AEXRAA] ZAX= AL AAd B
s ¢ 7 AU

¥ 10. AAF IR-13% IR-2

.............................
.............................
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
Ll
Ll
a4

T
=
-y =
T

[

Formulation| = . |

i 14.8




@ EA & ¥H A

FA AEHAAES IHIA £l BHok 3G 23 AAF (IR-3, IR-4)&
AZ3FT (B 11). uv=ze] IAE 4oF7] Ysl, La-lignosulfonate 2
Tween80 &Y o] &3 FHS ANE=RAT ¥£A42] 9 hydrophobicity 7} =
o E&0°] ¥UT. WA Ao T3 @ FA AR EAE 4ol LT
TS5 XA, vv)E HEY B FAd HedE AR

#F 11. AAF IR-3 (2 x Zkg)

DW 11 liter
3.3 (121°C, 30min)
Spore mix 30g / 60 plates of spores

@ Yok AFES AT thHEF AAF B (IR-4, IR-5)

¥z E]JAE 71 217171 A8l E3le] @e3% FEFS 10literE 3,
matrix®] BEE FAA7|7] A& EI7HFE BASAT (R 12). E3F spore
titerE ¥ol7] Y3 2L ¥Y matrixol| IR-4 Bt} 5uje] ¥XE =3 3
t}. Spore mix+s lliter®] matrixoll lignosulfonate®} Tween 802 HEA|A,
2 9 FAF gojgrt 2 EF4% F E matrixe}t 4 A



Soil (B EF) 400 g

Lignosulfonate 1l g
Tween80 1 mi
DW 10 liter

%3t (121°C, 30min)

Spore mix 133g / 300 plates of spores
Spore titer : 5.2 x 10° cfu/g, Water content : 11.6 %
(W/wW)
Recovery yield @ 19.0%%

@ HFAA £4] (100kg)

IR-4& A d3 A8 Lote A|EE $£H|3te, Kaoline (pHsurface = 6.4 -
7.5, 325 mesh for wettable powder formulation, 250mesh for dust
formulation)® lignosulfonate & FZA| 23 HF A A 20kgS T4 At

® APdE AFHIL

7NEHE &F HAvBEY oY AXAFEES A% HAHEFT AAE ML)
7] 913 Ao 2 BEIUMX AAYH e &JEgyo] I HYHL AR
Ak _A YA A Aol 250 pm o] A (IR-1), 250 um o|ge] A= +
T3l £dZHeo] g HAd™ S ARG A4 T Ao|7F IR-19] ¢ <A
g AAZ BAZRG. mebr YAA o] 250 um ©l3ed HE o] &3l A A
ZAdo] Boh tastdA ¥x EUAWHEE AMAAZ 2aF A AFE (IR-3, R-4)
& Azx3o HEYE AANAY. IR-49 A$ IR-3¢] uvlsle] E = gHekol
o %ol EARAT AALAAE v =34 YeEbT (R 13).



E 13 €433 g AP dFE

20 60 21 35.0
5 60 8 13.3
IR 2
| 20 60 25 41.6
D 60 4 6.6
IR 3 p
20 60 10 16.6
9, 60 4 6.0
IR 4
| 20 60 8 13.3
Control (DW) 60 0 0

* Fach type of fomulated insect pathogen was dispersed
in distilled water and assayed for its lethal effect.

2) Beauveria bassiana HY-12 A A 3}

D A AZ ] AHEE A= A4 wjgd FEAE AL 3A Y, Pellet type
o] A71& TAuA|| wjgsle AXAZ ¥R} STHES AHESAY. A H)
FE o ¥AFTHFL 10t951113 % 2.2 x 10 cfu/gram I3, FEFFS
o EA7|e &std oF 17.8%(w/w)olAH

@ AZAAAM AHEH AAURYEES F 7IAAG. AA s AHAY=Z A 9
3l EARE AAZAA A, F3IA H pelletF o JAER TEIUT
Mortar, Food mixer ¥ Pin-crusher& A3t A XA nAMYFES
B3y HEAEY THEAT. 8 SRXAEHZ dA Ao vl &
Hol oJPJA ¥A B3I ¢ ANHER FE& ALE U AFA
A FEo2Z AZFIATE EAE ITIHEC A} AlAH DX, =3

A 2 F3A FASNASH Food mixer ¥ sieve separator & A9 A}&3}]



1A3H 3FAEL At 250m E 595m HAe AR A A OO,
30 mesh)

@ A AHIRE Y3 AL BERARY FHE JIEZAER Lignin,
Lignosulfonate 2 Diatomaceus earth, AHTAAAZE Polyoxyethylene
nonylphenyl ether(HLB=13.3), Triton X-100(HLB=13.5), Tween
80(HLB=15.0), Brij56(HLB=129)& AH&-3tit. AEL &4 X &3 WH
Mortar, Dry mixer ¥ Pin-crusher& A}8-3}+= T4l 100g WHele AR
A 100kg F£9 dTEZR AlEHUAT. XA FFe] XAE Counting
chamber®] 93] sporeE Al ¥ 3} nalidixic acid® ©]&3F FFo] Ay
Z| ol A &} B XA ZALE B B3

3) EJFAE ol 8T AAS3

A W FE o] ESAFAE Hol A EHHHA FEI 44" XAE
clay 8] FAAHAG. oju FAHd WE X2 &2 F-437 ZUH-
AA M FE AESE AwEe HEXE scE] = IFS FART 2
2} o] F-o AAdAME FIABEY FRFET HolM 1REHZ AAE I
3 T3 FERUY "M EdEA Y B¢ 22 ¥R Yol FolA 1
A FE25EH EAE 38 A Al7led HE3 Aoz AARHT. @
A ALEALY Hel " AP USIE AT AN T Weke] 8 FHUG.

¥ 14. Clay ETGAE ol 438 WA B bassiana HY-1¢] A% E

d 07 7 o P ks TR ETEF S L T L E T R ==y a =1 -lr-lllll!i'I-ll'l"lr'l'-a.a..-l.-q-r-'l-l'l'lr-llll'l' --------- CEE B B | _--Frl'l'---i—l---..1......,..'1.........-.-.--.-.-.'l'rl-r |||||||||||||| i pib s ank- - - e o m ae B UL ] |—.-ﬁ-‘_rr'.......‘..". ......

 NMEE® S8 ()  AAHYS 48 3XeE Cug)
12 =4 ¥ H | 70 1.08 x 10° - 1.90 x 10°
2A =M F H | 20 234 x 10' - 2.52 x 10’
2 B4 Lioix 10 1 x 10° 0|}




4) 29 A JAPe HA s

D FAlSl BEA, ALHAH S AAHIYAN FRE AAE vPoz
el A 28 AAE FAHSFAR ol XATHY AARAAHLE ZFANY
ot ¥ AAA I, I, IV gram® 1.3 x 10° WA 15 x 10'y E A8k
& BTk 84 - T0CTAA 1Az Axe] 84 1/10009 & a7t
AN, 3% °|l e metanolS EFI AEE FA3Y NZEo] FAE IV-19
Bl 7HE FUY. AFRE HX AEE KCl BEY+= tale/b XA g3 A
=09, T3 AWHE8AAA T TG749 FSE37F ¥ HAAY 83 21 &
A= FAHAH. (& 15).

113512 (57) 16.01.0 (80)

1i-2 4.3 x 106 -41.7 12.3+25 (62) 14.31+2.5 (72)
11i-1 1.3 x 106 -49.5 12.3+2.5 (62) 17.6+0.6 (88)
1I-2 2.3 x 106 61.8 13.3+£1.2 (67) 17.0+3.0 (85)
V-1 1.5 x 107 -26.6 - .

* Deactivation Kinetics at 45T

Deactivation ratet= =1 Zujgte] 3SFE LU E Aol A H7}
d g Ase HHAEA Aot A AAHZ IV-10] 7HF 53 A3
HAG.(AA AL 15 7H)

@ MNEE& AR A4 F 15048 AFE vlg s Ay AlxHHE
Ao} A o A 2RSS ZANIAUT (F 16). AlZE W 4E AESAHE
¥AFEE 7|F R XA #5, #69 W& A9t & 17949 A
12 AAAEE A8 AR ALL359

i



¥ 16. €d3vg WAL v|yEFoFe Az

T T e e T P T Ty ey ey
........................................................................................................................................................................................
...........

AR 4 ewmgae THESE
W B e R oy
1 w3adzx 957 x 10°
2 ulAX ALY E + BSW + Talc UM Z E4/Extruding  1.07 x 10°
3 mAZX 2ARYE + BSW + Talc Jet-mill2 £ 4] 761 x 10
4 uAZ LARYE + BSW + Talc Jet-mill2 E3/Extruding 2.32 x 10
5 Azg aAWYE + BSW + Talc g2 B 241 x 10°
6 W2 nARYE + BSW + Talc UM E E4/Extruding 240 x 10°
7 AZE IAWMAREE + BSW + Talc Jet-mill& 53 2.18 x 10°
8 A2 nAMYE + BSW + Talc Jet-mill2 ¥#/Extruding 1.66 x 10°
9 ZAZY} nAMIFE + BSW + Talc Jet-mill2 ¥ 4/Extruding 1.37 x 10°
10 0 AZ DA ) LGE - 863 x 10°
11 AZ% DA ujFE - _ 6.50 x 10°

5) €959 AL vAEAAL] APst AL
12bd ol AJZHE A A3 432 DAY 719 tiFso e HAA
BAAR, AHEEoIARE VELRE Y YAZ AHUY. (B 17)

¥ 17. £9Z 9 BAE A4S A A ¥ %

- AAFANRA ARG 2FE ASYA

A3} 7|28 Qﬂﬂlﬂﬂ"o"- ¥7tel 138 A (F7HF, &, 4, ¥E)
ql-ls - Aol e ¥2He 2

F2E 9 ARREA TF L U3 47

- 7| ZA| : Lignin, Lignosulfonate, Diatomaceus earth

2% 71Z2AE | - AHEA A Polyoxyethylene nonylphenyl ether,
(FRE) Tnton X100, Tween 80, Brij56

- 24 2 &% WY : Mortar, Dry mixer, Pin-crusher

- 84 ZA} : Counting chamber, Viable count

= A - &4} . Bentonite, talc, starch, WG5, STP
(ZH2]YA|) - AlAE A2 -1, 1-2, [II-1, I1I-2, IV-1




6) AA3}E SAZH YAZ v BEAAY AR 47IEAL (Simulation pot)

O FHE FHELE 7Y €939 E34E vHE3lL 7S ¥ F
o] simulation pot& TEAT. FFHS MA Z7|= 245cm x 490cm AT
B A8 e} Beauveria NP SFAL AXETE 1 m*F 949g, 21.5g° A pellet
d A= 106gelUL HETZA FAZYFE UHSAH. FAAE F 133¢
S7A dE3Y WY waRRAAE BEE ARG

@ %71 9ABEEEYE  Beauveria bassigna’?l£o®Z HI1 139 X
10cfu/g-soil ©] FAHAZ, 1339 FoE 6.78 x 10°cfu/g-soil °|3t2 FA
E At mEtA 949g =9 13 FAAHZ °oF 133€7HA] wEE = A H
ATt Al M F 1FYEFG oF 1%AEY vAEY FAFHJL, o] FET}
A TASHY A3 ZAadtes BFS HYLEAN A2 x7|d nAdEY d%
AAE g Rl Hede & 7 At B AP F ANMAE dFN




7) NP4 AYPe dxysd 4A v|BE FH

D NPEAAE ZY9E AR d3lz] 449 $HAY sE2 A
3t EYFY FAUABEY FEE ZAIAY. 28 A7 AUIE 1997
d 49 49 A FAAE AR FEAZE AHr] 2 AHo oA A
THEE XHo] AXEAT APAAY A4X= GY 3 W FAHI AL ol %
o] F71Al Hge gAY 79 AHEgwsEs (F 18)F 7o

¥ 18 €4 &ve WA E r|AELTA L kA EIAY HEs

- . "
...................................................................................................................................................

................................... L . T T

@ YA vAE Beauveria bassiana HY-19 EF 53X & XA 93
A AR AXY AW W AXE F AR AID AN EYES AAHIA
o AFXE FE F STl AEE HHTS ol EY EFA F20g A
AHIHET ABEE SFTE A8 Czapek agarolA 2olde= YA v A
B9 FE& ZAEY L

Q 13] SAAME & FRAUAAE W3 AFSA 22 A ESFY v
BEFZL 28x10° WA 54x10%fu/g-soil® FFo] A48 Beauveria 7
o MBS VAR AUtk NPFAY HY 25d & UE, o]& £
B4 A7 AL T Bt FAHAL APINREH EXFY §u
W AEFEE AT HE] F 2F e 10°cfwg-soilol 32 FrAHY FAT
BEFE7L g F UdAE 1000302 Fristed A&Hoz oAzt &4
go] EFFoE IFST A s 2e & F AYDG (29-6). 29



J FAAE F 2¢d0] HE 69 4¥E uAEFES 10° WA 10°cfu/g-soil
Abol2 ZAHAR o)F 1054 74A 10°cfu/g-soil o189 X7 FAH .

@ AFxxo 42 FAVAE FE: 100, 150, 200, 250, 300kg/has] A &
SEHME Agdsede 743 A4S 2AE F YU & AFF
o] AAE, AUFAE, EFAHEH, FAANAY sHUE F WUt o9 A
o2 oAA). @A 200kge| Ay FETE A F 61Y7A vjEZH AAF
o2 mAE Axs FAHAG. A F 10590 27| X FH BRI
10°cfu/g-soil ©]Ae PlAEL 7} FAH A
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