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SUMMARY

IV. Investigation into Activity in Disease and Pest Control of

Environmental -Friendly Materials and Development <Theme IV>

4-1. Investigation into activity in disease control of environment-friendly materials for red
pepper, rice, perilla and lettuce; Screening for biocontrol agents against plant

diseases and development of manual for the control.

This study was performed to evaluate the disease control activity of various
environment-friendly materials from commercial markets, to screen microbes for biocontrol
agents, and to develop a manual for disease control. Out of 24 commercial products from
10 companies, 5 have shown to have in vitro activity in disease control. The products
contain GARS, DrP, TOP, DOR and KKA and they showed antibacterial and antifungal
activities. On the other hand, in the field test, MAI and GL products showed high activity
against red pepper wilt while GL, ECOZ, QPA and HET against powdery mildews. In
addition, TS and YS were active against rice blast and sheath blight while TS and DP
against leaf brown spot. In the course of field testing and consulting for farmers, two
important plant diseases were firstly reported to cause stem blight on perilla caused by
Corynespora cassiicola and leaf blight on rice caused by Pantoea agglomerans. These findings
will be effectively considered in establishing the management strategy for these diseases.
Through in vitro and in vivo study, a bacterial strain has been selected as a candidate for
biocontrol with wide control spectrum against powdery mildews, wilts, blights and rice
blast. The liquid culture of the active strain also was shown to have plant growth
promoting activity on vegetable crops including pumpkin and red pepper. To develop a
manual for disease control, a lot of information regarding the environment-sound
cultivation, evaluation and selection of the materials through in wvitro and in wvivo
experiment, and eco-friendly environment management in crop cultivation were gathered
and analysed. On the basis of the analysis and study, 4 kinds of manuals for disease
control in red pepper, rice, perilla and lettuce were published and will be distributed for

farmers.

4-2. Evaluation of environment-friendly agricultural materials and development of
biological control method for phytopathogens of Capsicum annuum L., Perilla
frutescens, and Oryza sativa L.

To establish a biological control manual for crop -cultivation, environment-friendly
agricultural materials were used and tested in greenhouse for Capsicum annuum L. and

Perilla frutescens crops, and in field for Oryza sativa L. crop. Total yields of pepper



(Chungyang) at the cultivation with conventional practice and environment-friendly
agricultural (EFA) materials were similar as 1,148 kg and 1,187 kg/10a, respectively. Net
income was also higher in EFA than in conventional practice. As for candidates of
biocontrol agents, Phythophthora capsici, Bacillus thuringiensis GS1 and Leclercia adecarboxylata
MG815 were isolated and identified. When treated green perilla (Manchew) with chitin
fertilizer (CF), and chitinase-producing microorganism (CM) treatment in greenhouse, plant
hight, node number per plant and yield of leaves were slightly higher in CM treatment
compare with other treatments. CF and CM treatment also effectively prevented Sclerotiose
and Downy mildew incidence. Chitinase activity in leaves of green perilla was the highest
in CM treated plants. On screening strains against phytopathogens of green perilla,
Glucoacetobacter liquefaciens BW1 and  Leuconostoc mesenteroides BW2 were isolated and
identified. As for chitinase-producing bacteria, Lysobacter enzymogenes MGI185 and
Pseudomonas  entomophila MG23S were isolated and identified. The incidence of leaf rice
blast (Hopyung) was lowest of 1.11% and 2.27% when Wolgum extract treated at 1st and
2nd sampling, respectively. The incidence of neck rice blast was lowest of 1.3% in plants
extract treatment. The incidence of rice sheath blight was the lowest of 1.53% in bordeaux
mixture treatment. The incidence of bacterial leaf blight was lowest of 1.4% and 4.6% in

vitamin treatment, respectively, at 1st and 2nd sampling.

4-3. Microbial analysis of environment-friendly agricultural agents and application of

useful microbes

From the analysis of the 165 rRNA genes, the bacterial isolates were assigned to Bacillus
sp. (51 strains), Microbacterium sp. (7 strains), Streptomyces sp. (10 strains) and 13 other
genera. Proteobacteria included 7 genera, Firmicutes 4, and Actinobacteria 5. Eleven strains
belonged to Proteobacteria, 51 strains to Firmicutes and 23 strains to Actinobacteria,
respectively. Among 290 strains isolated from soil and chili pepper plants, strains exhibiting
antagonistic activities against pepper anthracnose were screened. Eight strains in total were
selected, 7 among them were from soil and 1 from the pepper root. The root isolate
showed better antagonistic activity than soil isolates. From the T-RFLP and DGGE analyses,
no significant differences in bacterial and fungal compositions could be observed among
control, CC and EFC fields. The density of active microbial agent Bacillus spp. did not
increase in the first two months, but consistently increased in the third month in EFC field,
In contrast, no differences were found between EFC field and other fields in leaf samples.
Thus it is advised to treat with biocontrol agents each month for 3 times to soil. The density
of F. oxysporum was lowered in EFC fields. In contrast, the density of R. solani was lowered
only in CC fields. The biocontrol agent Bl did not significantly change in the density of
plant pathogenic fungi except for F. oxysporum. Using the selected antagonistic
microorganism, Bacillus subtilis strain 7-011, Chengyang pepper seeds were coated. The dried

seeds were then kept in the dessicater. As a result, the initial coating of seed density was



10° cfu/seed, which was dropped to 10° cfu/seed after preservation for 3 weeks. The density
in the sprouting seed rhizosphere was also at 10° cfu/seed and maintained after 6 weeks.
The stability of the commercially marketed biocontrol products have been checked over a

period of three months.

4-4. A research for the composition of environment-friendly pest-control manual: Control
of pest moths occurring in facilitated pepper, vegetables, and rice plantations

This research was carried out for the practice of eco-friendly agriculture (EFC) for the
facilitated pepper plantation, facilitated vegetables plantation, and rice plantation. The
indoor-rearing systems for the diamondback moth, the tomato cutworm, the perilla leaf
pyralid moth, the greenhouse whitefly, the sweet potato whitefly, the turnip aphid and so
on were established and stabilized. Forty-two EFC specific for the control of the pest
species, particularly for moths (a total of 86 EFC for 6 pest species) were tested using the
insect pest stabilized indoor. There are several EFC materials that are effective to the young
ages of moths, but these were difficult for the control of old caterpillar. In the case of
whitefly, most of the EFC materials were low in their control efficacy. Based on the early
monitoring practice and non-pesticide based agriculture, EFC manuals for the facilitated

pepper, lettuce, perilla leaf, and rice plantations were published.
4-5. Development of an applicable manual for aphid control in greenhouse pepper plants.

This study was conducted to examine agricultural agents for aphid control in greenhouse
plants. The agents tested were derived from plant extracts and microbial materials.
Seventeen agents that are commercially available were proved to exhibit more than 80%
mortality against green peach aphids (Myzus persicae) under laboratory conditions. Among
them, only five agents were shown to exhibit more than 80% mortality against aphids
under greenhouse conditions. Twenty plants available in Korea were dried and extracted in
ethanol and examined at 1,000 mtoL for aphid mortality. Among them, only two extracts
from Cudrania tricuspidata and Sophora flavescens showed more than 50% mortality against
Myzus persicae, but these plant extracts were not supposed to easily commercialized because
of bioresource limitation and labor cost. Two botanical insecticide, derived from osthole
plus pyrethrin plus neem oil plus derris that were combined with soybean oil and acorus
oil in food-acceptable surfactants, were developed and commercialized by a domestic
company. They showed more than 90% aphid mortality under laboratory conditions and
more than 80% under greenhouse conditions. An entomopathogenic fungus named
Lecanicwlliver ttenuatum CNU-23 was examined as a biopesticide for aphid control in

greenhouse pepper plants. CNU-23 was grown in potato dextrose broths to produce



blastospores at 10°-10°/mL. The harvested blastospores were mixed with 0.2% soybean oil
fatty acids and examined for aphid control under both laboratory and greenhouse
conditions. More than 90% aphid mortality was observed 10 days after application of
CNU-23. CNU-23 showed 3.72 day of LTso which represents the time required to reach 50%
mortality. CNU-23 controlled successfully aphid populations and commercialized by a

domestic company.
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VI. SUMMARY

Title : Investigation into activity in disease control of environment-friendly materials for
red pepper, rice, perilla and lettuce; Screening for biocontrol agents against plant

diseases and development of manual for the control.

There has been a rising interest in discovery and utilization of environmental-friendly
materials and the application to the fields in sustainable agriculture. This study was
performed to evaluate the disease control activity of various environmental-friendly
materials from commercial markets, to screening of microbes for biocontrol agents, and to
write manual for disease control. The research contents contain: 1. In vitro evaluation of
activity in disease control of 24 environmental-friendly materials collected from commercial
markets and companies, 2. Field test of the materials, 3. Investigation into activities and
properties of the materials, 4. Screening for biocontrol agents and selection of active strain,
5. Study on the liquid fermentation of the active strain and the evaluation of control
activity in the fields, 6. Study on the manual for disease control in red pepper, rice, perilla
and lettuce and writing the manual for disease control.

Out of 24 commercial products from 10 companies, 5 have been shown to have in vitro
activity in disease control. The products contain GARS, DrP, TOP, DOR and KKA and they
showed antibacterial and antifungal activities. On the other hand, in the field test, MAI and
GL products showed high activity against red pepper wilt while GL, ECOZ, QPA, MO and



HET against powdery mildews. In addition, TS and YS was active against rice blast and
sheath blight while TS and DP against leaf brown spot. Our results suggest that the
activity of the materials should be maintained for the term validity and the information
about the main active components should be accurately described on the commercial
products in detail.

In the course of field testing and consulting for farmers, two important plant diseases

were first reported to cause stem blight on perilla caused by Corynespora cassiicola and leaf
blight on rice caused by Pantoea agglomerans. These information of the disease will be
effectively considered in establishing the management strategy for these diseases.
Through in vitro and in vivo study, a bacterial strain has been selected as a candidate for
biocontrol with wide control spectrum against various diseases including powdery mildews,
wilts, blights and rice blast. The liquid culture (LB) of the active strain also was shown to
have plant growth promoting activity on vegetable crops including pumpkin and red
pepper. This study revealed that the strain may be used as a biocontrol and growth
promotion agent on various vegetable crops.

To develop a manual for disease control, a lot of information regarding the
environment-sound cultivation, evaluation and selection of the materials through in vitro
and in vivo experiment, and eco-friendly environment management in crop cultivation were
gathered and analysed. On the basis of the analysis and study, 4 kinds of manuals for
disease control in red pepper, rice, perilla and lettuce were published and will be spread

for farmers throughout the country.
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% T4ET Sa5) Beskel A 1530 $2E @RsAY R Fol o g
dede 19, Welx, T“rﬂ—*lE W= 5§ SAHes AwHRER, Frajolde A
HEY, Evol, s, AU ¢ 420 55 AR gon, ddolazE dBAE

St dZ2wtE, o ZAXE ‘F?J %% F03E low, daidEd Fdol Hd
Zt A= JAYE AL FEFE Jouy F2 Ak AELE o 3 AFEo
o] F Id¥ulold e FHEE Ampelomyces quisqualis AQ94013 FF 2 /HaEHyoen =)
A& ZEF9 #rtEH WA o ALEE 0, FE3olglo| & Bacillus subtilis DBB1501 #F3F=2
AEE EHar 239t 2ol #7RW WAE Uz MEEHACD B 1L FU ¥ W
A HEFF 55 dFE BodFa Jot



B A et 5 3 d

T3 so 2 F48 ¥F  AEY 5234 52 43303
4l A 2 AN B g el A sto] 1336 1x10%fu/g  Hlel% HFAT(F) IF(FLEF  E
S8 i
27 a7+
20) A2
AR AARGYAFAE  65X10° clu/g  ARAE (Frageraz DREIFE e
713 3k % =
7] A Fgoly
Bgot AT
20) 27193
Ay Rk
23l 2715
HRI =AM B E | AT AE]713 1x10%fu/g  olZAMtE (FAGotaz @7 A Fgoly
SFeE) 90 LR
ErtE(PEErtE AR FFoly
3
AR A 5 AE| 2808 1x10%cfu/g  AZAA (FAgetaz LE(FLEF oY
N3 id
Az uhA 24 18 g 8] A u ) 1.0x10%fu/g  ElEtx F) EFaeld 13 (dnFHF  ANE
1501 =34 )
20| A=y
HHA A A B g Ay 1x10%fM/g &4 (F)FF3olg Zd a9 ntE
1501 A
W AR Ao AlA  50x107cfuiml Q4T F&E24 =27] A7bH
°]238 o2
v F 244 BE ] AR H]) 365 3.0x10%clu/g 2L (F)adnto]l 2H g e Erl5
T8
HlAS A B e AAu365 & 1.0X107ciwm A (F)adutol 29 T3t Sk
A3} A EvE(FEEE AWFHoY
EA))
uhA £ A G~ 0]H]401 20x107cf/m  FYAE 2] Q(F) 20 A7y
f3@gAl
BRI R A4 B AFlo]u]A] 1x10°%cfu/g A= =3 2 0] Aoy
1010 344 (F) §=ute] 2 A v)
2EvlErlo ATl AR gel] 1 10%cfu/ml Mo]Z = (F) Al elopol v 4 1 AT SR
oB24 oA ) EREASR
1x10%ctu/ml  wpo]@sfo] = F) 3 olote]n|H| Z7) Rl Fgoly
LEETLO| M AE B4 2 o
B2 f940l0]20 o £ e
B A7y
stmz ool g AHA B Ace]  1.0X107cfu/g FHE (F) 2vte) 2.8 @7 Azt
94013 3844 NES 3 7psy
2.0) ERIRS
ol e A7tEy
AR EA B Abefo]A]-1 5% 10%fu/ml  HAE (F)2vte] 2.8 1F(}aEF 94
SRR =3
20| A7kE

*2010d 19 dA AE3td

A EF AR (5



2. T8 7l €3

b AESHAARLIE dFBAR D e YEFSFLE AdAd EAse AEA 2 22RH
T &AE o]83e FAE A4t 2 BHEG D E nxe HLTE, HE 2 AR 5&
HAslE AERIAES dieth AESEH PAAzZ AegEe rAdERE dkdys &
(Bacillus), += 22 & (Pseudomonas), 2~2EZEvlolM A & (Streptomyces), Ne| 2HHE] &
(Enterobacter) 9} Mdd FHZulolAdl2 & (Ampelomyces), EtolZ vt & (Trichoderma)
59 Aol Utk E 2& AT Fo BE AT HEFF AAANF ZEE YEd AL
EX Bacillus thuringiensis7} 713 %2 AL 4 o At AAFAMEsE AEFF /M of
o ATE HAG st 3 Hokz <43l v]=e] 7% EDEN BioscienceAl7} Harpin (43}
& A Al), AgraquestAlZ} Serenade (U]AE A Al), 281 JeneilAl7} Rhamnolipid (443}
3 4EA)E AEalech

[E 2] Aide] Fol W& AT AEFSFY AAAG (D9 YrHE)

=% 2003 2004 2005 2010 o438
Bacillus  thuringlensis 2422 290.4 347 & 611 119
Bacillus subtilis 519 62.3 746 84 4.7
Pseudomoenas Hucrescence 346 415 49.7 62 45
21et 17.3 208 249 29 3.1
& A 346 415 397 796 99

(##: The New Biopesticide Market, Business Communications Co., Inc., 2006.1)

v AEA AL} BEsld B HAE BEFS T Agrobacterium radiobacter 84 R K1026 T F
£ °|§3% Galltrol 5o] 7" o]%Fo 7} FHZo| AgraQuest7} 7|déle] EPAY S23%
Serenade’} WIS ATAZA FTEEH W WAl o|&H s AF7AA HFUFFH WA
4 UABAFAZ Sonata®st AQI0 Fo| #AEH WA HEHT glom, o9dm
Pseudomonas spp.& ©|-§8F AIFF-, ZAER WAAY AL Fo B2 AF7F o]FA
ko™, Bacillus subtilisE o]-&35F FE2Y ®WA @ 2x A A A2 Quantum 4000, Y B
2] 4 2 wrA) A A Pseudomonas7}t A= phenazine 7| FHEH L
2,4-diacetylphloroglucinols, Pseudomonas cepaciad ©]-83+ #H¥2|® ®A|Q Blue circle, P.
fluorescens EG-1053-8 o] 83+ Z&EW WA|A|Ql Dagger G, Streptomyces griseoviridesE ©]-£-
st 2AEY WA A Mycostop 5] JiEE o] AFEEnl Lo

o U EEYdL FAEASG I tAMEES ojddle ASZA A AAFHOZE 1008 F o
ol BaEoew M Folle Bacillus sp.&} Pseudomonas sp.& ©]&3t= A7 &dslxn
FFo| FolE Trichoderma sp.& 0|83 A77} sty o5 wiEEo] EGHEAA
Phytophthora, Pythium, Fusarium, Rhizoctonia, Sclerotinia o 93] TA3t= A EH WA&
o2 JEERth FAE A Egde FE AEHATY 2388 Role MT ¥ T
o]& o] &3t HIdE F5A FHAE ug FA7F A AAAeR FakEe B4
M BE dmge] AEAA MEE BS AFE3 o] A 509700 3t HAE A
TA7F S5H Jvh X 32 FoA AEH HAE {8 FEE vAEFGS Ve
A oltt.



[E 3] =919 42X HAE A3l FFSE VYL FF

WA Y EE

} 3 o8 ol 2 A 34
+EH & vAE w917 25 I 3|A
AQ10 = At} 20], ®7], Ecogen, Inc.
. o Sl
Biofungicide Ampelomyces quisqualis M-10  H7H5H EnlE, X& Langhorne, PA, USA
: . Lo AU F ol bt Ecogen, Ins.
Aspire Candrda oleophila —182 Zammo|yw 7=, Aral, b Langhorne, PA, USA
Trichoderma harzianum 429 Taoln 34, s}, At], Bio-Innovation
Binab T,W (ATCC20476)9} Trichoderma 25 H;é P e AB, SWEDEN, Binab USA,
polysporun{ATCC 20475) oo Madison, WI
Bio-Ag 22G Trichod harzi. A, 2, Wilbur—Elli
io-Ag Yichoderma harzianum EoFA B QT Fo| e Ag 4 ilbur—Ellis

Bio-Trek22G

Bio-Save 10

BlightBan A506

Blue Circle

Dagger G

Epic*

Galltrol-A*

Intercept*

KRL-AG2

Pseudomonas syringae ESC-10

Pseudomonas
fluorescens
A506

Burkholderia
(Pseudomonas) cepacia

Pseudomonas
fluorescens

Bacillus subtilis

Agrobacterium radiobacter
Strain 84

Burkholderia(Pseudomonas)
cepacia

AdEgo| &
FESRoYT
AR EFoIE T,

Geotrichum candidum

Agd 754

E¢ 94530,
E¥ 47

2y,
AR,

A

A TF¢EH

BEEy

WA

7g, At o)

sh=E, A,
B, W, 7,
@7, Evte

A

53 4 A

Fresno, CA,USA

EcoScience Corp.
Worcester, MA
USA

Plant Health
Technologies
Boise, ID
USA

CTT Corp.
Carlsbad, CA

Ecogen, Inc.
Langhorne, PA
USA

Gustafson, Inc.
Dallas, TX
USA

AgBioChem Inc.,
Orindi, CA, USA

Soil Technologies

Corp. Fairfield, IA USA




A3d QAN Y UE R A3

AT Y g

TR A7 y& ATH4
1A T | ] o
AlZQl chekdt A A AA jn | JEAE FHEAE i vitro Y in
vitro &3 7} vivooll A1 &) ¥ WAZAd AS
27 = SEEIEES LT BE
= = = . . T“l’0 © - -1
ART T2 S i vivodl S B | agnne g9 4T A9 2
PAGY AT L 2 LAY =4 a7
AEFd AFE P24 H A (9 dAS 184 w24 g3
) g4 9 54 A 0 g4 @7}
AA =
HEAE A% FvidE B AAS |, =
Eg 94 AR My @ AL 5 PAE 75 A
B oA IR A gr 9 |y A8 J3E 94 g1
B g4 B3t 2 g 24}
A =
B9 diF a2 S4EA A
LA A== 0 [E2 N /‘\l— qﬂ
e F4wF9) dF A dF
FA2A ZAAE HES T 9 | vivd AEE A% W wA g8
5 HA wrd LS A AR R | gE o
A7) o AF A EW ub L
07] CH._:TL ‘:H o —I‘EO oz'ﬂ UH:IT@ . Hl—zﬂ]—g— Uﬂ-ﬁ—g A
Mg % AR FE A vwdd ° e e




(1) Adelreg AFAHFAA &7 HZA

THoz S5 AFS HIES 1099719 Aol EAIE 24749 HF
o2 Ayl F78Y AL AAEAY (X 1) FT8A FA A
L9 NYFFE2= 1F SAHLTA C gloeosporioides EML-CG-01, 115 AW P. capsici

EML-PHC-01, ¥ =R AT P. grisea EML-PG-013} Xanthomonas sp. EML-XAC-01 o F&
AHEBEATE & 24709 ABAAA ZHEd vAE AR89 AA FoAANe AW B4 APE 2H
]

2!
GARS #A|Zo] gFFAo] 7}1& F& Aoz VENGT, GARSS DrP, TOPE A 9|8t 1}r] X
Ae FFold thalMe Fa TS HIAL A daide AY 4 HolA Asith
JEBol 8% FZ2ES AMEE A FoAE DORY KKAZ FFo] HAFH Aol thsf
T EL A A4S BRYT, AE2ETI) e RO ¥EV)E GARPH JIN AA JA] 3d
AL JeElATh o3 d die 4E3] 58 FE (FYFEE)dA 4% FXolmz A
[e]

2 273 Faulsel mPME 84 FARE o dehd & Ae Rolok

% o fgoo1>




[3£ 1] Antimicrobial activities of environmental friendly materials and agents

Source Product Company  Major components Type .Act1V1ty 0 -
hame fungi bacteria
Microbe GARS KOR Bacillus subtilis Fun*#* +++* +
QPA GRB Ampelomyces quisqualis AQ94013 Fun + -
YPS2 HSL Bacillus thuringiensis Fun + -
DrP DAU Bacillus subtillis DY6343 Fun ++ +
MAI DAU Streptomyces griseofuscus 200401 Fun + -
CHU HSL Bacillus thuringrensis Fun ++ -
HOAY HSL Lactobacillus fermentum 52 ftd % Nut + -
upadel
POW HSL Penicillium sp. PS113, Q4tul 284 3} Nut ++ -
LR Ry
BIT HSL Rhodopseudomonas spp. F& A« v]A& Nut - -
HOAC  PAI Bacillus subtilis Nut ++ =
Y L O = N =10 0] o 0% ) L I S
Plant DOR KOR FaA AAdAEFEER AEA 71E, Fun +++ +++
extract 7154 s 2 afAE dQAMEE
KKA TOT F714k, HlEka, ol &R, dfAR Nut +++ +++
FEE
GARP  YIC A HE FE= Ins ++ +++
SEA DAU Guano phosphate, Langbeinite 5 #24d  Nut ++ +
HAZ DAU vtk X &9 Ascophyllum nodosum™ Nut - =
#7184 59 AzFeE
HET BU s 28 Fun NE NE
DAL DAU AN E FTA FTE, g¥ol JHEA Ins ++ -
JIN HSL AE FEE Ins +++ +
HAC HSL Flvictel Al A Az 848 5 £Z  Nut ++ -
HAS PAI Nz F2E Nut ++ -
VIDr PAI nAE FEE Avi ++ -
oL B 2w 2288 & 4Rz 4% 2zg  fu FF o+
POX GD g FEE Fun & & ++
BID KGB HE FEE (43 R2EY) Fun ++ +
* - : no activity, +: low, ++: moderate, +++ high activity against phytopathogens, NE: not examined. ** Fun: fungicidal

agent, Ins: insecticidal agent, Nut: nutrient agent, Avi: antiviral agent.
Burlel AZEL de F2 187 A2AZ2 Mdsigdoed AF 3 23S 53l IR

—
oA (Ee dys F) ARe F8 ARoz XgHo Jor B LA Fusarium
o

Cladosporium T-& o2 3 FAAANNE £ FATAH L HA



Fusarium sp. Fusarium sp,

(28 3] J8AFAAY =¥ Cladosporium R Fusarium ol 3 JA & 773,

olg| g vty FE Ao T, oA T UH 94t FRE AN nteEEd ©n of
Uil B} £/ 4 ERFEE0] FE o]Fen vy H, Egrdo] FHEH gloy &
AFdM = —E—% ] i‘:} A Fe daiXE & S48 Bo F3o|y ofd Alad® Al
T ARAYE ¢ F ATk HAR vig w2 € HEFEE AFL JEE T Fo A8
§%Jg]EQﬂ)h:ﬂOE,qqﬁoqclﬂ%A:ﬂ%lﬂmoqu = FF&3E& e
W B B ol HF HAAUE AR £ S AoE BEHIOH 53] AFH LA
o E 1873 52

Eo] & 2 #FY JAl 4o BHde ZoE AAHAHRT B &Ae
I & AFeAM daz 3= AdFHo|y (Cladosporium sp.) WA HE3tHom 2
@ o glol & ¥ WA 2 dAF W AT Yol FAF] A#FANMA NN
Z WA agHozg ALY & S Aoz #GEHIAT Y oY FHE Yl
AEN FEHEY AFS B9} IBFHEETAE A A 55 Fol 98% 702 AW

[¥ 2] BuAtY] vl AFe] AW d384 HA

A=
ANYEF

A B C D E F G H
S. aureus R209 + + - ++ + ++ +++ +++
S. aureus 209 ++ ++ = ++ - + +++ -
Candida albicans EML-001 + - - - - + + -
E. coli EML-001 + + + ++ - + +++ -
gﬂff%%/{a typhimurium _ _ _ _ + it + B
Alternaria sp. EML—001 +++ ++ + ++ ++ ++ + -
Cladosporium sp. EML—-001 +++ ++ + - + - + -

* - ! no activity, +: low, ++: moderate, +++: high activity against phytopathogens, NE: not examined.
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3&

EWIFAZ 98] ALHE F49 GI0) AFS $84902 Ao FFEHS
23 hAZ $Ed FETT 2% FEAAM 4ol IS FAsAT (29 4, & 3).

A4

R 8 ——— e ARpILN S BAGP T R
L =1 -= Lecinatumip EMLE53IB:
7 - -
- \ \‘. Mgmarang GRG0
£ — V- . —
'g ~a—-LeAnNmIp EML-ATANG
3
g % i he o P g i G356 LB
E @ [—— —_ iy - —
3 — = E
» &
2 | — "
) - >
i \ Ny
Contrek 0% 20% 0%
Bils Concaanbiabon (%3

[Z29 4] F3Y 849 Fgole A W A4 A3
[ 12d%F FAEA (mm)].

a9 404 BE Bsh go] AYFE M ZA (ME broth, PD broth)o] ujz} Zwolo] o
3 ANGYo]l WA WA AT 2% (AA S0 FAFEE 12%) S8
Aes) gols AL dAse Roz BRI

FAd 2499 2ol B AT U AFENE AAY Y FAFE 24%ME 12

b AAE A BREe B AFe] JAHE HoE UYEger o 3T & £79
H=gtate] @ ATAe) 3o JNse HoE BVHN RAZ AAAHRES Holmz
G5 ABAANNZ AT B F2AF FHS 2 e SEHRANN s HYs} of
2ojRel @ Mo BUHATH

] 5}
p o

Al 7

[¥ 3] Farg-84o Aol g A a3 HA

Pseudomonas sp. EML—0010

Exposure SiO3 concentration (%)
Time (hr) 1 (0.6)* 2 (1.2)* 4 (2.4)# Control
12 5.9 x 10° 2.4 x 10° 2 1.3 x 107
4.9 x 10° 69 3 1.1 x 10°
o4 0 0 0 4.0 x 10°
0 0 0 3.0 x 108
0 0 0 0 2.9 x 10°
0 0 0 3.3 x 108
Pseudomonas melonis EML—0011
Exposure Si0Os3 concentration (%)
Time (hr) 1 (0.6)* 2 (1.2)% 4 (2.4)% Control
© 12 0 0 2.2 x 10°
50 1 0 1.9 x 10°
o 0 0 0 1.7 x 10;
0 0 0 1.9 x 10
48 0 0 0 2.7 x 10°
0 0 0 2.6 x 10°
*BEote] F£XE FAE FEARY % FEoH YUY ATHEZE

A8 F CFUE §3% 279,



(2) AelMe @A T2 B 2A
h 2F ¥ PAS AT A8EANY B P
Ad UF F9e) nFEFAN A5 24 deur] AZse A4 455 e
ddes $EE FATEY 2 olde BF AdsEA ¥ AL 2AGT Burte) GL

o] ¥ WA EFHE UEHI I o2 Maivt 3 AEY LAEDRE BYAT o] P
Wt S5 ol A= (severity)7h oF gt %A HIH T (HEF)AME ¥ G HA

= o)FTE 3ol AT BAHE dArldE el AU ¥, ¥ Bl AF Ayde
71E FAY =g 24 o) e Asdr &AE Holx ¢sted ol Fusarium T 5
44 BEAT ERE 7] YR (F9EAY olFe] Y FW A=E AolY] wEd
dol AT e YAEA} drhe 2oz BAFEe Aoy wely o] - Fesitt
T BEEHAG. Top AP o] A Az oz ¥ Lae] Bo} ¥ £XF Hoy
A FAEY A ANES S4E HolE AEd 28l5E (7€ wxd) HE) 2 st
Aot axnzh ek wekA olHE fAE WA wwd M A B # A HYse B
23 A=Y FEL2 AR 2 F US Aoz FaHG

&

[E 4] 99 A8 X AlES 4 48 3%
) A2 T
Ass gEd Control Conv
Top Mai GL 2

1st May—21 NCxks* NC NC NC NC NC
2nd May—28 1(C1/S0) #xxx 1(C1/S0) 1(C1/S0) 0 0 0.7
3rd Jun—04 3(C1/52) 3(C3/S0) 1(C1/50) 0 0 1.1
4th Jun—11 3(C1/52) 6(C5/S1) 1(C1/50) 0 1(C1/S0) 1.1
5th Jun—18 3(C2/581) 6(C5/S1) 1(C1/50) 0 2(C2/50) 1.5
NT#x Jun—25 4(C2/52) 8(C6/52) 1(C1/50) 0 3(C3/50) 2.3
NT Jul—-02 4(C2/52) 9(C7/52) 1(C1/50) 0 3(C3/50) 24
NT Jul-09 8(C4/54) 13(C10/83) 1(C1/S0) 0 4(C3/S1) 5.5
NT Jul—-16 9(C6/S3) 15(C13/S2) 3(C3/S0) 0 4(C4/30) 5.9

* control A& F F 54F, Top ¥ 64F, Mai & 63F, GL & 65%, T -7 & 643, B F <o 60072
1/102 JHAM & HeF9 vy, Top : GA, Mai : DAL, GL : BA}

** NT : Not treated, *** NC : Not counted, **** C/S : no. of completely wilted pepper/no. of slightly
wilted pepper.
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Contrad
|~

=B hfal
l f T buenl

Lo

Hal = Haty

[29 5] AIESH WA AMEE AEE sAAE g E

Ad e wbd 13 XA 1F Qo HAse FUhFH e ¥ gA agE =
et 87 A 93 GL, CIL, ECOZ 3719 I8AEAAE %1%1 Ao F5
3 Ay 29 EAREH FHE 20/ o F @UHF wRt £8& ST A9 7] 58 FAL
9] ECOZ9] 7% <F 85%9] $7}5d WA AR5 BHon, GLS 77%, CIL2 65%2 =& W
A axs BI9 (X 9).

[¥ 5] §hg 15 o E7bey 24 A=

%4 314  CONT GL CIL ECOZ
1st 0 NE=* NE NE
2nd 0 NE NE NE
3rd 0 0(0%#) 0(0) NE
4th 0 0.0 0(0) 0(0)
5th 0 0(0) 0(0) 0(0)
6th 0 0(0) 0(0) 0(0)
7th 5.33 0.67(87.43%) 0.33(93.81%) 0.33(93.81%)
8th 8.67 2(76.93%) 3(65.4%)  1.33(84.66%)

*NE: Not examined, **(%)

2 % 53] Ag, 294 BAFE FA9 200 o1 T WAE

°o|*y

o2l
ok
Ir

9 g A Py
Qed 22 3 874796 29
¥ 24 A #rley
Ae W9 Asgth ¥, 1

IFAFY WEE GO

) 27 (CONTROL=31&7 kA vl 7)ol vlsl] J&AA AL HJFolx @7+

B Fm ol 2-6—5z1 (e 45709] Q)AA S ol FHE =7

AASGEA FRHAT AAT 2
'}am Ea QAo label o] %
6 24 T 15719 QN W) W
2 2YEE YA ol AFAME 1Y 10914 BE nie} gol

aF 74A e 2-6

g 5,

o] o
=

__13_
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AP Faste AL 2 5 ATk o BYTF RN @ARHe Wo] RS Ekew)
Iz @129 PA GAZ 219 APA22 BEAA Yol A YIT A2 AR
53, ABAAA ¥AYT (CONT)RG QP, HT, MO ¥ HA Hel77h the okal 227
A9 BATRS BAGC B FE ALE Yo

Y52
HT
MK

& 8

o QF

¢

1 —te0

° & “HA

T

g CONT

o

4

i

T e )

3 / 1

a 2 /
e = —

i

Treatment times

(28 6] FgnFe] AVt BAE AT ISFAAY A &7} 63]-108 Az Fof ¥ ¥
)

(h B4 % BAE A% DEAAAY ER AT
423 SAAS SALZAN B PA BAE ZAADA 4 2009 S 2 5
ooz n AAATFE 179e 1RO o $ aEoz AU ANANT 1
= 3 g

=

=
=
2
=t
)

-

3

o]

AM B W 2ol e B2 A9 29 A7l Bl AREBelRe] W)
H hzFAAM Rdggely e ¥¥eo] 7P w3, GL ¥ YSL2 ATl AH
BAEo] Fadhe Z¥E BT HET A9 7% dxe]l HL A At =54
A9} FgAe REol k¥A BEClE B4 dojue o7t UEhte d4 Rol7
tich webd HET &4 H2& Fusdou 25 F7AXE sjdde] A&aul Ay
AREE ool & Aoz AT

(ot mt o' rir
ol

hu

—4mCONT Gl
RRET eeeygLY
BT ke MAL

o
I

Disease incidence (n/260 plants, %)

= e
= ¥ r -

o L 2 - [ 8 10 12 14 16 18 20
Number of treatments

[28 7] S T AUFFelE LAE A% A& AA L Mfas),
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AYAAE 27| DALRE ZAG A3 O9 8dA Ee ukeh Zo] BIT$ GL A
gl E71vEH BALe] & AA AT v o w4 YEkh

B | cONT gL

| ™2 e
- MoL

e
=]

I
i

Disease incidence (n/260 plaats, %)

Number of treatinents

[19 8] E71 EZA Y E7IntE8 e HAE A A@FAA] 22 £t

(Fh B ¥ WAE A% 385N 23 HA
ol Byste ol it % %RPZH«I a5g AAEY 8 Ad Y9 FdrIe
AN FEEXZE AMESHTE 2 gAY Azle AR 77 4054 3Rz A A
on, xFe B9 Mg 7974 fzFAQ HES AT 79 774 AN H 2
ol F 6714 AE 7-104 AL E F 53] Astiler B =W, dFHCEE, A
AFHREH Y Y EE A A, o719 A F TS, YS, DP9 370 oAl X2 TolM
WA 257t velwtes I dde ol 1¥d A (2™ 9-11).

100
b

—Ys

“DP

= CONT {Teram)
“=CONT (no treatment)

&
[~3

o
<

Disease incidence (n/49 plant, %)
23
\
\

[<]
L=
-
\
L]
“ \
w
o

Number of treatment

(2" 9] ¥ =gl o 2A Az

¥ =dWe] TS, YS, DPe] 37} JAE 159 1F o2 53] At ¥ HA&E ZAG
A%, FAE 27 ¥ LAES 100%2 g o 3714 ofA 2% ° %/&E-g ] 20%°]3t &
80% o]/t WA EHRE iﬁ\:} (29 9). ¥ 4=y WAL Y3 A8 THY 18%E AAE
¥ XA &3t A} Bacillus (Paenibacillus) 2 Pseudomonas A%< v]BEAAE AHgt +
el A ¥ =gH A& dzTe HE o &4 vEger 53], A8F vYEAAES
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T4 Mol A3 A8 A Y=EW A D odAe] 2 ERE ok o2 Yy

T, A8FAAN ] HAPFHoIEY HA BAYLE A8 ol TR (TE 10 #Fx)9
A TS, YS, DP9 37}A] FAE 13U A2 43 Aste] W HALS AN Ay, 23
2l &7y ¥ LS 100%2 $S w TS YS )T A
50% ©]/4< %‘ WAEZRE BYou, DPY A4 65% ©]49]
¥ UAEZAE vEdlT (28 11).

B EAdEo] 50% mvte g
dAES Hof 35% o]ty

ok rr o

Addedrled B 34 482 AT 35 TN HAyT
E FoAD A ol E wgRE, B-C
AgAQ dAFHY S 5 28 AH 23, 20099 99).

=
o
=1

) ]

—
‘op

TCONT

Ee o @
t=3 = =1

v
(=3

Disease incidence (n/40 plants, %)

=
|

0 1 2 3 “ 5
Number of treatment

(29 11] ¥ LRFHetEg el e BA &,

ghd, @B HANTEY A 848 HUistr] A orde XY 124 A=)
oAlX TS, DP9 2744 A& 174 ﬂzlii 58 AHgste W AAESS A A, FA
27 B LS 100%2 s w TSk DP A polMe W F&o] 50% migtoz
50% oldel ¥ HAEAE B (29 13).
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(1% 12] Adsdrlsd ¥ A A9

-
®
o
c
]
[-§
=
I
£
o
I+
c
]
Bt
S
£
b
[}
o
-
a

60 -

(=]
-
L3
»
s
wn
o

Number of treatment

(22 13] W ANFLH0 o #A] 5

)

() A 87 SN B 2F 2 BYY

© 1BAFAN AN A2E A2
200790 20109747 D87 FG2AY BAE PA @ 4F A7 L AUY) P
¢ FYAY F7hE E 6olMsh Lol hx, nF, EvkE, FLYs}, 23 5 AL 57}
otk ABAFAMY AFAGe] FolF BASE F 5 Brhlw F AMAAL 40809 m?
Atk HFT WeAE PAG VB FALAEG FuaI A3 oln] FEH Hel AwsHx
e AFFAA A0l Uvtn BEHE FAAG & ATAY in vio 4PN F& AAE
24U AFE QR FP NLHES ARAD 9T AW % T ANE AB

-
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[E 6] A8AFIATAIEE T AW A2AY Fd%7 83 (£ 40,809 m)

7 () AdYE NP xR Al & Al & (m?)
97 T £F9 gl SZEgt ofjzd, 1 4,619
A&ET F71% =89 abdE] 7hA, elset 4,290
A 5ok P& 742 F31F, dzH EvE 3,300
T gk kg AMg  Hxzesl, oz, ErE 7,900

A% 7] 7% B 2498 3, Ve o5y AAF 20,700

% |y 40,809 m*

AT AHSE FRAAZE FHUYENEAL FREA (23), vteESd 8F o), 7
SHAAE, FKAN, dzd B AL TF 5 15F oor #HuAENRALY A 2
4% F0 2 W a2 Rz Jegon, 4338 YRAAZE R4 E 2
FAle EFFHo|om, CLATY slesEd (wat B AETH des 4% £3) A
e WHllE R JABAHL Hel AFALAZNY FALS BAFAom, ABY 304
24 9 A% (F5pA)e FFBA ol W F7h A7 Westin woEc W, F4Y
AE Fo] AWAPEAH U FxolM AT 40 AAEHES Bed ATY FAL A=
Mol FARE HPou FF g ATF o F=d A AR L HE AP 77
a9

=
x

ofN md nf

=
xS
=

@ REAME PhEEEAL 0§37 AFFOW WA UFAY
gAz e LEoNE R2%Ed Basty de AFFolY (2 149 WAlel

A FAAE G FAAA ThEEEde]l ARl Jee BT AFARL AT
B A7olA 2 1% AEHI} 2 Burle) shssE o] AFAAET B ol in
vitro AWoA BHollE JAEHT} e AL FAFT ALFL2 Fohol AW Hed »
grom AR B W B4 oA AFE RFPow, AN HLy AR 4P JAEHE T
itk ole] g A FAE7Ae g A7E F7h ATV Bastn BUHAT 9E, ¢
F o5 AEC] @2 ALHI AAME AT AL HHT J1A 2 ABAKIEAA
2220E 9% 44 5% 59 #10] F/lz Bay Ao AAHAY:
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Q@ 2ui= AF 7EH WA 4T AP
St A EQ DAY NSSFO] 7k e A5 A da 4% 71 3 24 94 H
d E3E Bole ALZ wIzou drtEHe] idstie FAxHAE T ARt 2
A gkeng W e o e Br] Hate B AEA A T A REAFL
Z AR EioF @ Aoz ddEm owt 7R dAH Ad(AE) e HRe AR #
gEn. 9, B FFY vz AFe] SAHIL e AU ol hE B, FEE
fgol 3 AAHY A77F Yodive AT A

[29 15] &ux AFY #7MFEE LA i A7
Mg &), 324y 7] NSSF A&+ ()]

o AAA AL 2 AT
1) ZZAAM e F8 g 28 2 54 A+
h 25 ¥ AT

E AFqgME TN SAsE B 979 g ¥ 54 ATE FdsAT ¢
Ul Az dAste W tig FFo| 28%F, AT 5%, wiolg: 16F 0] Hilsof 3l
o FQ8 HoEE €7H 5, 99, @AY, EvEY (YaH) Fo] Atk wEASHE &
Bzow Aryle Aegdd A% Aoz 4 AT 23 FEo] dou FHd Z o
E Fth 29 1L 1Fo) TAIE gUF Yoz 53], 9y 2 VY, 2ga WFE
SH I v FA S 23 Y d HAS RoFo 3, AR uAdME A FEH
A %e 248 (A¥ 2L B A7 FAHAA =X g HA TFOoZHEH g3 ©A

Aozd v dhA 84 f4AZS AAEA .
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S Fodosphasrar

(29 1] e TR 23,

(2% 2] U 1nF &SA-" ol IAAN Hgd 1F
(A-B), ®WYde JTEY (©) 2 HydEgx+ O
Colletotrichum  acutatum, D £ Colletotrichum

gloeosporiordes.
oA EEld AES 4L e HERE (Y 9 €7]) o2
=

=3
FH A8E AFHS EE 54 A FE Fusarium ol 43 A
wil)o] 1tk (28 3).
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[7¥ 3] & ZBAESHY BA.

T3 & ATFME 1F o B Ad nFEEE AT B5e 16s (DNAY g71M g
of 71zst FTARA

[ 1] ¥ R HAd 315

i

2oM B8 AT F5H

Isolate Accession Description R e Query E value Max ident
Score  Score coverage

Microbacterium testaceum strain 343

EML-NP1 EUTI14365.1 16S ribosomal RNA gene, partial 2495 2495 99% 0.0 99%
sequence
Bacillus subtilis strain DS13 168

EML-NP2 EU834243.1 ribosomal RNA gene, partial 2572 2572 99% 0.0 99%
sequence
Microbacterium testaceum strain 343

EML-NP5§ EU714365.1 16S ribosomal RNA gene, partial 2484 2484 99% 0.0 98%
sequence
Enterobacter cloacae gene for 16S

EML-NP6 AlR244469.1 rRNA, partial sequence, strain: 1611 1611 99% 0.0 99%
NC1111
Bacillus megaterium strain

EML-NP38 EUJ194337.1 XJUHX~-40 16S ribosomal RNA gene, 2574 2574 99% 0.0 99%
partial sequence

EML-NP10 [MiG4631.1 D@c/llus megaterium 165 rRNA gene. 5590 5590 ggg, 0.0 99%

" isolate TS IW 36

Enterobacter sp. MB—1-6-6 16S

EML-NP11 EURIG58&G.1  ribosomal RNA gene, partial 1638 1638 99% 0.0 99%

sequence

Pseudomonas mediterranea
EML-NP14 EF673038.1 G—229-21T 16S ribosomal RNA 2518 2518 98% 0.0 99%
gene, partial sequence

Enterobacter cloacae gene for 16S

EML-NP15 AB244460.1 rRNA, partial sequence, strain: 1692 1692 99% 0.0 99%
NC1111
Flavobacterium anhuiense strain D3

EML~-NP16 EUD46269.1 16S ribosomal RNA gene, partial 2464 2464 98% 0.0 99%
sequence

- S . Pseudomonas fluorescens PfO—1, 1.013e+

EML=NP17  CP0000S4.1 complete genome 1696 99% 0.0 99%
Pseudomonas mediterranea

EMIEIN PG EF873038.1 G—229-21T 16S ribosomal RNA 2531 2531 99% 0.0 0%
gene, partial sequence
Pseudomonas mediterranea

EML=NP20 EF673033.1  G—-229-21T 16S ribosomal RNA 2531 2531 98 % 0.0 99%
gene, partial sequence

EML-NP21 FPaenibacillus amylolyticus strain

P17 16S ribosomal RNA gene, 2432 2432 98% 0.0 97 %
partial sequence




E 1dA BE ule} zo] Microbacterium, Bacillus, Pseudomonasd AMdo] A5 AZSEH o).
ol Moy I ¥ BA/ gAY BEA Tl dIAMe F7F A7 e g3y
ATh ESH F 204 R ups} fo] Al nFARAA EEE T Fole Fusariumd o] -
HE AASRAL, 23 AEH AT Phytophthora capsicizt A4 HEHUT (2H 4).

[® 2] Isolation of fungi from wilted red pepper in Nampyung area

No. of .
Sample no. Part | Isolate name Genus/ Species
isolates
S—-1 Basal 2 EML-NP-CAPBS—-1 Phytophthora capsici
stem EML-NP-CAPBS-2 Fusarium sp.
Root 2 EML-NP-CAPR-1 Fusarium sp.
EML-NP—-CAPR-2 Fusarium sp.
S-2 Stem 4 EML-NP—-CAPS-8 Phytophthora capsici
EML-NP-CAPS-9 Ul
EML-NP-CAPS-10 "
NP-Sub2—-EN-3 Trichoderma sp.
Basal
5 EML-NP-CAPBS-8 Ul
stem
EML-NP-CAPBS-9 Fusarium sp.
EML—-NP—-CAPBS—-10 Ul
NP—-Sub2-EN-1 Trichoderma sp.
Root 5 EML-NP-CAPR-5 Fusarium sp.

EML-NP-CAPR-6
EML-NP-CAPR-7
NP-Subl-2R—-EN-3
NP—SubZ2—R—-EN-2

Fusarium sp.
Fusarium sp.
Fusarium sp.
Fusarium sp.

2

(28 4] =X 23 98 28 A o)
13 (A, B) W WAdF Phytophthora capsici®
dx2 9 F54 (CD)>

¢, 13 AE EFAAMY RS Hd AESHT FYEItY F HATSE Fusarium



oxysporume] &Jg Ao Z Qo AuHE e B FFHY 1F FFo d9¥ H
244 AY AT fREE AP (dFe FEAYAHLZ JATHFTA vz ve) EAA
frigo]l §olalA gsitt. ¥F EeE Udd FFY TFHE udeE Hd4 2 Hed 39
NF-BeT AEAg g FrF A7 dasitn deEHdY

2 A7 F AESH ol¥E HEAZREY Eeld AT THRY HdHd os)
ZAL Fol Y. 29 55 FSF EFCA B AFHA AESE G ARleln 2" 6
2 ol FAZREH Fed HAdTY EHFolt

®e (o]3+ %7}, July 9 2009).

ey

Towm o

— i

d i 0.

dy: a— —_—

0m | S 2. 20m
_— ; — i

(29 6] AlEFHd Bdd 53 oA EelE Fusarium spp.o ©he e el colony ¥
27} ©%. A: EML-NP-CAPR-1, B: EML-NP-CAPR-7, C: EML-NP-CAPR-5, D: EML-NP-CAPR-11, b
2 PDAM}A]/23Coll A 6437 wjok,

o
PN
L

FH, R EAAA £ R YT (2" 7)Y TAZRE genomic DNAE F&%
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% PCRE %3] 185 rDNA (ITS regiong X3S FEA)J|z £33l AL amplicond]
sequenceE &M 3 % NCBI BLASTN searchE E3 ZH23+ A3} Leveillula taurica (accession
no. AB044349)¢} 100% 2] similarityE ®.of L. taurica® T3 QTH 1F EZAN &3] & +
A o] #o BAAANE Oidiopsis taurica® 41 Utk AAEAFHUY S D. Glawe ms
7 AFE A EHATY ASE (29 8)olA Phyllactinia £33 2ddgeyt =HHQA clade
5 AT 53], Q0] jant 5o EHYATeT IR Sphaerothecatz B AFH o
2 =3 3ZQ cladeE H YT}

iz
=

AR
=~

\!

¥
(29 7] BFDF AN EZANNY Gr4EY 9 25 2 FAANY 7 EA AL A 85
Frjo] I LS IFY EE, B C FUtEHe] ZAS 1F A AW EE, D FEv| R A4
ol A Oidiopsis taurica (FRAMNE: Leveillula taurica)?] EMA7H B, E Leveillula taurica?] FEz}e

B (X400).

[AY]

Hrasiliosrive e i nin =
Unicimeiellie semaidinn
Eryitphe prmiles
lhvtallull:':';zwﬂ
Tphaloekiuci japie
Freypiphie-berielen
. Mecrasphaesis froesin
Afiernyphaera pulehn
Eryviphne cipnddegioe
Frvviphe glocanet
Hhincurasha pdvineas
trseomhedlit auntenfiine

" Eryighe cichoracenerim '3
s é Kryuphie orontis 2 -

Arshemtvdherls g eoti %

I

188¢5.684268
1771 bp

1103 gteps
Giel 533 Ty
Risd 704

W

Dmionds
i

Bryaiphe galenpyin
Plsyllcitea soraka

Fholiaomin bgkeenda
Levedlale teica
Pleochidin thiramg

FPrdarpluse i limgoein
m“?i Padoiphaesss freid tyin
Syibanenephtoid o Weaelia
Sphuserseloes b prisincnvg
Spheieeciheea filipeniiiioe
Sawicdaen polifids
Stwrakien fmf 2
) — E3 @ wriehti
w1 Canirtheea lanrainn
£, Blwneea gromog
“’L— Hlusresad gramnrg ] -
e Blumenia grevnomis
tincimda sepiata & =
B9 40801018 MEGHIPOrUL

Faecdomyces lenupes
Mypocreg ftea
Clerntonyarss findreniata

Petrscllic senfesa

PN
Fin wphacrae

-

Eindic:

Edroun

Mmoo

Ol proup

(2% 8] §7b2Y At F92 Erysiphales 29 Erysiphaceae #¢] clade® BoFE 23 (9
AEFEHES D. Glawe 25 A F).
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(economic threshold)e. 2 b ™ o]# 3} threshold 7|&F
Aol Wl¢ FoT Ao rﬂrgﬂ‘ﬁit}. olglg 7|Eol vtdETE R dF ¥ wAzZEa
ol F&3HA HE&EL 5 2 ITh & d7dMe & 3eMe Zo] #ArtFH e B AS
(index)& 0-587A19] 12 ZAIGA (20719 Yol labelS 290)9} Bo] AZAA o] tjfi il
SFAAT At A dFE FA @2 BAY I FES AAte 44 AE
(disease severity)9] 22} ZA} @A (L-S)Z vyl & & L Aotk (Y 9).

— (e}

(3% 3] &7FFH Y o dAE 3 GRS g DS

Examination steps

Disease Disease
. 1st step . 2nd step
index severity

0 Arhegol wasA %8

1 20719 1% 9 F #4d

N i <30
2ol 9o 574 elgt O K

5—-8719] ol¥ ¢
9—12719] oY Moderate >30—<70%
13-16719 |84
A7 g8 949 #
717 & ol

g1 A~ W N

Severe >70%

“'_.,J:.P.q :.,“‘ “ .kh fj ’\..“.\
ST ]
':lf‘\’{' j‘l;s;‘ j"r :!f\,ﬂ"il‘;’;‘iQQ

) g "l_ v, LA V
;) t' vy '}' (| 'li\ 1

i y‘ “'H 1 \H\
"V(i}_\i "',i

(2" 9] 5 S AFolA 87EF8 I8 4 R [3h 284 EXdN %oz 20719 Ag AH
gte] ZH R Slol labele Eola HrERH AAHAEAY ARE SAHF, ¢ 2687 FAAA &
= KR

(b S7h 2 33 Az

2zl ;2@ AMSES WA 9S7e SASE Bae SRE o9 98 g
7t ed 945 54 99 w4l A&HoE YASE 5AL AAD Ak DAY A
4 QA AMAGNNE Z71ehEE, FAY, AUEFH Aol Fom =T, B,



o} B3 B A3E Es5 A" C cassiicolad] 93 S 70}
stk E719 E7] AAR #Ase AW ALY F
ol Abgo g Q3 7f2TA Fo |lste A= AL

[Z8 9] E7EF BT Z7ntEY (A Y5 EAEA (2009. 549), B-D: E7|vlEHo] 4
d =7 AAE, E AAFEH vlEH Iz sty A& JFTFS wol 5043 EASY, F

7t EH e ddde = veotH C assiicolae] EApo} EAYR}FF).

A7 TS BAAFS BIG A3 PATAE 2AE W5 Yo
g mE qeggols &3 9 TR 2dg o9 5164 (BF 134)
2L 384 A HAE Aoz 2AHIG B e ol I

7 Z7IvtEd WutlA E21g C assiicola 59 TAME G S AN Ao w4 2 2
o we} & zolE BHArh 1Y 1004 HAAE upep Zo] gAMAEE PDA/3STAA 7}
g F5sIgon 38CAMEe AF] A3 HAas AT

[28 10] C. cassiicola EML-PER12] #}=)(PDA, OA, V8A)9} &5 (18-38°C) 2o wE Al AL,
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EA A 717 28 AEHA Coocassiicolas] 98] &
Atk 53], EA2EY o4 A E&HHZL HyseH o
S stdAdez A AAR REY e £
RA C cassiicola®) 23t Aol 71T E7vtEHe] b L4 Aoz RIHUT wa
A EA Al Aol FEI] B&E HUE o&dtn, A LT VR =X ¥=E
A3 ISR AAE i%il?}oibﬁ 2 ¥ HAE Y F IdS FeE
T+ Age 9 HPxﬂ Mrdd= +2H%er FF S 3 FAS A% 72FEE {83
g8d F As Aoz AZAFHIY.

HH, AE XHHH TR A 2F BAse AdFHol (2¥ 11)& U4 &7 TA s
o F2 JE FEtE 49 FEF E FHHE AL, FL& E
2 A2 E AYFFolH 7] A B ool wy Fa% ZoE ATEHIAUG

OE
QE
fr
mif)
N,
=)
i

g
1o,
L,
ok

R
o
Hir
K=

gand

[1™ 11] S70 4149 ’5H WEgole Eg A S700] 2R AdFHole F4, B E7
700 W AFFo], C FIRA A & E7) AL FFoH AT Botrytis sp. TF
o) X2 ZF (X400), D: A AN EA £7]0 BT AUFFo|e B (X8), E 4
Adv] oMo Al FFole BE (X50), F: B2d AUFHo| o wiAMe Ba

g, HZo EMS 3o =dro] AF FAS AT Pseudoperonospora sp.ol 3l LA
e B =T (3F 13)9 TS Fo)7] fdiME §E& BRI FoRrt 712AF A4
R=F 3t= Aol Tasith 53, TF% ¥ ¥WisEF AL ugFxdol AS5E o Wf dAsE

o]
2 byl 9%71 7HE, Be AART, oMAE 2 AARE Rl Fass

e L S

[ 13] S7io A3l o] B A, B, C E7) XA HAZ =dHY EF, D 33
Hul Ao A B2 =dH A< Peronospora sp.o] LA} E45

s &Y AEFE AEA doll A A BotrytisTol] ¥ AL FFo|H e EHo] A
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93] ZASHE Ao ZAGUT Wby AL Tl S84 8 & UL AR
wRHAT 28 BHEC] HERAY HRIY AW FF FHYRo2 2FHD 5 97
WS f75AN B8 FA F Wit ARAGHE Ago] ldAd FE e Ao o
FSE ARelt Ted WA B9 BANN 95 429 drel AN AFE BAL
FHE EFEEC PREL AAtn G ARoloA oF UAY 4 Y& Hoh dHsD
EFS ZE 471% L 287 AAY el 27HE 43 dthn Bea.

)
4
of
o
_Y:I,
P
2
_[
mE
OX“ -
2
=
N
2
2,
>
X
LS
o
N
fu
N

5}% Ak, 3 7t 7158 2719
A FE FE Eole Aol T8 Ao

ZAtgE Ao

7o Al dE Ao ST 1T EM Gl 2 BT (A A
ZHBH 5, B =aiel] ZEE AFde 29, C oA ®dfe d4 FA, D o]y
ZRE HE Bremia sp.o] TA). FFA GF $&F T TF (2010 29).

o
uich
S
ol
-
z
3 o

() ¥ g a7
U BF 8 XA ¥ FAntER A fAS FA4S Holve AnER WRto]
ZE AT oo E W(ERE AR sl APHAA #FAT A EHL2 v dL 7‘——_}" 9 =
7} A= oM, 165 rDNAZE FA43F A} Pantoea spp. o] Y3 AT (29 15, 16). E3F
el 7+ 3§ Pantoea F-& P. agglomeransZ FB S Q™ Pantoeas| 23] LAt ¥ &
k¥ (leaf blight)o.2 dxor e LA BHig B A7 o3 HEE o|Fozon A
Plant Disease (2010)o] ARl ATt ol F A= WL 7|THslgE AHHHY Y& A2
2 gt glon ¥ UAE A Az T8 ARE E8F F IS ZA2E BIHA
}.

e

_'—{I:I N
HO o Ar i
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[:Lfg 15] H] o] EM‘J H 9
AAER) sl MY B (O), o159 ¥ Aol digk ¥d4d (DE).

Yol EW el =2 (AB), Pantoea agglomerans <]

Kluyvera georgiana ATCC 51 603T (AFQ047186)

Pantoea dispersa LMG 2603T (DQ504305)
- Pantoea stewartii subsp. indologenes LMG 2632T (Y13251)
Pantosa stewaitii subsp. stewartiistr. S$11 LMG 271 5T (296080)

— Pantosa ananatisATCC 19321T (U80209)

Pantoea eucalyptiLMG 24197 (EF688009)
Pantoea vagans LMG 241 '39T (EF688012)

Panicea agglomerans DSM 3493T (AJ233423)
ORY 4 (HM854285})

QRY 3 (HM854284)
ORY 1 (HMB54282)
ORY 2{HM854283)

- Pantoea anthophila LMG 2558T (EF638010)
0.01 — Pantoea deleyi LMG 24200T (EF688011)

(2" 16] ¥ AuiAe] YulE o wWwroalA £2]3 Pantoen spp (ORY1-ORY4)S] NJ Al F&.

2 184 A L WA AL AT
Oh 2% 3 PAE AB AESFOBAY 54 AT
O vAELTA NEE AT FroF A

2 A7ME &R B4FE 2 BAe] 4 RE FEE FARIA ST @
AFFe GAS A5ty B AAvYEAF A BAFQ 5004 e FulgdS IAAAg
AVEEFF o in vitro Aol A Rhizoctonia solani KACC 40113, Pyricularia grisea KACC 40418,
Fusarium sp. EML-FUS1 2 Colletotrichum acutatum EML-COL1 5¢ 2lE¥ o] tigh 3
FAHLe AAREQPon, a2t A T A in vivo ¥ WAZA AZA2HEL &85t EML-BS2

FFg ArAD (1Y 12).
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(28 1] In vitro AollA vl e ol 2 HASAd 2~ EML-BS2 @59 A& ®de Wg
g B A: Rhizoctonia solani KACC 40113, B: Pyricularia grisea KACC 40418, C: Fusarium
sp. EML-FUS1 2 D: Colletotrichum acutatum EML-COLL.

& ¥ by b ji '\
[72¥ 2] Bacillus sp. EML-BS2 %LTA o zut =Y WAl B3 WA v)HE
8 M Y HrrRHo MY (F)H AEAYTY HAEE TAALR ()]

EML-BS2 w5 wlgd-& 73 sjdd S o] &3t FH/IFH AT (Sawadaen )9 EApel
3t ol A &S FALEAT LBujA o] w3t & FadEelA A#Rgdozn & (HE)&
AAS wjF]AE 1040812 NS F FAw|F (drop culture)dte] 4719 HA7FHATY
EALe] tgk ol AAES ARG T (FFF)Y Ho Lolge dF 10% oo
ol A& (%)=100-To}-& /27 ol-2X1009] FAo 8 sty on AT A 4
4= ¥ 17 2o

=

e
l

[E 1] EMLBS2 @59 #7hw iz ha wobel &)

FF 5 TolgAg (%)
Bzt (FFP) 0

10 100

20 100

30 89.7

40 27.9

1) Zo} A& (%) = 100 - Lol-& /=7 Tol& X 100.
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@ 48FF9 32 g84Y

B 43 238 478 F3td 8498 EY FAY Bacillus FE AEstA 2w LBHjA)
of chEFui st 1 wiFAE Auj&E D3t FEAFY A DEs ERAA 2
AAFEH HAEY I A5 AYS AAS A3 (29 3), Bacillus sp. EML-BS2 @37} o &
w87} 2 W (Sphaerotheca fuliginea)ol] thal| 508] 34 wjtA| A= 90-95%9] & ¥ WA|71E
BA¥ olyel nFe (Colletotrichum gloeosporioides)dl] W= AL Ho By
(dual activity)2 zte= ¥ WA & AWESHE WA|A| (biocontrol agent)2A19] 2FF 3} ZA|A] @
T olye} AEAHY ZXEA (plant growth promoting activity)S 2 $th

[29 3] Bacillus sp. EML-BS2 #32] oj&ul (F-1) A EZANA S 72y WA 2 &
AR =7 gA.

3, GATFE 165 rDNAY 7]x8e] ExAAEERFESHOZ F4E A Bacillus
l_:i_.

amyloliquefaciens 2. H& FARAHILH (29 4) 53529 (YU Z: 10-2010-0065557)F < A
o (29 5).
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Bacillus 1s LMG 216607 (AJ620368)

— Bacillus mojavensis IFO 157187 (AB021191)

Bacillus sublilis subsp. spizizenii NRRL B-23049T (AF074970)

Bagcillus subtilis subsp. inaquosorum NRRL B-230527 (EU138467)

Bacillus subtilis NCDO 17687 (X60646)

Bacillus tequilensis NRRL B41771T (EU138487)

Bacillus vallismortis DSM 110317 (AB021198)

Bacillus atrophaeus JCM 90707 (AB021181)
Bacillus amyloliguefaciens ATCC 233507 (X60605)

Bacillus amyloliquefaclens EML-BS2

0.001

[23 4] ¥4 FF (EML-BS2)9] 165 rDNAd| 7|23 EAASE.

g5 wbdel 9% nE TR AT 1 B4 dFHLEd WhEd uw
EMLBS2 5o ¥ WA 42 ARagth 159U n7oz & 259 9y 508 54
el %58 A AWe ¥ 2 2 E 39 B
24 AWOZ WASE NBHLE RANE ST AT glon R s AEAA
g 77)4o2 BEsFolol BTh B FHE ol&F MBASMY YA ENE AAD AW,
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=4 3 CONT EML-BS2

Ist 0.17 NE
2nd 1.5 NE
3rd 3.67 1.5
4th 3.83 1.5
5th 4.5 1.5
6th 5 2

7th 5.17 2

*NE: Not examined, ¥hd Al X AN 2AF A7 Ca 2R 93 Hadyoz EHI oA S DA
A(FR) 7/24YFE 7Y A= 43 A
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8th 8.67 3.67(57.67%)
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o BHeg F 53] A, 28R EXREE AAE 200 9 F R w6 4
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H Bl EN £2(06.05.27 HY FYB) (EH91:0m)

|us f':';'{ (qui) (;{ﬁ) K | POs | NHs | Ca | Mg | NOs
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8.2 623 13 | 2,700 810 | 240 80 150 50
SD 0.5 25.9 0.5 141 132 7 6 12 -
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B A S =1 K POs| NHs| Ca Mg NO3
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7.8 612 10.2 | 2,800 940 | 370 | 120 170 50
SD 0.5 37.9 0.6 100 12 66 21 10 6
k- 7.4 595 9.6| 2806 | 927 | 310 112 180 53
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Serratia plymuthica strain C-1, Ch = Chromobacterium sp. strain C-61
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H
R. solani, F. oxysporium, F. solani 7} & ¥

(£ 5] 2RATY B5 & TRAL) g3 4 A £
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VI. Summary

Title : Evaluation of environmental-friendly agricultural materials and development of
biological control method for phytopathogens of Capsicum annuum L., Perilla

frutescens, and Oryza sativa L.

To establish the cultivation manual of crops by biological control, environmental-friendly
agricultural materials were used and approved in greenhouse for Capsicum annuum L. and
Perilla frutescens crops, and in field for Oryza sativa L. crop.

The results were as follows:

1. Total yields of pepper (Chungyang) at the cultivation with traditional practice and
environmental-friendly agricultural materials in communal greenhouse were similar level as
1,148 kg and 1,187 kg, respectively. Cost of chemicals and environmental-friendly
agricultural materials used in communal greenhouse was to some degree higher in
cultivation with environmental-friendly agricultural materials than in the cultivation with
traditional practice. Totally, net income was high in cultivation with environmental-friendly
agricultural materials. From the isolation of excellent strains for Phythophthora capsici, Bacillus
thuringiensis GS1 and Leclercia adecarboxylata MG815 were identified on 165 rRNA gene
sequencing.

2. From results of the general growth characteristics of green perilla (Manchew) at
control (C), chitin fertilizer (CF), and chitinase-producing microorganism (CM) treatment in
greenhouse, plant length, node number per plant and yield of leaves were slightly high in
CM treatment compare with other treatments. In results of Sclerotiose and Downy mildew
incidence, it were shown a high prevention percentage in CF and CM treated plants
compared with control. From PR-proteins contents at 112 days after transplanting of green
perilla, the chitinase activity in leaves of green perilla was the highest level in CM treated
plant, and were slightly low level in C and CF treated plants. From the isolation of
excellent strains for phytopathogens of green perilla, Glucoacetobacter liquefaciens BW1 and
Leuconostoc mesenteroides BW2 were identified on 16S rRNA gene sequencing. From the
isolation of chitinase-producing bacteria, Lysobacter enzymogenes MGI18S and Pseudomonas
entomophila MG23S were identified on 165 rRNA gene sequencing.

3. From results of the disease incidence percentage per 100 plants at rice (Hopyung), the
incidence of leaf rice blast was the lowest level by 1.11% and 2.27% in Wolgum extract
treatment, respectively, at 1st and 2nd sampling. The incidence of neck rice blast was the
lowest level by 1.3% in plants extract treatment. The incidence of sheath blight at rice
(Hopyung) was the lowest level by 1.53% in bordeaux mixture treatment. The incidence of
bacterial leaf blight at rice (Hopyung) was the lowest level by 1.4% and 4.6% in vitamin

treatment, respectively, at 1st and 2nd sampling.






A 1A ATINDIRNL] T L cevrerrmrormssarermmsersmrerssessssersssessiessssesssessssebes e tiissssisssi st st 1
b P RV R AP0 171K | R ——————————— 3
1. k]]ZﬂZ:] _/":.i: ......................................................................................................................................... 3
B B ey 3
3, U » 2] Q] GITLBFF ceoeerismmmummenirscseussinssesussssenssessanssasessasases s sesesssssssssenesassessssossss s ARSI 6
A 3A  ATFME F UIE L T s 7
1. GBTTNHE 28] UG- sresiusssmsonosiasisvasavonssessrsassrssarsossssssissosissonssssiinsssssisestionssisiasussssnssssasssesssissssiinsiss 7
2. QTN 28] FTF (I) reevsersesssssesessssssssss s 8
7} 33 AEHY e JS AL T B A s 8
W QEA AEHG et ALY MY B D e, 23
th W AEH 3 FBAEAANY A B AR i, 36
3. ATTREE GE] AT (1) oevereseversesssnsenssenssis it 43
4, ATINY GF] T (1) werreeereemssmmsernssssssnn st st b s 50
Ad4dA EFGAT L FHEFEOR Q] FIO IR e 65
1. @7].9] 2]—9}7@ ] ettt s 65
2. ATFINDE T O] THAITD reereecerrecsmissmsusssssssasiiossanssssusssssssssssisstassstbanccsnertsisissssssisiuasertsisiissssssssitsisssses 66
3. T EOEL] 7] HEAL F] O I reerrriminnii i 66
A5 A ATAL AT D AT A B e 67
1, GATETNEE AT coveeerorereremseresesesnenenisesenssecirmsronmissstussssssssssessssssssamsssssansssisssssssssssssssssmssssissnsssanisesassasass 67
D, GATE AJTFEEG | B] crroeerererenssesarssetninsesastsessbies s RS A RS R R AR R RR00 69
A6 d ATMALHAAN FA T SYATHE ]S B o 70
1. CRD FHA| Z] A B orrerrerernetenetetrentiiee bbb 70
2. BFRTIEA] A B e 70






A 1A dAdaAe AL

1. A& HAEX e 7| XA (SHIRE, sickness of soil) e AZAFNE Q3o &
o] & ojE¥-& A stk A FAF YU ELFTY dFIH, EGU SAHEH
54, EYBIREY 4R, EFY BT % Z2o W4 59 #7174 adsd B
W, EYAZY] HAS 402 & f3 vAEY FU 59 HEA QYEE A Y
o] Az £ & Utk 53] AEH ]
ozt At4lo] BrE A A EH

o

A7} %L%E‘ﬂ JEE R

N
H
e
K3
rir
12
o8
ru
>
9
ot
N
-lm
of of =
0,
T
W
=
o0
i
41
jQ
o
z
s
v
>4
)
e}
223
i)
2
&l
EY
Jo Ml

HA En. Hes éﬂd, T 5o zTW}
¥ & IF7F B O] AAMo g Wt

i
5
=
<
&
=
=
=
Q
3
=
o
=
~
@
8
rlo
m
oy
r)d
uith
oX.
e
r\j
o
=
i
©
tid
=2

‘4- FzoMe AF FFE JEZ WEEFETE Fo}, 9
- AP 2otk 2YBRE dd Hol ]
aHE QA Hol 2 Fshe A= Slg el

BAF FolM AdEAAMN BAHE HEHOZ AW (Phytophthora capsic), 354

(Cercospora perillae), Z71v}E¥8 (Fusarium sp.), BA}o| A (Tumip mosaic virus, Cucumber

mosaic virus), 222 (Rhizoctonia solani), R8T F o)W (Botrytis cinerea), =¥ (Coleosporium

perillae, Puccinia sp.), 7}A|t 8" (Sclerotinia sclerotiorum) o2 ©]$ Wol &&x Ut} o
Hg AEEdREd &d ASAY Faje v 42 AFolo.

CHA A BBEE AEHo g , oAt (Pyricularia oryzae, Blast), Q3 FHvlE (B
%, Thanatephorus cucumeris, Sheath blight), ¥ UrFEW (AR, Xanthomanas oryzae pv.
oryzae, Bacterial leaf blight), &%= n}E X (45IEH5R, Rice stripe virus, Stripe) Folth. ¥
ARHrEHL vid 40Tthal 92 Be] HAHT, AEEHE WFEFol AM 8L e
10~15%tha, A& = 4~5%tha HAE T lom, AT gHLrtEE S Fa sojve 4

o gz AFIEEE BIIANYE FHoR SFHArER ] TAHD UG FAEETe
<, 2009).

CH B9 FAFete] AMEFS Zol7] HE Ut R 20043 FYFNA TS NP TS
A FAE ¢ X e g 2013d7hA] 2004d A thE] o] F AMEES 60%C]
A st IBAFAEY 4TS 10%0]8 FHE e FRE AASAL, AS
A AE7A YUY FANGeE A8 BHHH FUES Zxse FA NG 1 FA
Be G5 8 Fa dHsor & Zzsta 3l



2 ZANE GF o Fn ARl wo] A&y AR ol 5T Aotk wepy &
AT FAH L ZEE ARAFAANE o183 H, nF, BEAN BAE
Aol dg ol FANE AFHD D8R FIPBAAES ALsed 4B PAs ool
o AT {7, BEo Aol F AHY ABAFA7IE URLL ALsnA Bt



A2d U9 Zlend 4%

L AAA F&

7h AAA] T 2 AR AAA A Y YEFF e EHHA FAE 8] A Fstd]
Az e olu] HATY AIvAYES o8¢ AEFYQA Binab T, Mycostop, Soil
Gard, Trichodex & & 2044F ol4do] oW v Hi glow, A FF3E 93
TEAY T Ae X 30o4F ol olEH.

o BAEA G i AAFD BT =Fo] FHHI (e 7hed 87334 ‘§%i°

& 7de] s 53EdT FF3L Atk 99 2wt AL A
A&Ho2 Z7psta glvh ol#jd FAME 7bH 201097 AEF ko] FefARY 25 %
g AT A2 JAENES A3t ok

ot AARSA BARAN e AAS Bl tlg GuiFd wet 9 AdA R ES
A AL wid AFEo] st e A ok §¥, AE AdA 2 4FAs
AL A&EH o2 st &5 5d oo L AFES BY Aoz JFHY. 9

o] AuA @ A4ZA BFed @ Rl A% Y 9FS Fta siH, &

ZAEA ] 3 AAHA B4 gobd Zo] 89| Hol Ut

e FAHY AP FTHEF TFHS3(1990-2006)9] AFE7edE HAEs AWHEE, SHAD
o7t 27% 8 7HE &2 HAFES BAL, oloM BEYYF Boprt23%, AEEH EoF
7} 13%, G FA, HEAAYN, FAEAENYG, BLFTE, FAAEFTHE, YEFTF
A o] g, WAAF Eokd] €22 YegHtH(ESF AR4, 2007).

N

¢

~

o i

7h ¥EREA U ABARF/EAA 52 @3(2008. 9)o] w=d FEHNBHLEAANE
5574, &%%aﬁ%ﬂ%x}xw 434 %t’é%sﬁﬂa%x}ﬂ“ 574%1\4@ w}ﬂw A 2%
AG = WEF B A= 103 Ao &¥ich ol& 20083 4¥ 417
NG Atelell F&o] 2587t %7}6}9515}. gy ol F AR %XHHE 4
A gke AZFoln)

U a5 g9y WAy e s 3etAE gAY A8 dA & A%E €A Z3n 3
= Aoty 3 AYu|AED vPEAAE o] &3 A7t AL F Fol e F
13 A ERES el A kol ZE] digh i vide] vfe AlFE AA oItk webA
= ADET Y A2 v E3 p2d9dd dd 2u d7e ofFy Az

3 A7 gego] vi¢ ZxdErh

o FEAZANAN AT F= BB E F71FAA FE0] F 1] dEhi-

71
zal

5
2

0
f
o
2,
£



£9 5% WaBndE #7544 (2009 9 @A)

%)

1%

[E 1] S &&%

I R I Coace G DT T ~
T g [m | o | A o ol W ]
ST Cc I - ! I e D 3 ||
T (T (8P || . T N |FR arrlC | wolarwe | X
o] X ]
g P T N I o I A I o O e o N il
i e e %Q || | (Ao | |
< _%7 D~ AT_ATUH N Ty B e~ Wa.m_. NS ol L~ !
o[ ¥4 D I ol I R SR R RO O 2= B | R | R RESIES! aof-
%w B |RO maim | F |BOR| B (B [{abp[d-Eome|ToM]| H |EO|ROH| o0
wO g 2 ola| W | W TR W [T | e M| miie] || R o
= | T . . T |
2 o S|~ 5 = %Ww
.AT S o | = == = o [Ho~=
= = == = ~ = = = = —_———| = | B Q= —
= SIS |IE D |T|8ETw|&| & |BE2E & [BTE| T |98
TI&|3|383| 2B BB B [2FF 2 [2J3 S
oy =3 = | ol © o CRERN
S | & S| 5 SRER;
— — Ly i = |BE
o | o |F|3z|o 5| A of ST | W
X |2 |Tm[X|  |m|®W|o|w|T| < oo Tl =@ | B
Ml ||| = |[R|®M|= ||| ® | & |= of| X | =
R|T|h|s| < |[7|A|F|[H]T]| < BT e o |
HlI®| = H [T FT|R|®| = o | H| K [ & | M
-~ | = = =
S X X
= = T ° A e
1_._Al o i _L o Z.._
= al
I W 7 P A Al |z | Hlger |
el IR P ey ey FNE T ST R AT RTINS e S D DY
ol g AL 1 g Il I B 1 B N N e 1 o [ O
I O i ol e P o Bl B B B G I B e L
Il el eyl 2 el ot e e o P e
A O B B A e gy O B o ol ] B o (e
T SR B |y ThTwE 7 | o | v |7 % |m|rErE
| Eo| o |EO| E | I
T mal we| we |wpl e il
= Bl AlwE Rl T T
Mo | W | o | Eo | EO | W | Eo |WWOLV|EW| W |AV| A |
B | | ® o BY | BV | BV | @M | BW B | BUEpk B mb |RH B [BVRE
Tl || @ | H o] oW R R R (R R R
~ | M| W H | o3 | oH | of | oH | oA | B |piroHoH|GHOH| of |oH| oH |oHGH
Tl || ¥ 00N * ] S i BB T o] Co T




[ 2] SH vdEFGY A7 B3 % &8

AT &

AFNLEAdTe] BE8ER

ol 4,
A 3.({x[iOSc:fu/ g o1

A& Al A A HAEE
| ME A (Bacillus E)  |Bacillus E (1.0><10"cfu/ml) %z%‘j’%i%ig’%a
Aspergillus oryzae, Photosynthetic o =
Hlo] 3 (Biofer) bagteﬁa, Bncill/lus Sp. Pne;%bnci”ns ii%ﬁﬁ]tﬁ % %
)54 n Ak pohymixa, Lactobacillus sp. 52, #e A&
Zyutoloelas  |ARE AR AR wo] 121713 SN Fge AeRee
) ] 9‘% 5t ngg__]iﬁ o tHc;la ) i_gy,}] (Bio Green Keeper) HEFEE ETA %gi}
3 (FICO) Bacillus sp. FICO (1.0x10°cu/ml) g_%:ﬁ: Q?ﬁé H
- ° ] &
SN (uguere) |4 BF2E s
YAz Paenibgcillus polymyxa AC-1 AFE 9H, Q9]
- 5.0x10°cfu/me 3712, B =gy
L TAE s (R ool ) arhey
Zyaduel ol | SQWO0 HE ) 23
(F)adutel ol §-3 P U el Bacillus_subtilis GB-0365 %ﬂﬁ 253 ﬂﬁg
Hgk 7l Z2Y = (1.0x10°cfu,/ml) EQ%%‘ o
RN G
L Lo H A E A A 1% 93
@oletelsiA (@32 w4EAA rEEpETE [y AL BAE
o s
EERR spdes Eug ool 21
-?('O]]}‘E]ZSOS :Qﬂ"l"agx oohl]'
FAgekaz  [2EwRs A = =FH
vpAE| s MBEe]A A,
A= B P Sz ael
A g27] 871, (¥
- LSS ar RS shels Ardea L
(FEAHY o aul RE QY (1543) A o] Ao] A ©]238 AYFFo, EviE
A S o, WA e 5.0x10°cfu/ me A].‘E_Q.m Oiéli-,_-,'- =1
U]/‘g%%ﬁ (5. cfu/mi) _quo: %0 ©
A8E)
(F)dHutol.e. AEHBE AA A=) eFEE 20| #7HEH
B FA] HAANEZZE AlEA]
B £ Tl A
. , . 7} AE Bacillus subtilis(1.0x10°cfu/mt ©]4) |Q.0] A7}FH
- gaele A¢ nEZ T B, AN, A5
(FF)zefutel %oaq A @ A¢ 23A o 28 Bacillus subtilis(L0x10cfu/m¢ ©]/d) Jéh}\]_v’ AT A
= o =09
. B93F, AArss,
N Bacillus subtilis(1.0x10°cfu/m o)) W&, ¥AlF 5
A, T, AL F %]
Lo] 13 9]
. . . =
AzmAe aiA  |fls subilis QST e
HERsold (AN v4REM) EotE SEdol
H 33335 - b, ] 5
srdsss) |8 FRARAHARAA)  [Chitosan 10% o1 g e
O A} 2= B rin bassi TBI-1 7] Zufo]L-of,
ASHCHEA)FSS o) EE e
-?r%i!", “I_ER_'Z%‘ET"&T—_’U WATE
) 12%9] fav]4E wasdy 2 ZE
5 g A 3=y A - % =
(F)AF 87354 v|A2A A o mes, olR2 5 lﬁ%gié?zm cu/g ol ER |SRINS £

= A% ] AEA A . TM Inorganic fertilizer thokEt B AgA
Auburn W |jgy A 0g) Naturize N T s s (4500 2a%5
) ) AGAEYD o] W2A A Y Bacillus subtilis strain GBOS?]- 2 2 A% Z 7] u] A) B
Florida tf&}x (Gusta?son LLC, Plaro TX) BioYield gtggéus mmyloliquefaciens strain o] %{L D_j%,%/_q] A




3. 3 - 2le d7ER

AL

CFUANE ESTIAES o143 A2 Aud #F AT Fol HEAW HIARY

H
duldel sty Foll AT ?3—717} Ao grio] F, 2005 A T, 2006 A F,
2003; 2004; 2005; 2006; 2007). A9 slofl #3F AFERILE s}aiu}(o] %, 2005).
24 2FuAEL o83 ETANN IdHe] WAA #AF ATVt HiHI Aok
%, 2008; 7 5, 2008).

AE WA utegols o] &3 dwe WA B AF(Melnick F, 2008), He]nF9
@0 zRE Bgd 2 “:'] AE Penicillium striatisporum Pst10¢)] <3t Ao PETF
Ao #e AFMa 5, 2008)7} B E 1 Qo)

139" Phythopathora capsicioll R 1A AWM= Paenibacillus illinoisensis 2]
AE T A2H 2AET AEAY B3 549 FE(F F, 2004), AEAY BT
duwge) Wak(d 5, 2005, Fa3o} LW xae) FE(Y F, 20000 B AT
15 I

,,,
JE
1t
Jot,

pEAe 7h9® 13N AU AWE Bacillus subtilis HJ9279) 2|3t A EA A543
Bag g4 ¥ W] @ ATEILE AT T, 2005).

FaEsrdEe] TEE FHuHy F unFgwd g PAl EHE RudAt(A F
2006).

CSguake]l AS 19904~20061 Alolo] A FERol EFEdY AEVIeE EFH

&o MEBoJoF W =AY HoldA 25% B 17%2 EA UElRI, oloA Tl A
(12%), WEALSM(10%), $AAEFS, YEFTH, TEE, ARG 2T,
HAABZHE, FA o)), HEFUY wo|t(EHH A4, 2007). AA7IA BEFF
Bofo] thet &L v ¥ dFolth

FYFAAERGNE AAAFERNE OF L& AYER BB FHAT 24
At g, 2013@7bA) 1000ha ©]4 39 @A FFHEA 50782 Z*é 231, CODEX 7|
Zo @E 7] BAE 71FE A3, FE GHA A A8, ¢ FAE 3’&?411]5
(GAP) 2 o8 %2 A, vl $37 A AF, AFH UA Y F¢, 184 F4
l%ﬂl NA, a7 A48 A" 7, A8 F3E 7% A9 F3, %?33:%

A Az Az" 1, 26 9 4 F0-4YG, IFAFANG AL S AT A
011:}.



1. AFAL 58 &

w K
11_ru N o ﬂA_l —
SIS
—~ ) I o < N
E N ey | L - s By X
= |= RO e | SK| B X o ) Pl o |gs -
S ~x .”_...MOHA_I wo ﬂ].l m N ._.._H._ ,uAIL,% =y._A ‘_l_WL dig nﬂl 1—._QI.AO %o
Mln Ho _lu_xua_,ﬁ o XV EEA »ﬂoﬂ.‘_ }M Ir = o ,Nrm.\_ aTﬂa A
5 e I o e o g |z |2 R R w
S e g KN L = romy e 7
T e B ok iy M A Ry T
=S W i It oW ® |0 AT 4
Zﬁamenﬂumo 7 nxnﬂm‘_ o N ] Wﬁﬂ k3 rhy FO) R i
o ™ T5 %D ron WE it T I B ] o R
mo g 2| BT e o o Zoo <
oL il MR axfe Zu|Ph
xJ Z.._‘.Juw‘ﬁ N NG ﬁom_x o ujl _lq.o.El Al ﬂ_,Aﬂ‘._,moE»uE,w.L Urﬂ_.._ oM
o] WA | S| R %0
o b N oy oy i o m\uiﬂa Ho ZﬂEJ__A |5 B
oo ek R | oy | Ho, © )
o D A e e Por ) W
o < | E zo | B b | 2 o
e B0 T | ol | o
g | o e 2
3 @] & K< _E = < =0
—~ oy o ah N B
oo N _ e =1
= = x %o 3 I
0
il G ol I s |
gl 5 No = | = G Ho
< mmﬂu o |EY - 3 w
ol o —— ) L —
- o = T 5 Ko I (e
il I S o g NS e w
o R L cU o = ~
= [E | ve | 22 7 e | of
gy ar Ma‘;o _ = . i S o™
g N onmo = m e S %ﬂn o
S iuﬂa R R RO o g TR !
° = |RR Wy R o = T
o o o <R x o < =0 o er
Jl Eu_ e} ZHK m!z_o nmEd,u E.Eﬁo
T @ 27 oy T
o < o
™ o Q T
(2] E o _-A_._
) o
X "
<H
i
[
10




l 15.%(2;:05—3002 N >))))) zaﬂatzo_oa-ijo)a >

Bt BT v BT e R e DO T
——— - {

MgAEAEE o|gH 3 UM 55 Yt
TEH AL Uy Y By e

4

oD, HHE MY 57 22

#4129 o5 b

WY, AW, L=

23e WA ABAEAAY AFL A5t FGdE GFA 3
o FExF AT FrokgulT 42 1586 FIF =3
24e 9% #rA2H, 45BY LE/FEAS XL, ¥E £Re AusATHY
1), gelAET 2 RedAuT APEFe) WAL 7zt o 660 m' (2008)0]%en, nFFE
= RFg 20089 29 279 7H Aol 6085 FEE AT AY F 5097 DN E
w) ko] (250L/200%) ¢ BF 3, 271 Bk of 7~109 HHow F 123 #FIHAC

0 o d
[l n:lo
of

WUER@FFY) I AATY AN 25y

eE/Ees 4X
2 ex/EEA A

™y
o,




@ NBER ALEE Fo ABAFAA 2 oo
EXF U BYART 13 483 DS AR ABE BB BEE 1)
pafuj ol AL ABEE VAR R ABAEAANY BS(E 12)¢ el

7
=
2

[ 1-1] 25X BYAu)Fol A48 st

ALY AEE | HHAER FEAAE 71} =
Ethab 10% AATAA, HZEA|,
Ao F) | e | 9w Bhaboam 0% | AEE 2 £
%.)%‘_204 El:]_ﬂ'é-‘}' \j/] E‘?—_-J_ Qlﬂ Hc:’] Metalacxyl 25% ;4531%% }H’ _!‘L}_Jﬂ]
(]
eRgEE | W= |@h4ed | ghied :
(F) & 53lol 8 tuly | 37}F% | Polyoxin B -

[E 1-2] 35X F5 AT A8 nAEA] A8 5 AA

3] A7 A Zvd o325
A Fic o9, Aay, AL, 1F BAHY
B Eco 3F 9, 97] #AEE Gy =7
BC EFHAY HEY A
C BQ EGAGA HEY A, ASEFZ
BH BC9 BQ #F EHF v gt A3}

B) NETHE 2% - F& AAHHF A

FEEZ U #FAEFY FEFAMTAA A2 YEI|HEd 24 =9 WHE =
ABETh 9d 2E - $EHSY Sead AXE ex¥sE BAY & A ARANT
FEFAel M & 2ol7h YEhA] ke 1d 1-2).



58 HpG)

. e — T = | +35%
— | g #o ;—: ralla | ?2 %"
i eassspasERERE CARRREAE @ fy BTl @ ','_'. ',!’{:{'2\ *,s!:ku
b1 B R I e . ] .*«..‘\ g
" / s " & -
N 2 PO B i ey
w“r gl —
3 i e
| . 1
: A
B 1 “ehy Bs3x gReBEPAE
g A : Lk jadaeg I
& ) l':. 1
;“I ; ". . % . reay ',a.u
ORI e ‘{-.-\ ¢ |
e
P s @ \ o
." sl 2] ...“" I3 : ‘.-:
H000er0saras” bttt H ke
|
" . . ne A W
s e . : . =
e ot o I  w e g a E M SRR NSNS RGE KA AP S EUYREUPSATERFRG
CHERIRIIYREESEYESREE LS FOERTEARIRGIRAULEALERILS
LESRIGTA T AL 10
0  T{— Ll e LSS - P,
* SRyl o RRLIEE
iz 100 gy ™
I Kl i
o ! !
ma + ]
%54 !
- A
R
B S ! I
W a } _ .
o !
! | ,
[ ¢ f
]
50
° O e YT OSBRI
SR A N e AR T M e DR Ry

AEY FF APERAM =2E FF5AT EHY)
(29 1-2] 99, 49, &¢2 U 94X 2= - =93 (FL7, AHT)

(4) A7 U

FEXR U JBAFAA AE2S Y8t 23G90 tF 5A A (Eco, Fic)E A3ttt
A4 F 85yt Aol 4749 M F[FAE T, e F1(Eco 5008 FHqH-EF @
ZW2 ), e 2(Eco 5008] 34 oA-#F %), A2 3(Fic 2508 3|A)o2 o 43 @
283 gt o)F 7AAA ABE AFHEY FYAu T} Hmste] EFFS pH/EC, 4FE
B od g RAL AEAWY - g) HadadEaude g 2 F9usE ZASIAT £,

HEe) Qurd S EA}, A2 FBF, FAES 5 vIE BHFAT

Wem 1”4y WRY WY 4R 4
|

Day 0 Day 85 Dayo1 | Day9s Foay0s  fowue fowur  fowyiza  foain
13 sampling 241 31 43 57} 63} 73t

(G) A+ 2 () : 3= A gEH
(7h A @F W EF pH - EC ©EEA
Ay A T BT ESF pH - EC HEE ABIATHYE 13). #YF E
Fo N EAA e F FwfAure] vt b ¥ pH FFE Rl ¥, EC FEF
Mae 270 gzt ¥ FEL Ro|trt A& Ul FvhEte FEE EAoh

_10_



pH EC

—o—Hu3 —— 243
7 —o—BHAR oe —— B2
%.: e —— REOIHIIR —4— REAHAR
85 LB ) ——— BEURIP? 7 oe ——REAMAR2
k: — REAURAR
z s —— gEomaRs § -
[-3 .
H Sg—8 ] S 04
55 oz E_}eé‘g “’L’?
5 L “
[ L] w 10w 11 17 1M 1 R
0 M 96 103 M0 M7 124 13 138
AN SUWDY)

BYFEWY

(19 1-3] AP TY A8AF5AA Mg F E pH - EC ¥g

() A - AESY - W) TAE 24

E AN E BT Tkl £ g ¥AL UEA ¥tk AlE
ewlo S ZANG A3 BYAE T M1, A 720l vis) AA F 138Ut <zt
o A%S BYR, AYTF3AME B3 A ojFoz 9ol AT FFe g Lo}
EQFR o] LR Eolx AESHLAT HAo] BRY ZoR AlrdtHIY 14A) &
JtEE e HARNIEE ZA A3 FAF 11399} 117YRE Blnd A BYAENT BF
Ao JehtA ke wid, BRAul T S T wste Aol okt v HaA
IR, e

8
B
W 6

£ - zg3 3 npy 3

ﬂg —O- 2HER i 4} =Y=F /=

i L CERI "D EUHET |

—o-SEAHER 2 [

(R EEY
-2z ™ 2

DEZAHCA 3

0 89 95 103 110 113 117 124 131 138 145 FEHE 68252

B4 F 2N B3 2R

(29 14] AEAFAAN HeF AESE A4S HHA) 3 87 TANE(B)

il

O

(BH) A&y BdAgdAG A FFst AL

E Ao AE 284FAA AT 5705 dAART Feokp T W 1A=
o) A2A 97 g 2y FegFATY P WIS ZASATHIE 15). 1F A2
oA BHA T TN T ol FALE TS BATh &, A3 Fe 53
2 Q% FE 2EH2 9oz A WidaddayPe SNt 2A HERET
=3] 7)<lo}A|(chitinase) B4 A% A2l F 5 63 AANZNM BAol /M w3kE, 2%
ZLobA (B-13-glucanase) B4 A% Ael F 63 AAA BN Ao M EROH, HSA
t}Al (peroxidase) A9l A$ g T 72 AFHAANEAN 7 & 84 Byt 1F G
zZe WagHadyde] FAusrt o A9t v BFE BAT

Q)
O

_.11_



14 Leaves 45

g 40
. g 35 *{\
E —e-zeR EE U \ ——H
z B —-RRA? 935 / ﬁ’ —o-gH2AP
£ 64 ——mAF £S5 A % A 1 s
< : ——HAYT g5 e, —— 2R
#2l33 a
g —— K23 » —— N2
a 2 5
0 0 A= —r—r——r
1t 2nd I At Sth 6th  Tih
160 "
140 12
f 120 ’E 0
ngo oy Ex0 —— 23
8 &0 —o—gH2AR “g o RRH2IZ
5= —xaw Egy —— B2
s ——Ralaz EE }\ AT —— 272
@ 40 4 ——H2iR3 g4 4 {/ﬂ\ A | —naRs
- Lo N
w2 2 e e P
’ S E
0 . ; v - @ o e e
W d 3d  Mb Sth @h T 1st 2nd 3d dh 3th Eh Tih
Sampling time after ireatment Sampling tinve after treatment
Figure. Changes of PR-proteins aclivity in pepper ieaves during growlh stage after lreaiment
7 Fruits 33
6 k1]
5 5 P 2 54
CR R e o o — Il 8% i
B P e —RRAD Al ——RAAD
E ¥ —oNAR 42 gy ——HA
g ——H2AP? E2 ——q2l72
g2 —~—sa7 8 W ——H273
1- 5
0 T L] d T T T
tsl 2nd 3d  4h Sth Bh Th tst 2nd 3rd b Sh Gth Tih
90 25
60
g 70 20
3 0
g o —-my3? g P ——wy3
ﬁfsu ——gH7 :§ —o— R
5540 —4— 231 “?':10 —— X2l
253 ——nar 23 P
Q@ ——HAP:  § ——HAR3
- 2 a g5
= 10
0 - - 2,0 +——— et
1t 2nd  3d  Mh S Bth T tst 2nd 3rd 4h S5h Eth  Th
Sampling time alfter treatmenl Samplinglime after reatment

Figure. Changes of PR-proteins activity in pepper fruits during growth stage after reatment

(2% 15] A7 AEA Bdygdgde] FFHst 24}

(H AEF AEAN HIy AT PP 2AL

A8 AEAA HEFE AS7I1HES BFAF} FefAulF o 23] HEA 4
gejz A W gAdwde] SDS-PAGES 53 ZAGAE ARBIAH. WA F1”olAl Y
994 21247 12 27] delst JARANME oF 29 kDag] &AVE 74z AHAL o] F
27} ABREHE duls} YA B A 29 kDad} 33 kDao] 27F o] AR} (isozymes) 7]1® &3 &
7} dEtsthaE 1-6). SF7olA 494 2AME D dAEAE oF 41 kDag] B4} 7kt
FAHAT Guje] ASE 41 kDa2 A9 45 kDa, 65 kDadl E4E FAsAHHE 1-7).
HEATHA GG 22127 A BAME 47] o]2AYQ 72, 61, 57, 52 kDao] FHAHAL
dujo] ASE 30 o]AAY(72, 68, 61 kDa)g FAsHH2Y 1-8). 53] 72 A8 dx3
o] AL A F3dA sbg 23 A4S vEllE RS 494994 F FAE & AAJT 4
EAY gogadEgsde @494 g2y, A2 giEs e AHYF3E Addtas
H3le] Fol wjg HYrh

Z

_12_



Frults M A B CDE

kDa

3SAR g0
(6/11) 80
6.0

30
20,

Leaves
670
66.0

45.0

0.

201

[2§ 1-6] AEAW BLAAAE

ZXHAlE
6/49)

Fruits

kDa
SAAIR et
6/25) 680
460

300

20.1

Leaves
9? n
45.0
3

gd Z 71golA #4994, 12% SDS-PAGE (&4

20ug), (A) #YF, (B) FAT, (O AT, (D) H72 (E) A3

2Xt A8 (6/4)

[ 1-7] A EAW ¥egddedd $ =73

4XL A 2 (6/18)

r Leaves —lr‘Fﬂ.ﬂu—| rLoms »] r-FruI!s—\
A BCDEABCTDE

ABCDEAUBCDE

TRANE 7/9)
rLlI‘U’GQ—H—leD—; rwajr—ﬁuﬂlﬁ

A BCODEAUBCTUDE A BCDEABCEDOE
'___'-b—\'--wa -

o} el TP, 10% SDS-PAGE (vhi]d

20ug), (A) BHF, (B) FHAF, (O HelF1, (D) A72 (B) H#H73

_13_



1-3X A8 4-6AF Al &

TRMNE (F/9) r Leaves =] [~ Fruits r Loaves —y — Fruits —

ABCDEABCDE ABCDEABCDE
M A B CDE A B CDE _

Leaves

Fruits

(27 18] 4EAY FLYBABRA F WA BHFA, 85% Native PAGE (243
0ug), (A) BHT, (B) FAAF, (O AT, (D) HF2, (B) HT3

(o) DRIE BSZA D £8P
FEXF U FRANES Frkgu SN FEY 447|705 24U L Y
AT HA & AT AloldlE 27 BRekAu TN 2] ozt Bgou Hgo] 13y
Qo] utel BYANT A AFS HATHIY 19). A4 F aLAe] 134 F23E AFe

rulo
B

2 48717 5 BA 630] 2A FUFE AL BF FHAY FrANTOIN R
e $8FS Yoy HF FFFL AHPAu TN 1,148 kg, FE AT AA 1,187 kgo
2 A7 HAR FHFL Bith
U e 53 83 78
10 sans sugn 227 | 153
| R _ ’_,f—q——{-—e%:a o '3 : &) | kg
o | R / [r—" 12 sa1| 28 3
P 23} 529| 85 98

3z 6.08-6.09] 151 135
42} 6.18-6.22| 320 345
52} 6.30-7.03| 260 270
62} 7.13-716| 304 288

5% 1,148 | 1,187

£ L]
- 4
Rap

AR R -_'

mmau

FQYs

0 23 47 54 6: 66 75 82 99 906 102 10 17 124 131 138
YN F AR

AHie 35 APERAA =21 FTAT AH9)
[27 1-9] ZFHNFES] 2498 2 F8%F

(Bh) A8 AR HAFE R FAEE
FEEA W BEANES FrRANEAM AHE A AR, BANES E 13

_14_



A e Bkt Baiagu el v e wAuge] £28HUY HE
£ FAA g 571 £A5L ¥ 140 YeERUY. 2 A FopAu ol ot F
AL BRYth FEEA AFAuTF Ml 77HA] THE A F EFH TF
HPLC, HPLC-MS, p-ECDNPD7|712 243 A7 AP u)7oF FFdAu)+ ZF %
o] A&=A &gkt

(£ 1-3] AETE SHEBAMN)T ABAFAA(F5 A AHSAR

A A A wa A =% o A
dxd, 94, Top, Mai, Bu-GL,
AHE TR oo, SE BAC-1, Eco, Fic
AR5 7 8
A E(AHEZ A F) 22,0009 32,7554

*AEY WAE ARAAANE FF7 @A Qon A8 W 12 7hHo] AT L] viE & W
Mg F5 AEEZAN =2E IFAT AH9)

[E 1-4] ANE 78 (FYAN, F5dA) 57125 v

28 AArE g w3y Awj E5oF Anj
& A2 (Kg) 1,148 1,187
FAN () 2,926,000 3,025,300
2158 HhA-g =AY -
iy A5(¢) 2,904,000 2,992,545

A T AEERIM =2d TFAT E2HY)

() 3% AEHel Y A8 AN 94
A ARAFAA ARY TG g2 1% 4BY UT xS ¥ AL 2
9 1100] e RLTh

28 L= 48 58 s@ 78 sl [£:] 108 |

@ s o [H]E e [ &) 5ot [F][2]at |[S][Z ot [E]=[ct [&]3 ot [&]=[ct|& = | o
. [ gan | ) w71 peyrey | g2 [ g wrianm
- | gvAxna | P;maswr' apwsw |
* AZCH| [ @wnzun

SAY (4B 2AD-RF
& AHXfi{Eco, Fico)
BT, HEYE

AHIE BE AYERIN 221 FFIT FAR))
(2% 1-10] 3 A FF5F AuY

_15_



(6) A+ A (1) : 4xd= NEEEEt
hH AT i ex/E5E Wt

FEEF W BYANT S BTN 2
#5d WE ZARIRHAY 111). LE/$E 49
PEFATAN 2E/FE Aol7h HolA] FgAT F

F=7F =4 debstth

% =3

2 X AL 715 29}
w3y Al <}

$ oAUl TN L5/

170

3}

2o HEIEF (2008.11.15)

=

e anio
L D)
| W-sencg
—o- et

3

WU\ NG

L o P T L T T L

Yivwr

)
=

[28 1-11] 9

2LC/EE %

BET GR

120

&

=]

ra
(-]

T EHER O
TOTEET )
—
—o—mmo

iR Rttt s

9 AWE W ex/EE W (BT, AT

A" 35 AEERAA =2E TTAT 2H)

(Wh AETF AZAY PTABAGY A G

1% =3 B2 ASVINES BAANTS DBAEAANE AT AT W) 42
A Y3 v 22 FLABATHAY FRUHE 2R 112). 2F d2HY 3
% ARelAE AGT FAA ok HolA g TEUoH BAHS A 23 A=
2AH BRTe A ByepAT Wl B wA ushou 33 AREA 23
A ge AL BT T WEATA A4
F¢ HAT 13 IR AP SRk L WA BAo) 23} ARBHA Z7 B
A2 79 Beo Al TolA TE M 7ol M A% A ek

_16_

A% R0 BAHY WSS MKT 3



3% Leaves 3t = F
30 — —_— Tarv
40 4 —— Bl
25 —8— Gare
g —— Bl g __: ':i"
g 20 —a— Eco ug 30 4 =
E —— HE ‘”g
E 15 . g'ﬂ 20 A
g £3
T 10 6
10
5 4
0 0
200 G
- —— C
8- Gary 5 4 —— Gang
E 150 o —— B e B
E —a— Eco g 44 —— Eco
zg —e= HS :E — H&
=
5o 10 §§ 3
H =,
B D
@ 50 o
-
- 1
0 0
1st 2nd 3rd 18t 2nd 3rd
Sampling time after trealment Sampling lime aftertreatment
Fig Changes of PR-proteins acfivity in pepper (NG) leaves during growth stage after treatment.
N Fruits 5
—— C
8 ]' ¢ 30 —&— Gsrv
7 /\\\ 8= Gan —~— BI
3 —— Bl ; 25 ———— ] ~a— Eca
§ i o = [ Eeo EE 20 = = e HE
? 3 ‘_% ‘“\\."ﬁ —— HS 05 —
:E’ 4 / '\‘-‘-" ,Ei 1%
'3 - €
N G 10
2
1 5
0 0
1st 2nd 3rd 1st 2nd 3rd
120 07
—_— —4~ C
2 100 —&— Ganu 08 —&— Gare
:% /{\ —o— Bl {\ —¢— Bl
oggg_ / \\ —a— Ece § 05 / —a— Eco
8 / \ — HS 8%, N e HS
g2 50 4 / S S
SE 2 ——
32 3207 [/\ N
. 40
o 3 02 \__f/
L%
20 M 01
0 g0
2nd 1st 2nd rd

=

2
A st

A% A48 457105
Qo 2FY WuaRdvadel dguss

Samphng tima after lrealment

Sampling ime after treatment

Fig Changes of PR-proteins activity in pepper (NG) fruits during growth stage after treatment.

[2¥ 1-12] =313 JEANLA o) ST aady e s

S QoA WA T B 7

CEEBRE

NEREN BE

3% 71RolA g FRMA B4 A
£ AYTFoIN FHQ olzh ehbA LAk HEATA B4 AL BRTAA

ge gL BT

BN TS ABAFA Ael @

zASHTHY 213). 2%

FEdAu T W HE

Q279 3

4% 33} ABRAA BT B4l o BA e @

_17_

4% 33 AEEAA] Garu ATE As =

A7



25 Leaves 50 - ¢
] —
- —— C Garu
20 1 /"/ 2 —o— Gare 4 - B
£ - z
[ - ~— B! = —— Ec3
7 L e =%
£ 0 W R 2
2 T — ) 1
] — _./ E=
a - i
5 10
’ 1 2nd . ’
. i 3rd st 2nd Ird
200 5.0
ol e y o
b &l
2160 1 g 4.0 .
T | — 7 5 £ o B
wﬁ LY —— Ex0 5 / —— Eoo
E N 120 4 e Yulin gg aon 1 Pujin
hE W“ogd .y
EE 100 ¢ o 25 /T
B2 80 1 £8 20
@ 60 X215 A
- 5 —
@ 40 e 104
20 1 0.5 4
0 . : 0.0 T T
1st 2nd Ird Isl 2nd Jrdl
Sampling ims after treaiment Sampling time aftarireatment
Fig. Changes of PR-proteins activity in pepper (CY} leaves during growth stage after treatment.
8 Fruits 35
- ¢ i
7 -J"k —0— Gary X :i o G
- 1 —— Bl
g 6 - —— \‘.',‘"-HH —~ & %’ 25 “!7’-‘_/;:‘-'—‘" e Eoo
5 T — '“-‘l —— Eco £ e -
2 /“ —== — Vuhn EE 20 TN === iyl
5 4 e ﬁg’ \"‘-x.._
33 £5 15 4 ‘|8
N ET
e 2 s 1
1 5
0 0
1st 2nd Jrd st 2nd 3rd
50 0.7
) —.— - —o—- C
:g :2 1 /; B caw 05 ~—&— Garu
1 . \\ —— g & —— Bl
1 65 )
“§35 // I“"\\ —— Eeo ‘E —— Eco
e / ; 'i — v B 044 =
EE s / / ZE 034
RN I ]
- § o2
v 10 &
@ 5 01
0 - T 0.0 .
1sl 2nd Ird 1st 2nd 3rd
Samptling lime allsrtreatment Sampling time afler treatmant

Fig Changes of PR-proteins activity in pepper {CY) fruits during growth stage after treatment

(2% 113] AFn3 AZAN(QDH o) BraBReR DY FPus

)

=)o WSV ES BT} FudAu|FAM aFAEe HEA
Az vl 2FuU WA gnHgw A SARES 2AEIHT BA JidetAl o 849 E % x
A A =39 AS 1% 27X 8 AW A o 29 kDa 33 kDad] o]axtgle] #ed
v do) 2AW A BT, Eco, HS, Yujing A3 Garu 2 BIFoAE 29 kDa9] o]4xt
9ol BAL HATHY 1-14). 3] Bl A BA<] 71 ZAdtA detwth 23 AR d%
gu] ZFYelA oF 29 kDa# 33 kDagl olaxtdo] A& BHYTh 33 AR d2ZFYdlA

A
&S

_18_



e 7ol Hla] A FAA A FelAM ek 29 kDad} 33 kDa] o]zt o] &4o] v+ w&
A4S Bk ALY A 533 A HxT AEE EIo 3A Alg A2 299 33
kDa¢] o]2xg]& A9 & 3 M A &40 F7IE JElbth F27ekAl 84 99
S ZA A% =53 9 Fge dERFWdA FRI oF 41 kDao] a47F 74z HlEou
A7t B4 #aE JehA gstch(ad 1-15). S 2AY R0 A &4 Fav)
FRHA] gkou HEY A5 e BV BAHUG HEATA B4 HEHS =AY Z
I EHFe] AL 13 L 23 A8 AR WA 270 o)A (69 kDa# 78 kDa)o] FHIE ]
T 33 AR ARAYA 409 o] ARY (B3, 61, 69, 78 kDa)o] WA ATHY 1-16). Gl
z29 A%e o 78 kDao] o]Axygvte] 73 B Btk A A 13 ANlE 427
W @ oM 2789 o] A1 (69 kDa#} 78 kDa)o] 1= A3 VA @A FAA A g ol
A= 78 kDa o] &x}Qigte] H53] 84S YEIETH 23 A8 HEAW #HF B EZE Ay
Tl A 27) ©]&2Y (69 kDa#} 78 kDa)o] 748 A4S B3 E3] BioD9 7% 4719 ok
(53, 61, 69, 78 kDa)o] WE}STE 33 Alg AZ2Y 27) o]A&A1(69 kDad} 78 kDa)o| &
AL BT 53 FPFA ¢ A 4L BT gz Fee =3 F5% 2
o] ¢f 78 kDag] o]xxtyrto] 73t &4 R

Chitinase | =y

Active staining

NG-Pepper (Oct. 3) CY-Pepper (Oct, 3)
imua | | Leaves | | Frulta J [Loaves] | Fruls | YT Lesves | | Frutts I i Leaves l [ Fruits ]
| awod 5 A B T B {:woi} MABEOFABCDF ABCOFABCOF

au] :' :‘ ::'e] AI BFI E [“n i A BT 0 E _ ) Efc n_Jr a[ fruer |

|' mng
110

| mHR

L____J Frults
| venm iwm h!: H ‘ _.I

Fig Clum;os of oh-lnnase actiye staining on 12% SDS.PAGE (40 jig proteins) gal in Pepper al 63 days. 36 days and 103 days altar treatmsnl
al environment-frigndly matedals ((A) Comtrot. (B} Gan, (C) BioD (D}Eca (EJHS (F) Y}

(19 1-14] 424y Fandoad 3 7)hota Hadd

_19_



| p4,3Glucanase EY
| Aetivestaining |y pepper (oct. 3} CY-Pepper (Oct. 3)

18 AR i Fruits e Lesaves [Fmi's ] [Leavn [ Fru?]
(W) NG EOEABC OE ABCDE A!;;:IE aeon lnaLuTE'IInncor ABCOF ABCOF

kDa

Fig Changes of B-1.3-glucanase aclive staining on 10% SDS-PAGE (40 yg protains) gel in at 53 days 36 days and 133 days aller treatmant
of environment-friendly matenals ((4) Control, (B) Garu (C) BioD. (D) Eca, (E) HS. (F} YJj

(1Y 1-15] A EA) HddBEgnad F S50k A

I PeroxIdase t =3

Acfive stainin -
= —| NG-Pepper{Oct. 3) CY-Pepper (Oct. 3)

L Frults Leaves | | Frui L Fruit L 1
g |, [ [ee] [oe] [Re] g, [oml ] Byl Lol

15
e L
8 =

Fig. Changes of peroxidase active siaining on 10% SDS-PAGE (40 ug proteins) gelin Pepper at B3 days, 96 days and 103 days after
treatmant of environment-(riendly matsriais. ({&) Control. {B) Garu, {C) BieD. (D) Eco. (E) HS. {F) YJ

[ 1-16] AEAW FLABEDY A F HASAA FHEAE

@) AF AT 1) : 23 A=Y FA A4 AGES AT AW HF

Z2EIA U ABAEAA 72 93t nF g d FAA EAxAL 1F GHE
3 o3 FEo Eia, AdE nAEo] Bulde WuAgday AL B4FAL HEAR
B dolz FZ2EL o] &3 FTEA FAIE FIIAH



1% guFdl e $4¢ #E BUE Aot Dad @AzANN BY B TF
2 BYSEi2d 1-17). 2 2% 1AkE HEAZRH EY ZERAERREH @40 47
TFE Agsta 454 HaEA(16S rRNA)T A5 &4 (Phylogenic tree)S § Z3 Bacillus

thuringiensis®} Leclercia adecarboxylata® FAREH A} ©|& zZVzZt B. thuringiensis GS1€} L.
adecarboxylata MG8152 sl tt. F3F 7|dRsF5E0] 743 FF5 AEWATLERH &
glate] 2709 EAde] A3 @FE EYIATHY 1-18). 1 A Ao B IFE ddst
I AEAR AnEAY AZSEAS & A Serratia marcescens¥t Aeromonas hydrophila® F 7 =
At ol2 Z&Z}y S. marcescens AKL1T} A, hydrophila AKR1Z ™8 ¥ &} T

Fig. Antifungal activity against Phytophthora capsicl
Bactarla Isclated from (A) Pteridium aquilinom var. (Gosali) and (B} Rhizosphere
At 3 days after incubation with P. capsici KACC 40157 at 24 °C

AFE & Wl FE A (165 rihosomal RNA gene}

1) Bacitius X peravar 8tr.97-27 plete ge Length=5237682 1) Lecricia i 105 HMA, Atrain:
Features n tils part of subject sequence: rRNA-16S ribosomal RNA GIC 12687 Lengtnat4id Scon-27|7 bite {1471} Expect=40
Scoie = 3108 bits (1515), Expect = 0.0 Teferitifian = 135271487 (39%), Gopa = 141467 (0%} Sirond=PlusiPluy
deniities = 461611615 (100%), Gapa = 0/4646 (0%) Sirand=Plue/Plus
Phylogenictres &t (A) Phylogenic iree &2t (B}
P ]  —
=——l ud Latwrciy i
!—1' ¥ g Fasized ppplamarany
—_—— =t Daninn 4 g gTaL i
1 5 - * Erdgsobacliralaze e
A Y
" a‘ﬂ.:n-um'.u ] s LT CHTTES
", — — v
L] L
T iba8de Sebimmpad 8y Nuttaohe Sudsttamsns il
Bacillus thuringiensis G81 Leclorcia adecarboxylata MG815

vod FFREY B 54

(B} AK-R

Fig. Chitinolytic actlvity of endophytic bacterla
Endophytc bacteria Isolated from Rape(Brassica napus) Akela leal (A) and Akela coot (B}

AZSH UINEH (165 sibosnmal RNA gene)

1) Serratts marcescens gene for 165 IRNA, partial sequence Lenglh=1§32 1) Tz RNA gehe.
Score = 2758 bits {1493}, Expect=0.0 comgHete sequence I.mu!l-ﬂ&ll' Store -??eﬂhlﬂ [1484). Expoct =00
Identitins = 1601/1606 (99%), G8p2 = 01606 {0%) Strond=PiuaPlus Identities = 15001503 (TI%1, Gaps = 01503 (%) Simnd=PlusPlus
Phylogenic ree & 1} (A) Phylogenic uce 220t (B}
Sevdha meharensy ARIOIT0IL BRI
Senih) breamssily ':! P ——
V— 2 Latad
—— Fibplamond; ot — -~ ARTOITNEE EEEREN
, il == el
I — i Fermonat ptutianm
&
Nutiealde Substsons (00 Hhuckeotde Sunstetons #103
Serratia marcescens AKLA Aeromonas hydrophila AKR1

(13 1-18] 7| e8| &g o] ¢+ HATFE R 74

o

g A go] Buste Wudnudy s B2l
F HAE 98l A2y NAETZRY olge] Buiste Wadudvvde B4



ZARITHAE 1-19). 2 AY §7) Akela EFY oA Rel® WAUGRB Rulshe
a49) F40] W F 3R] Huie) AL Btk

50 —o— A \9 A
—— A2 ‘éﬁ"" _%____.-m__,__‘_h“
__Bo —o—AKR
o —0—CsR
SRAT il I y
5T —o—FER /} -~
. ——FER-2
g 50 —— KdpA29

s ,;
; O /i/-"}" {
a0 |
&=
© 20 E §
10 ..._a— »——3—’:§~
00 = =1}
1 2 3 4 5 6 7 g

Days after incubation

Fig. Changes of chitinase activity in supernatant by bacteria
Isolated from endophytlc bacterla for 8 days after Incubation

[Rapes; Oll seed rape (Capitol), Forage rape {Akela and Peternova)
KJA-424 (Rhizosphare)]

(29 1-19] AR gl Fulste 4% gryuAdde &4

(th ABAZEE Qo FZ2ES |8 T8N A
AEF2ES o]gdle] nFAEHE dod|e WATER] P capsici KACCA0157, R. solani
KACC40111, F. oxysporum KACC400329 th3l a4 L AH3|&S XA dF 25359

AN ode MBI AgoA MY B FTBAY AsNES RATHIY 1-20). X3, BHUE
QYEZE A|PARH P. capsici KACC40157, R. solani KACC40111, B. cinerea KACC405749] of
skl o, 10uf 3Ae, 1008 3HHS zZtzh A A A 100 MY AHZE B
cinerea KACC40574 ¥ Q7o) thale] =& A& Bgh(ag 1-21).

Rhizoctonia solani KACC40111

w2 CCER-1 wya

EtOH £8

inhibition rate(%)

Phytophthora capsici KACCA0157

Inhibition rate(%)

62 86 1225

Fusarium oxyspetum KACC40D032

)

260

c

S 40

E]

- € 20

Flg. Antifungal actlvity and inhibition rate (“) of plant extracts against ~
Pepper pathogens at 62h (R. sofani, I} and at 122.5h {P. capsicl. ll and 0
F. oxysporum, lll) after incubation. 62 96 1225
(A) 20 uL extracts, (B} 10 uL extracts, and (C) Contral Time (hr} after Incubation

(28 1-20] 23 A EW) i3 AEFEE A3 daFEH 1)

_22_



Rhizogterie soiani KACC 40111
100 -

Pliytophithora capsici KATT 40157

m g0

100 -
L

- ax 13 8y = @16 G A
i 8 X100 B A ® S o 105 84
’;7' &0 .E 60
£ 40 £ 40
= =
= a
£ £20

0 | - ] 0

17 35 40 5% 17 30 42 51

Time {he} afterincubation

Time ihe) afterincubation

Botrytis cineres KACG 40574

———
PR3 -E
o166 34

.
o
-
W o
o o

[ o
7

Inhibilion rate §

(S ->)
& o <o

Time (hry afterincubation

Fig. Inhlbltion rate (%) of oil extracts of Chamaecyparis obtiusa against Pepper pathogens after incubation.

HYBEYLIT 2YFER), «105

Inhibition rate (IR, %) = (Fungal cotony in control - Fungal colony in treatment) ! {Fungal colony i control) X 10¢

A(106H B4 2!), x 100 3 4 (1008} 54 224

[28 1-21] 35 A E2We] 3 AHEFEE % FTEH(Q)

U S A e i 18R TN Y 2 HE

1) NEEZ A7

B AL dEA HHAS 93 I¥AFAA s st doh AdERE AL
gE UFEaA Axd gEe o & 5019 FEEF EeFART 3% WEY, AEW, 871
ANx", &5 - 457 2 AFAMF0F/672m°, 100w/220v)S A FFJeHLY 2-1). AEA
‘MR EF SEE 20089 109 279 AFER AEHTh FeFAuT APEge ©A
FRL 3 =9 2009 (672 m), A Ae 5x7cm, o] FE 120cm, ©]#@Ao] 80m, FF 40cmo]
o, 1.0mx1.2m(ExZDo)) 7 1435 A2, z} o|FB0H)FT F FHe 11L,405381F/H) AUtk &
AP FE-245)e] 2AS AR AT 7IHFH A 7(CE) 201F (F1REH 2%/0]F), 7197

2 2
HEAH R T(CM) 2017

9 YEFH(QEE AN ) 10102 tpro]

NEe

A A B AT

@ NYEF AEE Fo
FEEAW FEAH T
o NS ABFEAA 2

Yy, Y 2787 WTAME

2873
A 2lH

5247 %

_23_

olgE uyad

ARAY, £ F5A B AFANY 43 27

718l AMEEH(E 2-1)3 FEA AEH LAl AR
(X 22 AR



[E 2-1] AEA Al o] A 7Hle] B2 L ALEF

A 28 AL AE A 92 8% A8 "
DHC plluty ;} ?% v Mg (6 iL 0:6:15) ?30;8//6%033)
e Al e Mineral Gold olFe s 3302%,/6%0,}3}
gzulol o HHE TR E (2;)5(;//§00“é)
FY Al A w2 FHE78) EFERLTIEA gé);g//eﬁofé)

[E 22] 42938 AL AR ABFEAAN 22

Az 3| A A E 3 daE H) 31

7 THFEH,

A Bl o B AT@U24%)
EA : TYFF,

B KM w7 B AF@E-24F)

C CH S 29 B 74245
E =T,

D o A EHl, =4 & arEs

E BJ B urds A A3

F DA 70 9gso] A A2

G) NIAXF 25 - F5 AAHFE

TEEXA W FEf AudAa dEA ZHES
o} 9¥(2009.211) ¥ F%(2009.02.11~17) &%=
A 25 - FE ZAolE EAHTH 2-2).

Ui R/ HiE

[ "'""’"roqu%\ v_-...\ﬂ-o-\.—\\‘

8 “““H‘“‘."'"i of
b\

Clwan '{'. \_ F =
) 4

B ,P ’\’Mm*‘l\wm..““
PISOTAsLeanBIBhgel” Nt eserarees

®
§§§?§§%§8883888388&S?885

T T

2RC/AR%
&

(13 22] 98 2 F8 FEFAuE B 2= - $=RSF
A 35 APEANA =28 IFET 229

FEXR Y AEA FEAAXN LA AW TYH, ALFFo], EVIFER, =T T
of i WA g AW IVAFAME 229 AFE AAEAT EA FH F 7] TIA”



of A1l AE A Tol BBk (500L/200%) & o 27 (A2 F 183 BFAAHIH
z-s) 2 ARTAN ARASAAE A F 330 rol ARE AATe} FE dA 4

ZA), HETE HE EYSu|AEA ZA}, A EH Al A} S99 22 Wkl E
.04 g 2 S49Y 5 vaBAstdch APFW AT (70T/672m, 100w/220v)
Axete] gzgo] BEF APz 11ERE 3] 54714 LFIIARE A H3A7EA] 44
7 Bz ez 2dse REFAT

@ UEM (5tH: Perilla frutescens L.; Y: Leaf Penlla}

s rO BESEONBRERS
e¢ 06 €00 et ve be

S|]|sossesscsssas
Wl |ssssnssssnsee
w .
ot thmlem 143F -
£ sasesas A R
o TP BO 600 4 E 6O &
- e# ¥ M WNBOBSE OO OB
cs0s e0sbuBEBe
88 88 S EAGS b N

E

12m (0| Y=y 8

EE: UM (%)
A 2008. 10. 27
A2 5 x Tem

0|#1=: 120cm

FE:40cm

1.0m x 1.2m : 1435 | ]

Ol & F4n 114407
An i 8 | [ are gy oo
Elchll s“c";f ' Control Xilaum xia”%z

7| 515|6) 3 22/0|2
7| €1 40| 8 Bl PN:
YA T 1K BF
A7|2t 2% 22 BF
(= 183))

(29 23] LS4 FEok AF AT WA 2 AT 44

UST FY O S BHIYA X7) HF =R (SM/BI/KRS) BRIA(B) Xi2| B (BYKM) K 2|
2008.10.27 2008.11.04 (U235 2+ #/F) 2] 2008.12.14 2009.01.14 2009.03.30
' i =
Day 0 Day 8 Day 154 § Day 157 Day 171

27 sampling | | 341 Sampling
20090402 2009.04.16

_25_



6) AT 2 () : 43hdE NP2
Oh 957 BREA 2 TAE 2

AN AEARR)S ABAE F A4 AATE ABe QuH A% BAL 2AD
3 E 39 dEhan 29, 7% rhde, 9539 33 e TN 9 e
A& B & AR QEA A8 ASFWA ol FAT ZRoE GET 4B
2AGE A%l FRAA PO NBHNT R AU IBRFA) ATE Fgo
YA Ate AL BAT & AUk BAA FEY A 4571 FL HF 30 FAA
579 S8 Jbeatin B W gaTe) Wstel £HFe] Z7h7k s ol Bk
o4 S FaE GVL T AR AR Beh AVHOE ol AR T4
O 48 AN BB AR AVEKABANES AT FHe) ABABUE WEFo
24 Sgd AEgsd fE P2 dgeE 4% BPA A3E b4 & AR Jgad,

ﬁﬁfloﬁmﬁ

[® 23] 957 NGV F 2 AYTE A= Awd YSEY 24

S ZF(m) vwHF/FY AT (g/80 leaf)
(2009.03.18) (2009.07.10)
T 68.6+3.8 10.8+0.2 110+7
71 g 65.7+4.5 11.2+0.4 115+10
F1€l 0] A & A 2]+ 70.8+£3.3 11.6+0.2 1409

AdA AEAY A Bt 7 AYFE HEH TS AR A Y =7
el A thxTel] Histe] 71| Eu T} ?]E‘UV@EHE]-TWW I 2 HUA ERE W
Aok EF AR Fukzle AWFFYT F7wEHe] T ¥ YL A 2FH 1Y
259 eRRSITh BE A2 TN 2% olel Fe WAEE HECH, FAH Aot B
o}, 1R AEA BTN AYFFo|F A thaf wAo] 3t W AFE HAh

3 : S
] aygmory | A L] ' B7IotgY g
T w 3T
b I 20 i
w2 r w2
i iy i
Z j_!__L | |+| m
Y ¢ [
4ZF  lHEHT  OMEWYT BE?  FlEEET  OEEUYT
HejT HET
(29 25] A1Y F97]) ASA AL RIH(A) 2 Z719HEH(B) WAL 2AH2009.07.20)

_26_



(W) AgA Wednannae st

AT AEA A= A4 F 1207 13 AZE AAse] 2 2 PRduADY Y
FRNHE ZARAHAY 26). AB BFEANE ADD FrAus £ A

dolAl B4 A ADFAMEALTMAN BHl Y B e GETO 719
7 AR Age AT SRV B4 B AL FeHY Aol mol
Stk HEATA 49 AT AAEARA TN BAl Y BA ek

0
=
rr
Ho
i
f
o
X

12 9
Fawt o g 10 8
= =
Y 2
E°® ER
:EE' 5 £ s
3 T
E 4 M ‘ b
§

& £
0 0
c M c
140 £ 1.0 & M CE
120 ¢ o

£ 0.8

2 100

H &

zg 30 £.08
o HY

§2 50 e

sE 2304

8 w 35

= 2702

) 5 5

a
0 0.0 ’ .
[ M CF M CF
Xel# a2l

Fig. Changes of PR-proteins [Protein conlent (A), chilinase (B), 8-1,3-Glucanase (C). and Peroxidase (D)
activity] in Perilla leaves at 112 afler franspianting

(2% 2-6] 457 A HLADASH A Fus

() AEA PeBAEY A S
AAE QB AR A4 F 1294 ABASAAE A Frdgmse 2 ART
N AE2H zAW FedvdaTy g40Ee 2ASRETHAY 27). A FdobA g4
¢ 2% B3k o 0 kDas) el Yol FAAZ, 59 ALAFAATAN AL 87
o) ZeA WATH FEAoLA FANUE 2AG B hETIA o 38 KDad} o]aAg o]
59 0 RSB PAA A9 ol AU, 25, 38 kD)ol AL nlch W g
Hulpol 4 BYY FE7 FRAA SRk

Chitinase pB-1,3-Glucanase

M C M CF

M c M CF

NL ?'ﬂ‘,‘
Sﬂi- I i

201

fa.4
Lot SO0 K — =i

Fig Chitinase and @-1,3-glucanase active staining on 12% SDS-PAGE gelin Periliaieavesat 1 12 after
transplanting. (C) Control, (M) Microorganisms. and(CF) Chitin fertilizer

(2% 27] 2709 2AY FEABLENA F 7)ot R FEhok Y

_27._



() AeAW Wy Rdvydy s

YEA HE SN F =FHe BAZT WHLAE DA FAANBI KME A
F F 39A} 7Y% RuokuEel B APTA N8R 9xAW uduaend 3
H3E ZABETHY 28). A ¥ 393 B¢ 4 2AW Aot E4E dETANE A
22 Wsb) gloy A-uAgAnFM)sh ARENAYFCHAME Bl HF B¢t KM
A TR 4ol o A Yehdth W A F 79 A d2TANE KM A
AYF7h U w4 dein Ade AT A@HNAATE 34t A BFE R
Ak 2ok B A AL F9HA AoE HolA Fgnh HATA 849 3
£ A2 ¥ 394 BAY =AY dz2T AL BAANE FAA AP FAHY 5
o BolA @gtort AWHHFE Bl FAA7} 4 £ AP RET HY F 7R 5
AQ ZAY 7T w4 AL F9HA Fole Bolx Fghont 2T} 7™

A EAETE KM M7t 4t 28 %S BT

2

~
&
=
~

BBl OKM

aBl  OKM

b émﬂw

Tru(mlms Troatments

Fig Changes of protein contentand chitinase activity in Perilia leaves at 3 days (A)
and 17 days (B)after frealment of environment-friendly materials (Bland KM)

BBl  OKM

-

o
-
=)

Protein content (mg/g FW
o E
Chitinase activity (U/g FW)

e N & o o

)

3
-
~

-
>

@

Chitinase activity (U/g FW)

Protein content (mg/g FiM
3

160 e

4o | @B OKM @Bl OKM A
f 120 E 20
4 g
EE - EE45

2 80 )
g% 4% 10
55 6 3£ .
A w 3 I
N & 05 *
& gt
0 0.0 T
c " CF
25
19 | OB DKM OBl OKM B

120

100
80 +
60 |
40 +
20
0
C

Fig Changes of f-1,3-Giucanase and peroxidase activity in Perifla leaves at 3 days (A)
and 17 days (B) after frealment of environment-friendly materials (Bl and KM),

(29 28] EAY 2N Wawdddde] s

el [

LEXR 1
)
5S
0 | r
0.0 1 .

CF

6-1.3-Glucanase activity
Vnivg A

mcmm
il

M
Tnatmcnls Treatments

_28_



() AR ABAW WGy De] SR

FAF AEAN B2 HEA7] F =FHe FAA ) WAL 287 F A (BIeE KM)
E AP F 3y 1793 FrdAuise B ARTAM HEA dEAW A aday
2 84 JES ZASGTHY 2-9). 9A JdotA SANEL A 23 ZE ATt
o} 30 kDad] ol&Atgo] HAHth TRk BANYS 2AY A} BE AT 3
7| 014249020, 25, 38 kDa)o] &S BYTh I FolA 38 kDaolA] e &4 B

Chitinase active staining
A B A B
) KM B KM i KM | B KM
McC oM CEC MO C W M M C M CFC M CFC M CF C W CF
_ERNTAN RS
2 L T
30‘ IRRER 1
p+1,3-Glucanase active staining
A B A B
"Bt KM | BI Tk "B km ' T m KM
M € M CFC M CEC M CF C M CF !{utitl‘ﬂ(ll:?ﬁ“_c’
i
Fig Changes of B-1 3-glucanase active staining on 12% SDS-PAGE gelin Perilla leaves at 3 days (A) and 17
days (B) after reatment of environment-friendly malerials (Bland KM). (C) Control, {M) Microorganisms, and
(CF)Chitin fertlizer
[ 29] YE7 &AW FEAdEeEd 5 J)|olx] @ FF0oA TEAY
(mh) AEA 287 Tk AuiE (R

R ARAEAAS) AR EF NS0 A5 4B B Tt o PANRIE

a9 2-109] RN AT

_29_



. gE/os DAl U B AN AN

HEE A% [PM 11:00 - AM 3:00 (4A| 2]

[ supsolamned |
; REETES .

i FUY, 28 MUY [ T
- HE L UNEE g- v gEE=E i
i {BloD.KM,SM) . (BloD. k)

[29 2-10] A1) AEA J87R F&5F Auld

g TF@24 e ADENT 2007 (FIDEHH 2X/0]F), JDvIBEAHT 2
ol R WRT(YEAAADT) 10]F oz o] AP dAsAT@dte}t LT 2H
dA BYs 2Hoz wtE AP A AEA FA F 27] 7R AERE= AT A
28 )92 B E(500L/2003) & 13k B33, Au7Iz Fk F 25 AR F 183

19712

_30_



212°ﬂ ‘4\5}‘;}"% A2

'E' E-gil:} U]":lzl:/ OSXJ—/
odgog w4 Jebyth

R ER L)

W (Cn
oo @ ow B

(28 2-12] YE7

:

[:1%_2-13] A E7) z{a}ﬂ Ag

- BT dEAY ARl vide, 973,

-
[T

17793kl B2 F(C),

Fi Ae

Qb A5 24

& 17794 2}(2010.02.24)] A)

oje gzl Hlale) 7)EE T} ungm?—
Zo) A§ thzTol Hsted FRHN P} 7]

UtL) 4 Nay

B €

EPEE

[e]
il

71 v B EA 2 CM),
EAAZ 0] c}(jal 2_13)

gz7o] ulstel TREuTel NDU ARG TN FYHoR

71 & ¥ H +(CF) 2zt
= AN AAFY BF HETF,
UMH-% e Pl A 5% Y So] z4z 39.9, 52.1, 55.2g0| Atk o B ARZA

QAEN

719 &

o] A~ 2
=2 T

_31_

7iEl0;

s

—

48

5 60
g
0 t——— o D
::i & ."_ [ o
€30 4 — -
B2 4— . -
E 1
¥ 10—
gzs g
el (A F 17793} (29 2-14] AE7) 9] ) A



(th A E7I°tE Y 9 o3 AF4 XA
ZEe A T A XU dEA EVIrtEE TS #HH 9% AFFE Y
g 2-15). 2 A3}, thEFe AFEL A7E F/AFA7E & R, 71k g e J1d e E
AP F7tFAe gosA YA AR BEHZFIL 7P e AFES BT
ZA} vixgk 292493 AFEL dx2F, dENE, A AEA AN A 124, 71,
41% =2 A2t L 2olE HAT

=
[t

(S

%

2
£

I

14
12 ] —*OzE3
w0 1 FEE

£ o1 —anss

W +

Kb 6+

il 4
4 '
2 l /
0 ’:I:':-: } E - v

Dec, 21 Jam 1 Feb. 4 Feb. 24
TAYR

o
it
2
et
2:3
o

[2% 2-15] HEMY A&V T S7IvER S Y 9

&) AEA Z7IvERI TR AV SARE AL
A2 A4 T A7E AP QA Er0tEH FUY PANEE ZASATHR 24).
o AT A7 2719HENT Fadel WENEE 957 14057 WHFE2H 29493 o
7N E715HEHY 2UYl 2% 2 0552 /Mg w4 dehhh wd, 9048
TN 72T FHHo] 24zt 0, 3FFE 1R e TANEE BT

[ 2-4] JEA AK70F 27I0tEdF i A7E TANE A}

2009.12.21 2010.01.11 2010.02.04 2010.02.24
Rel7  |zveteg | 29y |2o0ew] zag [2amey] @ [2ome] @9
(I F5/1405F )
21 B 2 2 2 2 0 2 2 10
71§ v F# 0 5 3 3 0 1 2 7
7 A E 0 1 0 2 2 3 0 3

(" AEAN waAnEG " §F AL
A7 FEdAuE W H2FO), NP EAHIF(CM), 7IFEHF(CHE Yo A3}
Ao} FEe A4 F 1779z ARE AHst ML ASA ZAW HEAdETHAY
B4 v@IATHZE 2-16). B AP Tl F€olA B4 AS 7HuBEAH T 7)™
HulFo A 2T HE %zt FAol A UEhgoy FAHQ Aole AT SFUHA
g9 AL At 4FHA Aole YEhYA fdth HEATA 849 Be: JEvdE

_32_



Hir
rlo
¥
N
tlo
f
B
o

AT D EA 77 T HE fFAFez

1 -
12 - A

gm:

R T A ]

Prot nglg
N
|
‘ |
| |
-
Chitinase activity (unit/g PW)

Treatment Treatment

™
=3

10

N A
8 %
|

(unit/g FW)
-
i

se activi
(unit/g FW)

8-1,.3-glucanase adtivity
-
1=

o

Pevaxida ctivity

o ~ » EN o
[

C M CF C o CF

Treatment Treatment

[2% 2-16] AT AEA 2FY LB S Ee FFusg

HhH AEAY Hdyaday Ao FANE RAL

AEA ZEFAuE U H2F(Q), 71908 EXNYT(CM), 719 HF(CHE Yo A3}
ok 229 A4 F 177U%e] ARE AFHstA A A5/ =AY HIdGATRAY
FAGES Hlwstgch £ APFoA 7oA FAHEE 2ASE AF ZE AT F
3 A4S 71 oF 28 kDag] o]2AYH 3 AL 743 <oF 25 kDa9] o]aAtdo] LHHAN
o Azt & Aol UehtA @dthay 2-17). FF0okA 4EE 2 9 dx
Foll A oF 38 kDag] o|Axqlo] 73 %éﬂ‘ﬂ?iv}. hz e oF 20 kDad] o]iztYe]
k7t BAL JEATHY 2-18). HIATHA BAWEE 2AR A J1DEHEFAM 7HF
=H FAMETL VEITE o]F o4& FoA p2rt 7Hg AsiA ddE=HL, pl, p3, pic
okslA FAHATHZE 2-18).

_33_
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Fig. Chilinase acilve stalnlng on 12% SDS.PAGE gel in Perlila leaves at 177 days after seedling.
{C) Control, {CM) Chitinase-producing microorganisms, and (CF) Chitin fertilizer
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(A) G. liquefaciens BW1 (B) L. mesentercides BW2
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s Sl

methanol. 30 ul of each compound woliiion
containing elther methanol alone as a control (1), or
150 pg (2). 300 pg {3), or 600 pg paste in methanol {4)
were placed on paper discs.

used b treat the @ngi. The discs contained either
methanol alone {control) (1) or methanol solution A

e separeted using a mobile phase comprised
containing 0.75 Mg (2), 15 mg (3 or 3 mg of the of hexane: et“hgyl acetate (80:20, viv) and
pastes (4). detected at 253nm UV light,

(27 222] AEA AW de ARFZSEA AT FTEA

Comp. I, Comp. Il Comp. IV) were

o AEgwe U ABFEAA AL L AF
AR W oA A8AEAA 2L At Syl £4

%
sy EFL AAsty 20004 AP FhVIed F7F B EFAM FAE

gl ] AA [
< o]&3t3en *Z} ol FAE 65TAA 720 £253HAH. #U“x}% 5
£ 100ge &3 T 409 BAX §HIFH 2T, 2009d 6¥5d ] 30x14em(23.85/



m) AAHEER 7]A ol A ot

(th AlElZ 2 AulEby : 2008 100l dlojWXE a5 2 Afuiste] 20099 549 20
AAd ol ulx MH(AYAF 2,500kg/10a)S 7IHIE o] &slPor, HalF TS
FE37) 98 §VA¥E FFEANTE(RLAEE 6%)E 54 A 30dd FH
1.8kg/10a(20%)E Al-&3t

(@) 2 HANY o)y F 5Yd 4L SemAHAEZ FAF F Fp-Ho] 3kg/10a(eF
750~90070) & F 3t F=E WA AUt

(m}) Wiz AP - HaE Al olUdFE 5 A EnprEE WASY] HEM =5
Zwlo] A} NEBAAAN BupATS AXEFon, ¥ A{FIEI B
& F71EAA 102 NF H4H &S ©Fo] wEAEFIE o83 33 FXT
A, TAE AuE BEFY), E57], 557 T 33 XA

2) AT
(7h AE T wiA
ZEZA E AYFE240)Y AR wixE £4EH 15m x 48m FollA 3m x 6mW S
AYFG 1oz st 2dH FAA 6%, AJFHNER, AUrEY FAA 4T, HET
() 5 & 110 Hg72 Urol ¥ FAEE A Ad7uAE %@?JAHHX]%I 3ut
Bow sgen FAAE HaBdE f715AA AT FAH FFE AASAH-

48 m

e F—
‘ F-3 1 F-2 k3
¢ — 4 | & o . 4 000000000000000000000000000000000000000¢ (°
o | ez | o b s s 0000000000000000000000060000000000000909 |0
. %3m $000000000000000000000000000000000400000 [
=" 1 1 yil N @95 20000000000000000000000000009000000040069 |
¢ | &2 | a3 | b3 | E3 ISR NS e 000000000000000080000000000000000000440¢ |
- - - 4000000000000000000000000000000000000004 |«
0000009000000000000000000000000000000000 1)
B A2 Y D2 | B2 | &2 0 63 MDY E2 0000000000000000000000000000000000000000 |~
L e .4 0004000000000000040000000000000000000000 |-
:i b Al D-1 Bl 6.1 H-1 H-2 +1 K-1
l ] L - L] L] L ] A E A ET RPN R UHBUN R DR RANHERD AR RN RN e
6m (R

(29 3-1] ¥ friAe) AlgT A 2 AT A3

() B AFEZ ALEE FE BAHEHE R71SAA
B AgEge A HalBdE U154 F5& F -1 UEUT
E f7)5AAE F2 A AEFEED I razde] yrEoln Fxd, 7B}, HIE
AT THEo] itk B AFEA AFAIE ¥ $A ¥A FANE ALSFAHZLH 3-2).
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NEAA BE

[E 3-1] ¥ AIFEFe] 82 = Bsjda s &
K

¢ e e A2 AzAL | AT | FAA A
1 |- E (Control) - K vl HeAl set
2 A Jojz} #&E (BD) PK A 6/29, 7/6, 7/14
3 =gy 25535 E (BG) DB B 6/29, 7/6, 7/14
4 | BE=gRel=dH) AEZEE (YG) BC C 7/29, 8/5, 8/12

) Bl
5 ; ;zﬁgu}%ﬁg(_&i%) NERZTY (BS) KB D 6/29, 7/6, 7/14
6 | AT ERELY) M3 RZ=d (BM) KT E 7/14, 7/20, 7/29
7 |1 S=eR NBLEs (MB) 1K F 6/29, 7/6, 7/14
2 YRFHeERW(ELY) ol n— T
8§ |[d=94 2x29 (MQ) ]JC G 6/29, 7/6, 7/14
9 | dUnER F|EA (HB) DB H 7/14, 7/20, 7/29
10 | gntEH H el 714 (AC) SL 1 7/14, 7/20, 7/29
0l /&2 B A =z
11 :12 ;%ﬂ%ﬁ%}gg éiﬂ%;’) ) 3-+%& (DE) LM ] 7/6, 7/14, 7/29

WA FAA A2

(29 3-2] ¥ £ A{A71E B T4

A x 1 #Elgoz AZHA 5=2E IFF sAAE MIRZ=duiolxg,
Ha g, ZLHEZE), A FZEZ HAAEFEE), Yoz FEE), daE
E(EEFFEE), TY2AETFZEE), d2HIZYEFZE)T JeH mAEAAZE

H3olx|, vlol g 2rt glow V| ZA YA, dyz2EYY T Utk

ChH B =gy HAE AL
E AN @ 3 JEIHF 3-2)F o] =dEH(E 3-3) HAE Hstd B TAA
7] Ao B A FAAE XA o] F A=W A 10057 &S ZAR 43 14
ZA G A thE2T9 Tukrt & E(BD)o] 222%, 23k ZAD o)A thERT EXAMO) g
F7b Z47; 6.94%, 8.06% 2 74 EA VEFRTHE 3-2). ®ME, &FFEE(BG) ATFlAM 13
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41
&S ZA A3 hERFo)A 103%, NBFEEDENA 78%=2 A B @1, H=FEE
(YG) MgTalA 1.3% 2 7}g @A YERt(E 3-3).

(£ 3-2] ¥ 49 H4E A (AE=7Ied X4, $3H 2009

7152 A - = %H%% o
12} 2A+Y (2009.08.05) | 22} ALY (2009.08.13)
t) ZF (Control) 222 6.94
v npzt +&E (BD) 2.22 4.44
+FFEE (BG) 111 2.78
N3R=59Y (BS) 1.67 3.33
AFr2=Y (MB) 1.11 3.06
2% (MC) 1.67 8.06
&3 EE (DE) 1.67 3.33

*H f7lEAA MY 69 299, 79 6%, 7€ 144

[B 3-3] B o]at=dy WAL AL (AEEr|ed 2, THH 2009)

ZALY (2009.09.28)
F 715 AR — = .
IR F (/2405 3) 10059 EHE& (%)
t] =7 (Control) 24.7 10.3+1.2
HNEFZE (YQ) 3.0 1.3+0.7
) #25&E (DE) 18.7 7.8+1.4

B 715 e Y: A EFEE(YC) 78 294, 84 54, 89 129;
3522 (DE) 79 6%, 79 144, 79 294

=gy TR T |

'EECTRE el L E g
(27 3-3] ¥ d=dn # oi=dd TS 2A

() ¥ dFFEEY S 24

0 2010d A ¥ APFHrEH w2 JFH FFE AEE FAAANE 4R
ZE(ulolE, RE2E, MEREE) HEFEE(EHL), dadols 5o At & A
PN @y YPFHEY WAl sty 10057 W& FAYE A HIHE
ZA(MB)H ] Foll A 1222%2 744 EA JElg®, A3r2=9q(BS) A2FolM 1.53%

2
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2 71 3A UYehgthE 3-4) 3Y ARAvE W L& foF Aolg EiAn.

[E 34] ¥ A¥FHetEY TS 24 (Hd=ried £%, %48 2009)

N (2009 08.25)
)= (Control) 7.92 + 0.68
N3 nawd (BS) 153 + 0.20
N3R5 d (BM) 5.83 + 0.34
A3H =% (MB) 1222 + 1.71
) 3+&E (DE) 9.86 + 2.00

711“74}111 Z%Elcé 6€ 299, 79 64, 7é 14

(29 3-4] ¥ QRATHEEY T4 24

(th ¥ et TS AL

O FA AU BPLow F2H IFAH FAANE HIERIA(AC) Fol U
B AN 53y FArtEY GAd] distd A 2FEE 2AG AR RO 1
3}, 224 ZAFY ] zHz} 2.3%, 74%Z JERG vl v g A(AC) M FAA 1L, 23 =
Aol Ztzt 1.4%, 4.6%2 7H 2A JERGETHE 3-5).

i

_|_,—|—’

[¥ 3-5] 8 gdney 9379 2 A489 24 (HAgxried T3, 3 2009)
13} %A} (08.25) 23} 24} (09.28)
£ 7)% 2} 017y A7+ 2ped 7+ A 74 A7+
Aem) | FRLOF | Ty T | FLYT | T
&7 (Control) | 87+12 8325 23:0.7 26.7+4.6 74413
7)EAF (HB) 80+15 77415 2104 20.00.7 5.6+0.2
WERA (AC) | 82+04 5.041.4 1404 16.7+0.4 46101

F71EAA Hed: 7€ 134, 74 209, 7€ 274
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O 2010d dx| ¥ EFHUE 5
HE2ER) Joh JAFEFAANZ
FZFoZ 3ty 695U oY % : <
FE 7Y Ao Z 33, ¥ QHFHvERT AYriER S TY13YEH 7Y AL 2 39
AE AT e FaE AT I 2 ¥ TEHAAME AM3E=dMB)Y &5 F&
=(BG)o] kAT EHZ—_rLEE‘r Exor B JYIFHuEH A M E=IBS, BM)Y ©
7} 2 Blete 3t th W HAAvER S ZHAHT(7YE30Y) S AAlso 292
olg} 22 AYFE&S FAIEE Ay BlEANA(AC) AN thzTo) & 23 AG&S ZA TAa
Al A Th

@ 27 23 (1) W A= T4 A4 AL AT 4 H44
(Zh W Hddol g AW A
Hol A BrAste =gy WA Pythium ultimum KACC 40705, Pyricularia grisea KACC

40417, Rhizoctonia solani AG2-2 KACC 40151 5o )t s AL APt Aol &4
3 FFE B 9 2B 22ES o83t vluEAMEgn. o A3 Ao A FFE A
sta, AdtdE #5558 AFs 971449 H%#7](Automat1c DNA sequencer: ABI prism 377)%
o] &3 16S rRNA G748 EA, NCBIS # A data baseE o]-&3 @7 |M<E HE5A B4,
DNA STAR ZT2ZIH-& o] &3 {2 XA (Gene identity)9} 754 (Phylogenic tree)<
B3l FAIE 23S HAIEQT. 1 A3 Bacillus subtilisZ AR E T g &0 E4&
ZAtetgTh o] @FE B. subtilis EGloz HHEATHIE 3-6). A AEFEEA 2H4F,
AR, #2E ol&std W AFHFHuERF FAFE [l WedF  Rhizoctonia  solani
AG2-2(IIB) KACC 401513} Rhizoctonia solani AG2-2(IV) KACC 4015118t A s & & ZAMSE 4
s A9} 2000ppm FEolM Asigo] 90% o4 EA elsTHIY 3.)
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AFY plD P (165 rivosomal RNA genel

Bacillus subtilis EGL

1) Bacillus subtilis strair XJ-PA-4 165 iihasomal RNA gene partlal sequence
Length=1441 Score = 2649 blts (1434}, Expect = 0.0
Identities = 143971441 {39%), Gaps = 1/1441 {0%; Strand=Plus/Plus

Pnylogenic tree 1

[~ Sa0nus neheniurmie

= Qacus veloesnie
Rarkns amgshg mefaciens
SS—— e —— s QULRIDY SULYES
i

L3 —

L

Nyslaotes Sybatiunons &id0)

Fig. Anlifungal activity of Bacitius subtitis EGL against (P)&ytérum uftimim KACC 2a0HS TS EG1

40705
[o] S| A O A~ = . 1 t]_] 2
[19 3-6] ¥ W] & 5% TFEY 4 T4
Rivzorsontn volani AG2-2 KACCADLSL
Sy Ritizoctania sutant AG2-2 KACCAG152
1w o o
900 fit - spm s
ﬂ P00 (A%1)
. e
s o - R
Oy
& 0 | wy - = S
S &0 feom S5 -
t 300 w500 § i
. 500
.é 0 $rr000 € 2000 ; RENE £ 2000
z ap _
= 500 & " Gaato 3 Gy
I F \ 100 .
"] wap 1 3500
4 b | ! 200 {
5 * 36000 |5 = §10n0
100 ' | & 2 1.n 100 | !
00 - = =8 52000 & 2000 w0 L] sroan oo
48 &6 S UG (Commus offlctngidts) € 3000
y ’ 4B 60 S 432G (Comm ufficnativ)
Yimethr) after (ncubation C AL {Clunosomnan covla ) Time(hr) after incubatlon € A {Cinaammim oy
G LA (Gyohita mrlensis)

G YBAGhyeyrenion urapmniiv)

(29 3-7] A" A9 AEZSE 93} Rhizoctonia solaniol] 3+ A& &
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3. A7 9 A3 (1) : 1RdE d72F (HZ 8 1F)

b R E 71eAH nAEY 84 g 2 AE Vs e B
O W44 FHolol 23t Myt HF Frre ESOo2RE ARuAE AMEEA 75 P
AES Y dden 1 545 24 & THE AR
O 71eEs] rAES] &

£ Zo]g 7)€l (colloidial chitin, 0.5 %) 7|42 3lodx EHNE FA e #& AP}
o, 2 7FdA 3 HEA FFol FAel 1 A FF NE EFEAeH, 165 rRNA
sequence® W w3t A3} 98%E Lysobacter enzymogenes 4= ATHLH 3

(29 3-1] 7198 71d =2 AL&3 vl A A L. enzymogeness F2UY T4 FH,
ymog

& BeAd S 249 A
O & Wa4d F%o] B49 5%

B 2|9 Lysobacter enzymogenes= 115, W, Q0] 5o ZEd LA Fo Wdde AFS
A7Ho 2 A FASHTHLE 3-2).

[2§ 3-2] Lysobacter enzymogenes®] ¥ T dH KACC 40414 (A), H Qe yuEd KACC
40101 (B), 1% 98 KACC 40483 (C), Q0] =a=24 KACC 40111 (D) ¥ T 473 A3
2§

Ea ol9e gE gEFold BEE FAdr] s Paper diskE& ARE-ske] Hike oA

ol
GolEe GEEely B4 S F2 YATE AdTe FASATHRE 33). wa
g-Z 3ol Edo| Phenyl acetic acid¥]& &3ttt
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[71¥ 3-3] Lysobacter enzymogenes2] 13 A KACC 40483 (A), 20 ZZE4H KACC
40111(B), EFtE AlE5H KACC 40527(C)ll A gxFolA E4d &4 &<l

O L. enzymogenes®] A XY E3] &4 =3

L. enzymogenes®] wjFAdoA HEFd LERE 1, 3, 5 7, 993 ARE AFHs}A ZHA
chitinase activity$} 314-glucanase activity ZA3¥tt. 2 ZAI chitinase activity, £
-14-glucanase activity= Ztz} 2.1 unit/ml, 1.75 unit/mlZ £ o 3L Hdgks EQHH
3-4).

chitinase activity unit/m1l

1dsy 3y Sday Tday 9day

glucanase activity nnit/m1

1day 3day Sday Tday 9y

[Z1Y 3-4] L. enzymogenes?] chitinase activity(A), £14-glucanase activity(B) 378

¢h 7144
O A¥AE: Lysobacter enzymogenes 2 2019 27 Ko viXe EHE Ak E7|
At NHL HAET L enzymogenes = IAAE AAFToZHN Qo]9 x7] ASE FI
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i faA j
| / 79,557 min !

"y besy

! ! i

I - b
, / 29508 min

\ e |5
\ - i |
CON L. enzymogenes . |

- [Ty Ei EuR FENSRSEE 7 T JI:-
- = " - 2 » v 4 »

[ 3-5] L. enzymogenes & 20] %7 M AFA(A), L. enzymogenes W WX F& F
HPLCZ IAA 44 2H91(B).

O ABHF: L. enzymogenes o mESHo) e WA BTE FASnA AHS A8 Y
. dHF HE F 99 A WERTY nFe FY VLS Bl L enzymogenesE A 2|3
p2olE gz 9T Mo Ut A5 FAE Rl e TAEIESES 3

o

AW HE F zbd B AYES FAF aHZE FAYFB)e 9L AIFE
72% G} L. enzymogenes ¥l X F(C)E 7% BT LA & AS 3ol FAHaY
3-7). =% Z} A+ 15 Perox1dase(POD) gL =gt 9EFS A 9Y
W T 7 POD AL 745 Unit g' FWoli L. enzymogenes ¥l *2]7+= 311 Unit
g' FWg =33ith2d 3-8).
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-a—B
100 i

80 -
60
40

Root mortality (%,

20

0 1 2 3 5 7 9

(29 3-7) &2 (B), L. enzymogenes ¥l (O Azl & 3139 Be] AILE.

%0 —B
B0+ wlpor O
g ot
&
T 600
b
2
B A0 b
g mt
100 |
0

Oday Lday Iday Siay Tday Oday

[29 3-8] A 2] (B), L. enzymogenes ¥} (C)e] A& & 13F9le] POD #A4.

gt Bu" 7|54 nAEe] 4 I 2 AF V54 Y E 2
O Az g8 A&7t A Frle] EYCZRE MY AE At A Z1EA vAdES
g ey 1 54 A 3t TS AT

O Aztd s vAE £

AR (1%)S T MAAN A e L 1x3Hez £ fHor 08% Ad} 5%
agar 18]a trichloroacetic acid® 3f3 wiX|oA v|AES Hl %3 B proteinase K&
standardZ 3}eid BAES ZFsel, Aol AY FI 329 PATL Y sgen 165
rRNA sepuence® H|n$t A3} Bacillus subtilis, Enterococcus sp 2 Bacillus megateriumS. 8 F

BEARAH2HE 39).

e

Bacillus subtilis Enterococcus sp. Bacillus megaterium

(29 39] At B8 B4 2 Ut 37K @7l 25t AP dear zone.

_.46_



¢
ofj
o M8
e o
ok
o,
oX
ol
i<
o
gk
%,
fo
N\
2,

ofy
o
(A

el 2o wAgel wTH PHTAFY Wy HAE AvAE
CER o] 339 MR EVE BoHe nTe #Y% A
AL FAY 571 YUK 3-11).

tlo
ol
X
)
o
bu
ok

Bacillus subtilis (B), Enterococcus sp (C) X Bacillus megaterium

wigel e o8

[2¥Y 3-11] AZFo] ZAFH EGAM @E]— B3| u)AE Bacillus subtilis(l), Enterococcus sp.(2)
2 Bacillus megaterlum( ) o A7t EvfEEE ] i WA an
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1060

800 | .
o
2 600
B y =-1192.5Ln(x) + 2273.5
g 400
g R*=0.6588
By -
B 200 .
0 —
=200 ¢ 2 # 6 8

gelatinolytic bacteria log CFU

(1% 3-12] EXF9] AR g D=st
F7p7} el s v &,

9000 [
8000 |
7000
6000
5000 y =-7019.8Ln(x) + 1479
4000 | R*=05274 o
3000
2000
1000 ->

0

J2/100 g soi

*

0 1 2 3 q 5 6 i 8
gelatinolytic bactera log CFU

(2% 3-18] B4 AtdEs rjdEe AT}
EFEY 2717559 2= e &

v AW WA &2 HAF

hH 7143

O AP ] AYE F3} Enterococcus sp 7 & AF Aol M F& A
ST AZd AeA 9P EY (Meloidogyne sp. 1320 J2/100 g soil) o] EvIEE
AN 105F AFPA A8 & AFUzAA A A AFA made BE3UY. o
23E 238, 4M3A(Cadusafos), Enterococcus sp + f718 % Enterococcus sp A& T
o AR E2REH B o §71583 1548 vAE GY XHETte EvtEY AsE FJT %
olel RYEMFo R HEL AFFHOZ RIFE FAF 7 AATHZE 3-14).

&

}_3_]
2=
&=

2

o

]_

o

=
7
4

O |o
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[Z8 3-14] FA&)(1), A4 ZFA](Cadusafos)(2), Enterococcus sp + 715

sp-(4) & M7t EvtES] HYBZAF WAl vAe &3t

W =49
@ 71eEsv 8 &S} Az}
A A9 20099749] &7t

(T
Hm
:01_'.‘4

A
) BT E AR 50 9 8 AR 49 VS AN A

(3) 2 Enterococcus
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4. QFAR 9 A () : 239= NPAF (RAE LF)

N
N
N
(.
™
:?&
=
o
i
Lo
4

e ¢ dd 84 2
E REgogRE Mgt sidds wets sl EYE AR 05% F2olE 7]
3 HIAE SN bR FHo e 48 F FAEE £ STk —ra].%l
B3\ 0BT} Fusarium oxysporum, Phytophthora capsici 2 Rhizoctonia solaniE Tt
A3 5ol 73 4L M Al12, A3, B3, A7Z YISt BEE dFEL
T% chitinaseE AAPOH(E 2-1, 1Y 2-1), A129} A3%= F. oxysporum, P. capsici R R.
solani&, B3E P. capsici®} R. solanis, 28] A7L& R solani& A|3ATt (F 4-1, 19 4-1).

U L)

[E 41] 228 A12, A3, B3 2 A7 F59] 3 2o ¥4 % B A4

plsk

°Antifungal activity

Strain . ®Chitinase
Fusarium oxysporum  Phytophthora capsici ~ Rhizoctonia solani

Strain A12 00O 000 O O
Strain A3 O O A 0
Strain B3 - O 0 O
Strain A7 - - 000 O

*ar g Bgo] Aol ulokg (MBI A 05cm ol O: & FFo| Fdo] FF (A A 05~1cm)
00: 3 o] Ao BT (AsAZ 1~2 em); COO: & FFo| Aol vi$ AF (AsA=] 2em o)
® Chitinase GC: @4o] 7% (FHH 2 cm ©14); 4 FAdo] g (F¥d] 2 cm o3}

—— Al2

Chitinase activity (units/m
)

I 2 3 4 5 6 fl
Period of incubation (days)

(13 4-1] 285" A12, A3, B3 @ A7 TF 2 AJ7to] wh& chitinase &4 2] W3}

__50_



(29 4-2] 81" Al12, A3, B3 ¥ A7 FF7} F. oxisporum, P. capsici R R. solani®] TAAE A
Asfel A= 9EF

"B

229 Al12, A7, A3, B3, Burkholderia sp. MPC-7 ¥ Trichoderma asperellum 55 ©]-4-3] P&
AAE HE o F ol

. Burkholderia sp. MPC-79] 1.3 9% A4 &3 HF
(1) Burkholderia sp. MPC-7 & &g
Zzolg 7)€ 9 hydroxyapatites 3t oM EHUNE FAste YES B3N e
B (719 43) o] MBS AASHE chinase T BEY AVEHNFS ZASNAT (2 44)
o] mAEL 1 HHEA F 165 rRNA F7|ME B4 23lS Burkholderia sp. 2 &4 ¥
Ao Burkholderia sp. MPC-70]2}a. ™43} T

[18 4-3] 0.25% E20o]g 7|8, 0.5% glucose @ 02% hydroxyapatite & &3t x|l X Burkholderia
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sp. MPC-7¢] &

ol
R
o2t
o

450

pH

i

300

. 5 e L5
. q 150
0.02 .

3 pa . 75
0 ¢ —e—pH %— P concentration
T \ [

] 2 3 4 5 6 7

Days after incubation

Chitinase activity (unit/ml)
E
P concentration (ppm)

o I 2 3 4 3
Days after incubation

(2% 4-4] 05% F2o|d 7|8, 2% glucose X 0.4% hydroxyapatiteZ 73 v A|ol| A Burkholderia sp.
MPC-79] chitinase?] AJ4(&) 2 pHS} A4Esx9] wWsh(9).

(2) Burkholderia sp. MPC-7¢] & Fo] &4 2 HEJFEY A4

Burkholderia sp. MPC-7 & o9 71€lo] ¥f-¥ PDA uR| X Rozhoctonia solani, Phytophthora
capsici B Fusarium oxysporums} thx) wl¥3 An A7) 3 Fo] HAdTe 4P EAHOE AATE T
ol &tz 4-5). Burkholderia sp. MPC-7 15 L MB ul#] (04%2] hydroxyapatite, 0.5%2]
colloidal chitin ¥ 2%2]glucose)oll 4] wiekslel YAEESH & pH 3= Z A3l A ethyl
acetateZ 33 ¥ AYFZ7|2 2470 ¥ vzl &8 AlAA Sephadex LH-20 3 o
2 AA sgen GC/EIMS 2 EA% A3} benzoic acid, phenylacetic acid H
4-hydroxyphenylacetate methyl ester & 4TS AT F7} UATh EF 2a " A 3 29 HE
33r2e 129 HQ Phytophthora capsici®] TAIE A FE #¥A BES Tt FASAHIH
2-6).

[21® 4-5] Burkholderia sp. MPC-7¢] R. solani, P. capsici R F. oxysporum®] gAtell o 74 As) &3}
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|
P\
'|_“\\". "I
.\ '.\‘.
i3 ™ 7
A e
4 W™
A
c Ccl
T o "
A y.
& o
3 ; o,
p e . .
3 d 7 > oy ¥ -r(
‘_'-T\ L - | e,
i F. 1 b -
85 i - #
L=F 0 it o]

c2
[21% 4-6] Burkholderia sp. MPC-70. 2 %8 B89 w53 ¢Ee 139 P. capsici TAL] th 93
53 G 2T (20 I 50% MeOH 2]) Cl: benzoic acid (250ppm) C2: phenylacetic acid (250ppm)
C3: 4-hydroxyphenylacetate methyl ester (250ppm) *}].

Cc3

(3) Burkholderia sp. MPC-79] &4 HAF
NEA 2P U)WE Burkholderia sp. MPC-70] AAse HEIFFELS TEEE 59 A
T 2 Fgold 4AL JAFE FA e ot AREL o] PlHES] H=W JAlA
ZH 9 7hsdE A FgFU

[E 4-2] Burkholderia sp. MPC-77} Buldh= #HE3}%E benzoic acid (Cl): phenylacetic acid (C2) R
4-hydroxyphenylacetate methyl ester(C3) o 3 4.

Inhibition (Clear zone, mm )*

- . ' C1 C2 C3 Cl 2 C3 Cl C2 C3
icroorganisms

----- Ol_mg--'"----O.ZSmg------------05mg-----
Agrobacterium tumefaciens 9.2+0.2 8.7+0.2 nd 11.7£0.2 10.8+0.2 nd 15.2+0.2 15.3+0.2 nd
Bacillus subtilis 7.240.2 7.240.2 nd 10.3+0.2 9.7+0.3 nd 14.2+0.2 13.0£0.3 nd
Clavibacter michiganensis 5 5,03 73403 nd 117402 112£02  nd 15302 148:02 nd
sub sp. michiganensis
Escherichia coli 7.2£0.2 7.5+0.3 nd 9.840.2 10.3+0.2 6.8+0.2 13.7+0.2 15.7+0.3 8.2+0.2
Micrococcus luteus 75403 7.240.2 9.3%0.3 9.7+0.2 8.3£0.2 12.0+0.3 11.2+0.2 11.0+0.3 15.0+0.3
Pseudomonas aeruginosa  7.7£0.2 7.3£0.3 nd 9.8+0.2 9.8+0.2 nd 12.5+0.3 12.3£0.2 nd
’I’“"d"’”""‘” syringae 73402 73402 nd 102402 9.8+02  nd 127402 13.2£02  nd
achrymans
Staphylococcus aureus 8.3+0.2 7.3+0.2 nd 10.7+0.2 9.3£0.2 nd 13.0+0.3 12.3+0.2 nd
Staphylococcus epidermidis  8.2£0.2 8.2+0.2 nd 9.740.2 9.8+0.2 nd 13.5+0.3 12.8+0.2 nd
Xanthomoas campestris pv. g g.03 80403 nd 115403 11.0402 nd  17.3%0.3 162402 nd

Vesicatoria

*RE e Hoog Uud (2 24
§6 mm HolHt2za F HFH HEHFEY] AXHF (ng)
toggdgAol HolA ¥
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[¥ 4-3] Burkholderia sp. MPC-77} ¥-u]3le #HE3}8E benzoic acid (Cl): phenylacetic acid (C2) 3
4-hydroxyphenylacetate methyl ester (C3)2] & TFo] &4l

Inhibition ratio*

Fungi Cl C2 c3 i Cl Cc2 c3 : Cl C2 C3
--- 100 ppm ----  ------ 250 ppm -—-—---  —=meee 500 ppm -----
Alternaria brossicicola nd - nd - - s + + -
Botrytis cinerea nd - - + - - S + +
Colletotrichum coccodes — e nd - - - - + -
Chaetomium globosum nd nd nd — -— nd - == nd
Didymella bryoniae - + - + + - e + -
Fusarium oxysporum f. sp gladioli — - nd - -- nd +++ + -
Fusarium oxysporum f. sp melonis ---  nd nd -- --- nd + - nd
Fusarium oxysporum . sp lycopesici nd nd nd - - nd - - ---
Penicillium expansum nd nd nd — nd nd - .. nd
Phytophthora capsici + -- - +++ +4++ -- +++ +++ -
Pythium aphanidermatum + + nd +++ ++ nd +++ +++ -
Rhizoctonia solani AG-1(KACC 40111) nd nd nd + + nd - +++ +
Rhizoctonia solani AG-1(KACC 40101) - - nd + + -— +++ ++ +
Rhizoctonia solani AG-2-2 - nd nd e - - + + +
Stemphylium vesicarium —_— - nd - - nd + + -
Trichoderma atroviride - nd nd - - nd i + ---
Trichoderma harzianum -  nd nd - = = + + -

* FleEetEe] ¥52 747 100, 250, 500 ppmo. 2 dod AP Th

nd (not detected)i= 5% ©]&te] A5 S Bole A, ()& 594 15%9 AT, ()& 1544 30%
o A, ()& 30914 45%9 A%, ()& 45914 60%S] AT, (V)& 60914 80%e HA%,
(++)E 804 100%9 HA%S, 23 (++H)E 100% HAE.

(4) Burkholderia sp. MPC-79] 113 Sxo] tist JA| &3

Burkholderia sp. MPC-78] 1% wl@o] ] &35 #AF3ux TEA offt Zeo] A
ATE Urz AFE AAEET G MB H{A] (04%9] hydroxyapatite, 05%<] colloidal
chitin ¥ 2%%jglucose & /) *al; P: MB ¥jA] + P. capsici A|2]; B. MB vl R ofl A " FSH
Burkholderia sp. MPC-7¢] wjeke} 2}, BP: MB wj =]l A o}l Burkholderia sp. MPC-7 + P,
capsici. A& A3} Burkholderia sp. MPC-7 & 3139 MRS 2 Bl ol (¥ 44) ¥
due ERHO T oA ¥ & ASS FASAT (2 47). BF o] H|AES HE EGT
o] chitinase®] AL Z7} AH FU21 root mortalitys 7+a AlFTH (2 4-8, 4-9). MB
H R oA HlekE wAEZ HIE 1Fe AR 2 AEF9 PR-protein R lignification
related enzymeg thZTo] wls] Wist FHo PR Art nFgHE JANUSS &
2 9t (2 4-10, 411, 412, 4-13),
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BP

B
[2% 4-7] C (MB ¥jx)); P (MB uj %] + P. capsici)*|2); B (MPC- HjoFey); BP (MPC-7 HHOM +

P. capsici)®] A7t HEAFT GHAA A Pl

[2% 48] C (MB Hjx)); P

1A

0.9

0.8

Soil chitinase activity (g / dry soil)

0.6 -

0.7 -

Ak HAF P capcisi®] HE 99 T 1

g 2o |
S
[
|
H
—H

Days after inoculation

(MB W} x| + P, capsici)x]€l; B (MPC-7 uj%l); BP (MPC-7 wjFey +

P. capsici)®] )7} E%¥ chitinase Ha}e] v|X= F& P. capcisic 04 HF

[E 44] B9T AT 9%

ATl W AEA 2%, 45 €94 R AT Ael.C (MB HjA);

P (MB ®JA] + P. capsici)x|g; B (MPC-7 uj¥); BP (MPC-7 v %j + P. capsici)

i 2% T HE AR ZE AR A S
AT (cmg)- ?i;; (ﬁ:mzj1 “ o—|(-g)§ e ]3}—1(-g)§ =
C 37.56 29 716.73 15.87 2.02
P 36.43 27 476.47 12.23 1.66
B 43.28 33 778.08 17.98 2.23
BP 40.08 31 734.71 16.45 192
LSD (%) 1.51 1.85 254 0.94 0.54
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100

e 801 —cC »—P 4«—B BP {
Qo j. |
~ /
£ w /
] #
- /
: /
~- 40 ;;(-/’
: A
B 20 =
g r
Y, RCUSN—. A 3 =
s . w3
o= ——— e o
0 1 3 5 7 9

Days after infection

(2% 49] C (MB #j=)); P (MB #}#] + P. capsici)®2]; B (MPC-7 uj%kel); BP (MPC7 wjoke] +
P. capsici)®) 2} 7} root mortalitye] Wate] W X|= FF. P. aapeisie 04 HF

40

120 -
I /;\ %

= -[/ T T w Y

3 f ; : \

) e g g :

S, . o l _x_- —— \H 2 60 {
F W I, ——C % P 4~ B BP
. . pi BP 40 — —— =

204 h PR n | 3 5 | |

0 ! 2 ; ’ '

Days after infection Days after infection

[ 4-10] C (MB ®jA)); P (MB #j#] + P. capsici)x|2]; B (MPC-7 ujgey); BP (MPC-7 v oFey +
P. capsici)®}] g]7} B-13-glucanase &/4<] Wslo] v & F&. P oapcisi= 0ol A=

(3 A, S A5,

50 -
60 F $ ;
3_ 40 % = f' 2l — -
= bk —.
g 50 w0 i T ]: oz T
= = ] L
S E .[
£ e 30 I
2 40
——C x—P 4—B BP
20 A= — — —
30 2 - 0 1 3 5 7 9
0 | 3 5 7 9

Days after infection

Days after infection

[2% 4-11] C(MBH]R)); P(MBH| A +P. capsici)*] 2]; B(MPC-7H]%); BP(MPC-7H} FB+P. capsici)]
e} 7} chitinase@ A o] Wslel] )X QG P. apdsic 099 HE(EF: A3H, % AsHR).
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=

3 / = | &

s ot g e I“‘" : N ]I: —E—

3 AT S 3 ~———
E F %

3 L I

BP

] 1 3 5 7 L] 05

Days after infection Day afier infection

(719 4-12] C (MB HIR]); P (MB ®}R] + P, capsici)x)&]; B (MPC7 ®j¥<}); BP (MPC-7 Wiy +
P. capsici)®] g7} PAL 849 W vX= Y& P. apcisic 04 HF
(3 AR, S A5,

800
§ 210 { g
= AT 50 750 i\ I
2190 = o
= el 5 B =
] -
e ) 700 L I f‘a\ T
z 170 E- S
2 = b )
& 150 f N L
8 ——C w- P x—B BP 2 ——C —a P -~ B BP
&
130 600
0 | 3 5 7 9 ] 1 3 5 T 9
Days after infection Days after infection

[2¥ 4-13] C (MB #}X)); P (MB ®jA] + P. capsici)*]2]; B (MPC-7 ¥|%d); BP (MPC-7 vjFj +
P. capsici)®] #g]7} POD &4J¢] W3l v|Xe F&. P capcisic 0¥ HF
& AR, § AR,

(5) Bacillus megaterium 2] & AF Y HF

Agle B3 BEAFL 7MA de VAE Bacillus megateriumE o|&3tA & HF #A
AZ &tk HAYE WA 1% ADE F7isted wiAE =4S F B. megaterium < 3
3ta] 27°ColAM 54z wigstgch v EY HYZAF G dF WA ARE 24 317 4
] Ao 79H ErtE BE sj3o] MojM & (1% pectinase Z cellulase &9 =
A3t £F3 & streptomycin surfate S 05% FFOE H7h) o AATch 24 A1 F FHF
o)A oA GRS BHdY AFEL AT PAE wgdY HPe FHZLAS M
incognita® FAL TFSFOH (Y 414), €9 F3E JAtE (2H¥ 415 Hr|E BES
53ty &3t A

ohd m[o

o

[1¥ 4-14] B. megaterzum«] 2%1]7]- E]I"—/‘ﬂ oA iyt o3 a3t
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R AN E FEEAA cAHZEA  F LEA
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(A3 : 3,309m?)

T 5 A& £+
718l B 125kg 716l B3 vAE 4
PR 750kg A3 HE IH
g4 A dergt 8 Roll A 2 A
7 4 box Je2gr nA H
wE R, IUE, oleret YA 500ml AR oA
A2 A P EEE IR 250kg A&E3 G (E A A)
A2 = 10Y 0 E 500ml ARE A A WA
J2 F 259 7] €l B-&f ] A = 1,0002] €} e - s
A2 & 309 oFQl4t 208] € A ot
A4 F 359 AUx 500ml A9 E FAA FA
32 T 40Y 7) €l 2 3 v] A & 1,0002) €] AEE7 8 o9y 4w
A2 ¥ 439 2 500ml AGE HAYA] A
A2 T 459 vlo] © ~ gt 1,000ml |
A2 % 489 7] el B g u| A B, o}elAbY 1,0002] €] AgEx 4 99 oW
A4 F 554 ulo] @ A3k 1,000ml I WA
A ¥ 589 7 & R Y&, o}t 1,0002] € AEER 2 A9 o
H4 & 659 FeRasd 54 1kg SAY oo F WA
R T 704 o) o] & 500ml el fF dAA A
A2 T 759 TR U A E, ofel i 1,0002) e e e
A4 & 809 shitg, TAE 500ml %“H%‘J%Zg%glﬁ*@@ xﬂ“c} A
A = 90 o} u}E} 500ml gy 5 B A
A2 1009 T} 9] 44 200ml 284 £
A4 & 1104 FREH A E, oFAS 1,0002] & e R T -
22 % 1202 o 9 200ml B £
Q.=
24 % 1309 dite, TAE 500ml Sl S
A4 31409 718 o n| A B, o}l Aty 1,0002) ¥ AEEZ 5 9y dW
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VI. SUMMARY

Title : Microbial analysis of environment-friendly agricultural agents and application of

useful microbes

More numbers of CFU were observed in conventional field soil than environment-friendly
field soil. In case of endophytic bacteria, a greater number of CFU was observed in
conventional fields than environment-friendly fields. Soil bacteria in fields with wilt
symptoms were in the range of 10° CFU/g, and endophytic bacteria 10 CFU/g,
respectively, Endophytic bacteria in plant roots were highest in numbers, followed by
leaves and stems.

From the analysis of the 16S rRNA genes, the bacterial isolates were assigned to Bacillus
sp. (51 strains), Microbacterium sp. (7 strains), Streptomyces sp. (10 strains) and 13 other
genera. Proteobacteria included 7 genera, Firmicutes 4, and Actinobacteria 5. Eleven strains
belonged to Proteobacteria, 51 strains to Firmicutes and 23 strains to Actinobacteria,
respectively.

Among 290 strains isolated from soil and chili pepper plants, strains exhibiting
antagonistic activities against pepper anthracnose were screened. Eight strains in total were
selected, 7 among them were from soil and 1 from the pepper root. The root isolate
showed better antagonistic activity than soil isolates.

From the T-RFLP results, no significant differences in the T-RFLP profiles were observed
between environment friendly and other cultivation fields. In case of the DGGE analysis,
only minor differences were detected between environment friendly and other cultivation
fields.

In all practices no significant differences in bacterial and fungal compositions could be
observed among control, conventional and environment friendly fields. Variance was observed
in environment friendly field, whereas similar compositions were found in control and
conventional fields. Meanwhile, in the case of leaf samples, bacteria and fungi that could not
find no significant differences of bacterial and fungal compositions could be observed.

The density of active microbial agent Bacillus spp. did not increase in the first two months,
but consistently increased in the third month in environment friendly field, In contrast, no
differences were found between environment friendly field and other fields in leaf samples.
Thus it is advised to treat with biocontrol agents each month for 3 times to soil. In case of
applying to leaves, the density and frequency would have to be increased.

The density of F. oxysporum was lowered in the nature friendly fields, and those of A.
alternata, C. gloeosporioides and S. sclerotiorum were in some nature friendly fields. In contrast,
the density of R. solani was lowered only in conventional fields. The biocontrol agent Bl did
not significantly change in the density of plant pathogenic fungi except for F. oxysporum. The

above results indicate that the biocontrol agents have effects on selected plant pathogens.



In case of Garland chrysanthemum, the community size of soil bacteria in the nature friendly
field was similar to that of conventional field, but in case of lettuce, differences were found
between the two. In the organic cultivation, bacterial communities varied in the Chinese
cabbage and bok choy leaves. In the case of roots, similar profiles could be observed
between Chinese cabbage and bok choy. The bacterial communities in soil samples also
varied, and there was no clear differences between Chinese cabbage and bok choy.

Using the selected antagonistic microorganism, Bacillus subtilis strain 7-011, Chengyang
pepper seeds were coated. The dried seeds were then kept in the dessicater. As a result, the
initial coating of seed density was 10° cfu/seed, which was dropped to 10° cfu/seed after
preservation for 3 weeks. The density in the sprouting seed rhizosphere was also at 10°
cfu/seed. The same density of coat and rhizosphere was maintained after 6 weeks.

The stability of the commercially marketed biocontrol products were checked over a period
of three months. As a result, the bacterial concentrations were kept above than the marked

concentrations during the period in most cases.
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) S ST ShaT 28 Al S S LR SEE e
SepgEer 5 FAPte B AA 4FEe MHRS 37 Aoz AXs A4

=0
ARE 92 A0 AGAAD G0l nh FUES BT % was) Fadel 42Hw 3

lEe ¥ A% 23 5 A pep 1R REo] JbsE 44 9EE BE
A $EEAT Aoz BAND Yos, BARY BAH A £ A wok A
oA ARe B Fol8 D4R O Susel SESIAT AT It
4z 47 t2o] nj4RALY BE Y A4S AFHoR FHHD Yon, $H9 I
Solx ulgEe AUl Be AL Jgoln Utk Fhel A WA, B, #2 5
3 2e mfel AES HReG T BAAA AT AE ALE TITID o)A
S wo] H ool Ax Uk (FAZHBATEIENLAGE, vpo] L2 A,
FAATAIAGAHE NGAE F).

o

NARe AE, ¥, 9% 87 5 oS ToplM nxsirkA] FEel vbed d4 ¥s
2 18§ kA B3R Aoz ¥ }5]1 gov, FAAA 7HA] E=F vl got Al
A ZdmdAe A=Y YL E8 ?5H5’4-4 AE AA7A FRIQ olE FFIIH L

=3t givt.

HAE AdY BE L B
dAE AYe 1 AMIAE 4FF AR A A} e Aoz FeiA e,
ez FIMEREAET} 2435 dE A9 2% sHHE o 89 Ao AAE AA

= Aoz FA¥T)
F2AEAL 19500 PIAEAYed S 295t dA7A AT, %), MR T
FEUIAE FAAY 1T 9Ho He Q}is}ﬂ HESL on, A7 3HY ods A,
ARA, T2 Fol Bt AHFTE A HEel EEst 3l

T EF 44 tAES Iyl vAE Ades RE FE3) Astd @A7A 1149

DAL Y7 78S tAE $AAY BE|BoE AF, LI AFF EF vA
B A9e Ben gon, v, ¥, 4B 3 AAHY A AL 24 AFE §
ated 399 #& FlAEAY FRAE P21
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AEALE AF FA5 DINE BAFE 2020977 3UR FEAA w23, AW 5
g AN, DRI Y AEe 9% Az TR Y5 Aotk

2. 78 7leid A%

7} BB E AA AT

1) FAEAAE G okl e A8 AL Fol7] A A8 gloH Be FFe
oA Eo] A¢stE el u} (Paulitz &, 2001; Fravel, 2005 Haas 5, 2005). 25 {44 vl
AE A BAL HAE PAES HF3te AL W$ Fasth (Yin 5, 2003; Mazzola,
2004; Borneman -, 2007).

@) BA 87 W AE £ dES Foste 2 94 AW 2 vl TLE A=
Aot} (McSpadden Gardener %, 2001; Whipps, 2001; Bankhead, 2004; Berg &, 2005).

@) TlAEY 2L AEHH, 47 a7 P BEL spA: JlenE, PdES
HAo] AE3 o]Fo] ol EFL motstm AEHA AYE GFE Betste o] WAE
AA e EFHE gaste o Yol FLF Aol Hi o

©

B8R W WAE BYTe

(1) RAPD @ 21A|zF PCR 5 PCRel| 7]ubg EX8 &S 71 EL 4719 5485 A3
© 8937 o451 (Schena &, 2002; Joshi %5, 2006; Pujol %, 2006; Larena -, 2009),
71 % T-RFLPE vAE #J9 % 39 2 fAE AA 5F& d7ste b o T8
A o] €% 7]Ho|dth (Bankhead %, 2004; Benitez &, 2007, 2009).

(2) Terminal restriction fragment length polymorphism (T-RFLP) #4¥2 HjF W &<

n A2 thrAS FAMSE EAQ W suolth (Liu B, 1997). T-RF dole Ao

7} 16S rDNAY] 9714 ¥ th84dg vehf7] b#o] T-RF profiled ZAtstd] wAE &

A 2L FoF 4 Yty (Wang 5, 2004; Edel-Hermaan <5, 2004; Culman %, 2008).

T-RFe AZHQ A7 A AAST glo] vlAES 7 24 2Aete del= A7

3t} (Blackwood %, 2003; Castro %, 2005; Jernberg 5, 2005; Sanchez 5, 2006).
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el WlE B4 S
WA 2e 2 24 BAEH 23L& ¥9 4% F 19, 27, P 22 YA
& 23E Aghvte AT £ < 29
X i . W Fae tx|ujde 23 Z|C. gloeosporioideso] ZIH &
BREA HE BEEY Ny vy vy Holt w79 AlEe AU
087 EAAY HQAESH (AR A&E nBE AA W PlEFe AAd s CFU 4
o7} AE BA 2 DGGE #4
T-RFLPE o] &3] 13 3
A7 AR e 23 (Rt Wy @ PCR o1& (A 18F AR Alm
7] Blm B4 3
&1 A3 Azl Ao = H2¢ PAE AR &
ﬁo ngEe] AHeH “lujwjorsts W 2@ PCR o]& |Al vlAE<e T-RFLP Profile
25 2 A% 24}
Specific primerE ©]-&3 F
Hede WUx A} PCR o]¢ = 2 Real-Time PCR ¥
T-RFLPE A% &4
o 3 2 8 ExRY  Fol: /8
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2. A7AE 3 A%
- A= A

Age] Aed EF B 4 AsE ZAUNERE nF dHd EQA A ¥ R
=g A gye JAEA nF: AWAZ Ry dAon 2008dRE 2010870 HE 585
B 8¥7A ¢ Aoz AHHTh £ olES wlm A & FAHTS W
A ARE BA AFHSAS

a

- e 28 2 WY

Mool =A 9l WS Bate 187 AuAY vAE BFdS dotny] HAsM BF RS
o) &3t AT}. TS Tl ES Rty el HEe A9 He A gt A B A
2522 vAES Reste PH ofde 2o

- AHE EGANE 1ge EHFY Ringer §9 (NaCl 225g, KCl 0105g, CaClz 0.12g,
NaHCOs 0.05g / 84 1) 31 Hl&e &9 9ml of 4o} declA 30% Bt artststh
wuk & 107 74x] A% 3 Astgon] oforgHulA] (Beef extract 3g, peptone Sg, agar 15g /
2282 1L), tryptic soy B (Pancreatlc digest of casein 15g, papaic digest of soybean 5g,
sodium chloride 5g, agar 15g / %% 1L) ©l 10° - 107 744 Z+7zF 0.1ml & 3ul4 =T3S
o, A7 AAE Yl AT A A 01 cyclohex1m1de9‘r nystating H&¥5E 50ug/ml & FH7t
stgich mAEA S HF pHE EUGA 2 pHE st 652 A3 ©l& 30°CellA 1 -
7 A7 wleketgeh 1 - 7 47 Wl & /&E-Fﬁ—,—(colony forming units, CFU)E 4331 ,
el Helg melste] thard Yot Adstanh AEE JAFEe S Ao A o
A 30°CelM 1 - 7 Y43t wiFStAT ‘Er?—-l%ﬂ@}«l FAAE ) 9 JRE FlskilL, 20% =4
2 g9 o] 70°Cel M Hystirh

RE ’ﬂtﬂ% %-8— J_iﬂ al A g uf Rl A 1 - 7 43F wjFste] Genomic DNA prep kit
for Bacteria (Soldent, ¥=})E& Al&-3t gDNAE —%—%é}oiotﬂ gl S AAsE FAAAM
PCI (phenol /chloroform /isoamly alcohol, 25:24: NE F7HH 2 28ttt DNAS] =79}
EerE 1X TAE &3%9Ho] 1% agarose gels o]l 100VelAr A7|PEES 3 EtBr
(ethidium bromide)2 J43 F UV 2ALZ F<) stk =23 DNAE -20°ColA B3t

- 165 rDNA ZZ2 my-cycler (BIO-RAD, vl)E o] &35, B0 AL8-% HHEEES
% ¥»%7} 04 pmolo] g =2 primer 27F (5 - AGA GTT TGA TCM TGG CTC AG -3)9}
1492R (5" - GGY TAC CIT GIT ACG ACT T -3), 02mM dNTP mix, 10X reaction bulffer,
1.25 unit EX Tag DNA polymerase (TaKaRa, ¥&), 25ng/ul template DNAEZ H7}ste] #HF
volume< 50ul® PCRE #d}¢th PCR 271& 95°CellA 183t denaturing, 55°Col| A 40x7
annealing, Z12}1 72°Col|A 1&3F extenting®] ©2 30cycle$ Z3)slgct. %7] denaturing &
95°Cel| A 3%, HFE extentiond 72°Coll A} 1082}, cooling 2= 4°C& 3l th PCR AHEL 1X
TAE buffero] 2% agarose gelg ©o]&3te] 100Vl A A7)9%E sl1 EtBr (ethidium bromide)
2 g3 T UV ZALE Felet) Size markers 100bp DNA ladder (Bioneer, 3t=)& AH&

_5_



st

- PCR AFE-& Wizard SV Gel and PCR Clean up system (Promega, ®|=)2 AR&3te] HA|g
2o ztzte] PCR whgol] Ab43k U3 primerz AA] @714 <E #4& Macrogeno] 253
=2

- Arlqde AL AARAYL A3 PCR AEZREH 9& Q7|4 ¥g PHYDIT version 3.1
(http:/ / plaza.sunac.kr/ ~jchun/phydit)< Abe-sle] APt B3 F NCBI (National Center
for Biotechnology Information)2] BLAST ZA¥}¢} 165 rDNA DatabaseE o] &3}y B4t

- T-RFLP £+
2 873 AA AdTol ALE TANAEY RS AE U4 Az WEH
WEEdel A48 FFe BSe E 113 Yo

- B 2 g ARz 2y A4 DNAE 2zt FastDNA Spin Kit for Soil (MP Biomedicals,
LLC, France)# Hot CTABHS o]&3le] B3 # dut Adas Ad % HeA 277l
st T-RFLP primer (¥ 1-2,13) 2 PCRE <3 sttt PCR whg-94e]l ZAL  AccuPower
PCR PreMix (Bioneer, Korea)& o] &3t] Zz} 19 primer (10 pmol/ut) ¢+ 25 nge]
template DNAS  7}sf & 50 wo] HEZF F433Ao. PCR 2o Z7H& 95T 5 min,
(90°C 30 sec, 55C 30 sec, 72°C 1 min) x 32, 72°C 10 min & 39 o}

- o]o}d HE PCR AMES Agas Hwloz 4A70% HEd F Folx T-RFLP Profiles
Eg SPSS Zzawdg olfdtd tEysEAYes Z Agz udE AATY Aol
v matgch olW 50 bp o]4# 500 bp FIwre] peakEW AwWIHHoM I A HAT 1
bpZ 3T

[ 1] & Age] AeF TF

) ) T-RFLP profile | &4 AA
Strain No. Species (bp + 1) 8T

L1 Bacillus sp. - Bl
L2 Bacillus subtilis 327 B2
CAP-01 Bacillus sublilis 327 B3
KACC 42131 | Alternaria alternata 346 =
KACC 40003 | Colletotrichum gloeosporioides 171 =
KACC 40113 | Fusarium oxysporum 329 -
KACC 41065 | Rhizoctonia solani 390 -
KACC 40476 | Sclerotinia sclerotiorum 332 -




[¥ 1-2] T-RFLP] ©]-&% PCR Primer

Target . .
Primer Dye Primer sequences (5'-3')
gene
Bacteria 799f 5'FAM |5 -AAC MGG ATT AGA TAC CCK G-3'
16S rDNA 1492r = 5'-GGY TAC CTT GTT ACG ACT T-3
ITS1f 5'HEX |5 -CTT GGT CAT TTA GAG GAA GTA A-%
Fungal ITS
ITS4r = 5'-TCC TCC GCT TAT TGA TAT GC-3’

[E 1-3] HeX A7E AE3H7] A% PCR Primer

Pathogen Target | Primer sequences (5'-3') Amplicon
gene Size(bp)

Sclerotinia sclerotiorum ITS SSFWD (GCT GCT CTT CGG GGC CTT GTA TGC) 278
SSREV (TGA CAT GGA CTC AAT ACC AAG CTG)

Colletotrichum ITS Cglnt (GGC CTC CCG CCT CCG GGC GG) 450

gloeosporioides ITS4 (TCC TCC GCT TAT TGA TAT GC)

Fusarium oxysporum ITS FOF1 (ACA TAC CAC TTG TTG CCT CG) 340
FOR1 (CGC CAA TCA ATT TGA GGA ACG)

Phytophthora capsict ITS CAPFW (TTT AGT TGG GGG TCT TGT ACC) 595
CAPRV2 (TAC GGT TCA CCA GCC CAT CA)

Rhizoctonia solani ITS ST-RS1 (AGT GTT ATG CTT GGT TCC ACT) 180
1TS4 (TCC TCC GCT TAT TGA TAT GOC)

Alternaria alternata ITS AAF2 (TGC AAT CAG CGT CAG TAA CAA AT) 340
AAR3 (ATG GAT GCT AGA CCT TTG CTG AT)

Fungal rRNA LSU 25-285 | LR3R (GTC TTG AAA CAC GGA CC) 310

LSU LR5 (TCC TGA GGG AAA CTT CG)

7b W FE T B W A 24

1) EF 8 & WA AT A 573

EF ATY A$ 69 N8 TSA wiXE AT 59 B 68 AH FY AW B ATA
AW EF BT ok Be £ ZEE Yo (F 211). FE WAATY AelMz 68
AH ANEe RE WA FAME @Y AN A8 Aung g o d=S 4FT F
AR (F 2-2).



[E 21] 2% A EFo2RE dojn EFATY UE

o3 Al E9F (x10° CFU/g) | %

37 Qe EY (x10° CFU/g)
Month
NA TSA ISPII NA TSA ISPII
5 18.3 4+ 8.7|21.9 + 6.0{14.3 + 4.6/15.3 £ 4.5(11.7 £ 4.7| 6.7 £ 2.1
6 90+106/27+12|80+6.2]07+06[50+53[3.7+1.5
i 30+26[20+£1.0]/07+06 - - -
[E 22] 2% A8 2o 2RE dojz YAaATY B
3 A 2 (x10° CFU/g) 287 Al U (x10° CFU/g)
Month
NA TSA ISPII NA TSA ISPII
5

18.3 £ 8.7(21.9 £ 6.0{14.3 £ 4.6 -

6 97+32(33+25|50%£36[03x06[03x0.6
7 1.3 +£23(4.7+8.1 0

0

@8 AWl =7 (x10° CFU/g) | 874 Au) =7] (x10° CFU/R)
Month

NA TSA [SPII NA TSA ISPII
7 73+£25]|93%x74]30xt44 =

9 AW ®el (<10° CFU/@) | 287 A %8l (x10° CFU/g) |

Month
NA TSA ISPII NA TSA ISPII
69.3 £ 63.0 £
7 30.7 £ 0.6 = = =
11.1 21.7

9 79 B AN AESH F4E Hold AEAY EFAT F &, E71 P
WA T 95 zAElET 1 A BT 10° CFU/g 22 #FHAD WA TS
a8 YA Fe 100 CFU/ge JYeiddch aein 484 398 WA d=e a7t
A Bger a2 ggeg 9, £V €22 YERT



(¥ 2-3] B AA AELW B4 15 EF R AT E=

®9 (x10°% CFU/g) 9] (x10? CFU/g)

Month
NA TSA ISPII NA TSA ISPII

7 77.0 £ 21.0{70.7 £ 30.7[ 31.7 £ 9.1 | 0.3 £ 0.6 [23.7 £ 12.9) 0.3 £ 0.6

Z7] (x10* CFU/g) wal (x10° CFU/g)
Month
NA TSA ISPl NA TSA ISPII
i 07+06 | 03+06 | 03+06 |357+6.0(58.0+17.4|16.3 £3.2

o
o

@ wAEe B, WY L By A
A8 AR Egeld B AR 165 RNA Hdx #AL ol8d ¥ 4

=

}/\

o

Bacillus sp. 515, Paenibacillus sp. 3, Pseudomonas sp. 25, Microbacterium sp. 73, Arthrobacter
sp. 43, Pseudoxanthomonas sp. 33, Sinorhizobium sp. 15, Ensifer sp. 225, Shinella sp. 15,
Sphingopyxis sp. 15, Sphingosinicella sp. 15, Agromyces sp. 15, Rhodococcus sp. 155, Bacillaceae
sp. 13, Brevibacillus sp. 15. Streptomyces sp. 10.5 2gaac (2¥ 2-1). ¥ @ #FES
Proteobacteria 7} 74202 714 ThekalA ®2 3, Firmicutes 7} 4%, Actinobacteria 7} b&°] Z}
Zy 2EE A} (29 2-2). £ © FY HrEe Proteobacteria?} 11%, Firmicutes 7} 515 1€

T Actinobacteria 232 2.2 YENTH (¥ 2-3).
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(29 22] A @9 A8A 2% AR EPNRE ol&ste] ¥, TR AT ® FE
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@) 113 @AWT (Colletotrichum gloeosporioides)ol] tiat 2% Ao £

23 Ay ES 2 13 AEAZRE 2T 29070 FFRE AR 2F GAHT
488 e Hole FFE ALYt BF 8FFIL ARHAe 1 F 7FFE EEATO
I UMA & #37F 2% M o WAHATLR tE EFATE dFE Hstd 2
o] 7 FUTH (B 24, 1¥H 2-4).

[¥ 2-4] 113 ©AWTF (Colletotrichum gloeosporioides)oll thgt A Ald &2 F

solate Belga 2%
Number

6-006 64 & 1nF A EF (&%) ++
6-018 64 A&7 nF Ad EF (F%) ++
6-030 64 A& 1uF A EY (%) ++
7-012 79 NESH 34 oF AW EY (&%) ++
7-024 74 NELH F4 13 AW EY (4%) ++
7-018 74 #3 nF Al EE () ++
7-020 79 Y 13 AW EG (W) i
7-011 79 ¥ 13 Au} e 2 (W) +++

_11_



(28 24] 23 gBAWF (Colletotrichum gloeosporioides)s] T A Alg AL AF A+

1}. Fingerprinting 71 & ©]&3% AujAES mA &4 HlaL
1) 3AdE 23 24

T-RFLP Z3} 5, 6, 74 BE EF AlgolA B8 Auje} 1873 A Ztoll T-RFLP profile’}
o g ole WAHA ¥kt gk A} G o) Ao|(FHF W)W #FL 5 AN
o (28 25, 2:6). %W DGGE profiles] Aol A%® el Aujsr A#7 Auf ol ¥ W=
o ZE Aol WAHNE B AANA Pl gdoiA E Wehe dEhtA Askew A9

of oFztel Aelvt WHHAT (T 2-7).

M
4%

)
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200995 TEAER B 1, 23 ARdAM EFE @Y, FAIF a8 187G AA
A7) 7(B1, B2, B3)Ztell Total AF 2 AF AATY FHI}Z vide Aols 2HY
= gaour 3x EY% ARY A F¥A Ax HIAFE ST GFE woly
nAE AFES Hols wd BT EE EAYT el 1, 23 EYF A&
oo mE M2 SAEINE AEFE UEAT (2™ 28 29 210). FH S AR

SoME Ao wa A7 2 AF MAEHY FRF Aol AL F
B 2087 AA AATE A oFF FFe AAE 5 UEhiIG (2" 211,
2-12).
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@) #AF AR AujRY HAE AT WMI 24
AAF AufAAAM AHY EFAEE FEH A DNAE 2 & oA A" En
vp7b K2 2+ A8 tid T-RFLP Profileg #43t4ch.
Zzte]  Ae #YF JAEH At EG F AT ol ME FAR vl
A5 Ao #AFE AEF ATV FEGY O Aoz & LR UERET (1Y
H

2-13). ¥ FEF AWl Al AR wiF A AR Ag ol ME /AR A ol
R wWiF g FEAA AAA o AT ol ME Oekshll Yehkth (2 214). wiF
BEle] ZAfde & ANEE A oE EE WiF7t ZAAA dHE Mz {AEE AT
THE EJ (T¥ 2-15). FH HAA B wiF FEd AW EF W AT R AL
TR Aelg FANE AF FAASL wiF Dol FIHFT Aolrb glol A ArIF qFR
Fee YERING (29 216, 17).
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4) 18F AAY 2 HFES A HATY HAEH A 24

Zt ESAEE BE AEWYAA AT Sderotinia sclerotiorum, Colletotrichum  gloeosporioides,
Fusarium oxysporum, Phytophthora capsici, Rhizoctonia  solani, Alternaria alternata & AZE37] 9%
PCR primerE ¥ 59} #o] FAIE3 PCR WH-geo] ZA ® vbg A2 oA dws
W FYIA AAlStAY. 1 A Zpzbe] AEWAG Zde] ois) dqaE =Z719] PCR
HEES S T ANTH (2™ 218). FE nF 23 EY AR dis oid 844 Jdd
PCR &% oFE ZAE A3} Fusarium oxysporum, Rhizoctonia solani, Alternaria alternata
ol #HEF ¢ FHYY IEA AA AFelr EF AESHUWT (ZE 2-19). webA
o9 AU E w=E Hlasty] A AF PRES AT AF PCRE BioRadAt
9] CFX9 Real-Time PCR Detection System= o] &3lHom PCR vk =42 iQ SYBR
Green Supermix (Bio-Rad, USA) 10 w9} Z+  FE 9] Primer (10 pmol/uf), B 109} Template
DNAE 3Hrlsted Zo] 20 w7t HA &t PCR g z2@e A Aw3s st
TYstA FdsAh 2 A 23 EFAREAA F ooxysporum®  AE FAITAM I
71 7 A JElgen #Y3e FAHHT BRu i w2 BEE YT EE
A87A AA e+ (Bl B2, B3) A T FFY EEXE el IEAE AR Ay
Al Bk W Fowysporumol] gt Iz A3} AT F 5 AT (TE 220). R solani 9
ASlA BRTE BADT ws) PaEel dA=el YA AL A¥F AA AT
A% Bl Ad7w BRTs 2AY Be 4z T ng oA® EEE oz
UeizA] B2, B3 HFe FAHYFY A 89 Rosoanie] EEXE UEUIH (29
2-21).

SH 33 ESARY 7t AlRYE A peak WA Feol oI A WHAAE TR
T-RFLP profiles} AX|&= peak WA B]&S Akleled WYY JATFY HHLEE ZAS}
Ak 2 A3 F ooxysporumel  AS EE A AA AHFdAd 2 Y=V ERT H
g ol wlsl "ol@oem™ A alternata®}t C. gloeosporivides= B2, B3 &7 AA| ] FolA,
S. sclerotiorum& B2 Hg]FA 2 WEr7 AT 2 5l 2873 AA A FelA
4z WA Ty dEe 27T Ev #ITY E AolE YEHWA fskth ¢4
R solani®) 7% 287 AA AHgpedr dizT 2 #FYFERo 2 dErF 2AY 238
o =& ez JYelyth agn Bl A8A AAE Foxysporum < AYEF ©E 4 FY
HezAge Wrod thzF 2 #AYPFL F olE YEA FUT (2F 222, F 25).

ol de] Az BA AA A A EFH AA mAEY AAT =4 S

4N 7
g AMeA @AY B2EE B3 ABA AAE B AY 2AY HE 3UA
#ol dEidE 1 WEE 2ol oA IHE dEm I8 ¢ & Ad%
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[2Y 2-18] YA TS #Z37] 98 PCR Primerd] % ZA3}
Aa; Alternaria  alternata, Cg; Colletotrichum  gloeosporioides, Fo; Fusarium  oxysporum, Pc;

Phytophthora  capsici, Rs; Rhizoctonia solani, Ss; Sclerotinia sclerotiorum.

Sclerotinia sclerotiorum Phytophthora capsici

P CT CV B1B2.B3 P

= P CT CV B1 B2 B3 P

AR

Fusarium oxysporim

LI

(1Y 2-19] =3 E¢ 23} A 8E Hy HIA AF HE AT
P, 7zt ¥Fo s PstE  Positive Control, CT; xg], CV;, #3j+, Bl, B2, B3; &7
AA - AT
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0.8

0.6

0.4

0.2

0.0
cr v Bl B2 B3

[2¥ 2-20] A% PCRE o]&3 13 Auix] EY% 22 AW Fusarium oxysporum]
A= (F. oxyspprume] Ct3tTotal Fungal rDNAS Ctgh). CT; ¥, CV;, #HF, Bl,
B2, B3, X&7 AA AT

ill.2

1.0

0.8

0.6

0.4

0.2

0.0
CT v Bl B2 B3

[29 2-21] A% PCRE o]&3 13 AR ES 22 ARW Rhizoctonia solani®} H
E (R solani®] CtgkTotal Fungal tDNA®] Ctgl). CT; X, CV; #¥7, Bl, B2, B3
1873 AA AT
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0.35 === =
0.3
o
= 0.25 WOl =
o nits
5 0.2 Oz
:?’ m 27 B
< 0.15 B2 B2
& 0.1 m Az B3
0.05
0
FO RS AA SS CG
(28 2-22] H9A JFF 33 EY ARY Y= A
FO: F. oxysporum, RS: R. solani, AA: A. alternata, SS: S. sclerotiorum, CG: C. gloeosporioides.

[£ 2-5] B4 AdFY 3% EG Al 2=
Target peak area / Al&E¥  AA peak area FF (3¥HE HT = AFUAY
Fungi (bp £ 1)
A4 #YT A= Bl | A#+ B2 | AHelF B3

FO (329) 0263 £ 0029 ¢® | 0260 + 0006 ¢ | 0233 £0000b | 0173 £ 0006 a | 0170 = 0000 a
RS (390) 0087 £ 0012 a | 0080 £ 0000 a | 0087 £ 0006 a | 0103 = 0021 ab | 0113 £ 0012 b
AA (346) 0283 + 0015 b 0270 £ 0000 b | 0247 £ 0040 b | 0187 £ 0006 a | 0190 £ 0010 a
SS (332) 0.133 £ 0006 b 0133 £ 0006b | 0127 £ 0006b | 0107 £ 0006 a | 0130 + 0010 b
CG (17D 0.113 + 0000 ¢ 0113 + 0006 ¢ | 0.103 £ 0012 bc | 0.087 £ 0.006 a | 0.093 + 0.006 ab

FO: F. oxysporunt, RS: R. solani, AA: A. alternata, SS: S. sclerotiorum, CG: C.

gloeosporioides. “Anova and the multiple range test of Duncan (P < 0.05).
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o A E AA AT

@) AA mBEY FF HSA

Zt AR AA A7 A v|BELS Badllus sppoll &8 oFE 1 T-RFLP profile
zZb @Fe grixgE EUE BAY Z-g BT 327 £+ 1bp oY wWEtA 327 +
1bp ¢ T-RFLP peak W3 gtg 873 AA A7 BAv|AE Bacillus spp.o] A FH
71Ze2 Aot Zb AT MA pek B Fe FTHA diF HIEER AE] I AEEE
Fagat. 2 A 13 (549) FEH 33 (6€)d cl277A BE AgFA Alzke]
AR &SFE  Bacillus spp.d] WEVE AN&How Frkste ATFE US4 1, 2%
ANANANMe zZ+ HYTEE Bacillus spp.2] FExeo & Aozt YEIGA &, AT
ZA 33 A7lell elze EA AA X Bacillus spp.o] Wb wiET R #HP
Hlg) F7KgtegM A" BAUYES ETI Badlus ppd] W= Hok S YERIIG
(Y 223, ¥ 2-6). &8 1F JAge] M= FLF WHS=Z  Bacillus spp. FEY
WslE #Fsgch 2 43 13 2 33 A ARCAM AEAE AA AT B3N A
Ekor 19 A AA AHIFELS BT P FAHETY AR AR 9=E UEpG
(7Y 224, ¥ 2-7). & EF A% 3x A AR AFHE F G AA AT
Bacillus spp. "=7} ZF7vg vk QoM Bacillus spp.o] ¥MxEE di&7+ 2 #YF fu
287 AA AYTF el 2 Aolrt gldth. & Bacillus spp. B4 FIHESLS I TF9
B4 Egd g trdoz 33 AR wE BRI Eg F AFHste dwg
ARt o 9x7 A" Aoz gEHH 9 EFACe 2 Ay BEE EAT
wolAY AHel BFE IUHAACT & AeE wdd

Il

\

1% (58) 2R (6%

o o
B

o

0.8 I
0.7 — '
1
0.6 — 1
9 I |
o o - mO =+
%' Ol
© 0.4 -— — —| |m 2|7 Bl
< mA2|T B2
© 0.3 g X 2| B3
o =
)

3z} (74

[2Y 2-23] Bacillus spp.9] ESW H= =3I}
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[ 2-6] Bacillus spp.&] E

327 + 1 bp peak area / A& HA peak area £ B\t + FEHEAD
AE AAY
318 a3 AT+ B2 g+ B3
12 (54) 0.11 + 0.03 a° + 004 a + 0.09 a 0.09 +
2z (64) 025 £ 002 a + 0.06 a 0.03 a 0.24 =
32 (7€) 045 £ 004 a + 007 a 004 b 0.66 +

‘Anova and the multiple range test of Duncan (P < 0.05)

Peak Area Ratio

[ 2-7] Bacillus spp.2] Qw7

|

W

[29 2-24] Bacillus spp.9]

dE

]

gx 3

W Ci =+

2k
m X 2|7 Bi
IJH 2| B2

327 + 1 bp peak area / A& HA peak area FF

NE AR

g

BT

AT B2

12+ (54)

0.06 + 0.02 ab®

+ 0.02 ab

0.06 + 0.03 ab | 0.07 %

34 (7€)

0.06 + 0.07 a

+ 002 a

£00la | 0I5+

’Anova and the multiple range test of Duncan (P < 0.05)




(2) PlAE AAZ A7

32EE AYoA Must A& W AE  Bacillus subtilis 7-011 straing  ©]-8-3F FAIE
thea o] AxEgch ¢4 HguF EFAE 1% FRE 108 XHASE F BT
338 AHE F AedA HARAZALL ol ovld FAFA 2uje] 7-011 AT HdE
ggdz FAFZAL TUT %o TdcE 713 F 4 T XA FHsUS AxE
Z2xe FEA7 EFE Azl Rush 3EE d3gATY g88e ARG I e Edd
Eoo] Ao} weld ZP U AT WRE RARIATE 1 A3 F 28% Zo] FAY
27] 28 WUxE 10° cfu /seed o|QOH 3FAW F REZQ EA AF YEE 10°
cfu /seedZ BolF ot mEEe] dolE 2] YxE 10° cfu /rootE UERETh o]F 6F
A7 3 pEE E24e O AT Uss) 10° du /seed2 XEEHFPoH 2@ YxE 10°
cfu /root2 Vet whebx 5 23wl AEYHY A YW FF IEE =d Ut T
zFojol ¥ Aoz HAH

B o

(¥ 2-8] 34 =Z® 23 vAEY Bz ¥ AF¥Y 2A

315 A EA AYg dx 3% A 65 7243
£ 81 + 04 34 £ 0.2 64 06
° x 10° cfu /seed x 10° cfu /seed x 10° cfu /seed
= B 22 + 02 2.‘_3 + 04
x 10° cfu /root x 10° cfu /root

@) w4 AAY EE Bt

Aol 4gHe AR Yk 959 BAE ANE AL, oFo] Dokt el F
HJeA 498 FASAT AL 39 DA <R How, dBHoz FYPHMA
(NA)Z A18ele] 4248 245 PHoE oFo] Ack

2zte] D HE AAE G4 Boe T kA G 2ARAT. A2 4 AAE 107
107 o2 A% HAL 3o NAd )5 =LA B Fo 30°CIA 24AZH H Y3
S0z fsrle olgstd Ao AFE AT (F 29).
744 YuRe A9 2} AT AW DAE JE BE BT A5ss 238 HRy, 3749
o] AP AHIAME F2E IAZ FAES & & AU
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[E 29] ABH3 JE AE Ade JFaAmce] W & @ CFU/ml

A A =3 NE Fx 1714 2714 3714
HST 1x10° 4.8x10° 3.8x10° 2.9x10°
EST 1x107 5.4%10° 5.3x10° 4.8x10°
DDF 1x10° 1.1x10" 6.4x10° 1.6x10"
BYB 1x10° 2.6x10° 5.5x10" 1.0x10"
ESM 1x10* 1.0x10" 2.6x10" 1.2x10"
GST 1x10° 8.3x10° 8.0x10° 1.9%10°
TBI 1x10" 1.1x10" 1.2x10" 2.1x10"
CDL 1x10° 3.6x10° 6.6x10° 5.8x10°
NJA 1x10° 3.4%10° 6.1x107 7.0x10°
2t A7 89
1) 2873 AAZ o1 &3 AMAA AN mAEF B4 AN A AFTF A A A

9 B¢ vl4% $Y2F OL Base AE B TRELP % DOCE 5 v
H
[e]

72 AAAE R B M F 370F o4t AT EEldtsoem, 15 Bacillus sp. 7} EH
S RSV L, Streptomycest Microbacterium sp. 94 F2 AFFO2 Uewth 1 F
gy e 23ES Kole 8/ FE AWsty 1 A%S AAAG

@) 187 AAZ o] 8" B4 v YEQ Bacillus sp.o] AT EFY A+ A 3Lt o]

28 Ego] 13tk ¥y ddME F3E HF "2 xo)rt VEuA &t wet

A Bacillus spp. &4 VIHEEL O 7FY EAY EYd @ A2 33 FxE b

E #Fstd EY 2o 7A%-ol w1 "Wxrh FEY] ASE AeRE 9

A dd B2 Ade 1 Ag YRS A3 moAY A AFE FUHAIAH T A
)

@) 18A AA ' 7&%% 93te) zt EGARERE AEHAA Ids HEIANT 4
3} F. oxysporum®] 73 E 1874 AA AYFelMd o =7 gz R FgTel )
3 "ol ow A alternata, C. gloeosporioides®  S. sclerotioruma Y- X7 A2l A
2 WErt Zasgch 8 R osolanid) A% 187 AA M7l dEzT R BYTFHE
oo U9Ert 2AY 2319 o & JoE UEt

}-U

i
=)
ol
o
e
clok
ol
L

G) AT ABA AuA L PAE AT WS B A £ B4



7k E% 3 AR Tl M2 #A18 0w 439 A9 wyTe A A7
Zut 1 Aoyt & Re et FW FFA L WF T A BN AT
% 42 E19 Aolg ZAY AT AR WjEzbe] FAF Aelz} glol B B T
¥ B eI

A=l 28m| A E Bacillus subtilis 7-011 strain®] AA S 43 A= HLFLF TA
g o83 A ATy AEdsd 28 Y ZF Y=yt FEI FAHe As BHESAC

2 A% 4PPoR ABHn Y& 4R A DHEHY AL FHE AR

Aol HREE AL 4 AF] BEAE AR 71 FE ET A3 dHE EAL, 3
Mol At AHANE HPE FEE IHZ #AHS & F UAT-
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A4d ERINE P pAPor e sox

Bt Had 2 A

T8 | 9= NEATEE 7}EA el Bory 2 AF
ARASAA Bl 2% .
9% |BA o] XA b
e o 2 B 35 % |24 Ane] 44 B}
33 153 WA HATy 28 54 25% WAAMTY £ @ dF F
e 2007-08
© BT e FFEA 0% |24 A4 B= 9 #F £
ANE AREAN BA-EA G | 20% |84 AP FE L FF 5
ASAEAA DS G4 B | 25% |24 g & B F45 3o}
G884 TR BF 259% (2 B 849 AF BFF S
4=
“ ¥ 2008-09
a5 AW A vl EA HE B 25% (24 Ame & 2 AAA B}
. = = % T
WA e VxRS #1 | 25, (48 B4 B}
2 5} A = ) 713 A o]
JABAFAA F7H-84 vAE 30% |24 Al FAH W7}
o 7 HeA EA}
5} Wz §8384 ujyEe 2873
2009_10 = ar le} = T 70 o - .
) 30% [4Z YR & A7
a5 A S8
_ %
3 ubA R AE AZ 0, Az A2 354 48
ABRAEAA BPERA W | 30% (2R & 2 BYH H7)
S AufA] vl EF vl EA 20% |m|ABEA vl BN A3
2007-10
b= R _ -
37t SAVAE LT W BE 30% |4z 9 gg A5
B oA R AE AT 20% |AE Az A Y&

_34_




2 9
L ATEERSY SR
e}

(e}
= [}
— = S
i = 8
— = 8
g | 8 g g
ﬁ S g g | g
: | ) = S
> N le | 5
T0 63
M go wa o o ﬁ o
% 3 : 7 s mw R TH
x| P ol m@ A . : .
- B | 2 & | = N = i .
N G S 5o T | E : |2
ﬂ7ﬂ Mﬂ o9 HT._ Qﬂ X - % ‘.WE Jl
r+ so = o | LX | © ~e X
i W 9 = aH o ; 5 |
5 | H i GRS NS o S
X B aS 2 = M O T X :
W N =0 W & | o o ® 3 ww . :
o = K O (e =K e o »
Ee = 7 T phy o |
EAREE | %z| 2 =2 | =
E t . Wm i _Mm T o° - G} W <
1 - H
. o | Wﬁ = o {do | of
. - oo | ¥+
HHT 1 ) 1 ‘Lo
A o T ® :
o o - . : ﬁo
7o ~ 70 K il
T | X . ﬂ
M | B ﬁh 5 Al L :
N L : : : ;
o 1 : : %
i y=! 100 w ap N Mm _nun@ " :
oy = | ® BEAE - A
. > : o m o n =0 —_
u . s 5 i = 70 =)
s Ik Jo O S il x| x
e - i o < Jo m | P ki
; ; : : = o djo K -
‘.mo > &o ﬁr‘_ n_mo o_u ﬂa L._o [=1
2 5 ol I w | X
K 2l =
| m

_35._




3. 99 2ok 71e8a JdE

7o A4

2 AT FAE AA B4 5% 2 42 MARSH £ ¥4 AHE £ AGEY
2% ¥ A Y 449 v =itk

A
=

. A E AAE AT

1) B A7 F2 ZFE HYA FAE g 5 23FAEE A Ade Bt
UFE AR H &3

(2) AdrdE AegrdEe AAsE % 4
o AlgtElE PAE AAY ABAAE A

() B A4 Eoke g HAA Y AAE FIlY &
HE &3t

o AR WA E TR B VIS F™

(1) ool 2% Wy 2 wF BlEA PHE ol&dta FAE AuA W B A 22 YA
nAE TR 24 Y TEe stk

Q) AMA 2 2 FAE ARAM FAES Bt FHY g #FE FRI}L 4R
2 7]g3d o

2. sy A

0) 2 A7 e Bihe] 199 WALE A7, 299 A} 9 3] FASIAE HEE
o g A wwo] TN

@) % 456 AH T, B= A SEUIA T2H P TF LEES A B AT
ed, 449 242 P4 Qo

() SCl & st&Ae] AA7A 28 =2g AL, FF 2309 =2L F712 YRY
Agolt.

_36_



u Ayl 9 A 138 A3
A 54 d4AT A = ‘6
1. A7
=] A~ j=
7 seA AR w8 A7
AqsteAm | A sl | imprat | A1 | ma| zs | 1F
au =2z ° & B4 "‘ . #57
(eF2h ue T Factor 2 2} Az A7 2
Application of Terminal Restriction  Fr: t  Length
PP X _S feho 1égmen g The Journal MH
Polymorphism(T-RFLP) ~ Analysis to Monitor  Effect of YT SB
1 . 0 . of 2010.12 accepted SCIE X . Jo, H
Biocontrol Agents on Rhizosphere Microbal Community of Kim Kim
. ‘ Microbiology B Lee
Hot Pepper (Capsicim annuiin L) .
Al -
. et 44
F E R EREG
au | A =g A% RCTRT i e wE A
| 2, o7 A, The influence of nature-friendly cultivation 2008 International Meeting of the Federation 2008.10,16-17 Seoul.Korea Py
#0149, 4+ methods on soil bacterial communities of Korean Microbiological Sacieties MeasEdys -
3 g, 2935, Analysis of Microbial Communities under 2009 International Meeting of the Federation 2009,10,22-23 e
- Ay Different Cultivation Methods by Using T-RFLP of Korean Microbiological Societies NEn4essd -
2010.06.18-19
3 | 292 35 AgZ A AN Y v EF TF FHANZEY 2010 A5 R gAY A4 5
AL T8l
o [¢)
E}—- 1 a O}:/Ké
ey
dd Ay 3%
(FYEE) Gcl ko 3 4l
1 2010 Endophytic Bacterial Diversity Associated with Native  Plants o7 AAp
B 2009 Moleclular fingeljpll'inting alnal’\r'sis ol bacterial C(?mmuniky associated with Q23 SAr
genetically modified Brassica rapa, sub sp,  pekinensis
[e] o) =
2t 2255 807,
A | ENE AEd 2ERE = ad | 18wz HEA97 AWz vz
1 BP596188 Bacillus sp. CMH-55 Al 41 BP596230 Microbacterium sp CMH-63 o
2 BP596189 Microbacterium sp. CMH-78 Pk 42 BP596231 Bacillus sp. CMH-65 Al
3 BP596190 Bacillus sp. CMH-29 Al 43 BP596232 Bacillus sp. CMH-66 T
4 BP596191 Paenibacitius sp. CMH-21 AT 44 BP596233 Bacillus sp. CMH-67 Al
5 BP596192 Bacillaceae sp. CMH-78 A 45 BP596234 Ensifer sp. CMH-69 Al
6 BP596193 Bacillus sp. CMH-53 A 46 BP596235 Pseudoxanthomonas sp, CMH-70 Al
7 BP596194 Microbacterium sp. CMH-68 ki 47 BP596236 Bacillus sp. CMH-72 A&
8 BP596195 Arthrobacter sp. CMH-36 ki 48 BP596237 Bacillus sp. CMH-73 Al
9 BP596196 Microbacterium sp. CMH-13 ks 49 BP596238 Microbacterium sp. CMH-74 AT
10 | BP596248 Bacillus sp. CMH-88 A& 50 BP596239 Pasteurellas sp. CMH-75 A
11 BP596249 Paenibacillus sp. CMH-89 A 51 BP596240 Sphingopyxis sp. CMH-76 M
12 | BP596250 Bacillus sp. CMH-90 g 52 BP596241 Microbacterium sp. CMH-79 HA
13 | BP596251 Brevibacillus sp. CMH-91 Al 53 BP596242 Microbacterium sp CMH-80 Aoy
14 | BP596252 Bacillus sp. CMH-92 Al 54 BP596243 Arthrobacter sp. CMH-82 Had g
15 BP596253 Bacillus sp. CMH-93 AT 55 BP596244 Rhodococcus sp. CMH-83 s
16 | BP596254 Bacillus sp. CMH-9%4 Al 56 BP596245 Bacillus sp. CMH-84 AT
17 BP596255 Bacillus sp. CMH-95 AT 57 BP596246 Pseudomonas sp. CMH-85 Al
18 | BP596256 Bacillus sp. CMH-% At 58 BP596247 Bacliius sp. CMH-87 Al
19 | BP596257 Bacillus sp. CMH-97 Al 59 BP596197 Bacliius sp. CMH-1 A T
20 | BP596258 Bacillus sp. CMH-98 Al 60 BP596198 Bacliius sp. CMH-6 AT
21 | BP596259 Bacillus sp. CMH-99 Al 61 BP596199 Pseudomonas sp. CMH-12 Al
22 BP596260 Bacillus sp CMH-101 AT 62 BP596200 Microbacterium sp CMH-14 ubMd 7

_37_




23 | BP596261 Bacillus sp. CMH-103 A 63 BP596201 Agromyces sp. CMBR-15 whad
24 BP596262 Bacillus sp. CMH-104 A7 64 BP596202 Bacliius sp. CMH-16 AT
25 | BP596263 Bacillus sp. CMH-106 ks 65 BP596203 Bacliius sp. CMH-17 AT
26 | BP596264 Bacillus sp. CMH-108 A 66 BP596204 Arthrobacter sp. CMH-18 Ry
27 | BP596265 Bacillus sp. CMH-110 Ald 67 BP596205 Bacliius sp. CMH-19 AT
28 BP596266 Bacillus sp. CMH-111 Al 68 BP596206 Bacliius sp. CMH-22 Ao
29 | BP596267 Bacillus sp, CMH-112 Al 69 BP596207 Bacliius sp. CMH-23 A
30 BP596219 Arthrobacter sp. CMH-49 iy 70 BP596208 Microbacterium sp. CMH-24 BHMF
31 | BP596220 Bacillus sp. CMH-50 Al 71 BP596209 Bacliius sp. CMH-25 AT
32 | BP596221 Bacillus sp. CMH-51 A 72 BP596210 Bacliius sp. CMH-27 Al
33 | BP596222 Bacillus sp. CMH-52 Al 73 BP596211 Bacliius sp. CMH-30 AT
34 BP596223 Sphingosinicella_sp. CMH-54 Al 74 BP596212 Bacliius sp. CMH-31 A
35 | BP596224 Bacliius sp. CMH-56 H T 75 BP596213 Bacliius sp. CMH-34 A=
36 | BP396225 Paenibacillus sp. CMH-57 Ag 76 BP596214 Pseudoxanthomonas sp. CMH-35 Al
37 BP596226 Shinella sp. CMH-58 A 77 BP596215 Sinorhizobium sp. CMH-37 AT
38 BP596227 Bacillus sp. CMH-59 Al 78 BP596216 Bacliius sp. CMH-38 AT
39 BP596228 Pseudoxanthomonas sp. CMH-60 Az 79 BP596217 Bacliius sp. CMHH45 Al
40 BP596229 Bacillus sp. CMH-62 Al 80 BP596218 Ensifer sp. CMH-47 Al

2 AT 4%} B8 AY
7t ABRAEAAN Age vldE vole Aol HEHY . T & ew, VA4 T

*

¥

o
-

jud
i

Qo] i AFE I 4ol He REORE, B AFdA dojd 4FHE iR eR ¥

= B Bope ATE A%Ho2 FYY AYolck

ABAEAAY ABEA Brhe ARREAA ERE AT 5 3l M T W
wolol, metd Wy} 7129 B AVABAA AL HPel BFHY AR 047 £
< Aotk

Z2 9T B $5F 2248 Roln FA HF 42 AL HE B
g Awrsle F2d Est8 ARASAANY AL A7E FFsn Bk

e TAS 74 BAEAAY AL oo ERH F4H FYe ASHo2 Sy o
Aok & FAloln, B ATE Faol WFW $4 BY TFE ol&ste} nnk 59 £F
g AR ABAFANY AL 3 AFeln

2 d7g $ae] B2E dlRde £, ngstd I Fa 42 ¥ YAE AT B
359 Fue AFILA B

B A7 £ozRe Y48 AP A8 Y PoplAel AE ddoz 457,
FFE A£H 9Y FAL AYHT ok

_38__



A6 A AFNEHRPAA FHT ARSI HE

1. vAAEEA A4 R

7}. Bacillus subtilisE ©]-€3lad Rizoctonia solanio] &3 EvlE RZEW oA FH AT
(Asaka®} Shoda, 1996) - A EAQ iturin A9} surfacting Aarste] 4 £ AER YA
DA 2o thsl 2eR8S Holk B subtilisE o] &3t EnfEY wEAEHo] AAd

AT By
Y. B A2 AMEEE Pseudomonas fluorescens?t 9AAE 93] TAHE AL He
W o et AT (Jousset 5, 2006) - P. fluorescens CHAO @55 #ATEDAHR Az o

BapAELs Bulol od YAAE AFIA, 27, Bl 5& Yot AS WY

t}. Yo ¥zl x4 Pseudomonas fluorescens7t Thd U FFY Ko vw|A= 3
(Meyer 5, 2010) - CHAO #%7} oidl E2¢] Do ohs) 4327 24 9 7o
B3 gAo] thaA vedE I+

g} Pseudomonas syringae subsp. syrinage®] siderophore A§4kell o|&t 28 174 H HY4d P
syringae subsp. glycinea®] A (Wensing 5, 2010) - o= WA T P. syrinage subsp.
syringae 22d/93 T3 7} siderophore 44t 58 & 7Hx|1 ¢ AEWATE dAse A
< e As B dF

v}, Trichoderma virens25-E] AAEE B2 airt #5718 2 Pythium ultimum JA <] &
o] (Djonovic 5, 2006) - FEAEL A FAATL EFHAAY AEFHE AT
= BT A4 &40 oS gl

H}. Trzchoderma atroviridae?] AMESAANAZAL &4 7} (Brunner &, 2005) - {22

z9] §J3-47F H AT g AFFEH B FERAAAE &AL AT

AL JEA 218 Trichoderma & AE%<F @A B3 AT (Mukherjee & Kenerley, 2010)

- EAOIFE o] &3l HEAAZAM Ao BAste FHA] 54 AF

r:lJ

2. HAEAA EGFHEE PlAE 9F

7}. Pseudomonas fluorescens$} AR ZZAFF7+ 2o ZAY oF LA vAe IF
(Girlanda %5, 2001) - =] EA A A7} vlEA E"k TH 2Hd mAe dFe 241
3 A EY plAEdd e & 9%E vAA %S W

. 3 59 Pythium oligandrum T+ EvrIE Auj /\] AEHYAY TF 94 A
AT (Vallance %, 2009) - oospore$} auxin FrAMEAS Aatsle TF7F EG T4 ES
nXE 9 % AT g4 84 24
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VI. Summary

1. Title : A research for the composition of environment-friendly pest-control manual:
control of pest moths occurring in facilitated pepper plantation, facilitated

vegetables plantation, and rice plantation

2. Purpose and necessity for the research
The purpose of this research was to 1) stabilize the indoor-rearing systems for the
major moth species occurring in the fields of facilitated pepper plantation,
facilitated vegetables plantation, and rice plantation, 2) select superior
environment-friendly agricultural materials (EFAMs) that are on-the-market, 3)
practice non-pesticide dependent agriculture by using EFAMs and improvement of
agricultural environment, and 4) composite manuals for eco-friendly pest control

based on the above mentioned experience.

3. Content and scope of the research




The content and scope of the research to fulfill the research aim us as follows:
1). Establishment and stabilization of indoor-rearing systems for the diamondback
moth, the tomato cutworm, the perilla leaf pyralid moth, the greenhouse whitefly,
the sweet potato whitefly, the turnip aphid and so on. 2) Life cycle investigation
and test of efficacy of 42 EFAMs that are on-the-market in Jellanam-do area. 3)
Weekly-based pest monitoring and suggestion of proper eco-friendly pest control
strategy as the basis for the composition of the manuals. 4) Composition of
non-pesticide based and eco-friendly manuals for facilitated pepper plantation,
facilitated vegetables plantation, and rice plantation

4. Results of research development
This research was carried out for the practice of eco-friendly agriculture for the
facilitated pepper plantation, facilitated vegetables plantation, and rice plantation.
In details are as follows: 1) The indoor-rearing systems for the diamondback
moth, the tomato cutworm, the perilla leaf pyralid moth, the greenhouse whitefly,
the sweet potato whitefly, the turnip aphid and so on were established and
stabilized. 2) Forty-two EFAMSs specific for the control of the pest species,
particularly for moths (a total of 86 EFAMs for 6 pest species) were tested using
the insect pest stabilized indoor. There are several EFAMs that are effective to the
young ages of moths, but these were difficulty for the control of old caterpillar.
On the other hands, there were many effective EFAMs for the control of aphids.
In the case of whitefly, most of the EFAMs were low in their control efficacy. 3)
For the successful control of the pest by non-pesticide basis, the control practice
composed of early monitoring/control practice, physical control methods, light
trap, and temperature/moisture control system are required. 4) Based on the early
monitoring practice and non-pesticide based agriculture, eco-friendly manuals for
the facilitated pepper plantation, facilitated lettuce, facilitated perilla leaf, and rice

plantation were published.

V. Research achievement and plan for utilization of the achievement
The achievement obtained throughout this research will be beneficial to the
expertise and beginners depending on their level of practice. Further, the
achievement is expected to be overspread to many current farmers.
1) Research achievement: 3 times of agricultural education
2) Paper publication: 4 KSCI
3) Presentation: 9 presentation at relevant scientific meetings
4) Education: 6 undergraduates, 5 master’s students, and 1 doctoral student (3“year)
)

5) Continual use of pest control facilities and relevant techniques
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AWM E AF BT gt 53] uiFEute] WAE st eefxdtE setefAE B9 W
Az 13t Hx DDTe| tiale] Aago] BuE Lo (Ankersmit, 1953) Fhupo]EA|, 94 dg==
ol= 5 Ao BE AZAd] AFAHE Ho|x e (Noppun 5, 1983; Sasaki, 1982; Adams 5, 1990)
AEAAR] Bt AA] A oFAl A3Hdo] HiH “EHT bashinik 5, 1990). 2872 AWALSS E3)
Bl Agd AgAL @ Aed EA FHE Hl2OE pure lined FH3IL o]E Ed 1873
FAAN AGT AAE TR EE} £ 1EAEH YAMFE FHELA A
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MEEUY ABA ATE AStel 2EASANA 5 o4 Avol A% F w3
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g 1, A). HH—%%L}‘%*Q] AgAE 19 2, 3o vErien ZAg E& ]7P£ E 1o Yehy

9] Zt g @H&7|tE FARRE A o 7|2E 3Y, H5 IS o 8Y, Wi

7] 717+& ‘Z,E 49, AZF71708 7492 F 21592 FAFHJTHE 1). Yamada and Kawasaki
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2 B a7 2ns e sAska



[3£ 1] Developmental period of Plutella xylostella reared at 25C

Duration (days+SD)" Egg~adult
Egg 1% 2 3% 4" Pupa Adult  (days)
Chinese 3,04 26+0. 19+0. 1.6+0. 1.8+0. 3.8+0.
cabbage 5 4 5 6

*Data based on measurements of 30 individuals.

Diet

6.8+1.5 21.5+1.6

2 AU Spodoptera litura) W o A A3
gl AAu e, 7, wlF, 1%, 3, S 5 715 397 vl 6e B siseE JdHA

o} AZ2 1520mm F7|E 100300719 7B g2 93 9e o g2 HAY eF 1,000-200070] ¢

RBP4 4045mme] F3)4, A, WPl ARG AN ok F3 5 F FEg wet

=HHE 2y e §Ao] Aok 38 FERH 119 FekerkA B, 7S 88 Tl
A

AsHoz ARt AVYE BT THOE AFE o Po4e] Wold WA} 4%
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[E 2] Development of period of Spodoptera litura reared at 25°C

Diet Duration (days) Accumulative
. ’E ond 3rd 4t 5t 6m duration (days)
Kidney bean 3.5 2.0 2.0 2.0 25 3.5 15.5

B) FEl T A E(Lipaphis erysimi) AN Foi ARSH A3}

oS AR B2 ANENE Dk 49 sReolA 59 el Relal kEs) He wel
2 Fpt FA50] Bds ] 4E71FR AR A2 olF F oF 104 AF Tk AAFE 6
2 =g 89 3}_'_ 10% A7 A HAV)E o)FH 10¥ Sredol] ALl o] 2 Aol

o=z o

% ]’) FHFERGE AW rof A
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16L:8D 2o AYFALE sttt T3 FARE A 28 60 et er &
Ag E577He & Soﬂ ez 4571705 98 Ay Had 29 7 JEhIT F
SHZAGUE 18 2L 119, 28 L 169, 38 FFL 1149, 48 4F2 18Y
o} F|7te 55U z}ommq(ﬁ 3). AL F UE AAF BT 4F 2E A7 59
AEE 249712 & 2097 ARElg o F AxSE 65utgE el H AU 7). Liu and
Yue (2001)9] ATAI 25Tl A FE7|7to] 6192 B AF AR} AR Y F A
£ 83mlglz A3 Afs) xols Hth



[E 3] Development of period of Lipaphis erysimi reared at 25C

. Duration (days) Accumulative duration
Diet st nd rd tt
1 2 3 4" (days)
Cncse 1.1 1.6 11 18 55
cabbage
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[X 5] eiFEibgel ois 84 w2 3% 2%

% mortality (+ SD) after

Products
12 hrs 24 hrs 36 hrs 48 hrs

O 11.7 + 2.9hij 933 + 2.9a 100.0 = 0.0a 100.0 + 0.0a

F 40.0 + 5.0def 66.7 £ 14.4bcd 91.7 t 5.8abc 100.0 = 0.0a

D 48.3 + 7.6¢cde 65.0 £ 15.0 93.3 £ 2.9ab 983 + 29ab

1 + 2.9 50.0 £ 17.3def 91.7 + 2.9abc 983 + 29ab

A 68.3 = 15.3abc 80.0 + 8.7abc 88.3 + 2.9abc 91.7 + 5.8abc
M 86.7 + 2.9a 88.3 t 2.9ab 90.0 + 5.0abc 90.0 £ 5.0abcd
H 75.0 = 8.7ab 85.0 + 5.0ab 86.7 + 2.9abc 88.3 + 5.8abcde
E 13.3 + 2.9ghijj 233 + 7.6gh 56.7 + 5.8defg 80.0 + 5.0bcdef
K 25.0 + 5.0fgh 283 + 2.9fgh 48.3 + 12.6efg 80.0 + 5.0bcdef
G 25.0 =+ 8.7fgh 45.0 + 8.7defg 63.3 £ 15.3def 78.3 £ 29cdef
P 61.7 + 7.6bcd 76.7 + 10.4abc 76.7 + 10.4bcd 76.7 + 10.4cdef
] 23.3 + 12.6fghi 28.3 £ 5.8fgh 53.3 + 12.6efg 75.0 = 10.0cdef
C 11.7 + 20.2hij 15.0 + 8.7hi 58.3 + 20.2defg 71.7 + 10.4def
Q 48.3 £ 16.1cde 60.0 + 8.7cde 70.0 = 5.0cde 70.0 £ 5.0efg
L 58.3 + 25.7bcd 65.0 + 30.4bcd 65.0 + 30.4de 65.0 = 30.4fgh
B 23.3 + 18.9fghi 28.3 £ 23.1fgh 383 + 12.6¢g 53.3 + 10.4gh
N 35.0 = 15.0efg 40.0 + 13.2efg 417 + 11.5fg 48.3 + 12.6h

Control 0.0 £ 0.0 0.0 + 0.0i 0.0 + 0.0h 0.0 + 0.0i

() SRR e 28R A

S A e A ) A A7 GUEe] Az 28 §3o W8l GFF FAA
2 Yoz ATHYCHE 6). WA A SAAE BF T2 FUF F r) A 3 DA
AElple 4% Qo] HE A7) ¥ sprayio A8A wAAE Msgch Mg el A
L 2% 25C, &% 60-70%, BFF7) 16L:8D ZAHCE 1247t HH o2 WA A AATE Z
AT ATAT 90% ol4e] AEHL WA & 65(A, C D, E F 2 DY $5 FANE 1
AH oz ALstdthE 7)
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(X 6] FMiAARGE 28 F5o A J1&F sAA 55

A Ag9 (22 2 H3) Fad
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UHrE Plant extracts

F B. thuringiensis
&, UhF Plant extracts
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HHuiu, 47FRlE ’
vars B. thuringiensis
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»

HFOZEZC R—= =T OTMHE IO >|of

of

Control
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(X 7) SeiAA e 23 {3 g 1978 A HE 2%

% mortality (+ SD) after

Products
12 hrs 24 hrs 36 hrs 48 hrs
A 783 + 12.6bc 95.0 £ 5.0a 100.0 + 0.0a 100.0 £ 0.0a
C 93.3 + 5.8a 100.0 £ 0.0a 100.0 £ 0.0a 100.0 £ 0.0a
E 95.0 £ 5.0a 100.0 £ 0.0a 100.0 £ 0.0a 100.0 £ 0.0a
F 80.0 + 10.0b 100.0 £ 0.0a 100.0 + 0.0a 100.0 £ 0.0a
J 83.3 + 5.8ab 983 + 29a 100.0 + 0.0a 100.0 = 0.0a
D 95.0 £ 5.0a 95.0 + 87a 983 = 2.9a 983 + 29a
M 66.7 + 11.5¢ 68.3 + 10.4c 68.3 + 10.4b 68.3 + 10.4b
N 28.3 + 7.6d 50.0 £ 5.0¢c 51.7 + 29c¢ 51.7 + 2.9¢
I 8.3 + 7.6ef 16.7 + 2.9def 31.7 £ 12.6d 31.7 + 12.6d
L 25.0 + 5.0d 26.7 + 5.8d 26.7 + 5.8d 26.7 + 5.8d
Q 16.7 + 7.6de 20.0 + 8.7de 21.7 + 8.7de 233 + 7.6de
@] 15.0 + 13.2de 18.3 + 10.4de 23.3 + 15.3de 233 + 15.3de
P 16.7 = 7.6de 18.3 + 7.6de 20.0 £ 10.0de 21.7 + 7.6de
B 6.7 + 7.6ef 10.0 = 5.0efg 11.7 + 5.8ef 13.3 £ 2.9ef
K 6.7 + 29ef 6.7 + 29fg 6.7 £ 2.9f 8.3 + 5.8fg
H 3.3 £ 2.9ef 6.7 + 7.6fg 6.7 £ 7.6f 6.7 £ 7.6fg
G 3.3 + 2.9ef 33 + 29g 33 + 29f 5.0 + 5.0fg
Control 0.0 £ 0.0f 0.0 + 0.0g 0.0 + 0.0f 0.0 £+ 0.0fg

AEFEA7}T L 6F3S AR FHAATIULE
3 A AFES g 1EF wAA F5L & 89
e B9 ~ 140 YEpAT 2 Z
3 §%714 A C D, E F A%
o2 AFEF ZF5Ho] dAY Ha
DEAFAA A 2%
o] o]F& Al# FAA

32 %o
7 Fhs e

[ 8] iAo 29E A8

off oM.

(@) F5 o
|

$AA A F 4807 B
AR A BT ge 25 BHOHE 9-11) 17
of 50% olstel 4% JEHAACHE 1214). ol2jd 2
SAE ¢ gAGA o 3 ABFBAA AT %A
of % ZEH YA} o Aoz we

3 ) 6% 5%

#AS A3 19, 2%

A 89 (HE 2 MF) FLAa
A S HEF2E
C )% qe3EE
D R NEFEE
E 2% % HEFEE
F z?E A HEFEE
J S, A, sy, Ade NEFEE
H>0

Control
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[ 9] FHAAET 178 5o

87 A A

<kl

Products

% mortality (+ SD) after

12 hrs 24 hrs 36 hrs 48 hrs
A 86.7 + 5.8ab 100.0 + 0.0a 100.0 + 0.0a 100.0 £ 0.0a
C 76.7 £ 5.8b 86.7 + 5.8a 90.0 + 0.0b 90.0 = 0.0b
D 86.7 + 11.5ab 100.0 + 0.0a 100.0 £ 0.0a 100.0 = 0.0a
E 100.0 £ 0.0a 100.0 + 0.0a 100.0 + 0.0a 100.0 £ 0.0a
F 20.0 = 17.3¢ 53.3 + 20.8b 733 + 11.5¢ 93.3 + 11.5ab
] 26.7 £ 15.3c 433 + 5.8b 66.7 + 5.8¢c 76.6 t 5.8¢c
H0 0.0 £ 0.0d 0.0 £ 0.0c 0.0 £ 0.0d 0.0 + 0.0d
Control 0.0 £ 0.0d 0.0 £ 0.0c 0.0 £ 0.0d 0.0 + 0.0d
(¥ 10] SuiAARILPE 28 f5o dig 1873 s34 33 4%
Products % mortality (+ SD) after
12 hrs 24 hrs 36 hrs 48 hrs
A 26.7 + 58¢c 96.7 + 5.8a 100.0 £ 0.0a 100.0 = 0.0a
C 433 + 5.8b 66.7 £ 5.8b 76.7 + 15.3b 76.7 £ 153b
D 63.3 + 5.8a 100.0 + 0.0a 100.0 + 0.0a 100.0 = 0.0a
E 63.3 + 11.5a 76.7 £ 11.5b 90.0 + 10.0ab 90.0 + 10.0ab
F 20.0 + 10.0c 66.7 = 5.8b 86.7 + 5.8ab 90.0 + 10.0ab
J 26.7 + 5.8¢c 46.7 + 5.8¢c 60.0 + 10.0c 633 + 5.8¢
H,0 0.0 + 0.0d 0.0 + 0.0d 0.0 £ 0.0d 0.0 + 0.0d
Control 0.0 £ 0.0d 0.0 = 0.0d 0.0 + 0.0d 0.0 + 0.0d
[ 11] giAArIPL 338 f23 o 283 A4 274 2%
e % mortality (£ SD) after
12 hrs 24 hrs 36 hrs 48 hrs
A 80.0 + 17.3a 86.7 + 15.3a 93.3 + 321a 93.3 + 11.5a
C 0.0 £ 0.0d 33 + 58¢ 33 + 58¢ 3.3 + 5.8¢
D 70.0 + 10.ab 86.7 + 23.a 86.7 £+ 23.1a 93.3 = 11.5a
E 23.3 = 11.5cd 36.7 + 5.8b 70.0 £ 26.5ab 80.0 £ 20.0a
E 46.7 + 15.3bc 63.3 + 5.8ab 73.3 + 5.8ab 76.7 + 5.8a
J 30.0 = 30.0c 433 = 321b 433 + 321b 433 + 32.1b
H,0 0.0 + 0.0d 0.0 £ 0.0c 0.0 + 0.0c 0.0 + 0.0c
Control 0.0 + 0.0d 0.0 £ 0.0c 0.0 £ 0.0c 0.0 £ 0.0c




[E 12] SuiAAEIEL 458 {5 die 183 2 33 23

% mortality (+ SD) after

Products

12 hrs 24 hrs 36 hrs 48 hrs
A 13.3 + 5.8bc 36.7 £ 5.8bc 43.3 + 5.8b 43.3 + 5.8bc
C 0.0 + 0.0c 0.0 + 0.0d 0.0 + 0.0d 3.3 + 5.8d
D 30.0 £ 10.0a 53.3 £ 58a 56.7 = 5.8a 56.7 = 5.8a
E 16.7 + 11.5b 433 + 58b 50.0 + 10.0ab 50.0 + 10.0ab
F 13.3 = 11.5bc 36.7 + 5.8bc 40.0 + 0.0b 433 + 5.8bc
] 3.3 + 5.8bc 26.7 + 11.5¢ 26.7 + 11.5¢ 333 + 5.8¢
H20 0.0 = 0.0c 0.0 =+ 0.0d 0.0 + 0.0d 0.0 + 0.0d
Control 0.0 + 0.0c 0.0 £ 0.0d 0.0 £ 0.0d 0.0 + 0.0d
[E 13] Pl AARIY 55 f5 tigh 1873 24 24 23
= el % mortality (£ SD) after
12 hrs 24 hrs 36 hrs 48 hrs
A 0.0 + 0.0b 20.0 + 10.0a 30.0 + 10.0a 36.7 + 5.8a
C 0.0 £ 0.0b 0.0 + 0.0b 0.0 £ 0.0b 0.0 + 0.0b
D 6.7 + 5.8ab 26.7 + 5.8a 433 + 5.8a 46.7 + 5.8a
E 13.3 + 11.5a 20.0 £ 17.3a 26,7 + 28.9a 30.0 + 26.5a
F 0.0 + 0.0b 13.3 = 5.8ab 23.3 + 11.5ab 26.7 + 15.3a
] 0.0 + 0.0b 23.3 + 58a 333 = 15.3a 333 + 15.3a
H,0 0.0 £ 0.0b 0.0 + 0.0b 0.0 £+ 0.0b 0.0 + 0.0b
Control 0.0 £ 0.0b 0.0 £ 0.0b 0.0 + 0.0b 0.0 £ 0.0b
[ 14] DAY 63 f5ol g 184 w244 34 2%
Products % mortality (£ SD) after
12 hrs 24 hrs 36 hrs 48 hrs
A 13.3 + 5.8ab 40.0 + 17.3a 53.3 + 20.8ab 533 + 20.8a
C 0.0 £ 0.0c 33 + 58¢c 3.3 + 58¢c 33 = 5.8¢c
D 16.7 + 5.8a 36.7 + 15.a 56.7 + 23.1a 60.0 £ 17.3a
E 13.3 = 11.5ab 26.7 + 5.8ab 46.7 t 5.8ab 46,7 + 5.8ab
F 10.0 + 10.0abc 433 + 58a 63.3 + 5.8a 63.3 = 5.8a
] 3.3 + 5.8bc 16.7 + 11.5bc 30.0 £ 20.0b 30.0 + 20.0b
H0 0.0 + 0.0c 0.0 £ 0.0c 0.0 + 0.0c 0.0 + 0.0c
Control 0.0 + 0.0c 0.0 + 0.0c 0.0 + 0.0c 0.0 £ 0.0c
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() FSEIFRGEe) WPASAA A4
REATCsES] A ol A5 AL R0 1859 1Y TAAR 43 o4F 3 3

el %Y WHe AAHATHE 15). FLETNREL oA RG] 7Y B 48 o4 ¥ 4%
A tiotel BEE AR B A8 BHIE 3 FET 20D F od A4S FU Spene
ADEL Aol BE A7 F sprayios A8 $AANE AYsAtk AP TeHTAR
2o 2% 25T, &% 60-70%, B37] 16L8D AL E 1247t 2HH 02 48X 7R AESE
ZASIET A58 AW A3 BA F AR A8 FAANN WS ¥ 43P B
Athad 16).

[E 15] B9El5RS=) thah

P

87 ¥ 2% 9 2% 29

% mortality (£ SD) after

Products
12 hrs 24 hrs 36 hrs 48 hrs

C 36.7+7.6¢ 98.3+2.9a 100.0£0.0a 100.0£0.0a
R 95.0+5.0a 98.3+2.9a 100.0+0.0a 100.0£0.0a
F 73.3+5.8b 98.3+2.9a 100.0+0.0a 100.0£0.0a
G 13.3+5.8def 55.0+21.8b 98.3+2.9a 100.0£0.0a
H 36.7+7.6¢ 98.31+2.9a 100.0£0.0a 100.0+0.0a
S 3.315.8efg 56.7+40.7b 96.71+2.9ab 98.3+2.9a
K 11.7+7.6defg 56.7+16.1b 93.3+5.8ab 98.312.9a
T 0.0+0.0g 26.7+12.6¢cd 65.0+5.0ef 96.7+2.9ab
U 76.712.9b 91.7+2.9a 93.3+5.8ab 93.315.8abc
\Y% 15.0+5.0de 40.0+5.0bc 83.3+7.6bcd 91.7+2.9abc
P 21.7+15.3d 56.7+11.5b 91.7+7.6abc 91.7+7.6abc
E 1.7+2.9gh 25.0+0.0cd 68.3+2.9ef 91.7+10.4abc
L 5.0+£8.7efg 56.7+23.1b 75.0£21.8de 91.7+2.9abc
\% 70.0+5.0b 83.3+2.9a 86.712.9abcd 86.7+2.9bcd
] 8.3+7.6efg 40.0+13.2bc 83.3+2.9bcd 86.7+2.9bcd
X 1.7+2.9gh 38.3+2.9bc 78.3+2.9cde 83.3+2.9¢cd
N 6.712.9efg 35.0£8.7bc 76.7t7.6de 80.0+£5.0d
Y 6.7+7.6efg 21.7+5.8¢cde 56.7+17.6f 60.0£20.0e

Control 0.0+0.0g 0.0+0.0e 0.0+0.0g 0.0+0.0f

6) BRAT
34 wale] A ARARS AT AN ok WA vhRd Z9le] 2ARY ddes nE
13 A9 99 &7 97, 6, W AN $7HE REsel 13N A3 BB ol 27iske 2
87 SAANER, ATIAS AT AR L B9 WA P consulting SHHOR FE BEL T

g3} 2o,
e Z 18 AY FW 24 B, o6, 8 A Eobel OiE AR BUEY (BF F 403
o] &)
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o @YY, FEE) 10003 : 20061d 9€HE wiF WE 4F, I¥ABTAA T
7, WalE dA kAAl 2 @R A AHEE

o HlE7H( ) 1000 : 2007 292 W LE, HaAE A
+ WEIHQTRY) 13009 : 2007 68N WF TR, WAF A

AR ABRH YA IFY 2% 44 (2719 3 OUL)

. AR WA ShEe ABBH PA bR AL AT F

C i) 239 Wk 2 AR EE B eﬁx}oﬂ ofal £39) FAF B A5 A8
H oA oY AL SRS BT AT 132 93 SAdERE A8 AL AT F
HE 25o] VRS

o R - AR A% "9 si3aTel 85 BRARAS dAFes F5 Nk
g d39A A77 s AR TAHCE AFAEE A% T B *‘LH*}% M
az) geolFuolEe 42 AR Lo s d3d HA 4Gl A5 w@
4% 22 9 7152 A% =FRLL(EIY JHE) BuA L AFE Qo) Fuy

L 318 EY 3“%‘%1’111 oY AT AR 25 R HA(3EA 8 dTE 3 A
1) A8 13 24 s AP 2 Ay ol Ay BE F ASA A7

o LAEE YEH SFoF UWEE Guluh(Helicoverpa assulta), Bl A A Plut
W (Spodoptera  litura) R I (Spodoptera exigua)s-o]l om IJIFOIFE L 75
(Trialeurodes Vaporariorum) 2 Grl|7}Fo](Bemisia tabaci)7} glo FyA o g wigddolE & F
AT

(7D Bl Helicoverpa assulta)2] M) o AR A2}

e 13, 844, ErntE 2 JhA] 59 FES vpEEe A S0 HAste
Asfstez wA7b e o sZelth AFS 4 Yol @y b 4R deier) 3
Al 150-10007) 2] L& weoh AFe 594-1090) AX dAsE, 69 3t 79 she-8d A
84 399 el HAHA 7]7—; Bth(Yang 5, 2004). £3] 84 ol A EASH o
A7) we A WAL Witk gupgge] oF e HHE JHHZ FF o
ol YBE By 13 YR Sol7t A S 3y MAES WEstd FF7HA
= A3 FHIS 2ok B3 43 o ulED 414709 FA HHE F7] BE T4 27
WA 7} W etk I AR ;3o AYETW F1 A X ¥i ThE LFE °olFse
ASE wol wAslng FAo] N dx HYnA st 1¥RRZ {FFA 4@ 1F 1Y
Els

rulm
o
ol
JS‘L
>
)

g Bow A AT/ glomz F714Y g Bl AT 27 PAe FHsol
10w 43 F2 ofe] BFE EE AL 44 ¢k 292 DRSS §
=k 18
517

l

X%
T} Hotg ABAE FHEtT A 54 FETeRA Hoh LA gAY
| A3t AWALS S A =SSR

@ geivhg AW T AR

UZE ghgd AA n3eA gl §3& AQstd 2F EAASER 2 Y o
2A BZEASANAN L5 25C, % 60-70%, BF7] 16L8D ZA A AFEEATHH 8A).

Az APE 2L 13E o)§3t] HFoz $3 A F Dol AEE {5 FAHI

DEYRAN Hastez AWAEA] Be Fo 2FE AT orshe oHECl

gJouz o]l A 3ly] 95ta] Seol et al. (2005)0] RiE iy AFALER(E 16)F A%
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[¥ 16] ©uivy AFTALE =

% % (Seol 5, 2005)

A} B g #
Water 950m¢
Agar powder 20g
Corn powder 164g
Soybean powder 68g
Milk powder 6g
Casein g
Yeast 24g
Vitamin 25g
Sorbic acid 2.2g
M. P. H 24g
Ascorbic acid 2.5g
Formalin 45¢g
4ml

Hot pepper oil
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(29 9) 2¥ivbd AFAE HHsE

@ @¥iv A AF

ok9lol M AFE Fulhre 24 ol AYeA Ful AL F 2 ZFASAA
S oo Al HEe & 91 FAFR(Seol F, 2005)F o] &3te] &%= 25C, ¥ 60-70%, FF7]
16L:8D ZZA ABAE 9l gty 8). Fuivhy A8Ae 29 100 vdehhioH
AAF FE7Ike E 176 et ATk vt 72 el 35710 AN A o I
o 39olgion 18RE 68 2712 F 16.6Y olen WHHI 72t 13Y42 &4 HAH
(B 17). Han % (1993)& geiviyt A AL d7elA &e 38Y, 52 18.64 Hw|7]+= 151
4z B A7 ARy 7o) 1 RS FJA T F AT

AL

(2% 10] FHib AFS. A, & B, #3(QFAR A4 F); C WH7; D, 4%
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[¥ 17] Developmental period of Helicoverpa assulta reared at 25C

) Larva egg-pupa
Diet egg 1 st 21\d 3rd 4th 5lh 6[1\ pupa (days)
Artificial 3.0 3.2 2.8 25 2.5 25 3.1 13.0 30.1
diet +0.0 +0.4 +0.4 +0.7 +0.8 +0.6 +0.8 +0.5 +1.5

(1) gl A A B Uk (Spodoptera litura)9) AUl Fol ARSH G
s AM P RS 3% 18] AAF T F8 s AF L AW o AR ARl
A8} 71E 8Tk

(X)) &A7V5o|(Trialeurodes Vaporariorum) R BH|715-0|(Bemisia tabaci)®] AW o A 4%
27 1R olsh PuisbRolE WS shFolzel 4315 vlE 15mme] Ae st Rl de
ERwcoz A7l 02 mmole] A% A% @& Paolt ARl WlIRolst T 239 Fo
Aesog Wake o] SHOITHIY 11). okEe 43 <FE7ix] EAlsie] 53] 13 e o150 /b5
sht 2% opREle 1R ABE @t Wdlsle 07.08 mmelm FHe) B2k ke Aol Bolx
Bi7hRol R WE Aol Soln &aslRols) RilRole A4, S84, AxF % T
29| o RMe] Hol FFatn wasgo] Baled AudiMe dF B 53] =29 9 SRl &
o FEEZ ABAR oA, U9} 4% P2 sHALH welds wl 2 o BN HEER A
LSS BT Byme, 1999 Jones, 2008). T} ol sk £ATbRolE Retoz BAY
A% 2 AUAE TEHA A S0 W AR AW uek FDY B 9
3 AvAstelM gof 472 € Aoz FEo| bty 1)

@ A T AR
= 2 jl2olo AFSS TEALSAG AN X 25T, &% 60-70%, FF7] 16L8D =7
oA 7)1FEAEL G| &t TF AN ARblA R AN AT 1)
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el 7450

%o} M7

AN R Ee dE

@ &47bRe] B FuirtRo o] AEAL AT
LEAREAAA A o] ol AREE F g o e e F 2= 5T, F§
= 60-70%, B5F7] 16L:8D Z7AM AFALE &2 ek 2A7HFol FuirtE =
g 13, 140] Yehhglon AA% $571702 E 18, 199 UEhiIiG.

[3f 18] Developmental period of Trialeurodes Vaporariorum reared at 25C

Temp. Nymph Egg +
() °88 " 7 3 4" Total  Nymph
25 9.56 425 3.0 3.69 7.88 18.8 284
+0.63 +1.39 11,21 11.01 +1.63 +0.26 +0.72
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[¥ 19] Developmental period of Bemisia tabaci reared at 25°C

Temp. Nymph Egg +
(C) &8 i 2™ 3 4" Total _ Nymph
25 74 31 2.9 2.8 6.4 15.2 22,6
0.5 +1.1 +0.5 0.6 1.0 1.5 1.7

0] oy T TS VAT Y

[29 13] £47}F0] VAL A, 24770 4% B, & C 18 4%, D, 2%
%% E 3% 43 F 48 4%

' S -

[ 14] Bul7}Ro] AEAL A, 2471F0] AF; B, & C 18 % D, 28 of
%, E, 3% %% F, 4% 9%

@ A AR SRR o AN

AAmEe] e b, S ARG R ARolRe] AT L A8
s A4AYL ANSAT AU SAAE AR 24 DB BAA B 2R
NAHoz 7ol ool FAME oz ALk
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() Sefbie) 287 AR 24

Sepe] A U AL AL BYE0) 4% A FAAS 3% f30l o) 2FF 3
e ANSHTHE 20). DA A8 BAAE B TEL THE T Y A 5 e
Aol HE A7 F sprayioz A8 SANE APsEck ¥Y Sbre £ BT, §
60-70%, FZ=7] 16L8D ZASZ 12A417kd] w4 48ALE AEFE 2AME|T 2
A, C D, E E] AEo] 60% ol4e] WA7tE wol gulipd BAE 93 715 o2 @
ATHE 21), 7 9 OE VA SRAE 0% Vo e AFEe WATHE 21).

d

in)
r:l:ikﬁolﬂ

[3 20] el oigt A83 w2 &5

A F 3 ok 4 &
A BRI HEFEE
B shbg, AAeE § HEFEE
c 0% HEFEE
D R 422
E ZE % NEFEE
F 7% 8% HEFTE
G ﬁ}‘%‘:’r‘—}‘ﬂo‘, g, IARE, & T NEFEE
H Zu, ARE, 8 F HEFEE
I HH-’,‘— L}Hc]-, Aol iy, EEu Bacillus thringiensis subsp. aizawai
] SN, 4, I, A A v HEZFEE
K 4E dF NEFEE
L ZAE A AEFEE
I 7E N 2 E2ZE + Bacillus cereus
O v =& Bacillus thringiensis
H20
Free
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[ 21] Sjuplel ot 187 SR A5 2% 2

% mortality (+ SD) after

Products
12 hrs 24 hrs 36 hrs 48 hrs

A 93.3 = 7.64a 100.0 = 0.00a 100.0 £ 0.00a 100.0 = 0.00a
B 0.0 + 0.00d 3.3 + 2.89¢ 5.0 + 5.00bcd 10.0 + 8.66bcd
C 80,0 + 8.66b 88.3 + 12.58b 95.0 + 5.00a 96.7 + 2.89a
D 100.0 + 0.00a 100.0 £ 0.00a 100.0 + 0.00a 100.0 = 0.00a
E 98.3 = 2.8% 100.0 + 0.00a 100.0 + 0.00a 100.0 = 0.00a
F 98.3 £ 2.89% 100.0 + 0.00a 100.0 + 0.00a 100.0 + 0.00a
G 0.0 = 0.00d 5.0 + 5.00c 6.7 £ 5.77bcd 6.7 £ 5.77cde
H 0.0 = 0.00d 5.0 = 0.00c 8.3 + 5.77bcd 8.3 + 5.77bcd
I 0.0 + 0.00d 0.0 + 0.00¢ 6.7 £ 7.64bcd 11.7 + 5.77bed
] 20.0 + 8.66¢ 93.3 + 11.55ab 100.0 = 0.00a 100.0 = 0.00a
K 1.7 + 2.89d 33 + 2.89%¢ 6.7 £ 7.64bcd 15.0 + 5.00b
L 0.0 + 0.00d 1.7 £ 2.89¢ 11.7 + 10.41bc 15.0 + 5.00b
P 3.3 + 2.89d 6.7 + 2.89¢ 13.3 + 2.89b 13.3 £ 2.89bc
O 0.0 + 0.00d 1.7 + 2.89%¢ 3.3 £ 2.89d 5.0 £+ 5.00e

H20 0.0 + 0.00d 0.0 £ 0.00c 0.0 + 0.00d 0.0 = 0.00e

Free 0.0 + 0.00d 0.0 £ 0.00c 0.0 + 0.00d 0.0 £ 0.00e

(W) 7HRoIF(e a7 ITo, Tl iRol)el 287 R 3
Fgolfel A FO) AL A Bgise] BEL) 2B FAANZ 33 o5l s 43 AP
ASITHE 2). WA 287 SAAE 3% FER FHE o A F9 LArkRols Ao
7 Bk Qs RS dohlolTHRlRE 13 o olFE Qo WAl 4 sprayo R 18
3 AAE A HDY LA7IRols) HulskRl L& 25T, ¢ 60-70%, #7) 16L:8D
2702 93 oi%e met A}"L% ST 0 2% AnHoz AR GAe o 0%} AL
g0l HnAE Bl F129 UL, WEFH Ao v S e BANE nyon 2
% AB, S, AF A|Eo| hujzhRolsh £as1Rolo] 60%01 4 WAE Hel b $4T oA
T BUHHE 23, 24) 2y JAHoR FYe] wowz FhHoz EANFHA VR
Aol e AT7H A,

-{Ol' off ol

i

L
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[¥ 2] 2471F0], Sull7lFold] g 183 sA A 55

2 A HEHAEE B %) F2Ah
Z 247 # 0] HEFEE
AA &A1) Neras
R A2E HEFEE
AB A7, dAF, F=FH B Z2ZE + u| A E(Bacillus subtilis)
AC o] v & AEeFEE
AD ol & HNEFEE
E % A NEFEE
F % HEFESE
AS kL N
H 740l HEFEE
AE L2of, &47}F ] 249 A A4 T o] (Beauveria bassiana TBI-1)
S Sl IARE, FEH A EZ22E + v E(Bacillus cereus)
AF 24 7HFol v) A B (Bacillus subtilis)
K g HEFESE
L A E, B F, 7IEAF HNEFESE
M FA2, FulstFols HEFEE
AG o & AAFEZ
N gy, 2471F0] F AEFEE
P AREF, g7, 7IEsF A BZ2ZE + v AYE(Bacillus cereus)
= L A7HF o], FHjrbFol, .
ARE
AH & %:; ;};]ﬁ B A EZ2E + U E(Bacillus subtilis)
Al v & AELY
A] A 7FFo], Fuj7hFol HNEFEE
AK ARE, WuHio] & HEFEZ
S1 7% A5 HEFEE
AL EA7MF0], ARE F HEFEE
AM ZE N F AEFEE
AN 4% 5 ANEFEE
AO AGE T HEFEE
AP ZE HF 2 E Ak
H,O
Control
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[¥ 23] 471Fold HiF 183 w24 2% 2%

% mortality (+ SD) after
y

Products 5 days
iz 420 + 3.5ghi
AA 38.7 + 12.8ghi
R 47.1 + 11.0defghi
AB 62,6 * 3.7abc
AC 220 + 11.6j
AD 511 + 4.7cdefgh
E 663 =+ 9.2ab
F 29.7 + 19.6fghi
AS 48.9 + 10.2cdefghi
H 444 + 10.2fghi
AE 53.2 £ 0.2bcdefg
) 715 + 10.7a
AF 60.3 + 29abcde
K 63.6 * 7.4abc
L 58.3 + 1.9abcdef
M 404 =+ 3.1ghi
AG 434 + 8.7fghi
N 46,5 £ 12.6efghi

53.3 + 13.3bcdefg

X 51.0 =+ 1.7cdefgh
AH 62.1 + 18.2abcd
Al 471 + 6.8defghi
AJ 363 + 6.93hij
AK 437 + 1.50fghi
S1 33.8 + 4.82f
AL 36.8 + 3.61hijj
AM 354 = 1.92hijj
AN 344 + 4.86ij
AO 41.2 + 5.11ghi
AP 35.8 + 8.04hjj
HO 41 =+ 3.6k

Control 1.2 £ 22k
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[ 24] gui7heolel] g 187 w24 AH A+
% mortality (£ SD) after

Products S0
z 55.6 + 15.1abc
AA 641 + 19.5a
R 44.0 + 11.3abcdefgh
AB 639 + 15.4a
AC 50.5 + 5.9abcdef
AD 523 + 24.5abcde
E 65.7 + 18.5a
F 45.3 + 0.9abcdefg
AS 453 + 4.2abcdefg
H 463 = 6.1abcdefg
AE 51.8 + 14.1abcde
S 63.0 + 14.0a
AF 61.6 + 14.4ab
K 55.6 + 3.9abc
L 59.3 + 17.8ab
M 44.4 + 10.0abcdefgh
AG 465 + 8.9abcdefg
N 44.7 + 5.6abcdefgh
P 63.7 £ 2l.1a
X 55.0 £ 19.7abed
AH 50.0 + 5.6abcdef
Al 47.6 + 8.2abcdefg
AJ 245 + 0.11ghij
AK 33.7 + 0.08cdefgh
S1 28.3 + 0.1lefghi
AL 37.6 £ 0.09bcdefgh
AM 20.7 + 0.12hijj
AN 269 + 0.11fghi
AO 34.0 + 0.12efghi
AP 30.0 + 0.08efghi
HO 2.7 £ 3.5
Control 74 + 8.5ij

@ 874 A4 2 A8A FAAE 18T TEF Y 1% A
JikRe) $AE 995 ARATY RERT(FHLIT) AM 29T 945
Aa) Ao Az BES Ut AM Yo AFLEE AFAE AN @

2 239 WEE WA AFe 27 B2HAH PAS 2873 FAAE olE
B 9AE B & Yo BoF PAZE 3T 2 9% TAY 4XE B AE £ £ 9
om ABAEAA @ PAZE 459 FAL B ALY $5 FAAE o8¥ A7

>
i
3
o5
-
Y
e
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sz she A wug, BEAATLE 2 sl AR a7nth folek 84

glom olg ola &rl=yo] HokslA Bk FIDE ZA7|(d], Sx4mm)e FEFHE A6

o Ao meo 89 B gFoE AT 4 Yrh 53 2UEZA FA}e 5 #YJ

Foltt. #1F XAV A=

2Pl Yo Wl %

o
ofp
ofl
{l
>
N
-
i

© [e)
TR RT
Ad W €% AFES 2Yste AL EXE FH
Boz B35l olsl WEe] A4 %ol Pl gg 2
g4 @e AEEAN WFHez EAVl ZAE 4 Yemz a4 2T A3
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(2 16] A1E W} 3lS E37] 8

Sz T4/ A3 F50] B gEdel JF W8 A S8 v 2T eyl 3
Tt B4 2o 79 e W FAse TPo AAHA G AdAA 157, AAE A
HAHE 104A2 243 Aol RelAW 100 F 89 Z&9 Azt ETYr7h ANHA Fe
AAe 60, AT ALAAE 4049 B Hhz Y7 4R fol W A% FE A
olg BATHIY 17).

LES N P

2008. 7. 26 2008. 8. 7
ERVIEY

(29 17] 8% £R7) 4 FFe e dAsiids

w3 TS AXEA e A DA (EFAE)G B AuMA AHEEE AA, EAR
2 9 AN g HasE A3 T Auy A9 187 FAA4 P 2 #AR ¥
Aulgo] A5E B AL ¢ 5 ATHY 18). 2=E HF THVIE LAY FF A
g9 AZaRE 7N 5 Uk
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A A8 A% 3y A Tk A

FYE, dlo|#, 2lxd, '
&7he), Ban, Bols, A, 24, vhERAl S
goh, 22V §
A S 4= 9 8
A 8] & (A8 7] E) 80,620% 406,460

(1% 18] #A el o} Fs Al HASs 2 HAWS

(B A8 FAAE 04T PEF A

RS 100% $EF BAE BUMo ks AT Hude BAE Ase] 2o
4 gAs B4 28R SAAE YEFOE BS AR PAV shseTh 28 18
B F RS HAd o4 5d AVA FAAE AL v Y, 15 A
A5Fe PEREE Ao AWARES AN FH 0% oldel 3ol e AWA 5
AAE ALgw Uk Hez AUE oF FAAE A9 TN At 113 =
a3 HolE FAAE AFAoz Adsgch ALY FAAE U4 A% 24 A7 7
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COISLOL (SL1149) AACATTATAT TTTATTTTTG GAATTTGAGL AGGAATAGTA GGAACTTCCT TARGTTTACT
COIBLOZ (SL116B) o0 civrivid cavursonns it sesntne seeaernree ssiabassvi soassossns
COIBLO3 [OL11T7) e vuenouns sreanrones Nresconsts vramssnans snvivwssoas oabesensxy

90 120

I R A ¥ L ¢ TP®P ¢ 3 LI G pY? Q 1T ¥ NT
COTSLUL (SL1149)  AATTCGAGET GARTLAGGAA CTCCAGHGTC., ATTAAPTGOA GATGEATIAAAL DTTRIZATAC
COTSLOZ (SL116Y) .......... berr e maees e sss sasesaaers waresesesa sases
COISLOR (AL LLATT]  cui i itives cnuvevanns srsianaats ersansears savubbonme asonvnsaes

150 180
I v T A H A |2 4 1 F P 1 v 1 P T 1 1 6
COIBLOL (81 1145) TATTGTAACA GCTCATCUTT TIATTATAAT TTTTTITATK GUTATACCTA TTATIATIGH

COISLOZ (ST IL16B)  v.uveveves savvrsanas srsasersnn Cheeaenare sevessaass sareranars
COLFLOZIBLAATT)  cianenensn sossvenans snanassdss Saaseatsans sssabstnss sassinnues
21D 240

3F G ¥ w L v PL $ L & Ax P D I & ¥F PR
COISLOL {SL1149) AGGATTTHGA AATTGACTTG TACCTITAAT ATTAGGAGCT CCTGATATAG CTTTCCCACS

COISLOZ [SLILES8)  wevuvueernr sonasennos suvnonnsne roasecnnae arenn peats i@ e
COTBLOR (L 117N v murwbmoins wsa s m Bt « B AE g S S, e o Saaa e e ey
270 ane

L R W I 8 E W Lo P ¥ % L T ¥ L 1 ¢ S R
COISLOL (ST 1149) TTTAAATAAT ATAAGTTTTT &GACTITTACC ACCTTCTTTR ACCTTACTAL TTTCAAGTAG

COISLO2 (SL12168) ,.evvvens W AsneesEaes sesassenss Srsaasedes sasavsanas asaaresava
COISTO3 (STH12AT7) taessirsnse sossanasas sasseaasss sasdssasros assantnsas samenanses
3340 as0

I v E N 6 A ¢ T & MW T % b4 P P L 5 B N I
COISLONL (SL1147) BATTGTAGAA AATGGAGCAG GAACTGGATS AACAGTTTAC CCCCCTCTCT CCTOTAATAT
COLBLOZ (BLITEBY v v uvuvvar vorumaaaos taerseisae sarsvonras onabacrede taee e ey

COIBLOB (BLILTT)  vuunavsves siusssasas seasssssne sossassnss sasassssss sossatssns
ekt AQ
A K G G R 3 ¥ o L A I F =3 L K L A G I 2

COISLO1 |SL1149) TGHEITCATGGT GGAAGATCAG TAGATTTAGE TATTITTITCC CTTCACCTAG CTGRAATTIC
COIBLO0Z (SLLLI68)  .uuivauevenr 2evunnonsn saensenrse torsvavnce srnacesTann curerennas

COISTOI (SL1ET7)  vvvevvenns vavevneeee connnnenee . . T Y. 3T7 FTE . OTT - . -
450 450

$ I L 6 A I ¥ F I T T1 I N I B L M N L

COTSLOL (5L 114%) ATCTATTTITA GGASCTATTA ACTTTATTAC TACTALTATE AATATACGAT TAAATAALTT
COISLO2 (ST ALEB ] ieicemmmmiaiei o Swisfaes] SRS s D SwE n e iy | S e a
COISLOZ [SLALTT) wvuesvsons aessnessas sasseantrs sasnssnsns srsessases sonennsnns
510 540

35 F D e 1P L F vw aV 66 I T V FL L L

COISLOL (ST 1149) ATCATITGAT CAAATACCTT TATTTGTTTE AGCTGTAGGA ATTRCTGCAT TTTTATTATT
COISLOZ [SL1168) seawinainas e sthenel avimsedses e NSRS R
COTSLOZ (BLL11TT) 'am ihbhaiies | loa e ire, (oATerra FEs W ehAaN Teiaraiediii del WMy wrs
570 600

L % L P ¥V L A 6 A I T ¥ L L n R ¥ L ¥
¢OISLO1 ({SL1149) ATTATLCTITA CCTGTITTAG CTEGAGCTAT TACTATATIA TTRACTGATC GRAATTTAMAA

COISLU2 [SL1IL16B) suvasssanses sessasssas snssassrss sessasssns ssvsoes
COISLO3 (SLLIATT) sanasvoces sossnvasss nassatsnss swtssassss srasassanses srnsras
530 558

T 8 F oD 134 A6 6 6 D P 1 L ¥ ¢ H ¥ L
COISLUL ($L1142) TACATCATTT TITGATCCAG CAGGAGGAGS TSACCCTATT CTTTATCAAC ATTTATTT
COIBLO2 (BLAI168) . uveeciuss tasasansrs saassaraas seasssrmnas Fassessans aodscbsn
COEBLOB IRNALTT)  waenavians satwesanss sadassssas sassssssss savesassss sasssive

[2¥ 22] Sequence alignment of three mitochondrial haplotypes
(designated as BARSLO1, BARSL02, BARSL03) obtained from 658-bp COI
gene sequence of Spodoptera litura. Only nucleotide positions that differ
from haplotype BARSLO1 are indicated. Corresponding amino acid

sequences are also indicated on the top of nucleotide sequence of
haplotype BARSLO1.
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o} A ARF G i3] A8AA A g AREdR Fa d7HE 3 2

EA BAsE NEHQA YEFE EMY Dol E I (Pyrausta panopealis), FHl A A PR
(Spodoptera litura) 2 P H(Spodoptera  exigua)ol AL™, FFAle T (Spodoptera
exigua)Ft Gl A M vV (Spodoptera litura) & & 4 AT

D) A 27 S e AP 2 A T AR 3E B A8A AT
7D 70 QDol F b (Pyrausta panopealis)] Al Fof AHSH Z&
EAQ eI E YRS ARED §A 70  FiE Fe MHFoez dA Ut BT
o e &4 uige] HY By} EFFHo|w o W FEHoz AU {5
TN FEMoE #WalH AvEg AN U& Dol A3 AT AF =7 @8 H
712 Ao A& 1AM stk AZ L 59 e 109 FE7A 4 38 o) HAsH, ¢4
HA71E 89 A&olth SAdToH YL e & HAE T FHAA delA 485%
9] Hage Bevn ¢A OB Z(Choi 5, 2007) WAl7F vr=A] BQ 3 AFolrh
O AdZelFue] Ay Fui A
U g8 Ad dEAAAN EAdEIEU fF3& AP 23 BEAASER
9 A ATFA ZEAGAA L& 25T, &% 60-70%, FF7) 16L:8D ZZA A3ttt
(2 23A). H2 AFE F3L YEAE o83l 4F2oz 3 A F JEA AdE
= SA2(2Y 23B), A&H] Ful A AT

[ 23] A, 2FASA 17 B, AviFd 71F4E(E7)

@ EAMADIB Y FEA AT
okl AAE SAALIH LS 1A o) AelA Ful AMS F 2 234}
A M ST AL He T JYEAE ol &3t X 25T, 5 60-70%, FF7] 16L:8D
zZAM BFAE QU Pt SAICIF Y ABAE 2¥ 234 UEhien, 20T,
25C, 25°C, 27.5T 2 30T #% 4% 7|e ¥ 25 72 g 2577 E 269 YER
th a2 A £xv) Eoldd wg w&r)Zto] FHolAE A ¥ 4 UYL Yanagida F
(1996)8] Ao} LR &ATH
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(29 24] EALToIB L. A, & B #F; C WU D, 4%
[¥ 25] Mean+SD duration of larval period of Pyrausta panopealis under 20T, 22.5C, 25C,

2757, 30C

Temp. Duration “{(daysiSD]

e o 3 4" 5m
(©) n  MeantSD n MeantSD n  MeantSD n MeantSD n MeantSD
20 35 64 +0.82 28  3.5£0.69 23 4.220.96 17  4.8+0.60 14 79+0.83
22.5 36 4.6+0.84 30 3.4:0.73 26 2.9+0.65 20 29+0.55 15  5.5+0.92
25 38  4.0£0.23 32 2.0£0.25 27  1.9+0.13 23 1.8+0.49 21 3.4+0.51
27.5 40 3.5:0.64 33 1.4£0.75 33  1.7+0.53 25 21x0.82 25  3.1x0.70
30 20  3.0+0.00 17 1.0+0.17 15  21+0.28 12 2.0+0.14 12 3.1+0.58

[ 26] Development periods of Pyrausta panopealis on Perilla frutescens var.
20°C, 22.5TC, 25C, 275TC, 30C in the laboratory

japonica Hara at

Temp. Duration  (days+SD)
. Egg Lavar Prepupa Pupa Adult
(©) n  Mean+SD n  Mean+5D n Mean+SD n Mean+SD n MeanzSD
20 40 6.3 046 14 27.0+1.77 12 4.4+0.67 11 18.910.94 11 4.09+1.45
225 40 4.7+0.46 15 193116 13 25078 11 9.410.69 11 824179
25 40  4.0£0.28 21 13.2+1.02 19 11032 16  7.410.62 16 63192
27.5 40 3.2:0.39 33  11.8+0.90 33 1.2+057 25 6.110.28 25  6.3+0.99
30 20  3.0+0.00 12 11.3+0.84 9 114033 8 5.2+0.46 8 61:242

(B Bl A A e (Spodoptera litura)2] AW o} AMSH B E

s AA B 3% 129 AT B4 Fa aFe AW 2 A Fo AR AN

A3 713l

_37_



1 =
A S BAstE SAYToEWEd fRESITy ¥ AFFsAA BHAE
stach ARG BAAE AR 24 ARA A2 B EREH ddHer 7
A

oh SRS 18R S B3

Atii BVEHE 105& Adste SAdDIE U 38 3 4% % o EHBH %
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AS] HE A ¥ sprayHo® 8E FAAE Mok A2 %ﬂﬁ%ﬂ%ﬂ%‘ﬂrc} nE 2
5C, &% 60-70%, B37] 16L:8D ZA OS2 12A17tel] Y 48A7H5<t ALEE AT
s g Folg e ASE A, C D, E F H P AF] 90% o139 458E 2o A 7+e
3 A2 HHECHEE 28).

—

[ 27] SAQTOH hge] e AV FAA 5%

3T
A& g HY &
A B HEX2E
C By HEFEE
D AL HEFEE
E 4% 8% qeE
F 7z % NE2Fze
H HEEY, WE, 20 5 HEREE
] 2o, EA, ShEPE, AAE L REEe.
M ZaAEH, guirrFols ANEFEE
N gejt, 2AVERC] T AEFEE
P 4% AE A BZ=Z2E5 + Bacillus cereus
H.O
Free
[E 28] S/ Tolg el g 173 T4 454 A
% mortality (+ SD) after
Products
12 hrs 24 hrs 36 hrs 48 hrs
A 96.7 + 5.77a 96.7 + 5.77a 96.7 + 5.77a 96.7 £ 5.77a
C 93.3 £ 5.77a 100.0 + 0.0a 100.0 + 0.0a 100.0 £ 0.0a
D 93.3 + 11.55a 96.7 + 5.77a 100.0 = 0.0a 100.0 = 0.0a
E 96.7 + 5.77a 100.0 £ 0.0a 100.0 + 0.0a 100.0 £ 0.0a
F 100.0 + 0.0a 100.0 + 0.0a 100.0 £ 0.0a 100.0 = 0.0a
H 96.7 + 5.77a 100.0 + 0.0a 100.0 £ 0.0a 100.0 = 0.0a
] 93.3 £ b.77a 100.0 £ 0.0a 100.0 + 0.0a 100.0 + 0.0a
M 40.0 + 10.00d 76.7 £ 11.55b 76.7 + 11.55¢c 76.7 + 11.55¢
N 80.0 + 0.0b 833 + 5.77b 86.7 + 5.77b 86.7 + 5.77b
P 56.7 £ 15.28c 66.7 + 5.77¢ 70.0 + 0.0c 70.0 £ 0.0c
HO 0.0 + 0.0e 0.0 + 0.0d 0.0 £ 0.0d 0.0 £ 0.0d
Free 0.0 £ 0.0e 0.0 + 0.0d 0.0 £ 0.0d 0.0 + 0.0d
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1 AACTTTATATTTTATTTTTGGAATTTGAAGAGGAATAGTGGGAACATCTTTAAGTTTATTA
1 T L Y F I F 6 I w S 66 M v ¢ T S L S L L

62 ATTCGAATGGAATTAGGAAATCCTGGATCATTAATCAGAGATGATCAAATTTATAATACA
20 I R M E L 6 N P G S L I s b D Q I Y N T

122 ATTGTAACAGCTCATGCATTTATTATAATTITTTTTTATGGTAATACCTATTATAATTGGA
41 1 v T A H A F I M I F FM V M P I M I G

182 GGATTTGGAAATTGATTAGTGCCTTTAATATTAGGGGCCCCTGACATAGCTTTCCCACGA
61 6 F G N W L v p L M L GG A P D M A F P R

242 ATAAATAACATAAGATTTTGATTATTACCCCCTTCCTTAACTTTACTTATGTCAAGAAGA
81l M N N M § F w L L P P s L T L L M S5 S S

302 ATTGTTGAAAATGGTGCAGGAACTGGATGAACTGTTTACCCCCCTCTTTCATCTAATATT
101 T VvV E N G A G T G W T V Y P P L 5 s N I

362 GCTCATGGAGGAAGATCCGTCGATTTAGCAATTTTTTCTTTACATTTAGCTGGAATTTCA
121 A H G G $ §S v b L aAa I F S8 L H L A G I S

422 TCAATTTTAGGTGCAATTAATTTTATTACAACAATTATCAATATACGAATTAATGGATTA
1417 $ I L 6 A I N FP I T T I I N M R I N G L

482 TCGTTTGACCAAATACCTTTATTTGTATGAGCGGTAGGAATTACAGCATTATTATTATTA
161 S F D Q M P L F V W A V G I T A L L L L

542 CTTTCTTTACCTGTATTAGCAGGAGCTATTACTATATTACTCACAGATCGAAATTTAAAT
181 L §s L P V L A G A I T M L L T D R N L N

602 ACATCCTTTTTTGATCCTGCGGGAGGGGGAGATCCTATTCTTTATCAACACTTATTT
200 T S F F D P A G G G D P I L Y Q H L F

[21¥ 30] Sequence of the 658-bp mitochondrial COI gene of Pyrausta

panopealis.

2t W Y siEe] A A vivE MLEEA F2 ATUHE 2 A
1) XA FAF S AF AR L AU T AR AR 9 AEA AT
Ho| A= dEAFHY HEoz  ZwHKCnaphalocrocis  medinalis), W E BT
(Lissorphoptrus oryzophilus), '8 7(Nilaparvata lugens) 2 23 Z#vivl(Parnara guttata)s o] &
o] WAZ} B AFdME THvbn SgH;e e Beld diste] FFHo2 AW st
A g,
(71 EHWHH(Cnaphalocrocis medinalis)©] AW F AR A3
sule 6790 WETAY FFAA HYste HFoE ¥, S5

& 5 PES AE
o Wale Eoh 459 Bdole o llmm Fz=oln 42 ¥ vl 80907) F=e 4
Az AAPTHIY B1A). F3 W A M2 Dobd AFYS VE F 2 HolA 4L 4
Aokl S43 4P Y WATHIY 31B). TAFYVE 79 seolA 98 FEAA A

&zx0o g A HKim 3 Choi, 1984; Choi, 1973)

Zguel o3 HajE 4%0l o8 Fntke a0l @ st Azen ¥ 2L A=
2 Wb 1 Solq AT Asely] BEC) 43 B0l AFT FAE X AHIE A
Aol olY7] Wi WAl & olzigo] YAtHY IE). 53 §F @ vt 567) H=
W g sbEE o A 2 Wl E Foh 2R ol He PP Td oz
Sl F8F ad JFE v

- 44 -



"

(29 31] 9V A, & B, %3 C Y7, D, 4% E 33 4

@ Z I (Cnaphalocrocis medinalis)®] AW T AMS
APEs YA dHg 35 ERAA TP AF5S AJso 5 BAATER
9 e A7A ZEAFSANAM LR 25T, % 60-70%, FF7) 16L:8D @A A3t
(2% 324). Hx AFPE 4FL 10% 4FEL T SFFd 4&E =L (E 2
B), £54E 7152 o A& Ful AHSS AT

Q) Al 21873 FAA g AEA
o] HyseE T SRS 0T 283 18G4 AEAP S AAEAT 34
P BA4AE AREE 24 187 B4 BiHERE JdFFer Fho| o|FAx FA
ANE Ao 2 FHTh
b EHEvhiel 18 A A3
Taupire] Ahy o) AR AAV) BYEo] FHNETA) FAE 3% A¥T FAA AY
st Tupy Lol tiE AEY FAL AASET WA A8 e 1Y TERE £
3 = R AR O IHU ARS Eule &g v & AT 30719 &€ sprayHoE A
=S AEetgth MEE T g8 &% 25T, % 60-70%, FF7] 16L8D £3oE &

_45_



oM H35e AFESE AT I 2 gETY A¥F BAR EF FF Ao A
B 287 HAAE B AEFE EITHE 29). 23y wESF} glo] BAH £AE UEY

A HE3FHT
[E 29] Swvbdbd] g 2873 24 55, Y3 2 AEF
&+ AFE 5354 fE A EF FE NEF
A tho| L} 28 24 3
B njo] & 26 19 #
C Zjo) 26 17
D &2 28 25
E 232 27 28

(3) A%A FAAE o4 T R SHTFU &
Oh 92 2 4"
He wgste SHUE 2 2R 183 TARE T LAE HE UF
AY #7] A 257}, et AW 5E/ME TR F TN BUHE dA o TdRE 947
A 93] o & HAELL dAuATh
(Wh 92 2 4% 25
b 2PgFUE e o AN 7899744 BBV, dRAT R BT
tiste] 7143 ARE EHE ZARIATHIY 33).

_f"hvf-w-.; - ‘
i o |
o0 | -
/\f;,\_}f” % \/\
st - o e E=gF T 35
it e |

o
o a

°° ‘. :_;|4"'n ‘|-‘|‘I'.’I":‘.-":’|‘i’ ol :1-.4 » e ||:|r|-|1!n|.i-=||[- > .‘.I:la.afsla!
| ad . | am e i | T 1o |
[2” 33] 49-10¥71A] 20073, 20083 Hd 7]

_46_



[E 30] 31874 & Auisrt 55 347U 42 25
_ ) Xl =
ansy | #E | oo 2 gy | FPEEH
, )
1
8
21 +
#71% . i
A IE 13 ;é : +
+
1 +
10
29
1
8
21
#7215 . 1 =
Al ¥ .21 ;3 +++
1 ++
10 +++
29 +++
1
8
21 +
ok ! *
Q
A 6l il 18 ;3) I
1 ++
10
29
1
8 +
21 +
7o L =z
do
A ! 15 =
1 ++
10 ++
29
1
8
21 +
Ry | oxdz . : :
.12 11 +
A} ) 2 5 "
1
10
29
1
T of )
A vl .14 21 +
1 + +

_47_




11 h
20 +
1 ++
9 10
29
1
7 8
21 +
=AY 1 +
G Fe =37 1% 6. 2 8 11 +
) vy 20 =
1 ++
9 10
29
+ A, +A, ++ F, +++ T, HH++ A

d% Azgel NAARE BT dF THpge 7)eo] EolAlE 74 FIAERH AY B
Erbold gAsgon 8o ol2d A RE HridlA FPd weol WA 9€7A] A
HE A% AQh 53 4 f71% Frrdde FASA TAHIE SHEHE 30). FRY
e wEld For]eo] olXE A7|d wAsleg 79x FU)Hd A= 27 WAE ¥

CEFFUNE A BE FUAM F7] 59 AF dAHA dgted dF #£71F §7t
A 71Lo] EolAE 89 ZFEd AF HAS FPo 8d T ofFel LA ﬂll sttt
¥ 30). 98 TEoF Au) 7 9 89 A&ol FaFe] dAHAY 89 T& ool
AFA SYTHE 30). HBF M E 5YFEH DAL AFSAT 84 o] F-of EP“ B2 JhA
7} B R AdA oz dAlgo] Ay B PAE 8t FEL oyt AT FHA

=%
L

A=
=

—

0 T ¥ & Jonz ASA 4L Fo] thigA 7] HAE 2B
@) = A SEuy o SR A eRd
42 sg | e® | 78 8g og 108
16 20 30 10 20 30 10 20 30 10 20 20 10 20 30 10 20 30 10 20 30
o1yl BEHE| 570
16 «—>»15 15 ¢—» 25 15 «—» 25

REHAC || 2BUY '/W/\Q\

RET:A B FaEULY |
et LA A

= oabg 29§29 Suuhy, b Edipo), BHET 2 23U F SRR
zxggunle BAS 95d nAR FFAAAS B WA dwREe o 20
34),

_48_



2y Az AANFI Srteid EPgFUE 5E9FH A E AT A AAsE BA
m 9gel tg Ao R YR A o YA TTH(IY 34).

b FRits 2EBaele S ue

T34 G52 o2 AA JEZE 29 WIEE Ik

(%) SR 2EA EAD AAE ASHOE ST A HIAFY AA AFHE FES
BE AFZIAA ¥ DYFSEAA
sAA o g
2470, gEjrhRol,

3 #d" dFFEel ¢+ A

(6) Are 9%

87 AN AEAE BRI B
R HE ERbE B4 79 Fokeol 28 HE F 43S Fahe} Al we} £
AN E BA5D 99 B4 Axd B 99 & BAA AXE I 32). 2P
AEYUE A Ed Wk 08 2ol 18 HE AV a5 $4A ABF AAE

a#Hog E&dte AHERTH

bt

W9 FHupgel AW B3AYL §

BAs)e B2e E 329 2T

(¥ 32] 2458 H3d 1873 5 A
g dE | 18 TAA AED (AT | A3 dd 4L
g 7hol, E ik S
O AFL= % =l
247l . O | e STAEAA
ofF= SIEs (Bacillus_cereus)
(3F) AF aeutel e H9FEE
A B o}o] X] A
ohuj Lk C TH3E 24
o 2 D 60% 23 2o} HEFEE
e E o] AF A% oA
(6%) F o HFSHIYFEE
I TR HEFEE
A Bl ofo] 2] A
& THiE 4
7)ol D #2220} HEFEE
L o E 90% AE T4+
IR e F ol 2% BFEtANTEE
(7€) H Hjo}o] A DA+E Y
AANTFEE
P grzel ol TR
+Bacillus cereus
sy g A FAH | wepelA 24
X 23
2%) AQ e KGu}&l HAFEE

_49_



H 5 REA A AEEN AxE 39 349 2o MR EAAE ALY HEF

A7 8% thahe] EEA
), FAZ@A, H AB(R222
S1H2Y 34, A-G), AQ AF
87 SANZ ALEs) AP @

H H
(5]‘{':‘{7_"

a3

o
\__

E

+14H) 2@ D AFEFEE+TNOE HELE FUFH

Y& 2 E+3a+UEdoe] FE2HJTHE 34, H). 4=
ooz AQ AEY AMEE AT AL FHd= ¢

Z
AE(3LA), AF AE(EFEE), A AF@A), C AF@E
o

R\
ro
2

ﬁ_
o,
=

Intere | M5, 1 Tron 65
'ﬁﬂl 247957
") .
| B Matrine(248 +H)
us{
!u{
| ;
% 281670 =
m.]- A J. J jl[ B Fm
5 % W 28 # 50 kS 5 P 5t o
(A) E AF
ieen W, Lo 871
0t Skt
| Azadirachtin D (676 +Na)
15
— g Azadirachtin A (720 +Na)
10 —_— 74340
727.4591
9 6284714 B3140% 1 l \ s 7593651
e ik Ihl. ]l.l.l, [ l lll il... “l ™ lLl |lt ek l lll; Li
560 0 ) 240 e
(B) AF A&
L - — RURETE
"tfl 314
[ +
08 G Matrine(248 +H)
08
o4
02 ;wj,& =020z
A \
o 6 u1 48 4 =0 = = P = w2
€ A AF

._50_



e W5, 0t 87|
'm; 213199
54 27163 .
Matrine (248+H)
4
3
?
1 uB156 e
«]
i | S s
s 4% ] 45 R JE] =5 = ES =4 w2
(D) C AF
iréen WE Lanan|
-:o; 249003
5 i +
— Matrine(248 +H)
[
¥
R
1 2483062 &F
R A N\ .
S 5 "1 28 9 =0 = 3 = ] Wz
(E) F AF
e, 5 | Trm AN
agt A
]
3
teri 1)
: Azadirachtin D {676 +Na) Azadirachtin A (720 +Na)
ik e
' . T n
N e ool SO | T s : L
" 0 CrE e ) e w o e
- Matrine (248+H)
"l‘-.j‘"’ — R -L“_“_;::l-- R ﬁ"T{'.’JL"_"_"_Ai"“—_ . "'""_"""','-\’.“:ﬁ"'_'"":-'u '_""A";-"'-'
(F) H AE

_51_



=
m“?’r W5, | b BIE
> )
%

o e Matrine(248 +H)

5 e ar p s a2 P x4 %3
(rren HE 1S BT
s =N

=
@

Azadirachtin A{720 +Na)

414332

Azadirachtin D{676 +Na)

b

BT Wiesa 33 l T
P i i J it 1 II | R i 1, i
o & M T 240} £ o2

(G) D A=

by, AME Y e B

Azadirachtin A{720 +Na)

Tanamd

¢ Azadirachtin D {676 +Na}

VAT

1 Wi A0 JTaars
s l l e 4 TN

A I N L i | I As | i A
ALY el o e Tt ) -
Trvers TS 1 Srurs BT |
245 1977

FLE

| 127 N

Mrans

Matrine(248 +H)

200 1054 z)aﬁwm

s
B B3 0 i B = R = L5 Za £

I NS 1 Sy HBS
4 1621248

& Nicotine(162+H)

184 9270

T [ W =] 164 166 e 1 197 e ea

[2g 35] 4 A8A FAA AR 24 dg 3AA FHL (A) E AF; (B) AF
A ; (D) C AF; (E) F Zﬂf, (F) H A&, (G) D AF % (H) AQ A
T A2 QJELS Matrine, 314}, Azedirachtin A & D, 824 % Nlcotme, Use,

_52_



AAFopl ] 7)ol

2 7%

7kl #ekd

©

3

1. =

- 583 -

mﬂ [ I N
| N HH s ‘nIZAH__:L ‘WD‘.__\_ —
< Lf o_a ﬂ Mﬂ T T AmM ;o‘_ or.c ‘_ﬂL L._o ~
s |BE P E Sl 4 N =X
il i mﬁ o o wr w5 2 T = T = Mook [ Hosw Ll
= |13 XM wor = X T PN Kl B | | JE RS
% = g o R _ﬁl_oml .uA1|I|_.T_ MM,O' Wo 73 J‘mvll_XL )= ,W-M I, Wd Mo Mﬁiﬂ ,;o‘.nw.uu Hors L_ﬂu‘io o P
e (e ) (N G- s KT |F > o L ) iy Uy s I RS
K| 2 o |7 <N | © | BR= X0 Mo P =& e KK o o | OB W=
I Y] s N R (R e A e o ok |5 |9 ™ it Tl | & To
o o = |RRE Ko |go™ S N Yol o= ELNN I R R ) =W N
4oV K- —_— b o ‘ ~ 0, - all
Kl I TF e = & |5 L] e s s |ow |2 wmm% 5 0% N ) T |
T | ] PP G fom S T | T T GO W s s DL BE W
o7 [° = |= NOR(ES ‘_.__o.L],. Ho w_ﬁk_‘ Lhy ° |= | = T 7K To| mmoqmo 7]Wr o Ho I
—~ < | = N | = 0 ° { = ol k| 3T ey o o or o =5 B | FKE =
N (Mol ~ = No|zoEs T o Tﬂa S l= =~ Hog~ o} =~ = qm‘_m.b - —_ ol W ov| B o |7 —_=
i e P g N el Sonk— oo || ot e ® [Tk |72 |l T T "
| o (X oo [Fon| % Y Ml SRCH KV i S B Lo 1 F e € e o =
NogR| R ="l B O ok LY AT W |52 = | doc- [T | W ) TH| e |
o m.w |7 W_.m ﬂ,;u Hamrr. EN ﬂ__mﬁu ﬂa&l .me #ro | = T Y GIN TN o ,_ﬂ wﬂ\;n iamﬂnmu ﬂa,ﬂ%‘Wa = L._o177r.
| = cacell Col z Al I I N e =|F .
ol al o | = X P ) B T 1™ D/ e, i Sl wE Ty, | T — | T
—_— Fo | B o] IS el Bt <5< _zThMAo nH e ME—| o E™ | aurs T N o Q| © <
" —_— Ji ] il —¢0 — — X [
el Bl e 622 R Gl ME | ™ b ah| o™ [T, v [ e Bl i LG i ) S BB
A O ,M ‘||_~0 ~ H%‘I LL < E.._ o) .mEJ| L_._OO. T Lf s KO ...MDM.M —_— =) @M (SR NE ﬂ&“ —_— \ME \r_o XA
| X E NT T TR S Wﬂﬂﬂﬂﬁ ﬂ%lﬂn/ o ._M_:U.w. 3T i m__HMM Mu‘n_u_h ST = ‘PXUE_I Mﬂwo|‘5| o Jlu%m_ /ﬂ_muMH o ﬂu.\_‘_W ATJH
o NERE T~ EN | sl = | X O N o w ooz T, Sl T
tlolelele = = = N ﬁmv_ e | E g %mm T @d% .ﬂ;w: e ﬁoa_a% P |=T % W%% W%u N oTH.l
prn b R S 0 ® = TR BNT xFo ﬂ%ﬂ%ﬂ} W |70 T =5l ® |
< ,_I_Qﬂ T —_ o o IS S ~ yA_l — E_E J_AO ﬁOE_E U ™
= EIF ® = = - ol o | = L b Lo i wo | w [P
i I I o T R = slalzl 2] L RTIR RS o
= %;z.o woo|%e T H o wo|" ° B OF | = & = Q ) = R =
b <0 i P A G © |m | W | B @ |5 | ® © 8 s | s )
i "Do4 MI < ofF o D oy == | = oY T Mo ) R = = A 0
A BT | | N (o il e g o WwE T ol il - A
Iy oo ™ |2 I Gk < | @ |® _ TR J Ll D
B Mo || = | me [ = M Ho Y e m° - 5B ]_H |
T e [Tr 5 | = S S o g il v a | K = A |l
=y Tl | % = P il o A T |17 R A B |
B ET(E |HoF P | B 5 = | 72 D i i 2 NES G I B i
el o | T | = g s | Pao| R =~ | ® | i E o
G o ElEar 2 | 2 5 _|= = | el | | k| T W) F|T
EReliE iy Ewﬂa F.mon_M _zTﬁo " | ' I_A,_mo Ao 41&. e <y |Ho JW N i T ® W T || T
- = —_ Al of | ©
ormlp T [l oy S s Y i 1 prorlrr|E | P T T = A P
— i T = = 0 = ) = ) —
o |2 2o R0 i d = | 7| ok | MalbTlE T | T e B o | ™ Forp| B
E..— do] S ‘WD ,DJuH ,E_H_A ,.‘._mEnMo ﬁo‘_ﬂ‘_ ...JW/H L_I MUJJIL ot ﬂ_.A.E ﬂ_/ﬂD_l ‘_.__..A 1qu ° _ZTH.._ = _.E.Hﬂ ﬁo%
B S X_|o[<ZH] wpob S sl GO ey | Rl A o | B R T
o 5 < | < Rz | ww| @ | TEIT R i -
e S 00| Woo| <k T IE ME‘W] _ N il
- W N = T == | =% =rin |8«
T o <%= | T |<w oo
el S = = 0| o
Tl o
w3 -
” e
o7 Mo
e




2. ANEERS SR

H .y
AEEA

L

E ¥ AFNYE FHYL G5 (%)
A B AF IB(REZ UL, ALY
9 BegsACB)) B A U ASH
2o BAT A AAL A | A%
Z AU Ad AR A2E 4 | Rz g Adedgel qe 183%A
g ool B9 AR BAR AF | A 1739 43 24 2 FoHTARRR 100
GAE ARAEAAD A A | he ABASAA 1539 S5 24
JARe $8 25 AVFEA | 228 AR AN Eokl NF AFEA
ERL FUBY
QAR v 270, 4Y ABAH BAY
of s AR AN
}\]A—l _TLZ{‘— lﬂ-/\g _7_0 1,].\31—2 u] iy 2o] oA o] mw ©hu chﬂ] Eﬂ —D]LH
ARolRe AAH @z A [ T LEo el ® B
Ah AFS A AE Az —t_rkl ol ﬂ'ﬁﬂﬂ—arol W e 7b=o)e] Ut 287 %5 A4
R FEE T E T o A Al
ARBEAAN AT ANDT | am mae e A8REAA Q2 Y 100
'% %‘f\’j: '%)"{I‘: ﬂ%%%x}zﬂ }d 5“%—5’_—_@7]% A]’%?} /\]/H —yz ]Huﬂxl tﬂ-)\g"]
g me QTR 2R wg | g
BT s f NAER2AA E 21 AP BE AN T
Wol 48 B@ WANYE % s Bl s oM A % ©
W3 e B mtDNA 29 CO194 ¥4 A} Aol §l3
N AR wg Fa s | EALE CEE SAAIRIL A A5
AAR A AW Ad AR A | 2 o 5 8 =
s s El Miﬂg :L:}HM g 2835 1052 .
M EAF AE WAL AR\ o g9e 29 ARAEAA AL Y
AR OF APAG B | S B e e e o
& 2 ABAEAA A ﬁ;ijﬁl SRR A S S S
97 A8 % ARE ERANE || ouo ua g o 24
e Tt waT A A 100
o) A B ol Be DBAA | oo oo MM T
j&ﬂ] o e wisok uf A vird 24
. ANAR AAF S Ba gD $5
i Rl o S (P AE AANE ANT AEFEE 85) 100

__54._




1. A+

A stEA A wE AY

A5AAEAE A9 R AAEE A

Rl
A A8} 2 A L E i sCl Impact w2l
2w e2A2 e Y r ol IELEE T M F54% | 284
(k2 (=R~ ) TE Factor Azt 2}
Test of Larvicidal Effect of Some Commercial HHIm,SKChang,
) Int J Indust 15 : HU Is i
1 Natural Products on Lepidoptran Phutella 2007.09 KsCl . CH Paik, T H
i Entomol 87-N Jeong Kim .
xylostelln and Spodoptera litura Latvac Han, 1 S Kim
Development of the Turnip Aphid, Lipaphis
5 erysimi Kaltenbach(Homoptera: Aphididae}, Int J Indust 0005 16(2): Kscl DY 16 SKChang,HUJeo
. and Test of Insecticidal Efficacy of some Entomol ) 93-99 Kim Kim ng,MJKim
Commercial Natural Products
Test of insecticidal efficacy of some
commercial natural products against 1802
Trialeurodes vaporariorun (Homoptera: Int J Indust 2 HU 15 MIKim,SKChang
3 ) i i 2009.06 | 1051 | KSCI . )
Aleyrodidae), Bemisia tabaci (Homoptera: Entomol 1 Jeong Kim ,HKOh
Aleyrodidae), and Spedoptera litira -
(Lepidoptera: Noctuidae)
Life Cycle of the Perilla Leaf Pyralid Moth, International] 2101):
Pyrausta  panopenlis (Lepidoptera: Pyralidae) ournalof 2a: H K 15 WKKim,ARKang
4 ’ o ) i 2010,09 | 1331 | KsCI ; )
and Test of Larvicidal Effect of Some IndustrialEnt 7 Oh Kim JISKim,HBLee
Commercial Natural Products omology
=1 =
. Seds] 24
. SN H 7
Gkl A2 =g ASs seois) B3 Y e L
1 Ay duY WAE | AzEdAA AFLAS AR e £F 4T K A 503 FRAFAE] A HEAT 2007, 04. 19 - 20 e
dej AU el | = 3 A zduzsd B
Jeong, HU, HH Tm, L : 7.
i . Test of Larvicidal Effect of Some Commercial Natural 2007. 10. 12 - 13
SK Chang, CH Paik, ) The 50th Conference of the Korcan e
2 ) Products on Lepidoptran Plitella xylostella and . HaevichiResort, Z2H
TH Han, IS Kim, 1 ) : Society of Sericultural Science X
. Spodoptera litura Larvae ’ Jeju
Kim
Jeong, HU, HH Im, Test of Larvicidal Effect of S c ial Natural 2007. 10. 18 - 20
es| rvicidal Effect of Some Commercial Natura
SK Chang, CH Paik, of rarviciaal e me S W07 E PREEEE AT PRYET
3 . Products on Lepidoptran Phitella xylostella and . _ N - ¥E
TH Han, 1S Kim, I X i A% E YR LFAL AT
i Spodoptera litura Larvae
Kim kd
Kim, DY, SK Chang,
7 Sl 1 Z (Lipaphis erysimi Kaltenbacl
HU Jeong, HH m, FSHTALIAE (Lipaphis erysim Kaltenbach) = Annual Meeting of The 2007, 11. 30 - 12.
4 : . (Homoptera: Aphididae)e] AWl AHZAL L ofol g ) . Z2H
MJ Kim, CH Paik, 15 - Entomological Society of Korea 01
Vg ATAN] AN ’
Kim, T Kim
Jeong, HU, MI Kim, Life cycle of the turnip aphicll,lLl'pnphis ar'ysfu.li
Kaltenbach (Homoptera: Aphididae) under different The 52th Confernce of the Korean 2008, 04. 16 - 17
5 SK Chang, HK Oh, i . i R i X X . . oy ZAE
Kim temperature regimes, and test of insecticidal efficacy of Society of Sericultural Science AF n{EHYB
some commercial natural products
Development of the turni hid, Lipaphis crysimi
Kim, DY, SK Chang, P P aphic, Lpapies erys
Kaltenbach (Homoptera: Aphididae), and test of The 51th Conference of the Korean 2008, 05. 01 - 02
6 HW Jeong, M) Kim, I ) . X ) N K . . )
i insecticidal efficacy of some commercial natural Saciety of Sericultural Science gHEAAL N FTY
im
products
Kim, DY, 8K C, HW 1L<”18t cflehofl—:he - a/':hlldd zv;'n;vflv=;'y>:uf'r t 2008 #ETLE2FH H7F3 P 200gg¢05, 08 = 10
im, DY, 7 tera: idi iffer = 7 d .
. im S, la en atc ( orlnopena ) tpnt lfa‘e) ur:‘ e; ll ff.en f ;HIQ}A%B_Q = 22 4Q ¥Eaz z2E
Jeong, MJ Kim, im emperature regimes, and test of insecticidal efficacy o s & = dolzae
some commercial natural products
Wan, XL, HW Jeong, A preliminary result of mitochondrial DNA se.quence 1"China-Korea Joint Simposium on 2008, 08. 20 - 23
8 MI Kim, S] Seo, JH variation of the tobacco cutworm, Spodoptera lihura i . EAEH
Tnsect Biotechnology Wuhan, China
Li, T Kim (Lepidoptera: Noctuidae) :
. Test of insecticidal efficacy of some commercial natural
Jeong, HU, MI Kim, ! . } = - ~
products aginst Trialenrodes vaporiorm ((Homoptera: 2009 523 #ZAAIE A S 2009, 04, 16 - 17
9 SK Chang, HK Oh, T f o ' i o T
X Aleyrodidae), Bemisia tabaci (Homoptera: Aleyrodidae), T wEs AF BEEIHE
im
and Spedoptera lihwa (Lepidoptera: Noctuidae).

_55_




Jeong, HU, MI Kim, Te.Std N insecfiddarl .eflﬁcac‘v AOf some.mmm:m' "?'f"'a' 0090 E GREE% £ ed | 2009, 04 24 - 25
10 SK Chang, HK Ol T pro uctsl against ‘:fn cmadfs vaperarionn ( omol‘p era; A W I Py
; Aleyrodidae), Bemisia tabaci (Homoptera: Aleyrodidae), i
Kim i i . . TEHAUE FAYEAY Alohta
and Spodopiera litura (Lepidoptera: Noctuidae).
Test of insecticidal efficacy of some commercial natural
HU, Ml Kim, ¥ _ ) . 2009, 05. 14 15
- éelimcg[mng, HK (l)nl:l producls. against Tll{'nlcnrod.as vaporariortin (Homoﬂera: 20099 = ?}Tr%%f'-%'ﬂﬁ A71% A AT A 2 2H
= Aleyrodidae), Bewisia tabaci (Homoptera: Aleyrodidae), 3 9 AL EEA =
im
and Spodoptera litwra (Lepidoptera: Noctuidae).
H K Oh, W K Kim, Development of the Perilla Leaf Pyralid Moth, Pyransta
1 H W Jeong, A R Panepealis (Lepidoptera: Pyralidae), at Differeru 20104 FFTE33 &4 shed 2010. 04, 23 - 24 S0
- Kang, C W Jin, 1§ Temperatures and Test of Larvicidal Effect of some EiE 2 2FA AEAY B A M -
Kim Commercial Natural Products
H K Oh, W K Kim, Development of the Perilla Leaf Pyralid Moth, Pyratista
o H W Jeong, A R Panepealis (Lepidoptera: Pyralidae), at Different 2010 F=L2-=283 A7) F3 2010. 05. 13 - 15 26
Kang, C W Jin, 15 Temperatures and Test of Larvicidal Effect of some 4 AL Es Aguista -
Kim Commercial Natural Products
[e)
=T e
- = Ao
A} An = i
L Z&dz s w3 e (91907 Fadg 7l st
AR E AAE A AERF 7 AEH g A7
M oz N E) 3 A§3 ekl
1| romores | AF BEAA B | ypgng g ane | TROOY (s0%) audsy 4 pemE
A W E AP7E | AHQ WAE FY .
2 2009.06.23 R} AR AEFd7ieAd Wald wA 8% 5
23 wa e b4 o E 2R sd7teAE (162%) A8 % &
HBAAZZHNEA A=ZAPFFPAN T A2d 9
201007, US54 AE 0-2007% AEAGQ ¥%
3 010.07.06 N 4 8% ) Al E2FRvIsHE [ 18 3 Az FEUREBIU ¥4
o Ok A
2t A FA
AH PP AL &
an (%ﬂéz) LEREEES 434 &)
1 2010 ) 2 21} u(Plutella xylostella)oll Sk Serratia sp. EML-51¢] 43¢ Ay A4
NGA5d LA W A 4 AT E LA - wHEF A, 87
2 2008 A A AA, Bl dF, AEASAAN) Egol thF consulting , APZ w3 s A
consulting , sl Foll ud Jet
AEAFD aZdA o AR A HAPLR gA - FHE AR, VEE
3 2008 s A BA, FelE da, FgAEARY Egol heh consulting , VET &L HEol A
consulting , Fd3lFol i 21
DRATD AFAA ol e AW A F GPEE A - FelF A, 83
4 2007 A Al AR, s o, dgAEAge] Egol dig consuliing, AEE ¥ oy BHA}
consulting . sdsh ter Ak
ARAFY A2wA ol v AW 45 QTR A - FalF AU, AR
5 2008 A AU HA, FaE R, RN Egl B3 consulting , AYE FY A At
consulting , ‘g dsl ol thy zgk
AL A5 AEHA e AL AAE SRR 3A - s AR, 187
6 2009 S AW A%, FHE AR, AgAEAMY HLol o consulting, ARE T ¥ BhAF
consulting , ¥dall ol g et
A8 2% e Ny AN AANE SR A - wRF A, A8
7 2009 Fab AW HA, wME o2, AEHEAANY Egel I consulting , VYT FY ol spA}
comsulting . ElAPed g Ao
VA AERA wFe: AL A F HAPEE S - $AF AUALS, 187
8 2009 s AW 4R, BAE A2, AEAEARL ELol AP consulting , BEE T ARz &t
consulting . sl el At Ak
AGASY AEHA ol w: A 4R F SR BA - FRE dhAg, 18R
9 2010 wab A AA, e oz, AgHEANY E&ol dI consulting , AT T R kil A}
consulting , 83l i3l 2k

_56_




2. AAEE A%

oAU AE AA %R & ATE e O A3l oE Ay ASHE FUsAe.
o= 2% ATHA PAS Yol E /A AFY AFE AW JMoR W T 429,
E O ARIE B 7EE ASUE FU APASY FEATALLL dl¢ 1as Aed

F g

G A8 sAA AW B 478 B8 24 Agagsee TU 84 % 23S
A% 47 ﬂaoﬂ Hl%“—ﬂ F% 42 A7 AFHA $JAF H2s A27) A W

o 3% ZUEY Y £5¢ wde 22T FAAA F e AT ATl 2A X
S w2V TR HAEY 2AE FHe= 740] Rt a3 o BF FHFZCAAM
dAste s Fol i &S @l%‘?ﬂ Fade 2 FU= HFLAS T g sie TR
g Fooln ABARFAAN) FYFS 2FE F dve TLY 249 AYHEER 01?—%5& LA
By £33 fFardTol o+ h‘?li 4 & dom FUe 2AA FHEZAA
T e fFd e g a5 EE 288 + U+

2 Fd: B 978 B3 298 MRge Fule] 222 o AdIFAHE, AEEA
A, AEREAR L HEAS AT D5 AF¥A7E 2 AY

_57_



A6 A A7ALRHNA FHE HARGIEAR

9, 53 2L ul¢ FEAF AGolmz I B4 HF EFHU WA dgo=
T ‘Q"g 2o W E3ko] th3 WU moniteringo] BRIt BWoH. 53], B
A% A BA W B SIUpLe] A49) FIW MY FF 24e) dasw g
ki mum e £ S B3 Y Yo gYsER Aty de T3 2
JEd e 5% Fotol Yo F FEe AA 2 U THeE A £ FolFH F
HYE tha e #3el #YHT o2 dsl WAL, AT HolY T A LAAR
Fe FHol Y & Ag A2 AAR.

l‘l‘

_58_.



A 74 ZaEd

Adams AJ, Frankiln R, Hoy CW (1990) Evaluating resistance to permethrin in Plutella
xylostella populations using uniformly sized droplets. J. Econ. Entomol. 83: 1211-1215.
Ankersmit GW (1954) DDT-resistance in Plutells maculipennis in Java. Bull. Ent. Res. 44:

421-425.

Bae SD (1999) Leaf characteristics of leguminous plants and the biology of tobacco
cutworm, Spodoptera litura Fabricius: I The larval development and leaf feeding amount.
Korean J. Appl. Entomol. 38: 217-224.

Byme DN (1999) Migration and dispersal by the sweet potato whitefly, Bemisia tabaci. Agri.
Forest Meteorol. 97: 309-316.

Choi KM (1973) Cnaphalocrocis medinalis G. rice leaf folder. Literature review of Korea rice
pests, Ins. Agr. Sci. O.R.D. 17-18.

Choi, YS, Park DK, Kim BR, Han KS, Youn YN, Choe KR (2007) Degree of injury caused
by larva of Pyrausta panopealis Walker (Lepidoptera: Pyralidae) in green perilla
polyvinyl house at Chungnam province. Korea J. Appl. Entomol. 46: 193-199.

Han MW, Lee JH, Lee MH (1993) Effect of temperature on development of oriental tobacco
budworm, Helicoverpa assulta Guenee. Korean ]. Appl. Entomol. 32: 236-244.

Hebert, PDN, Cywinska A, Ball SL, deWaard JR (2003) Biological identifications through
DNA barcodes. Proc. R. Soc. Lond. B. Biol. Sci. 7: 313-321.

Jones D (2003) Plant viruses transmitted by whiteflies. Eur. J. Plant Pathol. 109: 197-221.

Kim KC, Choi CS (1984) studies on the bionomies and analysis of damage of the rice leaf
folder, Cnaphalocrocis medinalis G. in south region of Korea. Rural Development
Review. 19: 25-32.

Kim HY, Lee KY, Lee SB, Kim SR, Hong MY, Kim DY, Kim I (2008) Mitochondrial DNA
sequence variation of the Mason bee, Int. J. Indust. Entomol. 16: 75-86.

Kim M]J, Yoon HJ, Im HH, Jeong HU, Kim MI, Kim SR, Kim [ (2009) Mitochondrial DNA
sequence variation of the bumblebee, Bumbus ardens (Hymenoptera: Apidae). ].
Asia-Pacific Entomol. 12: 133-139.

Lee SB, Bae TW, Kim SE, Yoon HJ, Lee ML, Chae Y (2003) The influence of over foraging,
and pollinating activities on tomato fruits by a Korean native bumblebee, Bonibus
ignitus Smith (Hymenoptera, Apidae) in cherry-tomato house. Korean J. Appl. Entomol.
42: 293-300.

Li J, Choi YS, Kim I, Sohn HD, Jin BR (2006) Genetic variation of the diamondback moth,
Plutellaxy lostella (Lepidoptera: Yponomeutidae) in China inferred from mitochondrial
COI gene sequence. Euro. J. Entomol. 103:605-611.

Liu TX, Yue B (2001) Comparison of some life history parameters between alate and
apterous forms of turnip aphid (Homoptera: Aphididae) on cabbage under constant

temperatures. Florida Entomol. 84: 239-242.

_59_



Noppun V, Miyata T, Saito T (1983) Susceptibility of four strains of the diamondback moth,
Plutella xylostella L. against insecticides. J. Pesticide Sci. 8: 595-599.

Sasaki Y (1982) Studies on insecticide resistance of the diamondback moth. In results on the
pests control studies(Annual Report for 1982). Japan Plant Protection Association Tokyo.
92-102(in Japanese).

Seol KY, Kim NJ, Hong SJ (2005) Establishment of the successive rearing system of
brush-butterflies (Lepidoptera: Nympahlidae). Korean J. Appl. Entomol. 44: 257-264.
Tabashnik BE, Cushing NL, Johnson MW (1987) Diamondback moth resistance to
insecticides in Hawaii. Intra-island variations and cross-resistance, Forum. J. Econ.

Entomol. 80: 1091-1099.

Yamada H, Kwasaki K (1983) The effect of temperature and humidity on the development,
fecundity and multiplication of the diamondback moth, Plutella xylostella (L.). Jpn. J.
Appl. Entomol. Zool. 27: 17-21.

Yanagida K, Kamawada H, Kusigemati K (1996) Biological studies on insects feeding on the
perilla, Perilla frutescens Britt, in Kagosima Prefecture. Bulletin of the Faculty of
Agriculture Kagoshima University 46: 15-30.

Yang CY, Jeon HY, Cho MR, Kim DS, Yiem MS (2004) Seasonal occurrence of oriental
tobacco budworm (Lepidoptera: Noctuidae) male and chemical control at red pepper
fields. Korean J. Appl. Entomol. 43: 49-54.

_60_



Ml 5 & Al2xiuf =

HE [4-5]






M 5% Adxjuy &2 MAE YRR A+ RN

I. A % : AR 2E AR2E AL a7+ 2 A

M. A571&e da4

AREL AAZ FAES dzste ZUH
o] A&AH ik A%
Atk oo et FHRFAFRE A&
Asted A FA Tl ofd
BAEHLE FFLY AES Fo ART
A e TPOEAN nEIVHA FIMESE 3
v Fd7Isolt

cguet 1EAFGANA HaAlF A AEEHE FAAE AEFF ol g
AR BE2RAA Y 2A% A 2 AR JE 49 ABFF A7 A
£7EAA) EE2AAAE F7dA T2Q A9 Staet ARGY, 1 AAHLS
z7] iote A4 5P A8 £ de AN HARE FHAANA AFE7] A8
Roltt.

A, $Pvere ISRV EAAR BREHA sEFEA A
1,0857 ZE 2= 246%2 2677)9 B3l o5 AAME I AEA
gatd A FFIF Sagol EE, giREEY AAV FEAES

=)
ol theA 599 Yo} ddHoE A4Y + Y& TR FE AF 25

Ao
-
N
X
4K
=
— o
r 1
>
2
X
2

k7
N

do i

e K
r2 32

)
o
o

3
Fo
oX,
al;

o,
off
9
o
or to mo v
(o]

44
JZL
o
fru
=
e
N
o
k=l ot

>

oh
rir

ol

2

ojt mlo
o
2

ol

2L

o
z:{OFrzL'
_Eﬁr&
rlok
oo pe
iu
=)
off ™ o
e G
e [
L o,
m?,l?:i
r‘Z‘Lrﬂ—'
mloo{{‘
N
o, M
o
SRV
—WEF

i

FAE0R GAD HEL TAG BAT & Avke oS Wyl AE Aol
% 559 f2dAE Age Heorde]l A AFoloiM Aw ¥ ARHD
|58 A2 OB oo F1%% ALUIRD AL AT AT Besich

¥ Mg o ojd

2
o
ol
N

M A% fg 2 89

B AFME Rior ABASAEL At Ve 5PAF FANEE ¥
2402 HF W Agay] Sld BeH 2 AFNES e ek A

1 298 $AE A8 BHez SPvde ABHn slE Y

FAEES Al € F7HEAAA HFstna o
2. ABET Y ARG AFHARC] AR 08 fFaAEeE TAHE HAHNE F
e fY JYUE AL AAE B AFE B8 Agatn, oo HAEES

=
i o
ool
Rl

Sl o}
tlo I
32
rir
)
o 2
fr

o
T o
Mr R o

o

o ooy pu O
N

Moo o o
i 2 on

2,
ilia
O::l‘ ol
2 %o
" o o
2T owx e kI OoE AT oh

fr 2 o
o
()

olf



Mg AFstud vt
2

ARE ‘%}Xﬂ% ﬂZﬂ NAEE AFste oo WAAS S EF HST U FF

4. AGE AL A I& Z}XHS’% Oﬂ?"ﬂ/ﬂ MEE ARE A S A WA EEC] 80%
o4 AANE AIstm, Aw® AAE ol&dd AldA FE ARE WA viwds

5 /48E F5E WA fwgdes AAAN ZAE AGE LA A HEskd S the
MeE viRds FrEFEHA drh

V. a7/ a3

L AWAZAA AUE A2 F 0] 80% o4 AuAA 174 FE5E& ALY 05 ¢lE &
AZZAN HAERE AFT A Aol HFuAL, Az, S4bol, HALY, Fedol

IR
0% o4 21

2. ZUER AAXE FEES o838l AGE WAL TAAME MLste Agststnal A
FAEY AEE/E Alold ARE AFEFE 7ML e AR A FAR, 14,
Adz, AW, LFAF, WFE, vhE, SUE, dd, Bud, @8F, v, 24, A4S, 4
¥, 2z Ao], 99, 2UE, NS, 13 Yo] T 20/ FE2ELS HF2E EAE
A7 1,000 mg/L FEAA 50% o4 A4FaHE B AEL FARFG P

rﬂ
iy
£
i)

SFATL oz AL FM A =P S
A BN 2aFE AENE TG W 2GS sFsAel vl Wl

3. AYE A% uAE 228 2487 o F3AE Makste 29 B3l e 209FS

Basle gAo] $43 2329 DAES Awadr. E wAAEL Rhodococcusst

Pseudomonas £O. 24 AWZFAAHL 94312 LUAT F3H RS} 4841 Fof] 70%

ooz 3t E 23 nAEL FTUES BAYSE wiYgsEe W Cl18 &

EFARE ALeton A7 2E23 st AHesids W JAHE

AEF Lol AWA 80-96% FFoIUTH IRE WAL AB|ANE 1/2 R 1/4 FFEL
Ay

_4

7% A7 7Y ‘Wﬂ 4 f{ HHﬂEﬂr% 45 5 Ak WA {FIAE e
% o

el e AYUE AFEANE AFAVIE FHA 9EE T 5 Us A

4. A9E PAE QHAE AAES ALy g8 1B ZAsEA EFERE THHL
Z=H 23la o]& Lecanicillium attenuatum CNU-230]2}31 Ué‘%‘o}%i\:‘r.
1 x 10° ¥A}EF0 2 AQE HesdS W A2 79 §F 85%
de 4 Uden, 50% FFEFRES UYehle A0S of 37248
FAHE AART BT B CNU-2Y A9E PABIE 57127
qM LgSE 1x ASES Ao ANE A7 3Y BHE 28 AYHHE ¢ 10
Q F PAETI 0% o4 FEoIAT AU B FAEFAA ANE PAEDL e
202 AZE CNUB AL ‘duzets ogog AAES A%sn F)HFNFE 5



8 ArdskE ATk

L HAAE F2EAM FAT ALE BAE AAES AAEEY] A @A .22
=2 325, 283 F71F 2 FELYE A8 ARGAEAS HA&A vt )

3 2 AYdA HE3 dat X 2442 F 90% ol FECIN

ANAEL AFata (F)FAHEE T3 493

HAth BEAANE FrlEFAA FAste nF ANEL WFoE PAEARE FST

CAYDE A& BHEAZ ] 9 FU1EE EHLE JrEHE g ol AYE
FEgue] #AEF AT AFALL FASA FUHAHLH ofF UxFHEeE oFoz
AAFEL AZstn (F)ESAFS 53 G AHS

CTherst MY E HAE AAE AR Bxoz FHed AR, 9o, agndds &

22 U2 3= O/W 3H AAE sAgste] Aol 29E 4FaHRE A5 4
T 97% ol FFolth Ed, o] ErtEAA dAsE 1F IRES =2 W
AEZRE A2 AT 80% ol FEoIUeH olF ‘olgxgE ojF2R AAFS A

B} (F)EHEe F6 Hgsstan.

VA g ARE LAE AR BAAYL B A7 AL AAE o188t AP

AW 23 ARE AN FLS d7F 2 oheH 2] 24T £ AT

@ A2 AMAFE nEistd M2 G 4FAE0R FAY AAE IRE A &
A9 A% 13 2¥stm, 13 ¥ 39 F 23 A¥, ayn I olF 57d HAe=
ARE Y5 g BA3HA X

@ 792 4¥Fy|g n v 239 olfel Ymrt 28 FrbEkH 12-16A13F AL
2 sEg FE2L 23z 309 od AFAEc] FEIHE AALEE I8
A FE 7hs9E AN AT

® AQRS wA e oA M 8T A F shte JCE S0 #FE gR
H A2 4Xxse Aoy ANE H4T FasA F Aoz A4S FESE A=
o £gA7ld ALY Axs} JEFFHoR Frretd HEY HE THAHE T
.

@ E AFANME MZ 02 FFHES FHT ABAS ALE AHE 2GS F 5
Mol AANE ARG thg, o)L AE AuAFE ndtd nEHoE AT A
A2 ATE HAS 24T F AT M B AFAA A7E dinde §7
of BFstAl o}

Ol



V. d790% A 9 &8 A3
1. A7A =

pp—p e ] =0 | oz | aa P I ag | xme
o] 4 | g | 3| A0 | 05| ze | A |G e 8 W
2 3 12 (0/1) 1 11 4 5 6
2. A48 #8AE
7b TE 71#E A A AR &
U 95geas AT 2 79 2 A WY g, TR A
O AldAM 13 IGE WA
O AGE WAL AA M-S e F3H A4 1H
O AGE AAE A TH R G
o = 50 2 et 2R
O AJNE fel FE2E o8& F9E WA
O HAE il & o] JYE LA
i 27T, B A7 BEAY 5
O FEFANERNN FuHE AFHAE AR A A A9

VI. Summary

Title : Development of an applicable manual for aphid control in greenhouse pepper plants.

This study was conducted to examine agricultural agents for aphid control in greenhouse
pepper plants. The agents tested were derived from plant extracts and microbial-source
materials.

Seventeen agents that are commercially available in Korea were proved to exhibit more
than 80% mortality against green peach aphids (Myzus persicae) under laboratory conditions,
and thus they were subjected to examine their control efficiency against aphids found in
greenhouse pepper plants. Among the tested only five agents were shown to exhibit more
than 80% mortality against aphids under greenhouse conditions.

Twenty plants available in Korea were dried and extracted in ethanol and examined at
1,000 mg/L for aphid mortality. Only two extracts from Cudrania tricuspidata and Sophora
flavescens showed more than 50% mortality against Myzus persicae, but these plan extracts
were not supposed to easily commercialized because Korea has bioresource limitation for
these plants and high labor cost. Thus other alternative agents were necessarily developed
by using the plant extracts that are available worldwide.

Two botanical insecticide, derived from osthole plus pyrethrum extracts and neem oil plus

derris extracts that were combined with soybean and acorus oils in food-acceptable



surfactants, were developed and commercialized by a domestic company. They showed more
than 90% aphid mortality under laboratory conditions and more than 80% aphid mortality
under greenhouse conditions.

An entomopathogenic fungus named Lecanicillium attenuatum CNU-23 was examined as a
biopesticide for aphid control in greenhouse pepper plants. CNU-23 was grown in potato
dextrose broth to produce blastospores at 10° - 10°/mL. The harvested blastospores were
mixed with 02% soybean oil fatty acids and examined for aphid control under both
laboratory and greenhouse conditions. More than 90% aphid mortality was observed 10 days
after the application of CNU-23. CNU-23 showed 3.72 day of LTso which represents the time
required to reach 50% mortality. CNU-23 controlled successfully aphid populations so that it
was commercialized by a domestic company.

This study could suggest an applicable manual for aphid control in greenhouse pepper
plants as follows;

@ Select at last five control agents that contain different insecticidal active ingredient.

® Spray pyrethrum extracts at first during early crop cultivation time, but avoid of
spraying it during the summer because it is chemically unstable.

® Control aphids as soon as found in plants at low population and perform the second
application 3 days after the first application. The third and repetitive applications can
be done at 5-7 day intervals after the second application.

@ Avoid of spraying repetitively the agent with an single ingredient within 20-30 days.

® Use sometimes microbial-derived biopesticides between the applications of botanical
pesticides.

® Spray neem oil-based agents at early harvest time.

@ Avoid of spraying derris extracts together with pyrethrin extracts, which result in
significant precipitation dependent on agents commercially available in Korea (not clear
about the reason).

® Use plant oil-derived emulsions or emulsifying agent-producing microbial cultures to

enhance aphid mortality by botanical pesticides.
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AE3 s a3 A3 LI
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Eudto] SC Bacillus thuringiensis aizawai NT423 SC i =S5 =4t

ula) 2 Paecilomyces fumosoroseus DBB-2032 WP | @73 udto]-gof | =4t

£Hl 3 Bacillus thuringiensis aizawai GB413 SC W b a4k
gAY, AXNG | Monacrosporium thaumasium KBC3017 WP | el 45 | =4t

JE Bacillus thuringiensis kurstaki WP ZA{ A L} er =4
REY 7= Bauveria bassiana GHA SE QolFAE | Y

A=Y Bauveria bassiana TBI-1 EC 7] gatolgof | 74

"] @ 7+ Bacillus thuringiensis aizawai SC ul} = T4
v A A= Bacillus thuringiensis aizawai NT423 WG v - E T4

SibiRS] Bacillus thuringiensis aizawai SC vl 5 T4

4 Bacillus thuringiensis aizawai WP A Fo bt | Y
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(X 2] 24 A% 308 BTG =71 AME d 3 (Murray, 2006)

=713 AZ= B y=ag 494 7)€}
zF 0 0 = - Citrus oil
TAA= 0 0 - 0
A= 0 0 0 0 Ryania
gz 0 - - -
7t 0 - - - Quassia
vt 0 0 = - Lemongrass,
clove oil
59 0 - - 0
Hda= 0 - - -
= 0 0 0 =
dot 27t 0 - - -
B 0 0 - 0 Garlic
n| = 0 0 0 Essential oil
Ryania
Nt 0 0 0 - Essential oil
A 3 0 0 B 0 Garlic,
Capsicum

oA AHEHI JE AELAL AEFSF YL FEAAEIE BHI B F 294
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AlFolX Yt IRE 43 EEES A FPEHAT AR FAAE R JYE
AL AAE 2ARRE A3 F 22709 AFo] HEHA AN A EE] AHEHIT A
o, g AAE AFFAL Zste] A FR AFAHLA WG FEIF FAF AFRE
HEWde 2 Hstan

HSZT B 4oM HoAE wpeh o] F 17/F AFo] dASAAM IA9E H

ol dA Rez AT, HFH AT HodH nito] TFE AA] B¢ FEE T}
A B, ATl FHE A A AFEEL =% WEAY e d#
THE ApAel HlE) gkt

doge A2AE 02X azadirachtino] 50 ey ole 3 €1 mIdA g ez
Al 59 7es T 4L /MALE AoE ¢#A ddk(Mordue F, 1998 @I Z,
2009). B3, 2Atele matrineolZte A& Eo] FfEo ded AA HEr|sH BHEE
HESD ARSS doeA 4FHE 7IAes 2eg ¥8A dtMatsuda 5, 1991).
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AAYE WATS 02% F7IE8S F49 gz HawAdA g o-F, vdde -

= AFTEE AEd ARt

1A 7182 299 EdoAN B3 nAES B3 A3} Pseudomonass: I Rhodococcus
& 2099F TFoldd. BT F FEYANA del ik f3tgo] 3 FF 2F
Pseudomonas sp. MC833% Rhodococcus sp. CF2-58 A1d38l$th. MC833 CF2-5 o#3Fv SHF
e AdBdAEo] 224 44 mN/m$} 51 mM/mEA 7|12 B1d 7539 32 mN/m(Kim
2002)e wla) REQrARE f-3}E 2 48A17F & 747} 91%¢} 74% 2 uf-§- S HTHE 6). EFL,
vl & FE&ote] ALtE APAHS B8 Ao C18 Ex3) At gl FRTHE 7).

~

L=
o
3

[E 6] L&l nAE AMEETH 73514

= w33 AF(%)
el @ AWML (mN/m) TR —
Pseudomonas sp. MC83 44.0 93 91
Rhodococcus sp. CF2-5 51.4 78 74

[ 7] &3] v¥ES ABSEde /3

pp— A2 FH)
T = Pseudomonas sp. MC83 Rhodococcus sp. CF2-5
C14:0 tr tr
C16:0 10.51 18.73
C18:0 3.87 8.11
C18:1 25.95 26.68
C18:2 59.67 46.48

ZZ 0 tr, <0.01%.
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=
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