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< SUMMARY >

| \ D-02

This study aimed to develop the industrial application technology as
environment—friendly bio-pesticides using a number of entomopathogenic
fungi having both insecticidal and antimicrobial activities. Entomopathogenic
fungi used in this study have already been selected through the possibility of
simultaneous control of pests and plant pathogens.

The other purpose was to demonstrate the dual activities of these fungal
1solates in plants and to develop their application technologies.

O Evaluation of the efficacy of dual active microorganisms

- Examination of insecticidal and antimicrobial activities against pest and

plant pathogen

— Selection of optimum dual active microorganisms
O Evaluation of the effect of dual active microorganisms on plants

- Evaluation of effects for plant growth

- Study of interactions between plants and microorganisms

Purpose & O Development of active enlargement technique
Contents - Detection and determination of environmental conditions for activity
optimization against each fungal isolates
O Development of efficient production technology for dual active fungal
isolates
- Evaluation of efficacy for individual production of solid culture and
liquid culture, respectively
— Evaluation of efficacy by simultaneous production of spores and fungal
culture filtrate in liquid culture
O Development of application technology of dual active microorganisms
- Determination of capacity and mixing ratio of active ingredients
- Treatment timing, number of times, and method in leaf surface or soil
O Characterization of active substances
- Basic physical-chemical properties of substances with antimicrobial
activity
— Antimicrobial ability of active substance
O Evaluation of the efficacy of dual active microorganisms
- Selection of several fungal isolates having high insecticidal and
environmental stability from mite—-pathogenic fungi and
Results

aphid-pathogenic fungi

- Second selection of the isolates with high insecticidal and antimicrobial
activity by evaluating the antimicrobial activities against ZBotrytis
cinerea and Clavibacter michiganensis subsp. michiganensis from the

selected fungal isolates.




O Evaluation of the effect of dual active microorganisms on plants
- Evaluation of growth promoting effect for cucumber, soybean and
lettuce by using entomopathogenic fungal culture filtrate.

- No observation for the plant growth promoting effect by the culture
filtrate

- Endophytic effect of tested fungi was not observed

O Development of active enlargement technique

— Culture of enotmopathogenic fungi according to temperature, pH, and
culture period.

- As a result of examination of efficient production conditions, there was
a slight different in each isolate, and GY medium (or PDB medium)
showed high antifungal activity and blastospore yields at liquid culture
for 7~10 days under temperature 20~25C and pH 5.0~5.5.

O Development of efficient production technology of dual active isolates

- Evaluation of individual virulence of aerial conidia, blastospore and
culture filtrate against two-spotted spider mites and green peach
aphids

- As a result, mixture of blastospore and culture filtrate showed a low
LTs0 value and high insecticidal activity.

O Characteristics of active substances

- Antifungal activities of selected fungal isolates was confirmed to be
fungicidal activity.

— Fungal culture filtrates of the four isolates were stable at high
temperature of 100C and had both hydrophilic and hydrophobic
properties, and antifungal substances of fungal culture filtrate did not
show characteristics of the protein.

O Development of application technology of dual active microorganisms

- The endophytic activity of selected fungi was not observed

— The fungal culture products should be treated in the leaves and stems
of the plants when considering habitat of the pests and diseases.

— The result of treatment to strawberry seedlings showed low activities
and this is assumed owing to the insufficient amount of active
substance.

— The sufficient high activity of fungal cultural products would be

achieved through formulation process.

Expected
Contribution

O Further short-term study for industrialization of our results will enable
the transfer of technology to company and commercialization of our
result.

O Expansion of microbial pesticide market and revitalization of related
industries are expected through the development of new products using
entomopathogenic fungi not only for insecticide but also for plant disease

control.




O It is anticipated that the application technology of various materials by
dual active microorganisms will be extended to the various fields with
food and medicine as well as agriculture.

O The results of this study are expected to promote research and
development on the expansion of applications of various microbial
resources including entomopathogenic fungi.

O The development of novel dual active microbial products is expected to

enhance domestic eco-friendly and organic agriculture.

Keywords

Entomopathogenic | 7etranychus Myzus Botrytis
fungi urticae persicae cinerea

Dual active
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nf Foll = WAste] a5 W] ALY Qo] EwtE A T T 8659 AA F=olA
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= PDA (potato dextrose agar, pH 5.6)8] %ol HZE3s}
a1, 25C oA 253 wiFstR L, 2571 wi st 23Ul 5% olE 72 Ay AHEES
om @r|HEF A& 4T, F7|EA Aol cork borerg ©]&3o] 6 mmE AE F
20% glycerole] ¥3t¥ SDYB (Saboraud dextrose broth with 1% yeast extract, pH
5.6)uf Aol HFste] -70TCe| B #AE
SFHUAY 380l x5 FA] S, 257 widE wFo] WS
IS 0.02% tween 80 ©]83to] EAHAE NS HOo
A TAE AAE EAEE Y-S hemocytometer
A g2 Aol AFE A7EA] 4T BAeHa, BV 39S W71A 2%

K
Hﬂ )
XL
N
ol
ol
&
ikt

o md
Q9

o

ofo
i

e

A WF 2 vjoke) Al
aA e 23 dojd ZAFEgAL dguxo] HES7] A SDAY (pH 56) HjA|
o 0.05% benomyl (95% active ingredient (Sigma, USA))e] #7}F¥ SDAY+B s Al
A

2

A o] o} o] BHelatel 90% o4 viabilitys Holt: A$wh AMEE

ZF& el 50 ul (9 x 105 conidia/mDE 30 mle] PDB (pH 5.6) #i#]7} E9]3l+= 100
ml Z2t=Fo] HEFsEe] 25T, 150 rpm, 7oA 1447 v el ar, 1447 wjkd
Wl FALE-S 10,000 x g, AT, 20859 AT ste] TA WF S Belg

o] A wjFAL filter paper (ADVANTEC, No. 2)& 1z} o33k & 37+t

o J 244 A4
I A G AAE 98] wFAS Zh2 pH 56, 745 NaOHeF HCIE o] &3] =%

ﬂ.l_u
o

Akl om, NaOHeH HCIE wjekel & ko] 1% W= H7HH == 2%
pH %% % 045 um filter (28 mm syringe filter, Corning, USA)Z O]%"} 27} o I =
2 = gFdS Aol AREE

4 2 A =4S 93k blastospore FAE YAlEE & 3|
T2 29 washingste] wWgAES AAstL, T/HTFE 2o WIFANT FoAF F
vortexingstel dAENE AR oH, o F HudH A== HAE ar

blastosporeE A3t A g o] &3}

o

e ”X}—E— 005% Tween 0=

2
O]Jcl’é‘}oq EX}% Lol S WFE 31 hemocytometerE ©]-&3te] Al on, AEAA A

HS

S =
= °

o X of
= o [¢)
Tjr%% ‘%X]‘ﬁol Z3E 60 mm petri disholl A& 25 mm=z 2 7] F 2] =4
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, LSl sk el 5343 Hukel ol AF 20vEE SHFES ol EHlE 4
)

al 9]
Fo] AN 1 ml (1 x 10° conidia/ml with 0.05% tween80)S W %8 air brush®}
A% AolAZ FAH SD tower sprayers Ab-8-3sto] HES)

- Aol gl HF F &= 25T, FF7 12L:12D, ¥ % 70% AR FAStaL 2443t
Ao 5Y Feh wid #AsP oM, HETEE 0.05% tween-80 & NRHES A5
I AEHAHE 39E Y

- AFELS FYoA] FFolo] Aol Fotow FEE Aok HF3 FFolo o3k XA}
2 QA3

s
- PDA HHX] ] ﬂ 27 < g 3ol E‘?ﬂ% =19} ‘FQ’% EAE 0.05% Tween 805
oj-&stel EAFE NS WS hemocytometerE ©]&3to] Alestlon, e A
348 viabilitys= benomyl HjA[ollA] ol o] FEES Flste] 90% o] viabilitys .©]
= ANRS /@%747@01] o] &3},

o

- 15% agar’} S¥Al 5% 90 mm petri disho]l 60 mm=z Z#H 7|FAEA A& T,
1 flel EFo } AGE 4% 2078 & 2A2HA S8 Fo Sv9 2 359 =
Aderel 1 ml (1 x 10° conidia/ml with 0.05% tween80)& W <%-§ air brushe} <%
Aol E FAHE SD tower sprayers Al-g3}o] ’\“Eﬂ ] PHo =z HEF

- BFolsAbE HFE &% 25T, Fx 16L8D, vk 70% o R fA|5Fal 244
b AR 7Y EoF wid #ESG o, EH}—:I’LE—\: 0.05% Tween 80 &7+ A

- AFEE wIdA gRole WAl otow pAH AW PED woldl oF Ax)
= A4

- AR G Aol AgE A EHYA FFeo] EntE AU GFo| Wit (Botrytis cinerea
T3-4), 1F ©-AHW I (Colletotrichum acutatum 15AS32), 115 Y8 (Phytophthora
capsici P13-1), ©7] &AWt (Colletotrichum fructicola CGF160401), EvlE &)=t
(Sclerotinia sclerotiorum 11-49)2 T 5tetul A EX W3 AF Ao A FgFrtom,
52 PDAuR| o HF3dtal B. cinerea T3-49} P. capsici P13-1= 22C, YA
FE 26T o= vgste] Aol A&

6) AEHAAG At
- AT g4 Age] A8dE AEHAA A EvtE AW T (Clavibacter
michiganensis subsp. michiganensis LMG 7333)% Z&50jstnl A E A3 A2

A FEoFwrol King's B medium (2% Proteose peptone no.3, 1% glycerol, 0.15%
K2HPO4, 0.15% MgSO04 - TH20, pH 7.4)°l A 27C ZA o= wjfstiA Ao Al

[
.
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st o,

o
100 w¥ H=

=33 B. cinerea®

A

ol

[e)

=

=

Q
[¢)

o

=

=

ol B. cinerea®l At

2 X PDB®AI(pH 5.6)

595 nmol] A

ke
T

, 96 well plateo] 100 ul =3t

Axg o g

"]—_ﬂ

S

ol A 48413t w<F
om, = wigFd Al 100 ul9

hemocytometer2 75
conidia/ml®] %]

=
=

o

A5

EEE

BR
fIfe)
:AE

)

el
~O0

=

=

tof

°©

T 96 well

T

3|
pul

J

S

o] wjeFed 100 ul

=z
650 nmolA FF=E AN oW, dE+= 100

3l oF 5 x 10° CFU/mlZ

C. michiganensis subsp. michiganensisS Wl %
[e)

2 X KBuWiAI(pH 7.4)°l4 650 nm=
°o]-&

ke
T

=3
e

=]
FaL 27°Col A 36A17F v
ule] KB A (pH 7.4)° Ei+E A&

<]
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of e JF WE nFsh EvkE Aele] 217 Imld wjFelS RAFSHel
wel U@ 9% WARE 6~797] fHel 74 9T ImH e v

dasklon, 3
& EARShAL, % 25T, #3331 16L8D, % 70% o2 FA5 &
- HETeE A A9 Imle SR E Akl e, tixgtel vlatstel mwe] WskE
2

1) Ao 258 dAd w8l WA 77 A4
- 277 vk Fge] WS o] FEE EAE 0.05% tween-80% o] &3kl ¥ExtAE
g whEa Wi 9AHE o] &3] filteringdte] #EAME AAT H, TAE AAH

2 8
A E A S hemocytometers ©]-&3ste] AlgstA i AAwA o HE37] A benomyl
Al & o] &3 E2HE] viabilityE SA8F 90% o]l A o] &3

- X2 dgAS 1 x 10° conidia/ml with 0.05% tween80Z 3] A18}1, 4~5% 719 139}
EulE § o 5ml¥ wAbste] HEe & 2% 25T, #x7 16L8D, % 70% =72
2 FAs A&

- A/AF 2FY ¥, AEAE T8 o =7, s HudE VHE ol &St 7 oF
leme] A7|2 A& F 2% #AboldAbel A 53 A, 70% Al ehsol A 133 A &
A2 xpold Ak o ees Al A E.

- A2=%" HAHAEL 15 ml tubedl 2 mm bead, 400 ul® EHi
homogenizerE ©]&3}o] 5837 vpast & vidgld dAgAS &
A2 5 78 2H2E dole F AR dAnd s 8 mAd=e

- dAvASE Fd vAEe oFE #Ee 3 <
(Streptomycin®} chloramphenicol®] ¥3+% &
gk Feets, BAAAESY A4S T3 3% o F

N
N

o
2

S
R

)
& o
dr |1
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we |
g 2 g
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=
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=
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=
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EAE 0.05% tween-802 o] &3le] FEAFHE

43} 1ltering6‘}oﬂ TALE AAS FH, A AAE
NS hemocytometerE ©]-83le] A58t HA|ujH o] HF37] Z benomyl
23 A9 viabilityE A8 90% ©]dd HE ol &ste], Aol EAE
ul (9 x 10° conidia/ml with 0.05% tween80)E pHH = AZE3sl1 25T, 10Y
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13)

14)

15)

z A A FE-ZA

pH 4.5, 5.0, 5.5, 6.0
=5 15%, 20%, 25%, 30%=
) &7 3t 44, 74, 10d, 144

0 mm petri disholl A& 25 mm == I
sto] Hubo]G-off °kF 20mtelE =d¥S Fol FHlE ZF #F9 LAY
aerial conidia 1 ml (1 x 108 conidia/ml with 0.02% tween—-80)3} < A ulj &
blastospore 1 ml (1 x 108 blastospore/ml with distilled water), ®]<F< 1 ml, aerial
conidia®} blastospore® U4 wElste] HHAAZ H wjgFHS o] &t HEG E3FA
Z+7zt 1 ml (1 x 108 conidia/ml with fungal culture filtrate)) 1 ml (1 x 108
blastospore/ml with fungal culture filtrate)S 9% A oA = F+A ¥ SD tower sprayer
Abgete] ZbzE JES

HE T Hulo]lSoj= &% 25T, Fx74 12L:12D, % 70% X708 fA3FaL 244 7F
Ao 7Y Bk M B MESG o, gRTEE 0.02% tween-80 LHTS A
gt e 3nE 533t

LA FFo L3 BFolsbE AEHAALS 15% agarﬂ 74]
% 90 mm petri dishe] 60 mm=z Z& WU S =31, 2 fof] SFolSHEE A
Z 20vtE]l S v]&8 brush® o] &3] 2EEe So F#Hjd 7zt #59o uAwIdo=

47 % aerial conidia 1 ml (1 x 108 conidia/ml with 0.02% tween-80)3} < n]jefo =
A% blastospore 1 ml (1 x 108 blastospore/ml with distilled water), ¥j %<8 1 ml,
aerial conidia®} blastosporeE ¢4 st HAAIZ H wjgA S o] &3t HEsH
&3l 247 1 ml (1 x 108 conidia/ml with fungal culture filtrate), 1 ml (1 x 108

blastospore/ml with fungal culture filtrate)S 9% Alo|A &2 TA ¥ SD tower sprayer
E A} g35lo] 7z =3

04 B. cinerea 3;}@1 50 ul (2 x 10° conidia/mD¢t Ztzhe] wieFal 1 mlS 15 ml
microtubeol =38}l vortexing 3+ 3, 22T A vjF stk ZHzrel Ay 4E o
sk A ZH(, 2, 4, 8, 16, 24, 32, 48X 7h) &t A& & $A3sar, 13,000 rpm, 10 &<k ¥
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16)

17)

18)

19)

A et & HAAAGY o] & HHES FHg 1 mle 9oA vortexing ¥
Al JAstE S 23] gbESte] agd S AASR e, HarE dAE 1 ml &
] PDAu| A o] =dstith. o] & 22Tl A zH7; 493t

R SdELe 4 HAHA

kol Ao ol e kP S A wHFol wMFdE vdFd 2=60T,
80C, 100, 121C)ell A 15& &<k A2 g

A et g ES 2 5 Fol A 2SR (QASA AL, B cinereadl W3
AR FAL HAAGAL, HETE 4T Bod wjgde /‘}*‘lﬂ

FAT DHEAY A4 2

2= e Ee a5 AES dotR7] AslA acetone F WS o] &9
o E wjFd w2l -20CAA xA 9] 3 acetone (Sigma ,USA)S Hj gl Fe] 4
Hjo] sj@ets ko R H7Fsle] vortexingdtil -20Col 24A17F WA SFaL, 24417F &
13,000 x g, 10&%F ¥4 Egste] A5Aqy HAdES st 289 F & 54 1
%3&}o] acetoneS A7 &

Ax @ AFd/a78 24 AdTE ol8eto] 1 X wjdd e w22 &3z ¥ B
cinerea®l Wt X+ DS FrbstAal, e FA Y g s AREskA T

Hj ol o] g &4 9 *é A& gelsly] 98 proteinase K (Takara, Japna)@} pronase E
E

Protemase K<} pronase E—E 30| wjddo HFEF%E 1 mg/ml, 300 ug/ml7} %=

Z+zy A3 & 37C, 150 rpmZFZ A S &2 proteinase K= 247}, pronase EX= 244 1H&

A 2] 3.

2] ¥ proteinase Ki= 121TCol A 15%, pronase E¥= 80Tl A 208 A g]ste] ZHzhe]
=

proteinases =&/ 3stst H, B. Cinereaoﬂ 1’4131} g S AASA, =T
A2 9} proteinaseES H7FehAl @i thE 2UEL sdsHA AEg A& AMEE
LEHAA FFo] 2&F vdulA gAY

Aty 559 wjA]o] wE blastospore A4t &I FA PSS wlustuzt, 24z

PDB (Potato dextrose broth, 0.4% potato starch, 2% dextrose, pH 5.5), SDB
(Sabouraud dextrose broth; 0.5% peptic digest of animal tissue, 0.5% pancreatic
digest of casein, 2% dextrose, pH 55), GY (2% glucose, 0.2% yeast extract, 0.02%
MgSOy - TH20, 0.1% KoHPO,, pH 55), Adameks’s (4% glucose, 4% yeast extract,
3% corn steep liquor, pH 55) 1A 100mlS 250ml Ze}~=o) EFsta, 2z +5
= 100 ul (1 x 108 conidia/mD*® FHE3ste] 25T, 150 rpm, 2710 A 7L 7F vl Fs}o]
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By
m

9,]

#3oic ohe AR
Aol A el e 744 HrEe

Species / isolates Exposure to 45°C Exposure Incubating at 4°C
£ @  4n  2n  3n  4n j;’lﬂe j:fle 5d 10d 15d
Beauveria bassiana
51 55 4.1 76 47 20 1 42 0 0 27 95
6 67 3.7 21 0 0 0 47 0 0 28 94
2R-3-31 75 2.7 73 1 0 0 48 0 0 30 99
2R4-5 67 2.6 82 7 3 1 920 4 2 37 81
2R4-7 82 4.0 88 13 5 4 98 32 97 99 100
SDTu 59 4.7 82 17 4 3 98 17 5 36 77
Metarhizium anisopliae
2-2 69 3.8 93 48 6 1 25 0 0 0 0
4-2 100 2.9 95 15 2 0 5 0 0 0 0
Lecanicillium attenuatum
41 100 2.8 35 3 13 4 99 15 87 100 100
Aspergillus flavus
7 59 4.2 89 88 72 77 98 80 0 0 0
Purpureocillium lilacinum
2R4-6 g4 3.1 99 96 89 85 40 0 0 0 15

Mortality

LT5

Conidial germination rate (%)

2) ot XuEo gk 258U wFol 48 32 AESHH 54 HA

- BoolZ it Eo] td dFA FBolE ol &t VFAEANA BolsdtEel et

BEHS AR LT0) @S ol &ate] Brtstdlen, 2 23 dd+52 2.2~48
Aol A Wb AL 5HES VHAE o R S1E(2d 2, A)

- 53|, L. attenuatum SDMpl, SDMp2, B. bassiana 2-19-4, 4-2, M. anisopliac 1-5
T A 80% ©]/de =2 AT ES HAoH, AT AET BE AGYES 1Y
Al #Fold S-S BU(LH 2, B).

- AT FBolEY okel SAoNAY AES & EAe] e HAA, UV-

A wrold S Hrlet Axp Z47o FFuig e AR EAS How,
9] gHAell AGAl AAS AN ofe] 74A HIbEe] dade] FdH(1H
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Gonidial germination rate (%)

Exposure
0.2 joule

0.1 joule

14 day

Incubating at 4°C

7 day

Exposure to 45°C
2h

ih

LTs
{days)

Mortality
(%)

Species | isolates

L. attenuatum

63
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100 2.2 233 56
8.3
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96.7

"

3.1

B. bassiana

299 4.6 90.3 100 98.3 56.3
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4.5
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28

2194

35.6

95
o5
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173

4.3

70
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73

28.3

4.8
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4.8

50

33
35
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4.3 20 6.6 93.6 94.7 93.3 17.6
16.3
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81.6

927

a9
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3.3
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15
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Ao o] &¥ T T 21.7%°l s wdFr R S BolA &Egkon giA
Ho 2 B, bassiana’t =& X S YEMNU AL, M. anisopliae7t T3 334 &
A, P. lilacinums %2 A FA S BYPow, L. attenuatum® 8% d#TFEE A
ol HS.
i . ﬂ . . Antifungal activities
Species / isolates Ar(‘glf::gza;::'::::;s Species / isolates (Clear zone, mm)
Beauveria bassiana L. attenuatum
541 2.6+04 SDMp1 0£0
6 2101 SDMp2 0.6+0.2
2R-3-3-1 1.3%0.3 B. bassiana
2R4-5 3.3%03 1-3 23104
2R4-7 00 2-8 25%01
SDTu 24%06 2194 0.5:0
Metarhizium anisopliae 220 (2): f g;
22 2+09 zz 1'0 : 0'1
4-2 1.8%0.3 - e
L icillium 4-2 5.2%03
M. anisopliae
41 41+0.5 15 1%0
Aspergillus flavus M. flavoviride
4 020 P. lilacinus
Purpureocillium lilacinum 44 02402
2R-4-6 0x0 4-5 00
a9 3. 49X 30\ B. cinerea®l WX w4 £33 A%
(A) At &of WA 8018 B. cinerea®l w3 A3ls;
(B) HEwolSXtE HWAAd #3309 B. cinerea®l Wgr A3 s,
(C) =& Adls(L. attenuatum 4-1); (D) T3¢ A3 s (M. anisopliae 4-2);
(E) @& A5 (P. lilacinum 2R-4-6)
2FHAA Bqol Mol FAF B4
SLSHAE wFo] wiFNS B. cinereadl Wiek X &S #<1etr] f18)A, PDBHY
Al(pH 56)elA FLdg d o= 253 HA wjde ¥ 4L Wi E=RY dAE A
Asta, A% pHEANA L] FA7 B4 BHY) A ZE uFAS pH 56 +
022 24395,
Dozl =g wjdd S o] &t B. cinereal We XA AAHS B A vt
FTEHE OYS 0T S HAS(T9E 4).
el PRt B FEl 2LEE DYl FUHAT 1% wFele] B BHL
held 4 gllom, Futo]&of WAA el widAe A 670 ¥F(B. bassiana
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A
. Antimicrobial activities

Species / isolates Mortality (%) LTs,(d) using spore using fungal filtrate
anti-fungal anti-fungal anti-bacterial
B. bassiana
2R-3-3-1 75 2.7 1.3%0.3 10*

M. anisopliae

2-2 69 3.8 2%0.9 10 100*
L. attenuatum

41 100 2.8 4105

Antifungal activities

Species / isolates Mortality (%) LT, (d) using spore Using fungal filtrate
anti-fungal anti-fungal anti-bacterial

B. bassiana

4-2 81.6 3.6 52%03 10
M. anisopliae

1-5 100 2.8 10 10
L. attenuatum

SDMp2 98.3 341 06%0.2

£ 2. 4=A AT & AR AL #F
(A) Akelgof AuA o] ¥ (B) Hoot5dnles 454 w30 #5
*110% v Aol A AZHAT A& 90% ol * x: 100% iAol At A=At
A& 90% ol %

Tl A

Fgolel Aol Qe Fi 24 pH, L%, WYVIF Fol et FFEE W Ftol
gyl oAl B5e Wrhstel Ak BAel W@ FHo) 2AL FYFuA S
om gile] #FE AWMGE Dsgon of #FE vl WA pH, WY Lxst 7]
Qe Aol % ol wleet

2 PDBHIApH 56)914 #58 U3 L2502 dAMAY, 79, 109, 149)7
At pHE ZH AHIY 8), Aol Al wheh 27k @30 W] pHt o
2 g FAsga pHE BT RobdE P4 vhehy
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Antimicrobial

Species / isolates Mortality (%) LT, (d) using spore using fungal filtrate
anti-fungal anti-fungal anti-bacterial
B. bassiana
51 55 4.1 26104 10*
2R-3-31 75 2.7 1.3£0.3 10
M. anisopliae
2-2 69 3.8 2%0.9 10 100**
L. attenuatum
41 100 2.8 41£0.5
E Antifungal activities
Species / isolates  Mortality (%)  LTs (d) using spore Using fungal filtrate
anti-fungal anti-fungal anti-bacterial
B. bassiana
2194 80 4.0 05%0 10
4-2 81.6 3.6 5203 10
M. anisopliae
15 100 2.8 10 10
L. attenuatum
SDMp2 98.3 31 0.6%0.2

activities

® 2 TFE &84 23 84 A FF
(A) Auto]&off AHlAd #3o] 5 (B) ol uE 4FA #3230 #F

*110% W FAel A AEB AT AME 90% o] * +: 100% W Aol A wt A =t

A& 90% ol

8—=1-5 2:2 —=—=2.194 —8—4.1 ===q-7R0

600

5.00

4,50

4.00

§5-1 ==32R-3-3-1 —8=SDMp2

- A w g S o] &5te] AEH A It it FAS
Zhol whel o A W Aol tES el &
o] Z7F= 3 pH W&o} FAES gl g

- 470 ] pHEZ 22 (45, 5.0, 55, 6.0)

B7res A (L™ 9), w7
[Rbell upet 24
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N
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=
o2
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10)

TSk olFgd WA FFo] A

FFuieh o el Avie}l wiokole] X Sy s HEe] Aol mgon A=
g Gt A5(29 1, 28 #Fo A Fx G A" 3, )8 T A
vlo] o WA FFo] 5 B. bassiana 2R-3-3-1, M. anisopliae 4-2 15, B-5ol3 %
Q& HAA FFo| F B bassiana 4-2, M. anispoliae 1-5 55 & &3 33
T A4S AW #F=2 AEste] o 43S s e

At Aol A= 100% s FANAT gE BV, FF AA aFEZA 2
EAo A& A 237 3A Eojd Zom AuEo] A FAHL ol F HIlA A
95k A=

Wurolgool g 2EWAA Bho] MPALEe] A3

Autol g-of WAA FFo] mMitEs A4 AdFAS sty A LA F
aerial conidia®}t o)A 8] %2] blastospore, Ml FH S Ao o] &3} o, Ll njoly}
aerial conidia, blastosporeE Z}Z} &3t dg o Hulo]Sofo] z}z} 5 HF 5o

43S B
<= AgelA 60%
& 77~100%7+4

Y%= M. anisopliae 4-2F T7%, B. bassiana 2R-3-3-1+ 83.3%
3 dom, o5 AHEoNME M. anisopliae 4-2°] 75 98.3%, B.
bassiana 2R-3-3-12] 73
E3t A2l o A= aerial conidia®} blastospore =5 &3 A A AFE 9
o S7hHE Ae® UBnow, blastosporeet wikele] &3} AE7t M. anisopliae
4-2+F 100%, B. bassiana 2R-3-3-12 B% = 717 =2 AEES HYS.
1

SHANE FAARAIZEE: A g ek vaekgls u], vt =3 A

3 b Ao e g3
2 YEYA] AT 3). T T AFES vusgS o, Mgy dx A E A
Qe = Ay M. anisopliae 4-27V B. bassiana 2R-3-3-11.t} =& AEE5S H
.
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2L
L=]
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a9 12.

Mortality
(%)

LT50
(day)

Isolate / Treatment

Metarhizium anisopliae 4-2

1.5 b

77 x

4.79

FCF

96.7 + 3.3 de

2.85

AC

1.7 e

98.3 =

2.69

BS

3.01 98.2 £ 1.8 e

3.02

AC + FCF

100 £ 0 e

BS + FCF

Beauveria bassiana 2R-3-3-1

83.3 £ 2.7 b

3.96

FCF

1.3 cd

89.3 =

3.52

AC

1.6 de

96.7 £

2.78
2.49

BS

94.3 = 3.1 de

AC + FCF

e

98

3.35

+ FCF
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3 a

t 4

57.4
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Fo] Wi FAES LT50

ZSHEA &
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Sl el
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Isolate / Treatment IE(iTeli()) Mo(r(‘;l)lity
Metarhizium anisopliae 1-5
FCF 3.53 98.3 £ 1.7 bc
AC 3.96 98.6 £ 1.4 ¢
BS 3.34 84.4 + 8.5 bc
AC + FCF 3.43 94.5 = 3.0 bc
BS + FCF 1.59 100 £ 0 ¢
Beauveria bassiana 4-2
FCF 4.16 92.0 = 8.0 bc
AC 3.86 95.5 £ 2.6 bc
BS 5.77 71.2 £ 56 b
AC + FCF 4.49 85.3 £ 7.2 bc
BS + FCF 4.03 91.7 £ 8.3 bc
Control 7.65 349 £ 29 a
E 4 EFIIARAEN g 2F3HLAAL FFo MEAEY LTH0 2 459
12) 3w Sd=4de 28 714
- A 47 w59 B. cineread W3 =& X o] Ay e A #EES A
A &S felA, B. cinerea®l FAE Zb 5o HiFdo] Al FH, ARPER 7
st zho] wjeFel S A AstE AAS 71 A PDAvjA| o] =g
- 2 A3, ) FF wgFd B AdAZAI Ae o] wjgfdo] AR B
cinerea’t 7stA Zoto] Aot A& S sle Aom ElHACH (Y 14), 53 Y
o]gol WAA FFo] wdN T M. anisopliae 4-27}v B. bassiana 2R-3-3-15.t} A g
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AAAE =i A A} steA Vol.(No.) | SCI+%
Evaluation of virulence,
tolerance to environmental | Tae Young Shin,
factors and antimicrobial Sung Min Bae,
2017 activities of Dong Jun Kim, Mycoscience 58(3) SCIE
entomopathogenic fungi Hwi Geon Yun,
against two—spotted spider Soo Dong Woo
mite, Tetranychus urticae
Entomopathogenic Fungi .
Hwi-Geon Yun,
as Dual Control Agents .
. Dong-Jun Kim,
against Both the Pest )
2017 ) Won-Seok Gwak, | Mycobiology 45(3) SCIE
Myzus persicae and ]
] Tae-Young Shin,
Phytopathogen Botrytis
) Soo-Dong Woo
cinerea
Comparative Evaluation of Hwi-Geon Yun,
Conidia, Blastospores and Dong-Jun Kim, International
Culture Filtrates from Ji-Hoon Lee, Journal of
2017 ) ) ) . 35(1) KCI
Entomopathogenic Fungi Ji-In Ma, Industrial
against 7etranychus Won-Seok Gwak, Entomology
urticae Soo-Dong Woo
2) 53 43}
=2 ] = 9] 9] == =2 3 s
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HEF A 5 of ] A E 2 of #H13], o] A, 0159958 228P
SD4-2 5 AEg, -5F
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EAvY Wl s P E
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2017 A, el o g9l =
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49th Annual
Entomopathogenic fungi to control Meeting of the
2016 simultaneously both Myzus persicae In Hui Kim Society for = 9]
(Green peach aphid) and plant diseases Invertebrate
Pathology
Evaluation of entomopathogenic fungi 49th Annual
as the dual control agents against both Dong Jun Mee‘upg of the
2016 y ) i Society for = 9]
Tetranychus urticae (Two—spotted Kim Invertebrate
spider mite) and plant pathogens Pathology
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Various roles of mite pathogenic fungi Golden Jubilee
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(two-spotted spider mite) the Society for
Invertebrate
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Diverse activities of entomopathogenic Hwi Geon Golden Jubilee
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un .
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Invertebrate
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Selection and evaluation of mite 2017
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o 2 AN EAA
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rjg

4 wFole AHHor G o
t o Ad e e
2] AT Ao FAAQA dsFo] rtm Huxo] drHBrownbridge et al, 1993
Vega et al, 2009; Roy et al, 2010;). 53] =+F5H YUY FFol= &+39 %IE #&F3Ho] #
Jot7] wiol dnkFow WAIZF ofHE FH5AA Tl EdFolH, sFo AFA 7%l
Zb e w %) ek Ao g e gdti(lLacey et al, 2001; Hajek et al, 2003; Zimmermann,
2007). A7 A|  Beauveria spp., Lecanicillum spp., Metarhizium spp., Nomurea Sspp.,

T 22F ol e FBol7t HEFolSuES v Ee & dFEel tsiA 17071
ol e SFWAA(E 1)EA /NEE o] $th(de Faria and Wraight, 2007, Lacey et al,

ofy

~

2l
_O'L

B2 o

T
o

Isaria spp.

—L
L

i

ol A WATH(E 2), A=yl digh daag,

sto] W%l YrH(Vega et al, 2008; Vega et al
2009; Ownley et al, 2010). == |2, B. bassiana® 745 thdat 254 oA Ak &

glom a3 ATHE W gA ¥ 5 e AAEe AUnn Bas A Ownley ef
al, 2008: Vega, 2008). w3 2FWAA Fol: T e, HE, 549 2L 1)
AEES A (Vega et al, 2008), 25H A #4ole] oAl 49 4%, @

o, & Fabst 29 o g3 RuEQla, oldgt tkst dAde AR AETA AA
249 FAHgoz FHwol giti(Isaka et a]., 2005, Wang and Xu, 2012; Shin et al,
2017).

An overview of the entomopathogenic fungi that have been developed for microbial control of insect pests.

Species names Targeted insects Produced in Selected references

Aschersonia aleyrodis Hemiptera (Aleyrodidae) Russia Fransen (1990), Meekers et al. (2002}, Lacey et al. (2008a,

McCoy et al. (2008

Beauveria bassiana sensu lato Acari, Coleoptera, Diplopoda, Diptera, Africa, Asia, Australia, de la Rosa et al. (2000), Wraight et al. (2000, 2007b),
Hemiptera, Hymenoptera, Isoptera, Europe, South & Brownbridge etal. (2001, 2006), Chandler et al. (2005), Wekesa
Lepidoptera, Orthoptera. Siphonoptera, North America et al. (2005), Brownbridge et al. (2006), Labbé et al. (2009)
Thysanoptera,

Beauveria brongniartii Coleoptera (Scarabaeidae) Europe, Colombia, Zimmermann (1992 ), Keller (2000), Keller et al. (2003),

Reunion Island Dolci et al. (2006), Townsend et al. (2010)
Conidiobolus thromboides Acari Hemiptera, Thysanoptera Colombia, India, Papierok and Hajek (1997), Nielsen and Hajek (2005},
South Africa Hajek et al. (2012)
Hirsutelle thompsonit Acarl India McCoy (1981), Chandler et al. (2000, 2005), McCoy et al
(2009)
Isaria fumosorosea Acari, Diptera, Coleoptera, Hemiptera, Belgiumn, Colombia, Wraight et al. (2000, 2007a, 2007b), Lacey et al. (2008a,
Thysanoptera, Mexico, USA, 2008b, 2011), Zimmermann (2008)
Venezuela
Lagenidium giganteum Diptera (Culicidae) usa Kerwin and Petersen (1997 ), Skovmand et al. (2007)
Lecanicillium longisporum Hemiptera Brazil, Netherlands Bird et al. (2004), Down et al. (2009), Kim et al. (2009)
1d Walters (2005),

Lecanicillium muscarium Acari, Hemiptera, Thysanoptera Netherlands, Russia Chandler et al. (2005), Lut]alsem

Metarhizium anisoplice sensu lato  Acari, Blattoidea, Coleoptera, Diptera, Africa, Asia, Australia, de
Hemiptera, Isoptera, Lepidoptera, Orthoptera  Europe, South,
Central & North
America

5), Wekesa el al
,Ld cey et al, (2011)

Metarhizium acridum Orthoptera Australia, South Lomer et al, (1999, 2001 ), Thomas {2000)
Africa, USA
Nomuraea rileyi Lepidoptera Columbia, India Moscardi and Sosa-Gomez (2007), Thakre et al. (2011)

E 1 3= mAE LAE Jaf Md =EHAA FFo|(Lacey et al, 2015)
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Fungal species® Plant Reference

AcTemonium spp, Coffea arabica L, (N) (coffee) Vegaet al, in press
Acremonium alternatum C. arabica (N) Vegaet al, in press
Beauveria bassiona Zea mays L, (1) {maize) Vakili, 1990; Bing and Lewis, 1991, 1992a b; Jones, 1984 Lomer et al, 1997;
Chermy et al, 1999, 2004; Wagner and Lewis, 2000; Lewis-et al, 2001
£ mays (M) Jones, 1994; Arnold and Lewis, 2005
Sclonum tuberesum L, (1) ( potatoes) Jones, 1994
Gossypium hirsutum L (N, I} {cotton] Jones, 1994
Xanthium strumarium L. (1) (common cocklebur) Jones, 1994
Datura stramonium L (N) (jimsonweed ) Jones; 1994
Lycopersicon escufentum Miller {I) (tomata) Leckie, 2002; Ownley et al, 2004
Theobroma gileri Cuatrec. (N) Evans et al.,, 2003
Carpins caroliniana Walter (N) (ironwood ) Bills and Polishook, 1991
Pinus monticola D. Don (N) (westem white pine) Ganley and Newcombe, 2005
Papover somniferum L (1) {opium poppy) Quesada-Moraga et al., 2006
Phoenix dactyiifera L {1){date palm) Gomez-Vidal et al,, 2006
Musa paradisiaea L (1) (banana) Akello etal, 2007
C. arabica (N, 1) Posada and Vega, 2006; Posada et al, 2007; Vega et al, in press; submitted
Theobroma cacao L, (1) (cocoa) Posada and Vega, 2005
Beauveria brongniarti C. arabica (M) Vega et al,, submitted
Cadosporium spp. €. arabica {N) Vegaet al, in press
Avicennia officinalis L., Rhizophora mucrorata Lam,, Ananda and Sridhar, 2002
Somneratia caseolaris (L.) Engl (N){mangroves)
Clonostachys roseq C. arabica (N) Vega et al,, in press
Isaria spp. C. arabica {N) Vega et al, in press
Lecanicillivm dimorphum P doctylifera L (1) Gomez-Vidal et al,, 2006
&L cf psailiotae
Paecilomyces spp. Musa acuminata Colla (N) (banana) Cao et al, 2002
Oryza sadva L, {N) (rice) Tian et al,, 2004
Paecilomyces farinosus {= C. caroliniana (N} Bills and Polishook, 1991
Isaria farinosa)
Verticillium {= Araceae Petrini, 1981
Lecanicillium) lecanii C. caroliniana (N) Bills and Polishook, 1991
Arctostaphylos uva-ursi (L) Sprengel Widler and Miiller, 1984

¥ 2. U HEN JATOE Hud ZE=HAA F39](Vega, 2008)

Ifkx o2 2wl FHFolo WY F 7HA WHS ol&sted, 1A WS
aerial conidia®] A2t} A v LS E 3+ blastosporee] AAFo] Qlth. aerial conidia®l
blastospores .t} -4 A5 &7 oA o HFAolARE &2 7]Zhlo] xA} 5
WAk S A7) el AA v gFo] HB4F otk (Jackson et al, 1997, Vega et al, 1999;
Jackson et al, 2004). 3, LFHAA FFolo AA wjFitEd = T E 2 At
AEs Egeta Jom, o5 udd 2SS AY Utk 53] 25 HAAd FFoldl 9
& AAFE = protease, chitinase, chitinase®} #2 &4 % Dbassianolide, beauvericin,
destruxin?} #& Ha4av A% @4 s A #AAFo dth(Petlamul and Prasertsan,
2012). H<tol= AA xAA S EHRE =ol7] AT A AxFS T A AR
TFolet =2 A 7= #3olE 3%t AF(Inglis et al, 2000, Fan et al, 2007,
Pava-Ripoll et al, 2008)¢} ZFHAA wFol9 aF3 A=Hdddd gt ol &4 &3
o] AFEo] A% YtHGoettel et al, 2008; Lozano—Tovar et al, 2013).

ol on off
L Ho o

IE -11

o 1-M

_55_




D-09

_56_



8. I ISSEUHLAIAHO| SHE HPAY - FH| HY

| | D-10
o3 2 P ol 1A SE H] 3L =}
T9 77 AT-A] A/ & e T4 AYa T4 7+4 T4A (2] NTISZH]
Avguy | (22w @) | @sas) | S0 | S5us
S

_57_




D-11

E

BRI

.

Mo

_/A
sy
™
AR
el
e

< e

M=y
B

B

AT ES PN

HU
- M
™ ML
jans ,@u 0
¥R
0
E| ol
N _
i G C)
,N_l ) asl
1 S R
—_
)A
N
il
ll
B
=< -
R
[ 10 Z‘.#
i w| W
" R
i~
i Mﬂa X
=
LIL JXIL O
o] &!L X
B ®R
| N
T~ | &
=
iy N
N iy
<

A

ELE R

& A8,

]

59

A4

U

B/

ARAY A9z

:’L

25 st A4

A6l7]_}\:r;

=
=

Gl 2 w
N < | ™o
= || ®
fird X AN

B- o
— " BK
T
2 | T 7
% | T3 BT
S R

oMoy | wm
N |
Ao I )
G
" E Ll

o

—~ —_—

~ N
= —~ DI
K <
W@ | Mo 63
Gl I

o il

T

T E

T 3

e

)
||

< %0
= | T+ =
™| B
&R ~ T

ik ~

) ,mmo

ol ol
m | " "
=1 x| =

3 R

_58_



oy T
<
Alr®w

I 2R
0
< = 2
o e Wﬂu
oA
"R K
N =y
s —
hs e
ﬂmu [a\
™
~ X
X ) T
A N
KR o
T T
o o
o NF
)
T
oF
Gl I
= ‘_uwﬂ 0
AR
A
2ol T
Toﬂ 0
@ o
m oF J)
GG
T
e
il 4 0
- o
T
J_,NO

—~ ! ! !
R low| ww | @
BT rm| ms | mw
I oy 111_ | R | B
T O or er GF
-Ll1_ ‘»IA_.O —~ ‘DFO —~ ‘HO —~
~ W ﬁoﬁw o oﬁm =y M
< RS e I iNial el
Or; = V mM,_ ol | N gl e ok
— T =
N ~
= | T+ | wm T T
~ — (@] (AN}
o | g e 7 3
El B
O ™
M ~ G2 G2 — G2 — =
N X 1o 0 ~X 0 ~X
—n [N (N ~ BN ~5 my
S g o A BT o
oo WT o | | o X o
T || e | A
= | = <
= 5| B B
o] B <]
%o ~ B o T Ho MM
u_Hl X~ _FT_ =0 —_
_io ,ﬂmn OLO X Z\_ —_
off 3 or o | — X
Mo |R = o
E! Mo | "N mor |~ oo
il = o = <M
- M CERN= i <
BTN R B3
of of
g e E
- ~ G
X0 il

4, R, Ay, dFERx)Y 5

: 387)

% ATEFFAR

27190 g ste] AGREES A 3

il

9 5

L
.

AR Bl AA =

% AT A48 ATTFFARGAL ZH)

oF (81 °]).

,HD
CURMY
Al
= B "
o)
~
T )
)
~
G o
~ -
d ﬂw
ol e
ol It
-
N oF e
Al ~
_ﬂmu QE ~
Mﬂ Z.E Z.*o
A wo
o
cJ
it
X ,._mo
T = <)
w9k
T AT
GG
o) BK PR
<
R b
- N
T

AAE7] Al AAH oz MAR AZADEG AN s of T

2
=

% @, ok FEo| AFaAE Aol Wit ATEF

1) Biosafety Level 2% o]4+e]

N

_59_



ahowg b @

T Y
n- il = T
= ) = m- T
i lgngl
Z—l RO ol _io B/ &l\_
— —
TP o mo FH R |
M oy % %o o1 BK gr ®CAE EK O % 3
T I ERG Z| ot
- ——r
O H X o) o~
v ieom F &
Ho P A o 8 o
ﬂo\_lmL _.i_vo —~ - > % HT
= o- :ﬂﬂ% m =2
- R ~ O
M N X
OT \u/nmE o \mﬂ\l urﬂ m ~
o WL =
HOE ~E 1 p E
N = - ® =3 N ! 7
AT:A \ﬂ”m:._ ]ﬂ o —_ Lo ‘OI/E
P 0 ~o— X o)
3| e wE ez S w I
! ' _— Y T~ ~ o0
B wT gy L | A oc i B O|Z
~ 0 . ] ~ e
dlo = F Wyo = %M%:ﬂ% Fo X —
Tl ¥ <. TR g | W
%o Hs Ttk N X oy O 5 o) o
o © ST~ Al Wor = X o - or oy
G s TN o] ol ‘o- w . mﬂ o~
ik SRR U Ieinil ) B P O
.. S - = W
B M o T < ® MO ~ = X0 G ~O o .Ml
g o) X
= B Rom Y2 S s n %o o ol |t
N o B = T Sl
,WI‘U% o }_lo ;OT . X ﬂArO HArO Mﬂ ~o ~
~ .At N ~. =0 = = XY — ~o i+
B e e R0 e o | X = = == ol 2
O L e el B ST B B < =
o — Ho —~ = <O |or
WhE dTPEPxTE| & T T Ok =9 il
A | A | | | A A A A A A .’ A .b.—
* ﬂArO = 53
He = gt
= n o e I X
o oy = =3 uﬂ o2 uﬂ w |
‘_ﬂﬂ m;A E Be —n N —_— ll D W
™ T o ERN Bt
by N r T |
e o o |

D B

LMY Y obd

2) ng

Al £1)

I EE IR ROR S

4

3) AT(Hx)

79 ARE dsge e Ade st &,

=
T

&, 3)3 4 A3t

SO B IV B R B L] x4
—_ D —_ —_ —_
<2 <& X2 <2
™ g ™ g m g ™ g
i jm} jm i i — 3
— e e e CHR=
|l © _— © _— © _—
xLPm xbfw ka fom
SR T ot T R
I R
o’ o’ o’ Q
?uﬂ?ﬁ,ﬂ?mﬂ T+ 5
BERBE BB E BB E
R BK Q|
e %
w W = 2
w Yo o
3 o
R .
or or ~
% | o o A
[ e (=) o N
B/ o_H o_H ™
o o | RE
B oy
o %M gl ~ T
= D@ '
o X | R B
Mo | B | BB | <Vor
Jvmo
e
T B
2N ™ -
w_m_ wm o Y oy
) )
° B B ~
<0 or L =3
e Tor N BH
B o = <
= N (o) =

_60_



o ! !
™ oy )
| !
! o %!
> > L.
= W =
M- - -
wA| B B! B
m
2
e o T Ko ™ T
e = =W | w _ X
o o en X R "
o 7o b o} o LU
W oa e s L oqq | T
- | o L . 0y
o il N R i o o S
_ X o o "< e 3 ~
N &3 v <" o el ~ -~ - o
5 D T R o S = | ®
ole W N ey | M @ (B 3 I i~
X ] o S ~ X0 o — oy
~ < Ho | =m Wy o X W do 2o %o i = s
—_— — o ol
Tl mw | 0 | BEclow | ae | B 2 Y
< I e g W N E ™ <0
o o = = P ™ 3 o x| R o) e my
T N | oF | BRlTdT | B MR ¢ RN
~ N
T | [ T *
- M oy ey — W — =
w O |E |k W B M T - 2ol= <
B W < < T W TK <V HAXT = RO M- W
_ N ) ) \_Jr
co - = R B e ey & | M a0
T | | || g (B L < z 2 + my
(R R N Bl B T N P - ARl S U (AT R AR vl e
G | BT FE | irw | e T x| D o M A N
Lo Ne o~ o0 (@)} — — — — — — —

_61_



10. SN TxC] CHER] HAIZ]

| | D-12
it AR o] 2
i s A/ s <v}£q:} S
= A | = AR act | = Al 2 T ALA
ws T ey ss Y oyg | VAV lmpact | s AP | ORRAA el
/53] 718 5385 Ea7} Factor | /53155d | EE a5 =)
T O
/7] ZFEapp | 07 °
$H5A 3
Fadd S TR =
E3 | 22w Z3o =1
U L Hos= o 3wl = 20161129 | TH=AA}
=4 W EF2] A & off 3}
ob] A Z] o
SD4-2
eAwby B o
e g FAHS
=3 7hA = 2w
2 sl 2017.00. T ARA
zq 4 2 o] 4] 2 o8} i1 o = 017.09.06 FAF
ul2 7] o] 364
T+ 2 o9 &%
Evaluation of
virulence, tolerance
to environmental
factors and
antimicrobial o A1 M )
coscienc
3 | =% | activities of e v 101 | 2017.0307 | F%AAF | SCIE
msta (A4 e
entomopathogenic
fungi against
two-spotted spider
mite, 7etranychus
urticae
Entomopathogenic
Fungi as Dual
Control Agents
against Both the =5 A1 [Mycobiolo
4 |w=w| 8 e Y €l 0761 | 20170930 | =114k | SCIE
Pest Myzus gt | A=} A4
persicae and
Phytopathogen
Botrytis cinerea

_62_




rif
Sl

Comparative
Evaluation of
Conidia,
Blastospores and
Culture Filtrates
from
Entomopathogenic
Fungi against
Tetranychus

urticae

of
A

I

1o
El

Internationa
I journal of
industrial

entomology

_63_




11. 7|ElA}EE

-13

_64_




12. §AEH

| | D-14

Brownbridge, M., R. A. Humber, B. L. Parker, and M. Skinner (1993), “Fungal
entomopathogens recovered from vermont forest soils,” Mycologia, 85(3), 358-361.

de Faria, M. R., and S. P. Wraight (2007), “Mycoinsecticides and mycoacaricides: a
comprehensive list with worldwide coverage and international classification of
formulation types,” Biological Control, 43(3), 237-256.

Fan, Y., W. Fang, S. Guo, X. Pei, Y. Zhang, Y. Xiao, D. Li, K. Jin, M. J. Bidochka, and
Y. Pei (2007), “Increased insect virulence in Beauveria bassiana strains
overexpressing an engineered chitinase,” Applied and Environmental Microbiology;,
73(1), 295-302.

Hajek, A. E., I. D. Junior, and L. Butler (2003), “Entomopathogenic fungi as classical
biological control agents,” In Hokkanen, H. M. T. and A. E. Hajek (eds.),
Environmental impacts of microbial insecticides, Dordrecht, NL : Springer.

Inglis, P. W, F. J. 1. Aragao, H. Frazado, B. P. Magalhdes, and M. C Valadares-Inglis
(2000), “Biolistic co-transformation of Metarhizium anisopliae var. acridum Strain
CG423 with green fluorescent protein and resistance to glufosinate ammonium,”
FEMS Microbiology Letters, 191(2), 249-254.

Isaka, M., P. Kittakoop, K. Kirtikara, N. L. Hywel-Jones, and Y. Thebtaranonth (2005),
“Bioactive substances from insect pathogenic fungi,” Accounts of Chemical
Research, 38(10), 813-823.

Jackson, M. A., M. R. Mcguire, L. A. Lacey, and S. P. Wraight (1997), “Liquid culture
production of desiccation tolerant blastospores of the bioinsecticidal fungus
Paecilomyces fiumosoroseus,” Mycological Research, 101(1), 35-41.

Jackson, M. A., A. R. Payne, and D. A. Odelson (2004), “Liquid-culture production of
blastospores of the bioinsecticidal fungus paecilomyces firmosoroseus using portable
fermentation equipment,” Journal of Industrial Microbiology & Biotechnology,
31(4), 149-154.

Lacey, L. A., R. Frutos, H. K. Kaya, and P. Vail (2001), “Insect pathogens as biological
control agents: Do they have a future?,” Biological Control, 21(3), 230-248.

Lacey, L.A., D. Grzywacz, D. 1. Shapiro-Ilan, R. Frutos, M. Brownbridge, M. S. Goettel
(2015), “Insect pathogens as biological control agents: Back to the future,” Journal
of Invertebrate Pathology, 132, 1-41.

Ownley, B. H.,, M. R. Griffin, W. E. Klingeman, K. D. Gwinn, J. K. Moulton, and R. M.
Pereira (2008), “Beauveria bassiana: Endophytic colonization and plant disease
control,” Journal of Invertebrate Pathology, 98(3), 267-270.

Ownley, B. H., K. D. Gwinn, and F. E. Vega (2010), “Endophytic fungal

entomopathogens with activity against plant pathogens: Ecology and evolution,”

_65_




BioControl, 55(1), 113-128.

Pava-Ripoll, M., F. J. Posada, B. Momen, C. Wang, and R. St. Leger (2008), “Increased
pathogenicity against coffee berry borer, hypothenemus hampei (Coleoptera:
Curculionidae) by Metarhizium anisopliae expressing the scorpion toxin (AalT)
Gene,” Journal of Invertebrate Pathology, 99(2), 220-226.

Petlamul, W., and P. Prasertsan (2012), “Evaluation of strains of Metarhizium anisopliae
and Beauveria bassiana against Spodoptera Ilitura on the basis of their virulence,
germination rate, conidia production, radial growth and enzyme activity,”
Mycobiology, 40(2), 111-116.

Roy, H. E., F. E. Vega, D. Chandler, M. S. Goettel, J. K. Pell, and E. Wajnberg (2010),
The Ecology of Fungal Entomopathogens, Dordrecht, NL: Springer.

Shin, T. Y., S. M. Bae, D. J. Kim, H. G. Yun, and S. D. Woo (2017), “Evaluation of
virulence, tolerance to environmental factors and antimicrobial activities of
entomopathogenic fungi against Two-spotted spider mite, 7etranychus urticae,”
Mycoscience, 53(3), 204-212.

Vega, F. E., M. A. Jackson, and M. R. McGuire (1999), “Germination of conidia and
blastospores of Paecilomyces fiimosoroseus on the cuticle of the silverleaf whitefly,
Bemisia argentiolii” Mycopathologia, 147(1), 33 - 35.

Vega, F. E.,, M. S. Goettel, M. Blackwell, D. Chandler, M. A. Jackson, S. Keller, M.
Koike, N. K. Maniania, A. Monz6n, B. H. Ownley, J. K. Pell, D. E. N. Rangel, H.
E. Roy (2009), “Fungal entomopathogens: New insights on their ecology,” Fungal
Ecology, 2(4), 149-159.

Vega, F. E., F. Posada, M. Catherine Aime, M. Pava-Ripoll, F. Infante, and S. A. Rehner
(2008), “Entomopathogenic fungal endophytes,” Biological Control, 46(1), 72-82.
Vega, F. E. (2008), “Insect pathology and fungal endophytes,” Journal of Invertebrate

Pathology, 98, 277-279.

Wang, Q., and L. Xu (2012), “Beauvericin, a bioactive compound produced by fungi: A
Short Review,” Molecules, 17(3), 2367-2377.

Zimmermann, G. (2007), “Review on safety of the entomopathogenic fungus Metarhizium

anisopliae,” Biocontrol Science and Technology, 17(9), 879-920.

_66_




-
=]

T

N

A7 =AY o] AR P

&of g,

AT A S o

‘g]

= oy

5ot 4

3. =7 718 A O

_67_



	이중 활성 미생물을 이용한 해충 및 식물병의 동시 관리 기술 개발 최종보고서
	요약문 
	목차 
	1. 연구개발과제의 개요

	1-1. 연구개발 목적
	1-2. 연구개발의 필요성
	1-3. 연구개발 범위

	2. 국내외 기술개발 현황

	3. 연구수행 내용 및 결과

	○ 연구내용
	1) 곤충병원성 곰팡이의 고체 배양
	2) 액체 배양 및 배양액 제작
	3) 점박이응애에 대한 곤충병원성 곰팡이의 살충성 검정
	4) 복숭아혹진딧물에 대한 곤충병원성 곰팡이의 살충성 검정
	5) 식물병원성 곰팡이
	6) 식물병원성 세균
	7) 식물병원성 곰팡이와 곤충병원성 곰팡이의 대치배양
	8) 곤충병원성 곰팡이 배양액을 이용한 식물병원성 진균에 대한 항진균 활성 검정
	9) 곤충병원성 곰팡이 배양액을 이용한 식물병원성 궤양병균에 대한 항세균활성 검정
	10) 곤충병원성 곰팡이 배양액의 식물에 대한 영향 평가
	11) 식물체에서의 곤충병원성 곰팡이의 내생 유무 검정
	12) 곤충병원성 곰팡이 균주별 환경 조건 탐색
	13) 곤충병원성 곰팡이 배양산물을 이용한 점박이응애에 대한 살충력 검정
	14) 곤충병원성 곰팡이 배양산물을 이용한 복숭아혹진딧물에 대한 살충력 검정
	15) 항진균 활성물질의 작용 기작 결정
	16) 항진균 활성물질의 열 안정성
	17) 항진균 활성물질의 친수성/소수성
	18) 항진균 활성물질의 성상
	19) 곤충병원성 곰팡이 효율적 배양배지 탐색
	20) 유묘와 과실에서의 곤충병원성 곰팡이 배양액의 항진균 활성 검정

	○ 연구결과
	1) 점박이응애에 대한 병원성 곰팡이의 살비성 및 생물학적 특성 검정
	2) 복숭아혹진딧물에 대한 곤충병원성 곰팡이의 살충성 및 생물학적 특성 검정
	3) 잿빛곰팡이병균에 대한 곤충병원성 곰팡이 포자의 항균 활성
	4) 곤충병원성 곰팡이 배양액의 항진균 활성
	5) 곤충병원성 곰팡이 배양액의 항세균 활성
	6) 곤충병원성 곰팡이 배양액의 식물 생육에 대한 영향 평가
	7) 식물체에서의 곤충병원성 곰팡이 내생 여부 확인 검정
	8) 활성 최적화를 위한 곤충병원성 곰팡이 균주별 환경 조건 탐색
	9) 우수한 이중활성 곤충병원성 곰팡이 선발
	10) 점박이응애에 대한 곤충병원성 곰팡이 배양산물의 살충성
	11) 복숭아혹진딧물에 대한 곤충병원성 곰팡이 배양산물의 살충성
	12) 항진균 활성물질의 작용 기작
	13) 항진균 활성물질의 열 안정성
	14) 항진균 활성물질의 친수성/소수성
	15) 항진균 활성물질의 성상 결정
	16) 선발 균주의 다른 식물병원균에 대한 항진균 활성
	17) 곤충병원성 곰팡이 배양액의 다른 식물병원성 곰팡이에 대한 항진균 활성
	18) 곤충병원성 곰팡이의 효율적 배양배지 결정
	19) 유묘와 과실에서의 곤충병원성 곰팡이 배양액의 항진균 활성 검정

	○ 연구개발 성과
	1) 논문게재 성과
	2) 특허 성과
	3) 학술발표 성과
	4) 기술적 성과


	4. 목표달성도 및 관련분야 기여도

	4-1. 목표달성도
	4-2. 관련분야 기여도

	5. 연구결과의 활용계획

	6. 연구과정에서 수집한 해외과학기술정보

	7. 연구개발결과의 보안등급 : 해당 없음

	8. 국가과학기술종합정보시스템에 등록한 연구시설 장비 현황 : 해당 없음 
	9. 연구개발과제 수행에 따른 연구실 등의 안전조치 이행실적

	10. 연구개발과제의 대표적 연구실적

	11. 기타사항 : 해당 없음 
	12. 참고문헌



