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SUMMARY

(% 2 0HE)

Development and Product of Biopesticide for Control of

White rot on garlic

White rot of garlic occurred the first in Goheung province in 1988. The symptoms appear
as rising of temperature. White rot of outbreak on garlic, onions, leeks, and scallions in a
soil-borne disease, is expanding gradually on cultivated area. This disease occurs violently
in garlic cultivation of fields, particularly, the damage is large Nan-Ji than Han-Ji garlic.

White rot fungus will enable long—term survival in the soil in the dormant state, but this
reason, the more difficult the control of this disease is a reality. Control of this disease
depends on chemical pesticide in domestic. Chemical control is effective for control of white
rot. But Continuous use of chemical products and abuse can cause problems like pollution
of the soil and safety of crops. Therefore, Development of the biological control using
microorganisms is necessary. In this study, to improve marketability and stable production
of garlic, and control an effective technique for the development and commercialization of
biopesticides using Burkholderia pyrrocinia CAB08106-4 strains that produce antimicrobial

substance to white rot disease was carried out to establish the control system.
The results obtained are summarized as follows.

1. Condition for mass culture of antagonistic bacterium

We established optimum culture conditions of B. pyrrocinia CAB08106-4 strains. The
optimum culture conditions including temperature, pH, enzyme activity, carbon and Nitrogen
sources were determined. The optimum cultural conditions of B. pyrrocinia CAB08106-4
strains were 28T, 150rpm and pH7. The highest cell growth and antifungal activity was
obtained with 1% glucose and 0.1% (NH4)2SO,, respectively.



2. Established formulations and recipe.

B. pyrrocinia CABO8106-4 strains has antifungal activity against white rot of garlic. We
selected granular formulations with considered this strains characteristics. There are two
methods of Granular formulations by impregnation and assembly. This strains has weak
characteristics about heat and some surfactants. Assembly formulation needs some
surfactant and generates heat in manufacturing process. Therefore, Final microbial

formulations selected granular formulation by impregnation.

3. Product manufacturing and Check physicochemical stability.

Validity period is the important factor for development of microbial formulations. We
investigated cell numbers of B. pyrrocinia CAB08106-4 strains by storage temperature and
packaging conditions. First of all, We cultured B. pyrrocinia CAB08106-4 strains(1x10°cfu/ml)
using the optimum mass culture conditions. And We investigated physicochemical stability
after microbial formulations manufacturing. The result of experiments, B. pyrrocinia
CABO08106-4 strains was possible to keep cell numbers until 12 months in case of room

temperature storage and perforated packaging.

4. Control effect of microbial formulations.

Pathogenicity tests were required when applying for registration. We confirmed safety
about two kinds of aquatic plants and the four kinds of land plants. In addition,, We
carried out preliminary test through the method of soil mixing treatment with micobial
formulations before planting garlic on November 10, 2011. The micobial formulations
represented control effect of 66.0, 623 % on 20kg, 10kg/l10a treatments. respectively.
According to the result, 20kg/10a was high than 10kg/10a but there is not significant.

And then we determined amounts of 10kg/l10a in consideration of the sales price in the

after development

5. Field trials for biopesticide registration

KPER(Korea Plant Environmental Research Station) and Plant Protection Institute carried
out field trials of microbial formulation for 2 years. The method of test is soil mixing
treatment with 10kg/10a microbial formulation before planting garlic. The control efficacy of

it showed about 61.0 to 66.0%6. That results indicate that microbial formulation is sufficient



to control of white rot of garlic. In addition, We tested the microbial formulation for
commercial in Jeju and Goheung. Also. The control efficacy showed above 50%.
As a result, The microbial formulation can expected to improve control effect by

increasing the density of microorganism in soil.

6. Characteristics of antagonistic microorganisms

B. pyrrocinia CAB08106-4 strain has wide antifungal spectrums such as gray molds of
lettuce, Sclerotinia disease, rhizome rot of ginger, anthracnose of red pepper, and can be
used as a carbon source for most of the sugar. In addition, CABO8106-4 strain is capable
of growth in streptomycin sulfate of 20ppm, it can be dominant against microorganisms in
the soil at the time of colonization. Then, this strain did not show toxicity to the
germination of other crops. So B. pyrrocinia CAB08106-4 strain, is capable of use in a

wide range of crops as a microbial pesticide, and there is no risk of the chemical injury.

7. Antibacterial properties of the active substance

We were prepared organic solvent fraction for the identification of the antifungal
substance producing B. pyrrocinia strain CABO08106-4 against white rot disease of garlic
by adding ethyl acetate and chloroform to the culture medium. With silica gel column
chromatography in chloroform layers showing the antimicrobial activity, the antimicrobial
activity was detected in chloroform—methanol fraction. This antifungal substance was found
to be aromatic compound composed of six proton and ten carbon by '"H and "C NMR
spectrum. From the '"H-'H COSY spectrum, HMBC spectrum and HMQC spectrum, this
aromatic compound consists of a 1,2,3-trisubstituted benzene and pyrrole. As a result of a
database and literature search on the basis of results, the compound was found to be in
good agreement with pyrrolnitrin. In NMR spectroscopy, pyrrolnitrin confirmed the 265

molecular weight, the molecular formula CioHgCIoN2Oo.

8. Quantitative analysis of the antifungal substance

B. pyrrocinta CAB0O8106-4 strains showed a different antifungal activity in the several
culture medium. When the active substance is extracted from the amount of the culture
medium 1m¢, the active substance is not identified in the KB, was produced in small

quantities for 72 hours from the TSB culture.



Antifungal substance were produced when cultured 48 to 72 hours at PSB, showed the

maximum activity at 48 hours, yields of pyrrolnitrin at that time was 22.9ng/ml(media).

9. Monitoring of white rot incidence

White rot of garlic is initiated from the beginning of April, the onset is rapidly increased
from mid-April. Diseased area ratio are 3.0 to 6.8% at Seosan district, 45 to 54% at
Taean district. 0.2 to 1.1% at Euiseong, and 1.9 to 2.8% at Haenam, respectively. Garlic of
Chungnam province was all starting to onset from mid-April, Haenam is the beginning of
April, and Jeju from late March, although the incidence of the disease was less than 1% in

early May in Seoul.

10. Control effects of microbial formulation

The growth of garlic, especially plant length and stem diameter, there was no differences
by treatment of microbial formulation. However, emergence ratio was significantly
increased compared to untreated control plot. The control efficacy of microbial formulation
showed about 58.3 to 66.0% in Han-Ji and 746 to 64.2% in Nan-Ji garlic, respectively.
Average control effect of three years was about 70%. In this way, B. Pyrrocinia
CABO08106-4 is a very useful biological control factor to show the control effect were
stable more than 65% every year, and can be expected sustainable control effect on

farmers fields.

11. Expanded application of microbial formulation

We investigated the control effect on white rot of shallot for the expanded application
of microbial formulation. Control efficacy was the level of effect as biological control
agents are found in the 55.6 to 58.9%. These results indicate that it contains control effect
antagonistic microorganism agents to white rot of garlic, also white rot of other crops,
have potential application expansion to onion, shallot, wild garlic, and it is expected to

serve as biological control agents which has the ability of broad spectrum ranges.

12. Toxicity test of the Burkholder pyrrocinia CAB08106-4 culture broth
The aim of this study was to assess and to compare the pathogenicity of B. pyrrocinia

CABO08106-4 in rats through oral, intranasal and intravenous single dosing. The



environmental toxicity wusing Cyprinus carpio and Daphnia magna. B. pyrrocinia
CABO08106-4 (1.0 x 10’cfu/mL) was administrated to C yprinus carpio and Daphnia magna
according to the toxicity test guideline for pesticide. For the result that examined the
numbers of internal/external microbes, they were not detected in every group. The
pathological findings were not observed in relation to the administration of the B.
pyrrocinia CAB08106-4 in the necropsy result to survived animals. It could be concluded
that the tested microorganism was not toxic or pathogenic to rats via oral, intranasal and
intravenous route. No effect was observed at 6.67 x 10" cfu/mL and we concluded that B.

pyrrocinia CAB0O8106-4 has no toxicity for Cyprinus carpio and Daphnia magna.

13. Toxicity test of the microbial formulation for registration of Eco—friendly organic
product

The acute oral toxicity/pathogenicity, acute dermal toxicity, skin and eye irritation studies
were performed using animal. In summary, the present study demonstrated that the B.
pyrrocinia CAB0O8106-4 is not acutely toxic via dermal route and would not cause skin and
eye irritation to tested animals. Acute oral toxicity/ pathogenicity were not observed in
relation to the administration of the B. pyrrocinia CAB08106-4 in the necropsy result to
survived animals. It could be concluded that the tested microorganism was not toxic or
pathogenic to rats via oral. The environmental toxicity using Cyprinus carpio and Daphnia
magna. B. pyrrocinia CAB08106-4 GR(1.0 x 10°fu/mL) was administrated to Cyprinus
carpio and Daphnia magna according to the toxicity test guideline for peciticide. There was
no mortality and adverse effect in any of the fish exposed to 6.67 X 10* cfu/mL. The 21
days LC50 value of B. pyrrocinia CAB0O8106-4 GR(1.0 x 10°%fu/mL) to Daphnia magna

were determined 9.07 x 10" cfu/mL.

14. Toxicity test of the microbial formulation for registration of biopesticide.

The acute oral toxicity/pathogenicity and acute dermal toxicity studies were performed
using rats. Skin and eye irritation studies were performed using rabbits and skin
sensitization study performed using guinea pigs. In summary, the present study
demonstrated that the B. pyrrocinia CAB08106-4 is not acutely toxic via dermal route and

would not cause skin and eye irritation or hypersensitivity to tested animals. Acute oral



toxicity/pathogenicity were not observed in relation to the administration of the 5.
pyrrocinia CAB08106-4 in the necropsy result to survived animals. It could be concluded
that the tested microorganism was not toxic or pathogenic to rats via oral. The
environmental toxicity using Cyprinus carpio. B. pyrrocinia CAB08106-4 GR(1.0 x
10%fu/mL) was administrated to Cyprinus carpio according to the toxicity test guideline

for pesticide. There was no mortality and adverse effect in any of the fish exposed to 6.67

x 10" cfu/mL.
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M1 & AF7HEoA e 7L

SEuel vis AEiE A2 1975+ 13561 halarl, 19909+ 49,160 ha=z < 7}sttbrt
20083 9l = 26,986 ha® #FA 3l o™ (Ministry for Food, Agriculture, Forestry and Fisheries,
2008), THAAE, AR, AFdld Sole vty vhs AuEA T A E o] ANEstEHE o
2 A Fa vk a2y H2d e vhs FAGAE SHoE AR o3 S STt
Aol F7kskal 9lo] w7kl A= o] Hel & st A4 soiuval e FAelt w5
AR gt e EYgdAY W2 Fulol A 1989W A &AWl AL Ky o]F wf
=, Y9, 9, &3 5o
(Kim, 2003; Cho &, 1996), &7llA 3}l 59 o]
of T2 Auisty] wol W WA WA 9 Aol FrtE Jhsdel wi¢ =thHKim T,
2005). 53] wubm Ajujol A o]l At A Pubm v GAE wisolA It 2
HKim &, 2002). vt SAASAAE TS o] oA HY FAGHE EY Tl &7
b AFEo] 7 skAl E = (Coley-Smith 5, 1990; Crowe, 1996) ©]&]3F o]f= o] W] HhA|
7F A% oAHE Aot gl M= Trichoderma harzianum 23 WP}y Bacillus subtilis 122
WPE o] &3 nts SRS A2 HA AT (Lee &, 2006)¢] o= 53k Ao
th eTrolA el S g e AEA WA A R Zd¥dFo® Cheatonium

o g3t

|
o

b} Age FaeAE Ao

il

0=

globosum, Trichoderma harzianum 7T, viride, T. koninggii® VA &< HoSol

A% o™ (Mclean 5, 2000; Clakon &, 2002), A 8Aw S 2= Bacillus subtilis QST Tho]
3 (Sclerotium minor)°l A& 2 Hol AL ¥ SFAA ST Y theto] fzoA &
F5o] AgEE AEwoE v A otH(Copping, 2004). F3F A S-F3 o] 2 & okA]
2 555 e FeEofrA wAEdrE auA =4 ol AulsTtA s B2 odws
A e AARelr. wEpA 2 AT mhEo PP AR ALk AEAS Eol7 bl mb=

Sl ol el &S AS Bt Burkholderia pyrrocinia CABO8106-4 15 (E3]

d

)
ol

SEWE: 55 A 10-00617865)8 o] §8 WEFCF AW % AEAE st mH WA

71 AAE GHstax AAEEAT.
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W] R G =4 g
7}. Burkholderia pyrrocinia CAB0O8106-4 2] &4 FA}
E3| w20 B. pyrrocinia CAB08106-4
& TEEHIEdAA  Egtol

2]

M~

Agar(DIFCO, USA)ujAell 43]4 F2Z(SPL, KOREA)E At&3te] 488 M wwalar 28T
2710 3Lt wikste] 1 @92 RStk Sqtor wHdste] JFIEY7E et
@ ol WA ol Ao AMREES SFATH

PDA(Potato Dextrose Agar, DIFCO, USA)wjA|o] nls IZAMASFHHAT agar plug
Smm(Z2AKO o] 8)E ¥ U B. pyrocinia CABOR106-47 2] AFF=2UE 25
cm (FAo® A3E FILE ARG A WlGS AT 20T F=7]o] Easte] 10~14Y
Soll g Ads WyoAYH S ol SAHsA. 58T FS B. pyrrocinia CAB08106-4

T A AH(Table 1).

Table 1. Antifungal activity of Burkholderia pyrrocinia CAB08106-4 cultured broth

against white rot caused by Sclerotium cepivorum on mycelia.

Strains Inhibition zone width(Cm)
A 1.4
B Full

A Burkholderia pyrrocinia CAB08106-4 cultured broth
B: Control

B. pyrrocinia CAB08106-4 =% Nutrient Broth(DIFCO, USA)u}#]¢] 100ml & ZFo 2 3Y
FovjeFetath HA e gads Adsty] f& - AR B§AY 13FRE A AFESEA
tHTable 2). Pseudomonas basal medium(Ko.HPOs4 2.56 g, KH.PO, 2.08 g, NH,Cl 1.0 g,
MgSOy.7TH20 0.5g, agar 2%, g/ ¢)°l 13E 7/ ©@29E 3% w52 H7bste] Z42te] wix &

_25_



50 A7 skt oS o w2 28T, 150
o Spectrophotometer(SHIMADZU
o i L

F A B2 A 7)ol okl 1)

Az3 3 g wjdE B pyrrocinia CAB08106-4
rpm Z7 S % Shaking incubator®] vjste] 3, 5 74 &
JAPAN)E ©] &3] 660 nm #Fo=2 OD @S A AT T3

wjoFol oo Beshe] nhis S AM gtaly it} A Al
218 A3} Glucose, Rice bran oilg H7FsF wix|o| A 7b4 & A4S =T 5= A

Fitdd SAH A7 Rice bran oil®] 45 @ Ado] YEUA gof thgo® o] 7MY

ZFalar wjoko] #E = GlucoseE HEAH o7 Awsldth(Table 3., Fig, 1,2).
Table 2. List of high and low molecular weight cabon source
No High molecular weight cabon No Low molecular weight cabon
: source : source
1 Cellulose 1 Corn starch
2 Fructose 2 Potato starch
3 Glucose 3 Black sugar
4 Lactose 4 Yellow sugar
5 Maltose 5 Rice bran oil
6 Mannitol
7 Mannose
8 Sucrose
Table 3. Effects of low & high molecular weight carbon sources on cell growth of B
pyrrocinia CAB08106-4 at 28°C, 150 rpm in flask culture for 3, 5, 7 days
OD value(x10)
No. Carbon source 3 days 5 days 7 days
1 Cellulose 0.038 0.040 0.039
2 Fructose 0.075 0.070 0.064
3 Glucose 0.129 0.591 0.407
4 Lactose 0.090 0.118 0.089
5 Maltose 0.125 0.185 0.155
6 Mannitol 0.038 0.690 0.641
7 Mannose 0.075 0.392 0.330
8 Sucrose 0.129 0.741 0.469
9 Corn starch 0.090 0.057 0.047
10 Potato starch 0.125 0.043 0.041
11 Black sugar 0.129 0.495 0.490
12 Yellow sugar 0.090 0.586 0.397
13 Rice bran oil 0.846 1.173 0.868
14 Basal medium 0.040 0.054 0.048
15 Nutrient broth 0.981 1.796 1.391
16 CK 0 0 0
— 26 —
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Fig. 1. Effect of high and low molecular weight carbon sources for the antifungal
activity of B. pyrrocinia CAB08106-4 culture broth against white rot caused by
Sclerotium cepivorum on PDA medium after 5, 7 days dual incubation

A: Cellulose, B: Fructose, C: Glucose, D: Lactose, E: Maltose, F: Mannitol, G:
Mannose, H: Sucrose, I: Corn starch, J: Potato starch, K: Black sugar, L: Yellow
sugar, M: Rice bran oil, N: NB, O: Basal medium, P: Control

E 5days
I W 7days
A B € D E F G H I 1 K L M N O

Carbon source

s =2 82 =2 2 =2 o
oW B @m N B0

Inhibition zone(Cm)

=

Fig. 2. Effect of high and low molecular weight carbon sources for the antifungal
activity of B.pyrrocinia CABO08106-4 cell-free culture broth against white rot
caused by Sclerotium cepivorum on PDA medium after 5, 7 days dual incubation
A: Cellulose, B: Fructose, C: Glucose, D: Lactose, E: Maltose, F: Mannitol, G:
Mannose, H: Sucrose, I: Corn starch, J: Potato starch, K: Black sugar, L: Yellow
sugar, M: Rice bran oil, N: NB, O: Basal medium, P: Control
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Z3}o] Shaking incubatorel 28°C, 150rpm 27 o2 wjekatuh. wjYFe zhzbe] AR+ 3,5, 7
A zlo] AdA LS FHslo] SpectrophotometerE ©]-&3e] OD#S =A3Act. =423 Glucose

1% F%o|A 718 =& 2+ Jeo] HAEw= A st Table 4).

Table 4. Effects of different density glucose for cell growth of B. pyrrocinia
CAB08106-4 at 28°C, 150 rpm in flask culture for 3, 5, 7 days

Glucose OD value(x10)
concentration 3 days 5 days 7 days
1% 0.490 0.712 0.272
2% 0.387 0.709 0.235
3% 0.343 0.607 0.228
4% 0.132 0.448 0.220
5% 0.069 0.369 0.215

(2) Ao A
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B. pyrrocinia CAB0O8106-4 59 A==F2YE v|g] +#4]3F Nutrient Broth®]*] 100mle]]
2 AZF wieFete] JAEUS AT A AEs 918 Pseudomonas basal medium®]

2ANHCDS vlg] AAs Y. vdFo =z 859 diads 05%% H7hste] "ditsia g
FHg HFYS 100 #7138k & Shaking incubatordl] 28°C, 150 rpm 271 0.2 v &3FA T}
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Table 5. Effects of nitrogen sources on cell growth of B. pyrrocinia CAB08106-4

at 28C, 150 rpm in flask culture for 3, 5, 7 days
OD value(X10)

Nitrogen source

3 days 5 days 7 days
(NH4)2SOq4 0.50 0.840 0.664
NH.,CI 0.10 0.379 0.276
NaNO; 0.02 0.066 0.064
KNO; 0.40 0.650 0.649
NaNO; 0.50 0.812 0.800
NH4NO3 0.10 0.211 0.198
(NH4)-HPO,4 0.50 0.838 0.782
NH,H-PO, 0.80 1.004 0.852
0.5 -
0.45
‘é‘ 0.4
50.35
2 03
S] 0.25
=
é 0.2
% 0.15
B oo
0.05
° _(NH4)ZSU4 I NH4C1 ‘ NaNO2 I KNO3 I NaNO3 I NH4NO3 I(N'H4)2HPO4‘ NH4H2PO4 ‘
Nitrogen sources

Fig. 3. Effects of nitrogen sources for B. pwrrocinia CAB08106-4, antagonistic
fungi to the mycelia growth of white rot caused by Sclerotium cepivorum on PDA
medium

Aukst (NHy)-S049 HHsxE ZA3E7] 913519 Pseudomonas basal mediume] 2 A< (NHy~
ChE AAsL 0~05%7FA 0.1 G2 H7bste] dystdh. oo 2 v F#Hj3 JFdS
1000 A 7Fske] Shaking incubatorell 28°C, 150rpmo.Z wjdsle] 749 &<k Spectrophoto-

meterE ©]&3 660 nmIF oz OD gha vwid SAste] HAo Adiad w8 s

A A3 (NH)2S04 0.1%14 7HE =2 #s detdo] H4 == Aadth(Fig. 4).
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Fig. 4. Effects of different density (NH4)>SO, for cell growth of B. pyrrocinia
CABO08106-4 at 28C, 150 rpm in flask culture for 7 days

(3) Ak HAujx] el 7]EuiA o] Bl g 7 o] 84 HF

Pseudomonas basal mediumel 4#3gF €2 (Glucose, 1%), &AL ((NH,):2S04 0.1%)=
7Fsko] Adbsl H X ujx|E A 23Rk 7S 8 X = Nutrient brothE Eitste] F=4H|ssith <
o} o] A Z3k wiR| ol B. pyrrocinia CAB08106-4 ¥ FS- 100 H7Fste] 99 E<F 9
A =& Spectrophotometer, 660 nmE ©] 83l 43 tHFig. 5). 1 A3} Z Al =] of A
Ait7b 71 Ao e BEA FA0] Ho] FrHEdGR] oS wdeA o

ATk F7F FFEe FHAVIE Adetr] 9 FolSd e F A 3-4d A T
Ll

i

=
o2
r—.~'
?01'

(Fig. 6). 28]a z}z+e] Alzmafd Al7]eo] dAZHFS FH3sEe] 0.2 gm membrane filterE ©] -8 3

Hjokoj & w5 o] DNSE 3} wh$-Al 71 t}S Spectrophotometer, 550 nmE ©]-&3lo] 1 &
[e3]
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4) F7F 49 A Ay

Pseudomonas basal mediumol] 2193 g4 A (Glucose, 1%), &Y ((NHy)-SO4 0.1%)S #
7velo] Mubet HHw XS A Zste] B, pyrrocinia CAB08106-49 A=Z=24E HE3 %
Shaking incubatorell 28T, 150rpm Z Ao & widadt), v ZRE 3L} F7F Jddo
2 AE2 AUl Yeast extract, Beef extract, Casein, Casamino acid® Z+7} 3% #7}ste]
2T E Spectrophotometer, 660 nmE ©| &3 43ttt 23 Z3} Beef extractol A
7H4 -3 thFig. 8). F7tddd o s A3t Yeast Extract, Beef Extracte] ¥%5 1~3%

2 A 5 HAu A 3U3E vt ol

of

dgt HHo R FUIFLA S HItste] widEs
AT & H7EsE Al 7] 5-E Spectrophotometer, 660 nm= ©] &3] A&FALS A A5}

AEAY WA FIF dEES 9L YstRds  Beef extract 3%°lA4 7HE B AdTE

K, 3YZE vjget & FUYY S HUMSE AoA X Beef extract 3%7F 7H

Hj ko] z ¥ 9lom 1 thSoli= Yeast extract 1%t}

=

a4, Beef extract®] 4% wjdFe
=ol RSt XAl AFY Al GUME =olA He Qo] Hug 7 o

g8 714 o]
ddoz AgelA griar ddo] FHATh o]d H|F| Yeast extracti= 7FZA o] A H3}il Beef

extractt FAFSE EIE #HET F Qo] HF FUF JIdew Adsiglon 1%® AAsS

12 -

[

OD value(x10)
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Fig. 8. Effects of glucose in (NH)2SOs medium was added additional nutrients for cell
growth of B. pyrrocinia CABO8106-4 at 28°C, 150 rpm in flask culture for 9 days
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Fig. 9. Effects of glucose in (NH;)>SOs medium was before the added additional nutrients
for cell growth of B. pyrrocinia CAB0O8106-4 at 28°C, 150 rpm in flask culture for 7 days
A : Beef extract, B : Yeast extract
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Fig. 10. Effects of glucose in (NH)2SO; medium was later-added additional nutrients
for cell growth of B.pyrrocinia CAB08106-4 at 28°C, 150 rpm in flask culture for 7
days

A : Beef extract, B : Yeast extract
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Fig. 11. Cultured in two different nitrogen source. A : NH4Cl + (NH4)2S04, B : (NH4)>S04
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Fig. 13. Degree of concentration of carbon source used by B. pyrrocinia CAB08106-4
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& Agu A& B pyrrocinia CABO8106-41F2] nps9] 2] ZH&Ed HAA FHFE XASH]
At Algdor FAANE 252 W RS oR A, SANE 5FoRE Qo] IF
A, e Addste] Adetan. FANE S ¥ e 30ColA FHol & B 3Este] 3~

}_
gom, wUSTe YAE TAse] AR 1S w Aol AL

FAANELS 4 F= o] ol 3o wel Egolo] dFeto] 2~397] o] F 9¥ EE(P80mm)

of Astel Agatsich. AFvl el A AP 1000, 20002 3145
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N
9,
Ho
ko
e
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oo
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s
1
i
Lo
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I-’l
S
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S~
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8’/

A ol e AR ol HAde g Ao BudUd

.L

A YEAA ] ALG ol whE WA &

AGu A EAA ] ARAAAGE @ YEFFEFETES A ANFANH S 9T ouraz
ool e WAans HESAT 2IuAYES AR Axsd vlE T 9F4 2011
d 119 1099 EdEst Agste] ouAgdS stk AP AT 20kgH Tl A 66.0%]
WAEHNE HEbW e 10kgol A= 62.3%= FA2 ¢ A7t ASlal, Skgell A= 35.8%=
AAGHA erokov FAEe G Eo] 53% tha ol A WAGHE VErE oH
CHE 1), 28y, AFE% 10kg9t 20kgel 4% 20kgol A WA &x7F o E=dou Fox71F 9l
ol A|F3} ol w75 e ko] 10kgo 2 A3ttt

>~

’l

AbE T T &%) 1} A 7}
- Q o
Al (10a%) 193 0w med 8w (%)
5kg 3.2 2.8 4.2 3.4 ab® 35.8
B pyrrocinia CAB08106-4 GR 10kg 1.6 2.4 2.0 20 Db 62.3
20kg 2.2 1.4 1.8 18 b 66.0
A g 5.4 4.2 6.4 5.3 a -
CV.A%) —————— 21.4

“Values designated by the same letter are not significantly different by Duncan's multiple

range test (P<0.05).

_44_



DA 7H9%) = 1- —os

5. AAAERIA TES AT ¥F, FAANE 2 AFHAFAE
7h =AY 1dA
B. pyrrocinia CAB08106-4 GRY] A AAER T A SEAAS st <l A7) &<l dh=
FAAT A} AERTATLNA v SAR S sl R .ofks) AlFS AASH
gt B T HHA A Al e, nts 3F A 10kg/10a®
2264 2kl HE ARG A FAE i 64.0%°] WA S
AZA A AlFstd o Tdg o R A st
of 231dxte] FHF ALS A¥ FAE div] 66.0%] WAEIE vER] HAALER S A
235 etk (Table 1).

Table 1. Control effect of Burkholderia pyrrocinia CAB08106-4 GR on Garlic white rot in

field trials in Taean and Goheung.

A9 ok o] ¥ & (%) I DA% P
- [whs OykE murE 3 o (DMRT) (%)
Burkholderia pyrrocinia
CABO8106-4 GR 7.7 5.3 6.3 6.4 a 64.0
2 A g 20.2 17.8 154 17.8 b -
C.V. (%) ——mm 115

Values designated by the same letter are not significantly different by Duncan's multiple

range test (P<0.05).

PR 7H%) = 1- —% qe wwmg 100
= O
A& oA °1 % & (%) fro 2 A 7P
7 <] [or® e mes @i (DMRT) (%)
Burkholderia pyrrocinia 11.0 12.5 9.0 10.8 a 66.0
CABO8106-4 GR
- A g 30.5 29.5 35.5 31.8 b -
C. V(%) ——mmmm 16.3

U =AY 29
1dxtel mpz7b A2 B, pyrrocinia CAB08106-4 GRS HAAERIA T5AHS 935ho

T AR/ FRARBAATLEG JEREATRNA vhs SAS T ) 249

-
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A okE - ofsl AR AASAT FTABBAATR A 9 A GelA] MG o

1

M, vlE 9Ed 10kg/10aZ ESE 3=
g ¥ 61.8%° WAENE YEPHAT AEREAT LS A5 1dAe g Ay F§EA%
oANA ARt on A3 WHow Aot 243Uxte]l HF ARG A A tH]
65.7%<] WA EZHE veldo] AAZAERIA THAA 71EA FAY d¥] 50%E WEshe
A= et At (Table 2).

Table 2. Control effect of Burkholderia pyrrocinia CAB08106-4 GR on Garlic white rot in

field trials in Taean and Hampyeong.

A% ok °1 % & (%) o2 AP
s [ ok [eby mwrs  gsr  (DMRT) (%)
Burkholderia pyrrocinia
CABOR106-4 GR 45 4.0 55 47 a 61.8
T A g 11.5 12.5 13.0 12.3 b -
CV. —————— 6.4

Values designated by the same letter are not significantly different by Duncan's multiple

range test (P<0.05).

b _
WA 7H%) = 1- RS ETtaE N x 100

A% <A o1 T2 (%) fro A A 7P

i [W5 [ykE merE At (DMRT) (%)

Burkholderia pyrrocinia

CABOR106-4 GR 8.0 95 115 9.7 a 65.7
oA g 31.0 26.5 275 28.3 b -

CV., ———— = 14.1

Fup AN S 3 EYGAAAL HaAlZ visoly 3, Hufo] WAl S A 3t E)
Wity Fdeith, wabs 2 AFo e B pyrrocinia CAB0O8106 GRE 9Fup 3 A oo 3

of MAEINE ARl AALBREAY F5 F A4FUE A nu AN
ABe 20129 108 69 ANFFAE Z4A EFE} Aelsgon], dzAE S2Aa
B QA Aestel ANFAY. BE AT Gy B o AYTE
T A AR gAETRE FAe )

57.9%% AEFFORE SE/FE FFo|om, ks o9 Sclerotium cepivorumed| 2] 3l
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WA sk ol el WAl7bed el =rha dekE ti(Table 3).

Table 3. Control effect of B. pyrrocinia CAB08106-4 GR on Onion white rot caused by

Sclerotium cepivorum.

—
AR EA T 1 ;]ZTE(;)% E ) %Z%Pb
Burkholderia pyrrocinia CABO3106-4 GR 5.3 6.4 55 5.8 a 579
ZFAIVE F3A (H=x) 2.0 45 0.8 2.4 a 82.5
A2 14.3 184 8.6 13.7 b -
C.V. (%) —————m 31.8

Values designated by the same letter are not significantly different by Duncan's multiple

range test (P<0.05).

Pa A 7H%) = 1-

20 FEde wol Y] wZel 13 A7) obd AFHom s vt

A e EYY BeE moFomd TR HARHE =9 5 US Aew A4dn

Table 4. Control effect of Burkholderia pyrrocinia CAB08106-4 GR on Garlic white rot

caused by Sclerotium cepivorum in Goheung and Jeju.

A] 8] kA ol T &%) o AP
" [9h IORHE Meks et (DMRT) (%)
gﬁr]fho]derza pyrrocinia CABOS106-4 57 6.8 538 6.1 4 56.1
HREIUE 14 (d=x) 25 1.8 3.0 2.4 a 82.7
A g 13.7 15.2 12.8 139 b -
CV. (%) ——————mmmmmmmm e 12.4
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A ek o1 F& (%) FoA BAN

[¥he  ORHE Mwks Hr (DMRT) (%)
gg]d”]def’a pyrrocima CABIBIO6- o | 75 6.6 6.4 a 61.7
HEFUE 54 (2 3.1 16 3.3 2.7 a 83.8
oA g 173 179 150 167 b
CV. (%) ——mmmmmmmmmmmmme 17.0

“Values designated by the same letter are not significantly different by Duncan's multiple

range test (P<0.05).

Pulk A 71(%) = 1-

x 100
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Agdu B E B pyrrocinia CAB08106-4 % vls o]l z&E whold =4S YERY A
7hsekH oF

o
ot
)
Ao
o,
2
o
=2

>
>,
oo
o

oottt wElA CABO8IO6-4 i+ HAE FTefow
el giEdol Qe Ao AZECHE 4.

T oo & (%)
ToE = g 7 o%
B. pyrrocinia CAB08106-4 87 93 100 100
254 g 90 100 70 97

2. ¥ EAHAEZRY EA AA
7F &g 27 2 A
FHad L Holx= nAE wjekA Y chloroformEd &L =3t 5§ thA] A]EE chloroform

o

o =9 silica gel column®l loading$t $, chloroform, chloroform : methanol(50:1), chloroform :

=

methanol(20:1), chloroform : methanol(10:1), methanol &vjE o]&3}e] WAEZ 300ml

silica gel column chromatographyE <33}

-
| wh
TR
19 1. Silica gel column £33 &9 3434 19 2. Silica gel column

8= TLC &4
7} g5 Uste] IS HAI AP, chloroform : methanol(50:1)3F chloroform :

methanol(20:1) Z8olA &t ddo] HEHAHIH 1). E3F o] EFE st hexane :

ethyl acetate(5:1)2 A7/N&vj=Z TLC £4& FRsAcH2d 2).
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Preparative TLC ———

C:M(50:1)

3. Sephadex LH-20 column =

A= o ¥ 4. Sephadex LH-20
g &9 A column ¥ ¥ &9 TLC ¥4

o] chloroform : methanol(50:1) &S &3 ¥ chloroform : methanol(1:1)2] 7 ufj g u]

£ o]&3}9 Sephadex LH-20 column chromatographyE S 33}tl. Sephadex LH-20

=
columnel A &€ 2t £ =l tiste] I IS AAT 23, dao d4EgS dden

(19 3), T3 o]5 B3I & thte] hexane : ethyl acetate(5:1)E H/HE&mi2 TLC #4<&
FHSA Y 4). ol RIS F53 F hexane : ethyl acetate(5:1)E H7|&rj=

A5

e

preparative silica gel TLC(thin layer chromatography)S <33t ow, =1 A3 A

compound 1(%F 0.8 mg)S AASFAHZH 5).

Culture broth (9.5 L)
| Partitioned with solvents
I

|
Chloroform Ethyl acetate Water

Silica gel column chromatography (stepwise)

CHCl; CHCE3:ME|OH (50:1) CHCfg:Me|OH (20:1) CHCl;:MeOH (10:1) MeOH
Sephadex LH-20 CC Sephadex LH-20 CC
| CHCI;:MeCH (1:1) | CHCI;:MeOH (1:1)
Preparative TLC Preparative TLC
| Hexane:FtOAc (5:1) | Hexane:EtOAc (5:1)
Compound 1 Compound 2

a9 5 VAR Wkl oz e BseEe B 2 AA 74
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<——— Preparative TLC

gt.
0008e

C:M(20:1)
19 6. Sephadex LH-20 column + 29 7. Sephadex LH-20 column
=9 FagdA 3 &9 TLC +4

Chloroform : methanol(20:1) #3¢o] &X43}stE T3k 919} FAE W o=z AA AT S

chloroform : methanol(20:1) 3% =3} 3 chloroform : methanol(1:1)& A wj-&uj & &}

mlo
off

Sephadex LH-20 column chromatographysS &stth 2 £ &4 tiste] &84S 134
3t TLCEAS 33 (29 6 % 29 7), BAEFYL F=39] hexane : ethyl
acetate(5:1)= A 7]& v & preparative silica gel TLC(thin layer chromatography)Z& <33}
o 2 A3 FAAHE compound 2(¢F 0.3 mg)ES AASATHLH 5). Preparative silica gel
TLCZH-¥ AHAzS 7t 31329 Fvdd S A4 Ax(29 8), chloroform : methanol(50:1)

9 chloroform : methanol(20:1)o A &2l Ztz}te]

ot

w32 19 49 29 7ol dErd
HRel o] FUF Rf gt= AW AAvh w&pA F @t 3gEs HPLC(Z ™ 9)= Haste]

19 8. Preparative TLCZ A A3+ 3}d =9 324
(A2 29 794 sz yepd sgEY)
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-1004

-200

a0 A 2 5 a 5 5 7 s = 1w 11 1z 13 14
hAINUtes

a9 9. AAG A EHe HPLC profile (column: ODS ¢4.6x150 mm;

[} o

flow rate: 1.0 ml/min; solvent: 0-2 min (30% aqueous MeOH), 2-12 min (30
—100% aqueous MeOH gradient), 12-14 min (10096 MeOH))

1000 4

TE0

250

250

488

300 400 400
nm

a9 10, A grdAdEZ 9 UV spectrum

o #A4A R stz a4
(1) NMR spectrum®] =74 2 3|4

483t e et xE eyl 9ste]l CDCLYl o 'H NMR, “C NMR, 'H-'H
COSY, HMQC % HMBC spectrum® %74, 3148tk 'H NMR spectrum® =4 % 3
A '"H NMR spectrum(29 1D)& =43 A3}, 827 ppmelA NH &2 OHel 7]Qlsh=

exchangeable singlet proton, 7.52, 7.45, 7.43, 6.84, 6.83 ppmol 4l tA 7§ ¢] aromatic methine

W

T

proton®] TEE YT} o] & 'H NMR spectrum< 2 3132 0] aromatic compound U< A

Al 83Tt
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oot Fanabs s W ax

T T T T T
1100 100.0 0.0 80.0 To.0

156.0 144'3.0 13 ; 0 ]_’I!'.D
| T I N
Z gEEz 2 223 % 382
g 2385 3 222 2 Erd
a9 12, 43839 ¥C NMR spectrum

BC NMR spectrum® A 2 &4 ¥C NMR spectrum(13d 12)& =43 A3 130.3,

130.1, 1286, 117.4, 116.6 ppmol Al oA 7N sp” methine carbon, 147.6, 1275, 124.8, 1154,
111.9 ppmoll Al ©A 7] sp® quaternary carbono] ##=E¢lth o= 'H NMR spectrum© &
e 33 vpel o] B E%E o] aromatic compound ¢S YERY o, w3 B 3 E S

6712 proton¥} 1070¢] carbono. 2 FA ¥ W= 3FEAS A 9
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et
<]
Zp-1-cosy-zjar bl
PE!
]
]
<3
2]
-3
i 5
g g
- 3]
w3 sz 81
X parts per Miion : 151 wandance

=

'"H-'H COSY spectrum® =4 9 34: & 332 337 xE= 2D-NMR spectrum®] =
H71

A g Ao oste] AT B4R REICE THEsty] st !
COSY spectrum(1¥ 13)S ZA43sto] alAstdom, 71 A3, 19 169 EAIE F 7o F

F27b wE A

T

A

Al

3
=

(e L Y e

i =

(i}

< I
Rk D

70 ‘
Eda A v

X parts per Million: 16

a9 14. A 3}gHE©] HMQC spectrum a9 15, &4 3k5HE 9] HMBC spectrum.

|
i

i

HMQC spectrum % HMBC spectrum®] 574 9 3]4: HMQC spectrum(1¥ 14)& A3}

o] #|Ag A}, RE proton-bearing carbon (Je)S THEET F AU F Sy 7529 S¢

130.3, 6u 7.45¢F 6c¢ 130.1, Su 7.43% 6¢ 128.6, &u 6.84%F Sc 116.6, 6u 6.837 &c 117.4 Alo] el A
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correlation®] ## %t} =3 HMBC spectrum(1¥H 15)2 =43t sfAst A3 13 169
velbdl mlel o] 684 % 6.83 ppme methine protono ZHE 11549 1119 ppm<
quaternary carbon®| long-range correlation®] #Z% o] pyrrole moietye] <&A7F €1 AT,
w3k 752 ppme| aromatic methine protonC Z5FE 147.6 ppme quaternary carbon¥ 128.6
ppm<® methine carbon®l, 7.45 ppm$] aromatic methine proton®. Z5-¥ 1275 % 124.8 ppm2]
quaternary carbon®l|, 7.43 ppm<] aromatic methine proton®. Z4%-E 1476 ppm<e quaternary
carbon®l| long-range correlation®] ¥## % o] 12 3-trisubstituted benzene moiety”} 913 % t}.
e 2 89E-2 pyrrole?} 1,2,3-trisubstituted benzeneo. 2 TAE WS JFEZ 9
WE e Ay 2 sgEo

Burkholderia 4 VAE=253H FHSAEDARE B¢, H1¥ v 9+ pyrrolnitriny 2 o %)+

=

>

A}, o]Ee AFNE vlE o ® database A W 3 A

i

S o & gt 28 179 'H NMR 2 C NMR spectrumol| A #&® 7+ 3359 A&
YER A T
Cl

NO,

Cl
() imme ™

N
H

19 16, G435k E 9 239 NMR correlation

Jo
B
_OL
52
i



Pyrrolnitrine 282+ chlorine”] ¢} nitro7] 2 FA H o] ¢lo] o]&9 71HE $35te] mass 4

S Y. = Elmass(Zd 18)2 =AH3 A¥ mz 256914 M7} @z o] FExjeko]

234 ES BEAY 256, A CioHgClN2022] pyrrolnitrin® 2 &

19 18. Pyrrolnitrin 5= SAH St Wt T AR S S A

A, 1ug, B, 100ng; C, 10ng; D, 1ng; E, 0.1ng; F, 0.01ng
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S ST F7FEAO0m) A ARH B E AAE o]§& AT 20119 1149 8d T

g mlow A mise] FHAARE okte] Fols HAAW felHel A AT A
24 AR E F 7049 2ol WAIZl 583%% LhehAu Mg 8 My FE g fo1el
A glglon, Fae wHEo] 12%62A4 v 3] fie] WAz A4e od
6 FY 0T 24 ks AETE AL 2 5
‘ e x4 2 5 % (ke/10a)"
A e U & e R
(%) (m)  (m) ¥H w8 Al

.. 96.8 320 109.3 526.1

1191 3103 134 563.3

A=2E A 87 8T 8T L) oD @38 a0 10
o s 729 3009 1442 5179
A O8 800 90 gy (s81) (78 oy 100
WE © 50golA/ET, FF 1 30~50g/E T, FHE 1 30gnIvh/ET
TEAT e
X7 At 20 vis AETE SRSy A v
T 5 5(%) u} A 7}
Q. [e]
Al [0 QIR Qb o (%)
B pyrrocinia CABO3106-4 0.7 06 02 052 583
EEEARE e 0.4 26 03 11 a 83
S 1.4 15 0.7 12 a -

“Values designated by the same letter are not significantly different by Duncan's multiple
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range test (P<0.05).

P A 7H(%) = 1-

=
o] A ME rep ATl fape] FALe] wstel 18% BRAT HoH
A YATHE 8). SAHSTNY PAEIE 2o AL ToNA T6.1% Ekon AFv)
W AR TONE 746%2 A WehATHGE 9). 7F AT wHFE =F TALTe f
49l Aol wylov), W WARNE ARl FA T W R 67%2 W3k

T8 ¢ Hew £3 vk AgTd A% 2 53
: zds  x% A4 % (lw/10a)° .
Q. =0E S 3 2] 2

ﬂ FJ ]ﬂ ) (V) (cm) (cm) /6]_% %% '8]—% 71”3 T0 ]

B pyrrocinia CABRIG4 872 915 102 (2219?% (3582?97) (1127?-3% (712801) 108

2220 4148 1582 7951

=) = O
AF=E A B85 8398 o7y e asd a8
o 1790 3571 1376 6738
A 824 86 94 (966 (5300 (204) (100 100
UE 500l A/ ET. ZE : 30~50g/E T, E : 30g0] H/ET
b/\‘—g: >~ _ ;-qa:,y_ '{l‘:%]:

)2 = (o

s W wes wes w0

B pyrrocinia CAB08106-4 24 1.1 1.7 1.7 b 74.6
H T suE A 0.9 1.7 2.2 16 b 76.1
oA 6.5 7.8 5.7 6.7 a -

“Values designated by the same letter are not significantly different by Duncan's multiple

range test (P<0.05).

Puk A 7H%) =

)
[o
4
%
ok
o,
ox
{1
a
ok
2
kol
B=)
rlr
ofj
ol
£
o>
sY
off
2
N
G
(o,
)
PH
C
o
o)}
S
3.

20134 vhE 54
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ol A3w| WE Burkholderia pyrrocinia CAB08106-4 A AE o] &3to] AAs Tt 2012\
11¥ 19¢ 75 dFstdon dydnAE, ek, FATFE Fiste] dSH4dS 79
sttt dxzoAl= "HEIZUE FAE AFSSETh 1 23 7 10049 2ol S dAkT

-
ZH A #AY vhze 2AE, 2% A 5o 4% 4Fe Ay

=sy=a = T (kg/10a)
_ o2 = A} Ef ©
] Q == 3=
le ]’H [e} < m)

(%) (cm) (C %% 6‘]—% 7_ﬂa

B pyrrocinia CABRIOG4 9082 778 121 (2&?.27) (§25.11) (123%) 1(’?835 112

501 369 218 1,088a

oo 475 300 197 972a
A 84a 769 119 19y (309) (202 (100 100

Values designated by the same letter are not significantly different by Duncan's multiple

range test (P=<0.05).
PAFE L 50go) /BT, FE 0 30~50g/EF, FE ¢ 30gv| vH/E T
AT S

R
(e}

x 100

Fapel A% pAA TN F £ P A Fe] Y wd, AFNAR AT E
@ TAY el wste] FA L 14%9] Skl FAAOU foAA Aol gk s
19 A3z vk AMEge] WAe] Fojubn Ao A A5t FAAGY Qg4

= A vhee] A5 9 a9, 2o Fd el 2 ¥ € AeE VdE vk

A
n

o

OSL

5

1. 9 a4 2ge) Y v A% 2 5
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=mz = T F(ke/10a)
A8 v & =gs =3¢ A e o) S

(%) (CHI) (Cm) }\O}%_b %_%_ ‘é‘]—% 7:”a

B pyrrocinia CABRIS4 8656 768 147 (4522) (;}22%) gg% ﬁ’fggf 114

EEERREEEY 9292 765 135 (288%) <§25%) (12;%) l(fégf" 123

o 501 415 240 L156a
A e 03ab 766 138 (433 (359) (208 (100) 100

“Values designated by the same letter are not significantly different by Duncan's multiple
range test (P<0.05).
PAFE  B0golA/E T, FE 1 30~50g/E T, SHE 1 30gv] U/ E T

ke

FAE 7

C

of

x 100

A% =

AEH PAEN AAAIE E 120049 2o] FAY vhselAE 7 AT AHEe

A ol E e 842%% A GEsY. aAw ¥

s Wy F % (%) : wa
THHE IwE e g

B pyrrocinia CAB08106-4 0.7 0.2 0 0.3b 34.2

IR SEAR = | 1.7 14 1.0 1.4a 26.3

T A 1.7 14 2.4 19a -

Values designated by the same letter are not significantly different by Duncan's multiple

range test (P<0.05).

PHF A 7H(%) = 1- —c
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W 8(%) A
[e]

3

AEE pwE ogwE omas g 00

B pyrrocinia CAB08106-4 5.3 5.6 0.7 39a 70.7
HYE- I UE A4 40 3.7 477 41a 69.2
oA g 174 18.0 4.4 13.3a -

“Values designated by the same letter are not significantly different by Duncan's multiple

range test (P<0.05).

AT = 1=~ gm g

139] WA whsel A S gway BARNE 07%RA 00, FAY Y
= 2938 Al EAA A 3d7F 1

=

133%% WAEHE HES} 7] FE3
%o WAFIRE HYomw 3d 3

o

Aads A4 A3 71.1~67.3 o WA EAE 69.3% ATt ©]

A B. pyrrocinia CAB008106-4+= wid 70% =9 <FH 4R
WAZIE Vs S Aoz A4dEn.

AaAQatel, Ao Ador o 2 W

20149 b SRS AEA A Rds T did sd7Isdl £74(1,650m)

1= Burkholderia pyrrocinia CAB08106-4 | A|

oA Agw €
119 209 75 sEatglon AFuAE x4, FHe T

sheith, UxoFAL HYIUE A Agstdn

T4 FW R £AY AW vE A% % S
=5 = 4= % (ke/10a)
> a =E 2% AH T JNE
A g U 8 (2%) (cm) (cm) /}}%b =z EES R AT
556 604 139 1,299a 113

MBa 705 1L6  (jog) 465 107 (100)
EEEIREERY 9582 712 114 é%) gg% ( 12%) {fgg’f 112
414 524 214 L1522

5 A g 8706 709 110 (359) (455 (186)  (100)

Values designated by the same letter are not significantly different by Duncan's multiple

B pyrrocira CABRBI06-4

range test (P<0.05).
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E A ol B T TN AP el 2F A 59 4% 3RS AT
W Aol7t gtk B 48%2 Gt olRe sEd
7k DBl SAMedAEel dskel A, WA Py wEe] mud
Aed Aom QAN AE vhse] EFANAE ARVABAA APl FE W&

o w9k, F FHAME 13% F7hskAARE Kol Al Aeol= gtk ® 159 dAY viE

o

rTj
(i
r_m
it
flo
-
_&
i)
4
o
R
_OL
s
O

.

e

=30l

g7 A 057 FAAGE AGUARAA Ael vhse] 4% @ £ adn FD P

T 15 29 oAb 2o UAF uis A% 9 S

=5z = 4= % (kg/10a)
* 2 = EXO]‘ ¢} Ts ”‘%kx 2
| 2 W 8 (%) (cm) (cm) AR Z3x g = A AT

B pyrrocinia CABRIS4 9132 728 133 <E§,25> éé‘%) (%%3) 1231%205;19 115

o) = o 668 472 296 1,436a
=R 485 455 247 1,187)
A 806l 180 oy 384 @08 (oo W

Values designated by the same letter are not significantly different by Duncan's multiple
range test (P<0.05).
PAE  Blgold/ET, FE - 51~60g/FT, BHE 1 50gn w/ET
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A EE
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316 FH oAb 2Fe] A Y vis SAR ST AEA A gy
N W E(%) ) 7 7P
a s T =00 -7 7}
A 2 W8 [ arE ks k& 3 o (%)
B pyrrocinia CAB08106-4 4.1 3.2 3.6 3.6b 66.0
HHEIUE FA 2.2 2.7 2.0 2.3b 78.3
T A g 9.6 10.4 11.7 10.6a -
“Values designated by the same letter are not significantly different by Duncan's multiple

range test (P<0.05).
b _ g7 W&
WA 7H%) = 1- 5] %;;g% x 100
%17 %4 dabE TAe WX vl Sadeway AgA dA i
N W T 8(%) u}- =) 7P
X% lj/] ]H % IH]_E_ H]i_g_‘ ]]ngl-_g_ Sl‘giLa o(%)
B pyrrocinia CAB08106-4 3.6 3.8 4.4 3.9b 64.2
HHEIUE FA 2.9 2.8 2.3 2.7¢ 75.2
oA g 105 10.9 11.3 10.9a -
*Values designated by the same letter are not significantly different by Duncan's multiple
range test (P=<0.05).
b _ g7 AW E
WA 7H%) = 1- —% SESERAT Y x 100
E 16045 2ol @AY rhEolAE 2 4T BHEES FoH ol E ngy, SH
Sy AEA WA gHE 842%= =4 e Tk FAEFY EHEE 106%E W
AaNsE HES | FESAT. ® 179 HAY vlsEdAe SRS A g3
642% R o™, FAg WS I 109% 2 WA EZNE HES7] FEsA
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A7h= 58.9% = AEH WAAZAM L a3rt A E = FEolnt
F 18 T data 2o Hup SNy e A g

BERE7]E(%) 17 7}
A2l &
19bE owbE 3ubE 4ubE sukE gt (%)
B pyrrocinia CABOSI064 4.0 5.3 6.0 6.7 4.7 53b 589
HEUE o534 4.0 7.3 4.7 3.3 5.3 49p 620
T A g 12 14 107 153 127 129a -

Values designated by the same letter are not significantly different by Duncan's multiple

range test (P<0.05).

Pk A 7H%) =

=9 E2(1,000m)el A Fas . 20139 99 26¢Y FE #FoaL, ES W A A
= AAs F7 FF d 10a G 10kg B¢t A stdvh. dxzofA= WEAZYE
AE A8ttt

b

19. S olibs 23] H3p SRSty A WA 2



)

W= 7]8(%) u} A 7}
s W 29 3uE 4uE suE gt (%)
B pyrrocinia CAB08106-4 8.3 6.2 9.3 8.5 5.8 7.6a 59.6
ﬂﬂEi‘)r*? N d=rshAl 4.5 8.4 6.7 4.8 6.3 6.1a 64.3
oA 184 18.7 124 153 20.7 17.1b -
Values designated by the same letter are not significantly different by Duncan's multiple
range test (P<0.05)
A 7H(%) tflflj:1%§§i§2% x 100
¥ 199 AFNA B. pyrrocinia CAB08106-4 | A o] S St st =
E7)E&2 76%2 F-A2Y 17.1%0°l Hlste] A A3 $rokar, WAl 7b= 556% =2 AEd WAl A=
Aol aust A4HA olH @ 2d Foke AR vhs SAMSFAY Ul AP AR
de 4ze FAMeFage tads PAEHE FATS HelE oW, &
5 A3l sbsAel ulg wa thEAe] ARH WAAAR /Y >

A A 7Y,
1919 <3}, G

)\}\ J\Aq—
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H| Fof o) =+ 0 0
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CABO08106-4 o 1.0x10° 1
[e) ~
914 (1.0x10°cfu/mL) wA | 2201~2212

(2) FoAF 24
S aLAl A2012-13%, 20129 249 7)), [ 12] 15 =4 AlE
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APED Fol F 19, 3%, 79 P UL BAS AAsHA, 3%, 79, 148 R 206 *
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t} olxtel AERY B B pywrocinia CAB08106-4 <A
(1.0x10%cfu/mL)E &3] AT FolAl A9 9 AHolA HEd s g 2hAFddAE
oqus wWelgHel 27X #AFE Aol §loemZ B pyrrocinia CAB08106-4 A
(1.0x10°%cfu/mL)E 1.0x10°%fue] w9jol sidet= vAES Ao 3] HF Fo] A ko]
= Aoz FuEg
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H o] o 25 0 0
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vl Burkholderia pyrrocinia CAB08106-4 9 41(1.0x10°cfu/mL) 2] %49 (Apis mellifera)

N

- N8% : 2 (Apis mellifera)
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(2008, 100L/10a)o.2 32ket »xo] 100812 52 50 x 10%cfu/mLy == 319

3) Ald=4d =A
A2 A(1.0x10%cfu/mL) S 50% AFENe 7tate &
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< 5Ty Ast B FEey GA AV $EHAJY. vAAE A oF e AR lA
= AARRE 22 JRAll disid = "EEA fskal, AgdelM= 20704 T 1978 A ¢l A
2.2x10%cfu/mLE " Eo] HEFHJY AL HFir 253C(Q215C ~ 295C) SAHA L, A
FET " 57.6%(30% T 99%) = F74 H AT
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6 2%

B. pyrrocinia CAB08106-4 44 (1.0x10%cfu/mL)®] % (Apis mellifera) 3TN DS A
A3} 189-LCs%E 5.0 x 10°%cfu/mLol/do] It SPSS EA Tz 18-S o] &3dle] T-HAL
g At FAdETY A ke foidol gle Ao A (p>0.05) HJoE=Z, 18Y
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C), FoleEE B 56.6%(51.5% ~ 60.7%)% =AUk
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Pyrrolnitrin< 19643 Arima%ol ¢|8] Pseudomonass ol 2ol&] A= FHEAR 2

N

% B ¥ (Agricultural and Biological Chemistry 28: 575~576), Nishida &< 3] FAFdt
of et FH3 A FAS skt (1965. Journal of Antibiotics 18 211~219).

p

pyrrolnitrine %< FF9 Burkholderia%:, Pseudomonas%: 5, Myxococcuss:

A

—

Enterobacter agglomerans®] oA %= Aatxn A& Wdqto] thst 233283 AH3

R84

X

w2
7} = Ao® HIEAT Pyrrohnitrin®] - #EAdS /7o 534 F succinate =& 3
% nicotinamide adenine dinucleotide (NADH)®} coenzyme Q Aol Ax}AGA et =&
ato] pyrrolnitrine] A4 FE7F HW 7{ WA Ee A S571AS A wdA7]7] o

ol 77/ ASS At AESHYAJAAZ o] &H T} (Tripathi ¢ Gottlieb. 1969.

-

Iournal of Bacteriology 100(1): 310~318). @A pyrrolnitrine 473 Al & 4 ¥ (osmotic signal

transduction) & %33l Fludioxonil &3 &35l & SHAAS SAAA 37F AL FF

=
o A& WA o] §HI Uk FA RS Fludioxonile 7o MEBE WANA Fi

ool

g, Al B 2 A S Adsts 553 2H8712S YEl AL, o 7)ol Pyrrohitring &
grslo]  Fludioxonilell WHSsHA| &=  Pythium ultimum, Phytophthora capsici, and
Saccharomyces cerevisiae)l = 7Fest A 28& YeEldAtH(Okada &, 2005. Journal of

Pesticide Science 30(4) : 378 ~383)
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