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SUMMARY

In the present paper, the experiments were conducted to
investigate the disease due to continuous cropping of
platycodon glaucum and development of technique for biological
control. This study was consisted of 7 chapters: Introduction;
Optimum conditions for Platycodon cultivated land with soil
physicochemical properties; Study on causal agent of radix rot
of Platycodon; Isolation of bacteria for antifungal activity;
Functional analysis of bacteria for antifungal activity and ad
rhizosphere ecology of ballonflover root, Mass production of
microbial inoculant for biocontrol; Efficacy test of
antagonistic formulation in field. The results were summarized

as Tfollowing:

First chapter: Introduction

Balloonflowver (Platycodon glaucum) is widely cultivated and
used in East Asia as a remedy for asthma and as a vegetable.
The plant is prone to several knowmn diseases such as stem rot,
Anthracnose, and Fusarium wilt. Homever, root rot which causes
serious problems for the cultivation of balloonflower had not

been described until recently, and Its cause has not yet been
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scientifically investigated. Balloonflower root rot was thought
to be caused by some kind of soil sickness that developed due
to continuous cropping and mainly occurs on 3- to 5-year old
roots. Occasional root rot outbreaks caused by Rhizoctonia
solani are difficult t control with chemicals. Furthermore,
medicinal crops have traditionally been cultivated without the
use of chemicals. Thus, a new strategy to control the pathogen
causing balloonfloner root rot is urgently needed. A most
desirable method of control would be the use of a biological
agent. The dewvelopment of biological controls of plant
pathologies has attracted the interest of ever more scientists
during the last 25 to 30 years. Biocontrol mechanisms are
generally classified based on their mode of action, such as
competition for nutrition, parasitisn/predation, and
antibiosis. Antibiosis is regarded as the major single most
important biological control mechanism. It is based on the
inhibition of undesirable organisms by antibiotics, by which
way competing microorganisms confer an advantage onto
themselves in the competition for nutrients and space within an

ecological niche.

Second chapter: Optimum condiions for Platycodon

cultivated land with soil physicochemical properties

This study was conducted to determine the cultural

environment soil morphological characteristics and
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physicochemical properties of Platycodon. The optimum
cultivated land of perennial Platycodon was average temperature
14 , direction of southeast, topography of flat or undulating,
slope of 0 6%, well drained, soil depth over 1m, soil hardness
under 5 / , bulk density 1.0 / , porosity 58 63%,
moisture content 11 13%, clay content 5 10%, silt content 3

8 64% and soil texture of silt loam.

Third chapter: Study on causal agent of radix rot of
Platycodon

Platycodi Radix, radix of Platycodon glaucum, so called

“Gil Gyung” In Korea, has been long used as medicinal stuff for
coughing, bad cold in oriental countries. The most severe
barrier for cropping P. glaucum was root rot disease unknomn
causal agent yet.In this paper we succeeded to isolate the
causal agent of radix rot of P. glaucum and identified the
sausal pathogen Rhizoctonia solani Kuhn, same as the pathgen of
P. glaucum stem rot knowmn before. The temperature for mycelial
growth was ranged from 10 to 30 , the pathogen could not grow
belov 5 and above 35 . The occurrence of radix rot of P.
glaucum were 35 - 53% in farm field. The disease were severely
outbreaked year by year in the same field. In the plot of long
term cropping of P. glaucum, the disease were severely infected

from 3 year old plants.
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Fourth chapter: Isolation of bacteria for antifungal
activity

A pathogenic fungus causing balloonflover root rot was
turmed to be Rhizoctonia solani. About five hundred bacterial
species from field soils were screened for a biological agent
against the above putative pathogen. Sewveral bacteria
exhibiting antifungal activity were isolated. Anong them the
isolates R19, JS2, J4 were screenrd and identified as
Paenibacillus macerans 19, Pseudomonas aeruginosa JS2 and
Pseudomonas cepacia JHA respectively. These bacteria had a
strong antifungal effect on major phytopathogens which included
Pythium ultimum, Phytophthora capsici, and Fusarium oxysporum
as well as R. solani. These strains showed the potential for

antifungal activity of a broad spectrum in in vitro tests.

Fifth chapter: Functional analysis of bacteria for
antifungal activity and rhizosphere ecology of

bal lonflower root

We found and characterized Paenibacillus macerans 19,
Pseudomonas aeruginosa JS2 and the structure of their
antifungal substance was identified using spectroretric
techniques such as U/, FT-IR, FAB-MS, EI-MS, and FT-N\R
spectroscopy. The antifungal substance derived from strain JS2

was 2,4-diacetylphloroglucinol (Phl) but the substance from
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strain R19 was not idewntified exactly because of its Impurity.
Interestingly, root-associated Paenibacillus macerans R19
showed iIn vitro nitrogen Tfixation activity using acetylene
reduction method by by gas chromatography.

In order to investigate the mechanism of root rot of
baloonflower, the cell-wall degrading genes of phytopathogenic
Erwinla sp as secondary root rot infection bacterium were
clored. Two clones that were able to hydrolyse
carboxymethylcellulose were selected. 1.5 kb and 1.2 kb
fragrents containing the celA and celB genes, respectively,
were subcloned and sequenced. The celA and celB genes had open
reading frames of 1,161 bp and 792 bp encoding 487 and 264
amino acid residues with calculated molecular weights of 42,003
Da and 29,890 Da, respectively. One of the E. coli clones
contained a 5.1 kb BarHI fragment and had the ability to
hydrolyze polygalacturonic acid. By subsequent subcloning, we
obtained a 2.9 kb fragment that contained the pelLlgene. The
pel gene had an open reading frame (ORF) of 1,277 bp encoding

425 amino acids with a signal peptide of 25 amino acids.

Sixth chapter: Mass production of microbial

inoculant for biocontrol

In order to develope the method for mass production of the
microbial inoculants from the isolates bacteria, optimum

cultivation conditions for producing antifungal antibiotic
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producing bacteria by cultivating the three
bacteria(Paenibacillus macerans 19, Pseudomonas aeruginosa JS2
and Pseudomonas cepacia JS4) iIn jar fermenter (200 liter) and
medium characteristics were investigated. Optium conditions for
producing cell mass were found to be temperature 28 , initial
pH 7.0, seed 3%, aeration rate 2 I/min, 200 rpm, antifoaming
agent 2% silicon oil. Effective medium composition per liter
was as Tfollowing; dextrose 10g, glycerol 10g, peptone 20g,
sodium diphosphate salt 10g. magnesium sulfate 1.4g, potassium
sulfate 0.8g for the production of mixed culture of the
bacteria in 200-liter jar fermenter. Freezer-dryed and vacuum

packaging for the inoculants has the best shelf-life.

Seventh chapter: Efficacy test of antagonistic
formulation in field

Antagonistic bacteria against to the pathogen induced
lysis of pathogen mycelia due to antifungal compound seretion.
The effects of antagonists to Rhizoctonia solani were
recognized from dipping seedlings before transplanting in
Tield. The soil drenching of the antagonists to P. glaucum were
also effective to suppression the pathogen. Two times
drenching of the antagonists against the P. glaucum plants were
the most effective. The inhibition effects of antagonists to
the pathogen from Rhizoctonia stem rot were showm to be

recognized. In the plot of the termcopping the P. glaucum,
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application of antagonists were also effective to reduce the
Rhizoctonia disease. The effect of antagonistic formulation

also was showmn to be suppression the pathogen.
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Table 1. Physicochemical properties of soil used in this

experiment

pH OM P25 Ex.Cat.(col/ ) Fe Mn Clay Silt Sand

1:5 o/ / K Ca. Mg — / — —%—-

6.2 21 230 0.18 9.60 0.4 A 19 5.9 9.8 84.3

20x 25cm, 90x 120cm, 30cm
2 8 7 3 -
20, 15, 18 kg/10a
» 2
4.
2
, , , 4 1/2000a
pot 5 -
2 5, 8%,
10, 71.2%, 21, 73.%%,
29, 41 . %% -
Hydrometer
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Table 2. Texture properties of soil used In this experiment

Soil texture Clay(%) Silt(%) Sand(%)
Loamy Sand(LS) 5.0 17.0 78.0
Sandy loam(SL) 10.0 18.8 71.2
Silt loam(SiL) | 21.0 73.9 5.1
Clay loam(CL) 29.0 41.9 29.1
3
pH 5.0 5.1 2.3 2.8y/kg
) cl EC 2.05dS/m
] pH 5.8 14.9g9/kg
pH 5.0, 3.8g/kyg -

Table 3. Chemical properties of soil used in this experiment

- NH NO3
Soil |pH OM PD5 K Ca Mg Fe Mn 2Zn SO4Cl EC N N
tedue

1:5 g/kg kg -- cnol/kg ——  ————- ma/kg ——-——- ds/m mg/kg

LS |5.0 28 142 0.491.10 0.9 9.2 13.5 0.68 114 630 2.05 16122
SL |5.1 23 121 0.330.76 0.5 8.011.7 0.63 95326 1.3 15318
SiL |5.8 149 1 0.377.22 2.64 5.9 6.7 0.93 214 57 0.55 1446

CL |5.0 38 ©4 0.813.10 2.43 3.4 5.3 1.13 37615 2.15 19520
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2.3 .
130a 7.9a
10,800kg/10a
496kg/10a .
12.2kg/10a

Table 4. Cultural properties of surveyed areas

) Nc. Creppirg Creppirg Fertilizer Application (kg/10z)
Reagion lielcs  yeer  eree(e) Compast N P K
pas
Koechang| 4 3.8 7.9 1,063 8.7 7.0 7.0
Kimhae 7 3.1 11.6 496 7.7 6.3 6.3
Haman 6 2.8 13.0 1,917 12.2 9.9 9.9
Chinju 6 8.0 21.7 900 6.6 5.3 5.3
Koseong 3 4.0 11.6 1,000 1.7 14 14
Fcngcheen| 6 2.3 130.0 10,800 7.6 6.1 0
3 3 44 8%
6
20.7% . 500kg/10a 48 .34
4ton/10a 10.3% -
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35.Q% 28%

» » 11.7, 11.0, 7.5%

Table 5. Morphological characteristics of soil in surveyed
areas

Reagiaon Slope Topography?) E:g!;:;g; Direction
AiKoechang 28.0 4.5 2.0 southeast |
Kirhae 11.0 2.9 2.4 northeast
Haran 16.0 3.5 2.8 northwest
Chinju 11.7 2.7 2.0 southeast
Koseang 35.0 5.0 2.0 southeast
Hongcheaon 7.5 2.8 3.2 northwest

D1

: Flat, 2 - Urculetirg, 3 - Fclling, 4 - Filly, 5 - Steecly slcpe
2) 1 : Somewhat excessively drained, 2 - Well drained,
3 : Poorly drained, 4 : Very poorly drained
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Fig. 4. Cultural field in Koechang and Haran.
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Fig. 5. Cultural field in Koseong and Chinju.



6 7 1%

37.% 20.7%, 17%,

6.9% - 48.3%

24 1%

&

=

requency %
Frequency (%)
[

B

@ 5 4 5 I P 3 4
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Fig. 6. Cistribution percentages of topography and drainage

classes.

Table 6. Correlations between fertilizer application and soil

marphological characteristics(n=31)

Fertilizer application Drainage
Topography
N P K classes

Crainage 0.217 0.217 0.095| 0.402* -
classes
Compost |4 ysex _g_as6* -0.392% -0.080 0.163
apllication
Slope 0.331 0.331 0.355| 0.9467* 0.303
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4_20crr, 579 3,617kg/10a
- , 56.8, 52.5%

’ 30.0, 32.2% -

524kg/10a ;

Table 7. Crowth and yield of platycodon glaucum In survey areas

_ROOt Leterel rcct Fresh rect _Els_ease Yield
cianeter welght incicence
B | cm root/plant  g/roct % kg/1Ca |
Koechang| 2.65 2.0 449 3.3 1,175
Kimhae 1.70 1.6 18.8 36.7 1,357
Haman 2.20 4.0 36.1 56.8 950
Chinju 4.20 10.2 57.0 32.2 3,617
Koseang 3.10 4.2 459 30.0 2,500
Fcngchecn|  1.82 2.3 54 52.5 524
8

Table 8. Correlations between growth and fertilizer
applicatians

Fertilizer application
| | Corpost N P K |
Yield -0.229 -0.188 -0.188 -0.101
Disease incidence| 0.213 0.253 0.254 0.243
Root diameter 0.186 0.156 0.156 0.156
Lateral raot 0.153 0.202 0.203 0.199
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Fig. 8. Relationship between continious cropping year, disease

incidence rate and yield.

}&.M " Koechang
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Fig. 9. Growth of platycadon glaucum in Koechang.
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Fig. 10. Relationship between drainage classes, topography and

disease incidence rate.
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Fig. 11. Relationship between slope and disease incidence rate,

yield.
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Table 9. Physical properties of scil in surveyed ares

Sail

C(ley Silt Serd histire  Forcsi Slae
Reagian depth o4 il ersi v
cn - % ———— /a3 %
Mmel| 67 15 12 €4 1.22 21.0 53.9 33.2
Kcechang| _ _
irjuy, - 174 12 €4 1.33 24.4 49.8 31.0
; Mmel| 59 316 4.1 1€3 1.11 27.3 58.4 30.3
Kimhae | _ .
irfjuy, - 310 46 25 1.24 319 52.8 34.5
Mmel| 43 €5 E5 *1 1.09 234 58.9 23.2
Haman .
irjury] - 268 £2 €0 1.18 26.4 55.6 28.9
. Mmel| 56 1€0 510 &0 1.23 30.3 53.7 50.1
Chinju | _ _ _ -
irjury] - 170 4€0 0 1.33 36.9 498 454
Mmel| 50 140 840 ZO0 1.06 33.2 40.1 41.3
Koseong | _
irfjuryy - 140 50 220 1.17 355 44.3 41.5
Mmel] 80 110 20 €0 1.213 18.9 54.2 30.0
Fcrecheen|
irjury] - 120 220 €0 1.305 23.2 50.8 304

Y=4_.36X+8.93(R-=0.201")

Y=104.7X-80.99(R:=0.295"),

14.14(Rz=0.196")

Y=-3.11X+215.9

Y=-0.75X+67 .85(R=0.178%)

Y=0.0037Xz-1.186X+99.71(R=0.399""%)

(

(R:=0.220°),
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Fig. 12. Relationship between physical properties and disease

incidence rate.



13
Y=2.805X-17 .59(Rz=0.425""")

Y=-121.13%+4296(R:=0.201%)

30%
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Fic. 13. Releticrskip ketween ncisture ccrtert ard disease ircidence rete, yield.

14
Y=0.51X2-34.96X +1707 .2(R==0.127%) ,
Y=-5.06X2-89.4x+2784(R:=0.11C") -
Y=Xz-3387 .6Ln(X)+13287(R-=0.204"),
Y=-0.94x2-25 .5x+2866(R:=C.160") ,
Y=15.2X2-1498X+37705 (Re=0.252%),

Y=53.05X-108.65(R=0.232"")
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15

Fig. 15. Growth of platycadon glaucum in Chinju and Haman.



4.6 4.8

10 pH »

- 390/kg
14g/kg -

Table 10. Chemical properties of soil in surveyed areas

(H (M FC5 K Ca Mg Fe Nn Zn EC NN NC-N
Reagion ne/k -— nc/kg
1:5 c/kg g - ancl/kg —- - ds/m  nme/kg
| | Topscil |46 21 5 (4 C6 C4 55 581415 € 7 |
Stkscil |46 26 €3 (2 12 (4 53 22 10C14 € 6
o|Tepscil £2 22 164 €7 £8 20 1 10829(36 & 13
Stkscil |[E.1 16 138 (4 E6 Z0 48 €0 20(C26 €O 8
g|Topscil 4.7 24 579 (6 €5 S0 47 £A429C4Al €1 2
Stkscil |48 21 29 (6 €3 21 44 12332(4 & 15
4 Topscil|[E4 14 X3 (4 21 16 £7 &2 44C1 17 1
Stkscil [E4 12 264 €2 20 15 €1 %6 44C2 113 9
g Topscil|£2 29 16 1.5 15 1.1 41 54 €5(6 12 29
Stkscill [E.1 21 €1 13 11 10 40 41 7.9 C5 17 0
g Topscil|£4 19 786 €5 11 €7 2 27 €3(3 70 23
Stkscil [E4 19 €5 (4 10 (8 E3 28 €8 (3 56 22

*  1:Kcechang,

6:Hangchean

Ca,

3.0rg/kg

- NHeN

Vg

70mg/kg

2:Kimhae, 3:Haman, 4:Chinju, 5:Koseang,

, 5.8 6.5, 2.0

152rg/kg

- , PLOE, K
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11 ]
K, EC  NH&N Mn
PXCE, Ca, Mg

- Fe NH¢-N

K, EC NH.-N Mn

Table 11. Chemical properties of soil

(H M FG K Ca N Fe v Zn EC NN NN

155 c¢/kg neskg -- arclskg -—- - nekg ——  €S/m nc/kg

Tep | Nermel) €5 185 426 C.42 1.6 1.38 29 &9 2.2 (.15 €0 12
sCill yrjury| E5 152 443 C.E52.29 146 B9 21 £.3 (.21 18 12

LSCCEW) [C.z2 €C747€1C11C49C22€2€6C6 C.41E2 €6

ap Nemal| E4 144 471 C311.€01.70 €1 35 E3 (.2l €5 14

scill jrjuy E5 143 440 C40 1.€9 1.1 74 23 E.1C.18 €9 13

LSCCE%) [C.15 284 €17 C(9 C.26 C.16 46 £.1 C.9 C.10 1C.1 17.27

12 .
88.27, 82.40x 10tcfu(Calony Forming Unit)/g

37.67, 38.42x 106 cfu/g

80.27x 104 cfu/g - /

(B/F) 437 103
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Table 12. Cistribution of scil ricrcbial flora in surveyed areas

. Eecteria Actiramycetes  Funci E/F ratio
Reagicn
x 1C6 x 1C5 x 1C4
Tep-scil 37.€7 €c.17 3C.c3 122
Kcecherg )
Stk-<cil 3E.¢e7 1€.13 22.55 144
) Teg-<cil g .27 €€.20 24.€3 255
Kintae ;
Suk-<cil 77.CO €€.41 2C.29 379
Teg-<cil 82.40 &.57 €C.z7 1C3
Faren _ _
Stk-<cil €7.80 EE €2 4c.12 1€9
. Teg-<cil 4g.15 F€.73 1€.56 259
Chirju )
Stk-<cil 3465 LA 1C.E2 e
Teg-<cil k42 2C.cs8 2€.30 171
Kcsecrg )
Suk-<cil 1c 41 2C.C8 14.¢7 120
Teg-<cil EE_15 4AC.74 12.€3 427
Fcreckecn ] -
Stk-<cil 31.¢9 EZ.E6 11.46 zZ19
13 50.57x 10C¢,
53.16x 10t
- B/F
418 281

Table 13. Scil ricrabial flara in surveyed areas

i Bacteria Actincrycetes Fungi B/F ratio
Reagicn
(x 106 (x 1C9) (x 100
) Nernal BC.E7 £3.16 1E.C4 418
Tegseil }
Injury 37.¢8 4€.18 1c.82 281
LSCCE%) 22.87 21.50 7.20 24832
) Ncrral 31.50 411.¢3 11.86 4c4
Suksail )
Injury 31.75 44_81 1C.49 373
LSCCE%) 2C.co g1 3.76 258
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Fe, Zn

Table 14. Chemical properties of root in surveyed areas

T-N, PCt,

14

K20

_ T-N F(5 KO (O MO NO Fe M 2zZn
Feecicn
% nc/kg

Nemel| 1.€5 €52 C.&68 C.(8 C.35 CL7 €1 &7 39 147
kcecrerg

Irjury| 1.70 C€2 215 C.C7 C.36 CC6 €20 40 27 1.6

Nrmel | 1.€9 1.28 253 C.11 €34 C(C9 716 58 47 1C8
Kinlee

Irjury| 2.5 142 277 111 C.2O (C.J11 zC47 1C1 €0 1.7

Nrrel | 216 1.C1 z41 C.(9 C36 C(C8 727 75 E1 1z5
Fenen

Irjury| 2€2 1.24 2.€9 (.10 C42 C.11 1=€3 110 E3 1.8

Nrrel | 174 C.&9 z.(2 C.12 C46 CE6 40 14 E7 ZE.
Crirju

Irjury| 21 (€6 245 (C12 C41 CS5 247 164 B4 €11

Nrrel | 229 1.16 26 (13 C45 C<4 1€3 €.3 €1 1€.8
Kcsecrg

Irjury| 157 €9 22 (12 C.29 CE8 150 4C.1 E2 E26

Nermel| 151 1.(7 z.€5 C1 C.25 (CE E€E.7 199 €0 €45
Fcrechecn

Irjury| 1€3 1.(7 (6 C1 C=z8 CE8 t24 27 E3 &2
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15 K0 2.56%,

Fe 968mg/kg CaC 5%

Table 15. Chemical praoperties of normal and injury root

T-N PLO5 KO CaO MO Fe Mn Zn Cu

% ————————— - mg/kg ————-
normal | 1.83 (0.95 2.21 0.12 0.37 54 116 52 19

injury | 1.99 1.07 2.56 0.10 0.38 968 119 51 12

LSC(5%) | 0.32 (0.10 0.277 0.01 0.04 343.19 26.65 1.18 17.9

CaC 16

Y=20505X-367.9 (R==0.129%)

10000 ¢

¥ = 20505k — 367.9
aooo k RY = 0128 "
m
=
5 G000
=
- PP
= 4000 | - - -
= 3
2000 | = . .
egtl®
:’] i - l.. i J
0 0.0s 0.1 0.16 0.2
Reol Cal cantent (%)

Fig. 16. Relationship between root CaO cantent and yield.
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17 -

Fig. 17. Sail survey and gronth of platycodon glaucum.



1 Y=17.24%+0_95(R:=0.948"")

Y=12.01X-5.74 (R:=0.946") ( 19).
3 30%
3C% 9
o - s
1T =172+ 035 0 r : -
0 R? = g.peg " - y=12.01x - 574
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Fig. 18. Relationship between cantinicus cropping year and roct
weight and disease incidence rate.

16 pH 5.3 5.9
Fe 3 16.4mg/kg -
pH 0.3 0.9 , P«CE, Ca, Fe, Mn

Table 16. Chemical properties of soil

Centinicus | pH M FC5 K Ca Ng Fe Mn EC NN NCi-N
crcpping Year | 1:5 oskg noskg  -- arclkg -- neskg cS/m neskg |
2yr E7 76 143 C194.721.203252.19C.20 74 Z.0

yr £9 €4 214 C.17E£.121.281€43.13C.19 76 2.2

4yr €7 7.8 128 (.154.€3C.€924.41.€8C(C.15 77 2.0

Eyr £3 €8 ¢ (C.13t£431.(811.01.5C.10 73 2.0

Eyr £E8 €6 124 (.184561.32262.18C.11 76 2.5

yr £E5104 121 C163561.0832.42.6C15 & 2.7

&r £8 1.6 143 C.144.711.1321.32.59(C.13 &0 :.1
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PLE, K, Fe, Mn

n

17

Table 17. Chemical properties of soil at normal and injury root

Centinicus

crcpging Year

Eyrfncrrral
3yr injury

[H o M

59 7.9
6.011.0

FL5 K Ca

1€7
2€0

1:5 g/kg noskg - crcl/kg -

C.15 £.48
C.20 4.76

Mg Fe Nn EC N--NNC-N
ngskg dS/m ngskg |

1.25 16.1 3.13C.15
1.20 16.7 3.13C.23

75
76

3.0
3.3

€yr ncrnal
Eyr injury

59 7.2
59 7.0

106
<J1

C.15t.11
C.13t.24

1.C2 14.81.70C.10
1.C5 2C.42.83C.10

78
76

2.0
2.0

7yr ncrnal
7yr injury

6.1 9.8
5.612.9

1C2
1239

C.18 4.57
C.16 2.98

1.16 21.31.53C.25
1.22 3€.82.34 C.10

€l
79

2.0
3.0

&yr ncrnal
&yr injury

5.910.7
5.714.0

142
1%1

C.12 3.27
C.17 .87

1.22 18.51.73 C.12
1.15 25.53.20 C.15

7
&3

2.0
5.3

T-N, PZCE, NgO

T-N, PzCE, Kz0

Table 18. Chemical praoperties

18 -

of normal and injury root

Centinicus

crcpping Year

T-N FLC5

KO Ca0

0

NgO Ne:0 Fe Nn

(

Zn

mg/kg

3yr ncrnal
3yr injury

3.46 1.70
4.49 1.89

2.80 C.12
3.82 C.14

C.48 C.191320 61
C.88 C.25176 90

€6
€6

€yr ncrnal
Eyr injury

2.C2 C.89
3.C0 1.13

1.20 C.c4
1.€7 C.10

C.32 C.07 €83 35
€41 C.18 <C7 65

37
46

7yr ncrnal
7yr injury

1.24 C.71
2.17 C.c4

1.¢2 C.C4
2.C8 C.Co

C.28 C.07 &8 42
C.€7 C.15 2210 139

45
73

&yr ncrnal
&yr injury

C.t2 CH4
1.78 C.c4

1.e8 C.C5
2.28 C.C5

C.23 C.12 €89 51
C.20 C.331€10 57

30
52




19

Fig. 19. Growth and yield of platycodon glaucur.
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19 pH 6.4
5.7 5.8 - F:05 Fe
Na
Table 19. Chemical properties of soil after experiment
4 K M F Z N NG-
Texture H M F(G5 @ Mg M Fe M Zn EC M-N NN
15 ulg nkg - anchHskg ---— -—ncAg--—  cm nckg
Topscil| 5.7 1.3 5 (26 2.38 (17 (.9 1(8 12.0 2.5 (.13 13 3
LS
Stkscil [ £E4 11 €3 (.28 281 (17 C.(91(0 12.2 1€l (.27 16 2
Topscil | £8 15 &8 (22 243 (B (.09 €7 (9 117 (12 5 2
U
Sukscil |57 1.3 & (25 257 (4 (10 €7 110 122 (15 13 1
Topscil| €4 157 1556 (28 7.4 1€1 (26 €11 k.1 155 (.15 16 5
Sil
Sukscil | €3 154 141 (.3 .20 1€1 (27126 128 1.:4 (17 16 4
Topscil | £8 S0 40 (€1 2.e2 1316 €21 43 75 138 (.18 10 6
cu
Stkscil|[£4 29 6 (.69 29 1.0 (.25 4.0 €6 160 (4B 14 5
20
10.38g, 1.34cm, 16.8cm, 57.9cm 1
5.46g -
Table 20. CGrowth of different soil texture
il Root Shoot Root Root Plant |
weight weight diameter height height
texture | o/plant o
LS 2.25 1.19 0.95 17.53 26.2
SL 2.25 1.21 1.01 10.88 27.5
SiL 5.46 10.38 1.34 16.80 57.9
CL 5.01 4.50 1.30 11.95 52.2
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21

Im
, 63%,

63.8%

SAS
14
4% ,
Bkg/cnz,

11 13%,

0.96 Mg/m:

5 1Q%,

Table 21. Statistical analysis of disease incidence rate

Ciseese ircicerce rete(%)

20 40 €0 €0 1CO

A€ tengeretre () 14 15,16 12 11 <11
Cirecticn Scutreest Ncrthvest

~ Flzt, - - Steerly  Steecly
Iepeererty Lrculstirg Fellirg  killy sicge  slcpe<
Slege () <4 10 15 20 €<
Creirece clesses™ 1 2 3 4 5
Certiricus creppirg yeer <3 3 4 5 € 8 &<
Scil cegth () 1CC< €C &0 4 59 2 29 <20
Scil Fercress (kgsand) 5 7.1 1.7 1€.3 2C.9
ELlk cersity (M/n) C.c6 116 1.5 1.54 1.73
Farcsity @) €:.0 FE6 EC1 427 313
Mcisture cartert (%) 11183 M4 21 2z 26 27 29 i<
Cley ccrtert () £ 10 11 21 21 29 & 29 A<
Siltartert @) €-.8 71 1¢S5 5 <5
Sl tetue SiL L,SL L CL G, C

* 1 - Somewhat excessively drained, 2 - Well drained,

3 : Ingerfectly creined 4 - Fccrly dreired, 5 : Very pecrly craired
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22

Im )

» 58 63%,

38 64%

Table 22. Statistical

SAS

14 ,
0 6%,
Skg/cnz , 1.0 Mg/m:
11 13%, 5 10%,

analysis of yield

Yield (%)

Z0 40 €0 €0 1Co
Ae. tenereture () | 11.5< 12 L5 15,15 14
Cirecticn Ncrthvest Scutreest
Shcce (D) €< 13 10 79 C 6
Creirece clesses™ 5 4 3 2 1
Scill cepth (an) <20 2C 39 4 B9 € € 1<
Scill fercress (ke/an) | 1€ 21 117 7.1 5 <5
ELIk cersity (Mc/nd) 1.5< 14 15 1z 14 1C 11 <1.0
Fcrcsity () i 4 4= t0 E1 E7 £ €3 €<
hcisture certert (%) (< 21 9 2z 6 14 24 11 13
Cley ccrtert () (< 2£ 0 2124 1C 0 £ 10
Siltcartert () < £ 1 12 57 & €4 €4<
Scill texture L0l L L, L SiL SiL

*1

= Somewhat excessively drained, 2 - Well drained,

3 : Ingerfectly creined 4 - Fccrly dreired, 5 : Very pecrly craired
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6,
7, 3, 6, 4 , 6 32
Y=3.07X2-87.16X+649.26(R:=0.947""),
Y=-478_68X:+13403X-90836(R=0.763")
. 8.0 2.3
1 130a
7.9 . 10,800kg/1Ca
496kg/10a .
35.0% 28% , ,
11.7, 11.0, 7.5% -
4_20cm, 579 3,617kg/10a
. , 56.8, 52.5%
, 30.0, 32.2% .
Y=19.1X-5.26(R:=0.592""),
Y=-3.27Xz+30.6X-18.1(R:=0.241%"),
Y=0.0037X2-1.186X+89.71(R=0.399"77),
Y=4_36X+8.93(R:=0.201"), Y=104.7X-80.99(R=0.295"%),
Y=1.24%+14.14 (R:=0.196%),
Y=-3.11X+215.9 (R==0.220"%),
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Y=-0.75X+67.85(R=0.178) -
Y=7201.6e-(.E5H(R=0.458"), Y=509.1X2-3784 _.8X+7947
(Re=0.322"), Y=0.51Xz-34.96X +1707.2(R==0.127"),
Y=-5.06X2-89.4X+2784 (R:=0.110%),
Y=X:-3387 .6Ln(X)+13287(R:=0.204%), Y=-0.94X:-25 .5X+2866
(R:=0.16C%), Y=15.2X2-1498X  +37705(R:=0.252"),
Y=53.05X-108.65(R-=0.232"7)
K, EC NHz-N Mn
- Cal
Y=20505X-367.9 (R:=0.129")

Fe, Zn T-N, PLCt, Kz0

] 1 Y=17.24%+0.95(R:=0.948""),
Y=12.01X-5.74(R:=0.946"")

T-N, PZCE, MgO

T-N, PzCt, K20 - 2
pH 6.4

5.7 5.8 P05 Fe

; 10.38g,
1.34cm, 16.8cm, 57.9cm 1 5.46g

- 1

4, s , 0
6%, , Im ,
Bkg/cmz , 1.0 Mg/m: , 58 63%,

11 13%, 5 1%, 38 64%
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Fusarium oxyspotum f. sp. zingiberi

1988.

- 1995,

1992.

1974.

- 1980.

- 1998.

. p.9 32.

(
. 18:172 179.

, - 1988.

Fythium zingiberum

-4 - 2711 277.
- 6 :
- - pp- 95 100.
- - 17(1) 1 4.
- 1990.
. 6 :-338 342.
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) . 29(2) : 158 164.
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12. , , , , 1985.

) 18(2) : 134 139.

13. , , , , - 1987.

] 20(3) : 205 208.

14. , , , , . 1997.
) 30(1) : 51
55.
15. , . 1997. ,
) 30(1) : 46 59.
16. . 1981. -
16(1):17 25.
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Transactions. July 10 16. 1994. Acapulco. Mexico.

21 _Hallmark W. and Barber S. A. 198la. Root growth and
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76:209 212.
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morphology, nutrient uptake and nutrient status of saybean as
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Conditions and Flant Crowth 69(S) : 55 66.

24 Jeffrey S.K. 1995. Evalution of scil water retension madels
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59: 1134 1141.
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Fig 1. Symptoms of Rhizoctonia radix rot of balloon flowers. A
diseased plant, B : diseased radix infected from stem, C

infected from radix surface,
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Fig.2. Mycelial growth of Rhizoctonia solani, a causal agent of

balloon flower radix rot by different temperature for 24hours,
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Fig.3. Morphology of Rhizotonia solani,

balloon flower radix rot.
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Table 1. Occurrence of Rhizoctonia radix rot of balloon flower

in farmer's field

No. of surveyed

Region . Average infecting rate
field
Geochang 4 35.3 (5~52)
Kimhae 7 36.3(12~90)
Haman 6 53.3 (8~90)




Table 2. Infecting rate of Rhizoctonia radix rot of ballon
flower according to the cultivating age after transplanting in

1996

Culture years of balloon flower

3 4 5 6 7 8 9
InfectingSecond 67.1 458 655 5.2 499 623 -

rate(%)  year(1997)
Third - 735 685 626 705 556 04,2

year(1998)

Table 3. Annual occurrence of infecting rate of balloon flower

radix rot by Rhizoctonia solani in same field

Cultivating years in same field
I1st (1997) 2rd (1998) 3rd (1999)

Infecting rate(%) 21.2 34.0 67.1

One year old seedlings were transplanted in 1997,

SRR Aujdgrt FHESF ZepAZEY dAdo] &
A3 e AL M/t AGE,E HUTY FELo] FHE #
Rlopujet =elx] Pelwy|22 o] k3o ulel WEAde] ofE Ao
E F549rh AT Al ¥ FEEI HAEL FAE Ho
A2 Aok e Tge] F%oEF Rhizoctonia

solani oj|21%F WIE WA FEHFEAL  Rhizoctonia solani
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Fusarium sp., Phytophthora sp., Pythium sp.+< X2FA] 2julx] oA
Ha)slgdc} (Table 1), ©]5 fungal pathogens potato dextrose
agar (PDA: 200 g potato, 20 g dextrose, 15 g agar, 1L distilled
vater)olq Eelstgon 4CHA BASUTE £ Ay AYF
08 A% Bacillus sp.$} Pseudomonas sp.= Z}Z} Table 2. %}
Table 3.3 Zom 19 Ald2 =212 22 B IU EYlA £2
stolct. Lol Al-2] BNAZE A=
nutrient-broth-yeast-extract broth (NBY: 8g Bacto nutrient
broth, 2 g Bacto yeast extract, 5 g dextrose, 2 g KoHPQ4, 0.5 g
KHzPOs, 0.25 g MgS0. 7H:0, 1 £ distilled water)ol wjoksle
ampling %! glycerol A} #&s}o] AME-S}4it}. Bacillus 'ﬂ‘%x‘—:— 1/10
tryptic soy broth agar (1/10 TSA: 3 g Difco tryptic soy broth,
15 g agar, 14 distilled water); Pseudomonas T3+ King's
medium B agar [KBMi 20 g proteose peptone, 1.5 g K;HPOi, 1.5 g
MgS04, TH:0, 10 ml glycerol (99.9%), 15 g agar, 14 distilled

water] & A&-3}aitt,

p
i)

s
£ Aol AygdF HEE slsl 1 - 8 Azt A P&Ko] ¥&
g kx| e g EYE ARt iR YA] Rhizoctonia
solaniof &%t Re]¥Z, Fusarium sp.of T A& o] WA}
£ Adoth 192 - 8 U2 =AM 2 Z2¥n|YES
3171 S1ElA ele] wiEd AHI} dAeE st &, 72 d2d
el e EHE 1o’ IV AFH UEEE Fusli 50 nl
Ad Z547F Bolole 250 nl 47 Setade] Wi 10CE 2A
H rotary shaker (250 rpm)ollA] 43 A& o MHsloct. Z} A
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HE HeElE t}A] 0.0125 M phosphate buffer (1.21 g potassim
phosphate monobasic, 2.80 g potassium phosphate dibasic, 1L
distilled water: pH 7.1) 5 mlo] &7 80CE ZAH sS04
30 B2 AX ST ol RS rhA 43 At Ao B w
He2 AFsigdch. AY W dA¥ =elx] $ ¥US A4FH
ukxtapdoll A npagt the 5 ml phosphate buffer @jo FE}A|Z T}

Aol &3] 1/10 TSA wix| Aol 25CE ZAH 7oA

el stgirt (Fig. 1).
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Table 1. Genera, species, strains and source of fungi used in

tests for biocontrol activity of Bacillus sp. and Pseudomonas

sp,

Fungus strain source

Rhizoctonia solani

JS1 This work
JS2 7
JS3 "
JS4 ”
JSH ”
JS6 ”
JS7 “
Fusarium sp.
Ful i
Fu2 "
Fu3 iy
Fu4 !
Pythium ultimum
Pyl "
Py2 ”
Py3 »
Py4 "
Py5 “
Phytophthora sp. Phl !
Ph2 !
Ph3 !
Ph4 “
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Table 2. Genera, species, strains and source of microorganisms
used as biocontrol agents or as standards for comparisons with

Bacillus sp. strains,

Microorganism strain source

Bacillus sp. WLEI This work

WLE2 "
WLE3 “
. WLE4 "
WLES "
WLE6 "
WLE22 "
WLE23 "
YL4 ”
YL5 "
YL7 "
Nl "
N3 ”
N12 "
Nl 4 ”
N17 "
N18 "
N]. g ”
Nzl ”
WLC19 "
WLC22 "
WLL1 "
WLLZ "
WLL3 "
WLL4 "
WLL5 "
WLL6 "
WLL7 "
WLL8 "
WLLI "
WLL10 "
WS23

Bacillus subtlis Y. H Lee
Bacillus megaterium "

Their ability to inhibit Fusarium sp., Phytophthora sp.,

Rhizoctonia solani, and Pythium sp, in vitro,
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Table 3. Genera, species, strains and scurce of microorganisms
used as biccontrol agents or as standards for comparisons and

Pseudomonas sp. strains

Microorganism strain source

Pseudomonas sp, This work

JS1 "
Js2 "
Js3 o
J54 "
JS5 "
JS6 "
JS7 "
JSB ”
JSg ”
JS10 "
JS11 ”
JS12 ”
PF1 w
PF2 ”
PF3 ”
PF4 ”
PF5 »
PF6 ”
PEF7 ”
PFS »
PF9 ”
PF10 »
PF11 "
PF12 ”
PF13 "
PP14 "
PP15 ”
PP1 ”
PP2 ”
PP3 "
PP4 »
Pseudononas fluorescens Y H Leo

Pseudononas putida T
Pseudononas cepacia i

Their ability to inhibit Fusarium sp,, PFPhytophthora sp.,

Rhizoctonia solani, and Pythium sp. In vitro,
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Bell Flower in Fields with a Long History of Bell Flower
Monocul ture

!

Collection of Roots from Bell Flower

!

Repeated Washing of Roots Fragments in Cold Sterile Water

(30 min, 250 rpm)

!
Maceration of Roots Washed and Heated-Treated (80°C, 30 min)
{
Dilution Plating for Single Colony Isolation on 1/10 TSA
!

in vitro Screening for Inhibitory Activity against R.

solani, Fusarium sp., Phytophthora sp., Pythium sp.
!
Initial Screening by the Bottle Assay in Green House for
Suppression of Rhizoctonia Root Rot
{
Field Testing

Fig. 1. Protocol for selecting biocontrol Bacillus sp. and
Pseudomonas sp. strains with rhizosphere competence on bell
flower and inhibitory activity against Rhizotonia solani,

Fuarium sp.,, Phytophthora sp., Pythium sp.
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A7) wie] whel MF g dxele] &3] 25T F7l0lA 1/10
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st Z B F3E R solanio] tigt HiE el AL WilY
S 1/10 TSA, 1/5 PDA (40 g potato, 4 g dextrose, 15 g agar, 1
£ distilled water) W 1/5 NBY Ajulixlellx] A¥L sttt
Fusarium sp., Pythyium sp., 'Y Phytophthora sp.o) T3t &4

APE gysialrt

1. 2379 FAAE

Zefa] Fxiel n|AE Ml E2iA] FAE 70 Y YUAE
1087t Aalr)g 1% sodium hypochlorite &o] 10837t stz
A FF2 AFSHCE NBY brotho] A A 1 nlE
NBY ZA|ulR|o] =7l F 25ColA 2¢7F wjokslgict el 2
S AE AN L2ERE FolRE e 0.5% (W)
methylcellulose 4t €< 0.5 ml&} E5}] 1 g8 ¥ AHH
Eekx] F2HeF 1200 71)2} 4jo] EWH coatingdltolrh. o|R & TthA]
vortexing¥t ThE 45CE Z2BH AR7|0AM 4 A = A=s19
th 271 Fxol &she A¥d & HAYA s At
E& dog AMuH 2718 ZEX}E 0.0125 M phosphate buffer (pH
7.1) 5 mlof 30 7 X3 vl 30 X7+ Z5}A vortexingd}gict,
10-fold 34 yof whe}l Ue] AL Eo] 1/10 TSA vijx]el] =
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LY ThE 25 © Yo WY F AYEE IRUE 2Astart,

5. gl & FAlo u]YE A

ANESY 7o) whel Hgare] phosphate buffere] 30 &7+ £x}
AEE Yl HAE v} 30 &7t vortexing shgth alm W)
AlE= 300 rpol 2 Y ABGIIolA 30 B MHsiac). @
Efe]& 5 ml phosphate buffer® 10 uj 3Ais}oic). #HEle) 100
€ 2 aApiRle] =il 100) A Apgste] 3UH 1/10 TSA
ol BEE 22Y 5 (cfu)E ALtsle) F33}9c)

6. £ Agd A=
B Bdd A& Y8 EY 1 kg, corn meal 300 g, & 150

nlE 12 HZEAI EYUT the 2 A4siol 90 £ st
The PDA iAjoll A F8 A% HQAE plate AF-E HFslod 28Col

A aiegstgict. dA=elaang 1Fduitt EEo & e wiA s}

2ol FAY thE 4ToM Baslo] alg-stnt,

L

7. EG A

SET dFe] od ZAygoel 2% Eex Ly 2wl HE
3 gl tiE Al AEE 2% EQL AUy B dgy
Ao NYEE AHgIATh o] EFL 10415 o REZOE
0.5-co-mesh& AMS-3}%iTh A2 121ColA 3087 sl £
T Eogolrh. 2t Bk AW 134 Aol Fulste] EAsg
W Rhizoctoniaol &%t Wa|® &, Fusarium sp, EHEE Z2AE R

257 St FEYE 2P s EelA FE AL PYsiyg
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th o] AYL viFH 2 EYE AMgstr

8. 4 ulol A Pxjulo] o3t PIFY &Y

"Bottle assay”’&= Z7|A¥olM R solanio] tizt Wy AA,
A A 2As M Eakx] PAFo] Ui AgF MY, =
2B 2H 9 3 F9lo =gE 2% BEX Aulg 28] 9
3 AMgstglch E rhE dFo] §1oH Figure 2 9} o] AlF =a}
2HBE ARE3Ios o WREEL 1ol Ed den it =i
A FA FL AE INE A& £ glon AP ulety wu)alol
E JF& EYE& Ay ARgslglch. Rhizoctonia root rot& &3] zt
Huich A HolFelolEE W AR A9a AFH Eokg Ay},
2 th& R solaniZ % corn meal AYPY 3g& EU ¢Jo] 1
THA 10 g8 A BEQS Walth 2 B 10 nld) A7 $EEL
Foom AYd-E FFY A A U2 R 2 FAE P Wy &
FEH] F3 2 on FAL AF woFelo|EE Wi 5 nle £
=€ T 2 Yot R dFPL $%E 10 nlE F ¥ Fgo
™ 2 - 4 Fdol= 10009 34 G [F4F Hu|(7-2-4)] 5 nlE
F9lch. dol(emergence), &7](shoot), &o](height), Q(leaf)

"§ %5 (severity of Rhizotonia root rot) & 3- 4 F4 FHg 33
SHSIT. Rhizoctoniao] TiRt Wt AxL Setow T[pasio] w1y

sheict.

- 107 -



Fig. 2. Bottle assay used to evaluate biocontrol activity of
bacteria against pathogen in green house under controlled
condition, A, bottle for test: Bl, pathogen only: B2, pathogen

+ strain JS2; B3, untreated control
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9. =AAH

in vitro WY LFY KA in vivo YHYel 23t Huay o
A 712§ ¢ 28I & Austy UYL sigch WA=
BAES dFeFeld sl Fxl) H® d¥yF =
Bacillus sp. A& 10° - 10" 0]glom, Pseudomonas sp. = ©F 10

BEE st

[-]

10. A¥d 53
ol 5L 98 Schaad®] A A3} Bergey’'s manual of

systematic bacteriology®] &F/7|&ol uwlel dubael RAE 3}

i

om, Bacillus sp. Z¥d FEE& ¢siAdE Gram HHE, Al4g

au

3, EAYA, catalase ¥h-§ (Sneath, 1986) S5 RA}s}oic).

H

A2 At A NBY Zajulzle] 0.003% (w/v) MnSO.E 7o s
A AdAFthHLogan and Berkely, 1984). & ZAljzlolA AT
EWSIAL 25CeflA 397t ASA7l th An|Fos TAYPAY &
& BEstch. JEa 71713 53 & #18) MIDL W Vitex WY
A& T

o

fifo

11. ddol oigt Aghde] A3 AnEgy

AAuf oyt AYFE 1/5 PDA ZAMA] Aol A wesies A
T F 297 vt HLTY AUE 8-m FFLE AAMA
%) Feth o] A¥e] A3 WHFL Rhizoctonia solani,
Fusarium sp., Phytophthora sp,, Pythium sp, 5-& A}M2-3}gich &
S wiAE 28Tl wjetstddon dFY F FAES g 23

stel EHstglct. A WML FA UEE Ayl gl ¥
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ol el FAb g2t wlaste] Aarstgich.

12. Rifampicin A& A8} Ho|F e

Eax]  ZHME mAE BIYHE  2A] 98k
rifampicin-resistant mutants& ¥-2]3}9lr}. NBY oizjufx|ofx Al
2171 A% 100 4 (ca. 10° cell)& rifampicin®] 100 ug/ml §
9 1710 TSA ILARIA] (1710 TSArino) Aol EWs}e] 25ColA 5
At wjgRt F Uehie Z2UE Austct HolRe] g =
AHE $18l 1/10 TSA wixjolM 3Usiumict A2 wixle] 73 ofAls}
o] HFHLE 1/10 TSAunwol A BKAIA Felstgch etgAol g
€ WolFE 4YY, 22U ¥ely By, TAPHEY 5 2
sto] EelEHe] o] KEE ZAIITE EY oJEL o) Al

B ERAHAN Ay EXZEE Hsts Ao At

13, 24 AN A%F X

Rifampicin 84 T3 Bacillus sp.'= "Bottle assay”olA] &
B ZHe] B 4 g vYo] YHYPoERE Aol 9=
Pseudomonas sp, 8+ W|iL ZE3}gch 7 W wEos wiHEo u
o} B¢ ﬁﬂ—% the Ad Wn|felolE 50 ccE Al Bacillus
sp. 2 HEH FAE 2§ Adebe] AL 20 cc?] AF Wu|Felo|E

€ "Holrh AE X3 Aol Ee2x] 28 HoA s
o B2 EEoA AAstgon B BES AEoN B3}
.

2 R MEE A A3 AEe #a RES 4aF
phosphate buffer (pH 7.1)o] Y 25ColA 300 rpm 2 &)
oA 30 &zt AHelste] A yol mwhel 1/10 TSArisoyero BN oA
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T+E FAstch ob]l dEdA g A 90% ojite] o
el 3] AA=HGE 220 =UE AYF EXAEE
817] f13] el F=b otel 0.5 cmoﬂ/\‘] &usle] 1.5 end] V2
#siglon 2zt 27+ 5 wle] phosphate buffero 30 £3F W]

P

-

A

.

Ch2 30 &7 vortexdleic), MH A& 1/10 TSArifiooeycioo BIR| oA

HeFste] &g stalct.

14, EZAHoA ] AFH X2

Bacillus sp. W Pseudomonas sp. E&8}x] £ EX:= & =
oA AAlstyct. A¥Eos A A& wEside o Z4Az
Y otECo R Ayt 7 plot @ 3EA] Fol He] FHY Eof
& $e2 ESoA AASYL o] HES A Hd X Yo
4Co] Husto] Ayl A-g-stdrt. ol& #H-e|&E 50 ml2] phosphate
buffero] Wi 300 rpn® ZFH AvkujgrlolA 3027 A|sta

th zhzbe] MM e& 1/10 TSArioneyetoo HIAIONA ZAVSLGITE,

A3E Az 2

1. Rhizoctonia solanio)] 2]%t % a}A] W.g-wlal§,

Zetx] Aujx|ollA] E2]gt THH Qe Rhizoctonia solani
€ 7 FFE AT AT HRULEE ¥ A= Table 491 7
on fEld BEF Eexlo] HE fuAsch 2eEm & Ayl
+2|%} Rhizoctonia solani®} Fuarium sp, & @u|Z oz A3}

ZA3}= Fig. 30|W Fig. 4% Rhizoctonia solani7} =glx] ¥g|e
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U2 HF 27 (Fig 4A)o] WEI ol Fig. 4B X% ¥ 2
A& Hoj gt} Rhizoctonia solanidll &%} 11} 7+ o] Ea}x|e
AeH z20] BesiA =Y Algol 2% 23} Aol FHERE 2
P=o] THELE FANIIE Ao Usluth Fig 5 #elgx|
U2 Aol o3 A PAtolt). Fig. 6& Aol &sto] xalx]
2] o] U Y FNE BoiFa 9r)
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Table 4, Rhizoctonia root rot caused by isolates of Rhizoctonia

solani in the bottle assay under controlled conditions.

Isolate! EMG(%)* ps?

Rhizoctonia solani

JS1 75.3 ++
Js2 72.4 +t
JS3 64.3 +t
65.6 4+
JS4 57.4 ot
JS5 59.5 +H++
JS6 67.5 et
Js7 64.3 it

1. All isolates were obtained form the collection of root
diseases,

2. EMG = emergence in percentage

3 DS = disease severity based on the scale ranging from 0 { no

lesion evident) to ++++,
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Fig. 3. Microscopy of the isolated fugal pathogen,
A, FRhizoctonia solani

B, Fusarium sp,
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Fig. 4. Infection of root by Rhizoctonia solani,
A. Early stage infection (|, region of cursion).

B. lesion tissue after infection.
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Fig. 5. Root rot of Platycodon glaucum caused by the isolated

bacteria,
A, root-rot by bacteria during storization.

B. root-rot infested with artificially by the isolated

bacteria,

- 116 -



Fig. 6. Degradtion of root. tissue of Platycodon glaucum caused

by the isolated bacteria,
A, healthy root tissue,

B. degraded root tissue by the isolated bacteria,
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2. 28x] 24 Bacillus sp. g

Bacillus sp.®] Bl BIGRARHIA AN 1-89 Te
Ezp|olA sttt A TekA] $2E 80T, 3083 dAz
T AY ZeiA el el dXE A R majde] wlas)
o 0.01% $ELo 2 412 dA4H HAHLS A% Ao w3 AF 4+
7} 0.5-2.0% F+EL2 AFE +7} 434t (Fig. 7). 22U ¥
ol whal B wj 1710 TSA Aol &8 ILBUE 13} e A
Fo Heniafiola EW ezt 4xb e MY dAE 3
Fenpfdoly e nAE Fuh nl¢ 544 Aves Uely
oh HHEH AY A x| SEERYH g A Ade £
P2 =2 de] ulel Fdstgolh 12 MAE dxe] F o2
mlejdeozyy He® uie azUl 22y Ao glojA
dark-browno]g.o.m Y= milky-white o]3ir}l. thRH LB 43} A)
A3t dAE Fol Ry nidezye RH REy IzUs
milky-white7} F4om A¥ = dark-brownol Gr}, o4ke] 7 3ho) A
ER|7E Hupgt BodolA AV ASEE AL mEkA] o] A
She AWuBES 3 RAo® 23 VW ofx LAY

>

©

Ea olAl YA £ A¥olA Be|jt Bacillus maceransRl9 F-3
3Yg BRI Gk AT 2FHM olo] oy UL
At gtk weF ol Aol YAlHW £ Ayl Help
FHE O JFAET FTILeT olo] B eld AR
go| 2 Zlolw, WSy} V424G WAl AL Uy HEo
melAle] Y4B A W 4855 AR AAE 9% 2L FRe

AtE Y

i
i
o
ko3
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Fig. 7. Effect of repeat washing followed by heat treatment (80

T, 30 min)

on populations of bacterial

isolates on roots

according to the growth year of Platycodon glaucum,

- 119 -



3. =epAE Ul Ui A3 Ay
42} A1 F Penk S HMF F 1/10 TSA vlx] AolA
F-2e]=2 oF 3,000 7§8] Bacillus sp.$®} Pseudomonas sp. 2] ILZEL]
& 1AF S8 Awslolct. 30%= R solaniol] ths] Ay ztgo] gl
L} el wel Fx2e Ao|st Ach ol& FFE 23} s}
o] 1/10 TSA, 1/5 PDA W 1/5 NBY ul=] AYolA] Rhizoctonia solani,
Fusarium sp,, Phytophthora sp., Pythium sp.o| ti¥ ¥ Za}
E 3toch A9e] #&F% Rhizoctonia solaniol cj3] FH&
Z¥A|5L 9l9lem Fusarium sp., Phytophthora sp.o] ¥FHL 7=
Zol slglch, 2x AE¥ Az} 32 FF Bacillus sp. & 31 ZF
¢} Pseudomonas sp. & ©o|F8 ABVL 98] MA3}AC). (Table 5 &
6) ol A3} Bacillus sp. o)X= E)F R19199} R220] 7} %3}
(Fig. 8) Pseudomonas sp. oAl ¥ JS2, JS3, JS47} &
@Yol 43130} (Fig. 9)

4. Lot B3

=2 ¥ A¥ES Y 71&o g3 5T A3} EeF R19%Y
R22{= Paenibacillus macerans®. FRE %o (Table 7) Ha|F
SP4+= Pseudomonas cepacia® ‘3 E| ¢t} (Table 8). MIDI system®}
VITEX systemoll &J8{X = 22} Paenibacillus macerans (Table 7)&}
Pseudomonas cepacia (Table 8)& 1=l ¢ic),

5. Rifampicin A3 AYF MelF Rel.
E2x] 2N nYE ERYEE 2A] sy
rifampicin-resistant mutants& 22]3}eitt. NBY Jxfju=x]ofA] Al

{AIZ AYF 100 18 (ca. 10° cell)E rifampicino] 100 wg/ml I}
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¥ 1710 TSA ZLAU]A] (1710 TSArifioo) “doll Eddlo] 25ToA 5
Q7 MR F UEE 22US Aushinh HoRd ¢34 =
AFE $181 1710 TSA wixlol M 3URmITE AL WAl 78] o] ls)
o HFHOE 1/10 TShunnold BSAA HAsteich, 22 * 2
Yug opdYz WY A3 AYY EASKIY (Fig. 10).
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Table 5, In vitro inhibitory activity against root pathogens by Bacillus sp,

Isolate 1/10 TSA' 1/5 PDA' 1/5 NBY!

8 Rs Fu Py Phh Rs Fu Py Phh Rs Fu Py Ph

Control N/A° N/A N/A N/A N/A N/A N/A N/A N/A N/A /A N/A
Bs - 8
Bm
WLEL
VLE2
WLE3
WLE4
WLE5
WLEG
WLE22
WLE23
114
YL5
YL7
N1
N3
NL2
N14
N17
NI8
N19
NZ1
WLC19
WLC22
WLLI
WLL2
WLL3
WLL4
WLL5
WLL6
WLL7
WLL8
WLLI
WLL10
Ws23

e U T OD O 00 UT L0 00 O (3 T €0 ol sl €0 €0 G0 ki € 1 N G0 1D BN G 1N G0 € b GO U1

NP NDNGI 0TS {5 GO DD LoD B G 1N b 1N L3 k= O 1D DO U1 G i ¢~
CHOOHOOWNWRONENNOOCOOOHHOOOOOO O m
0O TN L0 O Wi i T 00 1 00 W T R0 00 0T DN b 0 I3 LD i DN bt D 1t [N bt 4 DO O et DD o U1
e Ok T 00 L0 B UT O 1 £ TN G0 L3 DN IND = 1t IND 1= st 1= DO N DD B = = 4 D T O
Qo €0 L0 o i (0 oPe G0 B GO T I 0D €O e et = 1N = DO DN DD DN G0 1N GO TN G0 1N s =3
FOHOOOHHOOCROWNHHHOROOOOOO—HHOOONN—
WO LR LN LONI = [T M GO DI = s e Ot DD 1t =t et O O = O - N 4 O
O U QT U O U1~ O3 15 o DO 1D 09 00 1N = 00+ IND 1N = B\ = D = 00— B i O
BT GIUTO U UTO 5 10 00 00 1N 03 DN TN 43 1D+ 63 BN DO = B B = = DN = &1 ~3
COR N OONH R NINORORHEFOOOOOOROO—OONN
NWNNWNH N R WWE DN RN WN RN =OO O N — — e Ol

*1/10TSA: one tenth strength of tryptic soy agar.

*1/5PDA: one fifth strength of potato dextrose agar.

*1/5NBY: one fifth strength of nutrient-broth-yeast-extract agar.

®Four bactwerial isolates were spotted equidistant from each
other at the edge of agar plate 2 days prior to the placement
of the fungal pathogen in the center. Plates were incubated at
15 C for one week after the fungus placement, and width (mm0
of the «clear zone of inhibition formed by bacterial
antibitiosis to the pathogen growth was measured.

*[solates of the fungal pathogen were grown on PDA for one week
at 26 C prior to transfer to each medium, (Rs, Rhizoctonia
solani: Fu, Fusarium sp.: Py, Pythium ultimum: Ph, Phytophthora sp.

#N/A: not available,

*Other biocontrol agents tested for reference (Bs, Bacillus
sutilis; Bm, Bacillus megaterium)
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Table 6, In vitro inhibitory activity against root pathogens by

Pseudomonas sp, isolates.

1710 TSA! 1/5 PDA! 1/5 NBY'
Rs Fu Py Ph Rs Fu Py Ph Rs Fu Py Ph

Control N/A N/A N/A N/A N/A N/AN/A N/AN/A N/7A N/7A N/A
PF3
PP2
JS1
Js2
JS3
Js4
JSH
JS6
JS7
JS8
JS9
Js10
JS11
Js12
PF1
PF2
PF3
PF4
PF5
PF6
PF7
PF8
PF9
PF10
PF11
PF12
PF13
PP14
PP15
FP1
PP2
PP3

Isolates

(o2

UL R U TTAORUIOUAR ARG RIS S S

CIOUAEDRTRUIBRTIIOARTATIORTIISGEOOUENOoo o
WWNFN—ONWNRONFORRNNE O WRNO~~IUTO UL U
WU UIDRUIOUICITNNDUIT IO IOUTIROXR ST R UIo o
WU UAUIU G USSR UINOD RS aoIgio
ORISR DR WOINUI RO UIAORGIES A MEOOIO®
N NNONOWHWHOOMNO WO WO N O b Ul
awm»mqmémqoqmmqmumqmmq&qmmgmﬂqmm
CAERQOOUICIUNUINUINUT NOHR NG~ ~I0N B~ IO W ~IN T~ O
NN OCONFOOO—OFRONFOOOOC SCNOUIO—OWUIN
i GO B G0 W G0 i T B GO s T GO0 T GO DD T i GO W L0 B L0 00 W O LT O =]

*1/10TSA! one tenth strengSh of tryptic soy agar,

*1/5FDA: one fifth strength of potato dextrose agar,

*1/5NBY: one fifth strength of nutrient-broth-yeast-extract agar.
*Four bactwerial isolates were spotted equidistant from each
other at the edge of agar plate 2 days prior to the placement
of the fungal pathogen in the center, Plates were incubated at
15 C for one week after the fungus placement, and width (mm0
of the clear =zone of inhibition formed by bacterial
antibitiosis to the pathogen growth was measured,

*Ilsolates of the fungal pathogen were grown on PDA for one week
at 26 C prior to transfer to each medium, (Rs, Rhizoctonia
solani: Fu, Fusarium sp,: Py, Pythium ultimum; Ph, Phytophthora sp.
*N/A: not available,

*0ther biocontrol agents tested for reference (PF3, Pseudomonas
fluorens; PP4. Pseudomonas putida 4
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Fig. 8. Petri plate assay for antifungal activity of Bacillus
sp. against [Rhizoctonia solani (A), Fusarium sp. (B),
Phytophthora sp (C)., Pythium sp (D).

a: Paenibacillus macerans 19
b: Paenibacillus macerans 22
¢! Bacillus cereus 6

d: E. coli as a negative contrl
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Fig. 9. Petri plate assay for antifungal activity of
Pseudomonas sp, against Rhizoctonia solani (A), Fusarium sp.
(B), Phytophthora sp (C)., Pythium sp (D),

a: Pseudomonas cepacia JS4
b: Pseudomonas aeruginosa JS2
c: Pseudomonas putida JS5

d: £ coli as a negative contrl
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Table 7. Comparison of the characteristics of antagonistic
bacteria WWL19 with description of Paenibacillus macerans in

Bergey 's manual of systematic bacteriology

Charcteristicst B19 Paenibacillus macerans

+
+

Gram stain
Sporangium swellen
VP test

Anaerobic growth
Gas from glucose
Catalase

Starch

Gelatin

Casein

Indol - -

1
]

o+
I+ + + + 4+ |

Other utilization of
NEG -
GAL -
SOR
OLD
THER
sSuC
ARA
INU
NAA
XYL
MAN
RAF

+ 1t

1
1

[ S S R A
I+ + 4+ + &+ 1

+ ! Pasitive reaction - ¢ Negative reaction

d : Reaction are varied depond on biovar or isolate
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Table 8. Comparisions of the characteristics of antagonistic
bacteria, JS4 with the description of Pseudomonas cepacia in

Bergey ‘s manual of systematic bacteriology

Characteristics JS4 Pseudomonas cepacia
MOtility + +
Cell shape Rod Rod

Gram reaction - -
0/F test Oxi, Oxi,
PHB accumulated + +

fluorescent pigment - -

Oxidase + +
Gelatin liquefaction + d
Catalase reaction + +

Lavan formation - -
Starch dihydrolysis - -

Arginin dihydrolysis - -

Utilization of

DP3 + +
OFG + +
GC + +
ACE + +
ESC + +
PLI + +
URE - -
CIT + +
MAL + +
TDA + +
+ . Pasitive reaction - ! Negative reaction

0/F : Oxidative and / or fermentative respiration

d : Reaction are varied depond on biovar or isolate
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Fig. 10. Petri plate assay for antifungal activity of
rifampicin resistant kaenibacillus macerans 19 {a) and
Pseudomonas cepacia JS4 (b) against Rhizoctonia solani (A),

Fusarium sp, (B), Phytophthora sp (C)., Pythium sp (D),
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6. 2HHE =A0A e LY FEl

in vitrod)| X Rhizoctonia root-rot& 7} A oAsh= Ak
%~ Paenibacillus macerans 19, Paenibacillus macerans 22,
Paenibacillus macerans 19 9l Pseudomonas ceapcia JS4 A FRE
Z8x] F=}o]] 0.5% methylcellulose® B X z|3}e] ol &
718 B& F=E AR A Fig. 11 & 122 Pl Fig. 119
FA} ol &S A8YF-F Paenibacillus macerans 197} 7% ok% 3}
gich, J23 FAb AE F 6F Fol maX] A& FEE &7 A
&& 2N A3 Fig. 123} Pl Fig 120X} o)
Paenibacillus macerans 19 A g|7} AAEE 1A okt o] A
+ Paenibacillus macerans 197} ] ZHo] H2sle] Zstyd L
714 b ofUz} o] FFo AANAYI AV} QA ALE F&
"l olof] oyt AP AW Foll 9lon, HFARH o] FF7t 7
FAEN YEARE dlo] vadn AR FIaBe ssHe

B4 4 9 Aotk kst EaAu dab B2 oW A =

uAAE Aol WeixA g Ao Qg ez AW & 4
FAE A3 W UPE AR o] NAR NS T 2 Seh
s AR AIE doirh wos olo] WAHE Aze 73
mota] folm QT g T2 AR Arlaplel e
EA8 sl & Zo2 sojg
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Fig. 11. Effect of seed treatments with two Paenibacillus
macerans 19 (B19) and Paenibacillus macerans 22 (B22), and
Pseudomonas cepacia JS4 (PJS4) on emergence of stem of
Platycodon glaucum under controlled conditions. Loam soil
(sterilized 121 C, 30 min), MC (seed treated with 0, 5%

methylcellulose) and nontreated seeds were included as control,
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Fig. 12. Effect of seed treatments with two Paenibacillus
macerans 19 (B19) and Paenibacillus macerans 22 (B22), and
Pseudomonas cepacia JS4 on emergence of stem of Platycodon
glaucum grown in loam soil in pots under controlled conditions
after six weeks, Loam soil (sterilized 121 C, 30 min), MC
(seed treated with 0,5% methylcellulose) and nontreated seeds

were included as control.
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Fig. 13. Population sizes of Paenibacillus macerans 18 and and
Pseudomonas cepacia JS4 in rhizosphere of Platycodon glaucum

grown in Daegok Farm, The vertical bars indicate standard

deviation,
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7. 2EA] e e AYF el

Paenibacillus macerans 198} Pseudomonas cepacia JS4ol tj3t
rifampicin A4 ZA%F Wo|2E NBY HxiulRlola AAjzl wy
o¥ed 100 z1 (ca. 10° cell)& 1/10 TSAnnow AAolAN =WAZl A}
o 1.2 x 1079 H]&E dolFch Wo|Fo A RAE ¢
1/10 TSA wixjoiiq 3dzlulct |2 uix]ef] 78] ojAsto FFHo
2 1710 TSAnuneoll A BSAIA FASITh thiEe] HolF&2 B
37} 1710 TSAoA & ALgsle Az} o] 1/10 TSAvnwdl N E &
gt Zzhe] 2@ Fejd B, MRS, EAPA
K A}5E Wol2E Mursie] WAIHO|A Rhizoctonia root rotol tit
2488 {§FE ZAPsladct. Rhizoctonia root roto] th¥t ZA¥E o
71ZE slo] ¥ FFE BIFE UEshe 52 AUsta FHs)
9ith. Paenibacillus macerans 19 $} Pseudomonas cepacia JS4
rifampicin XA Wo|F7t BRI} Rhizoctonia root rotol tigt
U AFEE /A Ay WiEe] Zetxe] RPN 24y

w2 EXFEE RAI] % 2 stk 3 A}
A7 Zato] g Ay EXE ZARE Al Fig. 139 Zrh
O sRelA Al AT EeRe A A8RE Bl
Paenibacillus macerans 198} Pseudomonas cepacia JS4 @37} =g}
A @ AL}, Paenibacillus macerans 19 F-F= Z7) A
SEdolls GTEHA] AUAINt BF F 4 A ool 2 U F
7Ys}9th. Paenibacillus macerans 19%= A AL/t E3lo] ¢H4

N

3lA Ex3o] Qth. Pseudomonas cepacia JS4E FA7} Qe ¥
A5 st on A zto] T wet F47t AN TadA
t}.
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8. A% o] &4

3] He2lEe] YEY WAL g AGed AS3

A E&E 4 9 7Hede] ule wrh E=YEE AESHE waz)
JZo] et X718} Fao tjaF o g BAo] glojol 3 F

T ol Holok & Hart gk 2AE ©F HL st Ag

i
. ok
I

Ho
¥
°

Y ul root colonizationo] ©j§t Hr} we FK} 2z} biocontrol
agentol]l Tl biocontrol mechanisme) #¥t xjAjo] & sjc),
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A4d QoF

Rhizoctonia solaniol &%+ Eelx] HEYNYO R max] jujx]
ol Eal¥ 2HY QAT Rhizoctonia solanig 7 FF-& WA
ol A% HHUAES & ARed BF =Xl ¥e fu
Al# e}, £el3t Rhizoctonia solani®} Fuarium sp. & ¥u|ZFog
FER A2 Rhizoctonia solaniz} EElA] We|e] HE AR 2
71& BB .o Rhizoctonia solanio] &%t 1x} ZA o] Ta}
2] ey =o] FelstA HE AFel ot 23 Ago] FE=
2 AAE] SHALE FIAIIE L2 vElyr)

EepA] ZUONA Bacillus sp. 8] Hels HYARAFANA |
A 1-89 2o EeiA]olA] Zsict AHT =22 L 80
T, 30E3 dA2lt AY =ekx] Y Adee G b
2] wpfefo] njmsle] 0.01% +Fo2 4H] ALHAQ MHLS AH
Aol vz A 7}t 0.5-2.0% $F02 N 47 B4si4c. =
212 Hejoll ulel & uli 1/10 TSA AofA] Ee® IEUs 1) &
gl Al Tl Relutdol ] F® gutat 4x) 2 H¥at g
2 ¥ e npdels Eelgt n]dE Fk ufe 53 Azte
E vetyth " A8 Z3 seix] FRERE 28 A2 3
©e] PHE2 =z dde] whel Bdstsch o]y AdfelM =
BRI Ay EQolA A7) ASEHE AL =] 2o A4
She A¥u|dEe] a4d 2o F3EHch ¢ o}y HA Hol
L2

3|

Al A B AHolA Be|§t Paenibacillus macerans R19
T AALAIFEE B/ g Aog FAFE ol ujgh Al
HE& AlGsta ot gHeF oladt Apdo] A 2 Agoa &

9
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A FF= PP on JFAEY JEagsla glo] EQ o)A
AEYol & Zoln, Z¥eyy A4LnFYE o A2 Y7 o)
wol =2txe] A2 A 2 A& nPE ANE A% £
FFe At

ERg el iyt AuE At ¢l8) 43k Ay F weniay
RS T F 1/10 TSA W] AolA R < 3,000 742)
Bacillus sp.$} Pseudomonas sp. 8] ILEBEUE 1x}428 Muslgct
30%= R. solaniol thsl] ZAApgo] glglont EalFo) el F=g
o]zt glolrt. ol WFE 2x Awsle] Rhizotonia solani,
Fusarium sp., Phytophthora sp., Pythium spol T3} 3-8 ZAIE
stolrt. @48 FFE Rhizoctonia solaniol ths)] e 7=
3L 9hgle Fusarium sp,, Phytophthora sp.o| &d¥& 7} Ao)
Aglct. 2xF AEY A} 32 FF) Bacillus sp. &t 31 FF2)
Pseudomonas sp. & ©°|F8 A¥E 3 At o] AR
Bacillus sp.oX& el WLCI9¢} WLC220] 13 Qk3siglon
Pseudomonas sp, o &= Re|d JS2, JS3, JS47} ¥Fee] S5ty
oh ERE $EE A% AL JFe] 8] FHY Az} P
WNL19%} WWL22%= Paenibacillus macerans® EAE|gom Ha

-

rin
SP4<= Pseudomonas cepacia® HAE %r}.

EehA] 2HAAY  udE  BEINEE 24l 95}
rifampicin-resistant mutantsE& a]3}glc). NRY dxjuixjo)r] A
A1 A% 100 ul (ca. 10° cell)& rifampicino] 100 ug/ml
F" 1710 TSA A=} (1710 TSArine) “dol E@s}e] 25Co|A 5
T F UEhs Z2UE Awsiolr), Wo e ek zA}
S $131 1710 TSA wj=]eflA] 3UmImict A|2L wix|o] 73] o]2ls}el
FHOE 1/10 TSAunwoll A AAA Helsigrt, e ¥ Ase
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& op¥Y Y viay Az AyY &5t

ZHE 270N AYF FEIE A8 A3 in vitroo]A
Rhizoctonia root-rot& 713 & JA|Sl= A8HF Paenibacillus
macerans R19, Paenibacillus macerans 22, Paenibacillus macerans
19 W Pseudomonas cepcia JS4 N FFE EER| Fxlo] 0.5%
methylcellulose® 7] F2} IY Aelslo] wolg3t €718 A
BEE A A FA Uol&E ZAYIEF  Paenibacillus
macerans 197} 7} 4Zslgict, e FA A ¥ 65F Fo =
gl S BERE &7 AXEES AR B Paenibacillus
macerans 19 A7} AF¥EE P Frh o Ays
Paenibacillus macerans 197} Ea}x] 2o Hsle] ZAaddgL 7}
A g7 ozl o] &5 YAt #A o
th olof] uizt A¥E WY Fof glon], W2H o] FFI} AF
MEH FEHEE st Uady A2y FIaRe] tede A
248 4 9h& Zlofrh Austd Zaixvh A4 B2 o" Au) 23
AMe +HETE &7A 43 ¢ Aelold Ago] Jsdle atat
I ol AHIE A UlE FAEE Y £ Ue A& HE
o3 E Ato]8] &BAA] ¢l JIF}o] 9lg Zog AZHch £ 4
TFAE A W A4S AR 3o nAE £4& ¢ 23 =
o} AR AE ddrh de R oo HHEE g T
=gtA] fJoje AditI} L FT AEY AUl wEEs 25
EAE shZs) & Aoz s

=22l Aol d¥E FEIE A 98l

fifo

Ro% 59

H

Paenibacillus macerans 199} Pseudomonas cepacia JS4o] tj3t
rifampicin A3 A HolFE NBY Yxfufxlol N H&HAD w)

o¥ol 100 1 (ca. 10° cell)E 1/10 TSArino o)A EWA]2 Az}
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o 1.2 x 1079 ul&E dojArh WolFe Y RAE 99
1710 TSA wjz]ollA 3Yziuict A2 wix]of 73] o]4slo] HF3o
£ 1/10 TSAnunwol X BEA7A HAsiglch -] HolFES =B
37} 1710 TSAOIA & A&sl= A3 Zo] 1/10 TSAunno = &
ALsigict. Z4ze 2idFe] ey 5F, AT, =Y
FAIRE WMol FE Mwsle] BWAHA Rhizoctonia root roto] thgk
288 {FE ZASIYT}E. Rhizotonia root roto] thit Z 3k o)
7I2E Bl ¢ FFE EEFE UESe FFE ADUsta HYHs)
9lth. Paenibacillus macerans 19 £} Pseudomonas cepacia JS4
rifampicin A4 Wo|FJ} BRI} Rhizotonia root rote] Tyt
SUT AFYE AR A7 o By AR 2y
oo TEFTEE RASY] Y EFE APt 21 At
AlZE Bl whE ZA¥gde] EXE 2R A Fig 138 Prh
U Sl A AEY ERle A ASIINE Bl
Paenibacillus macerans 199} Pseudomonas cepacia JS4 FF7} e}
] ZHoll AB{3l9iv}. Paenibacillus macerans 19 T 7] A
SEols GZSHA] ARt uHE F 4 Y o) Foe I $7t F
7V8}eiTt. Paenibacillus macerans 19%= A AL7|7+& B3}o] ¢hd
3tA BE=lo] 99t} Pseudomonas cepacia JS4= EA7} Qe ¥t
Aol Eastlen) Alzho] Bgo) utel F7t A E] 4819
t}
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A1 AE

2 AYdAe = 298 4AFel Uit gI3vAY xe
A8t Paenibacillus macerans R19, Pseudomonas aeruginosa
JS2,  Peudomonas cepacia JSA, Pseudomonas putida JS5,
Pseudomonas fluorescens JST-& &28]3}9lom o] ZojlA o}z &F
¥ o] Fxtgio] & d¥RA] 942 Paenibacillus macerans R19,
Pseudomonas aeruginosa JS28] ATAPES EA3le] NWE A 28]
7Fs78 & HUBI2 W o] F Paenibacillus macerans R19% Eo]3}7|
E ¥aEd ALuYYE /R ddon E3 o] F& makx] g
Ulell HFstel AAnRYE JIAI gl Ao AzEH AE 1%
E AT AEHEsEs Bl zApldch @xzixe] Ayt
ol & EeR7} 109 ol4e] AUzt BEY UjoM B3t Aly], &
of AE glo] &Y + e AL o] FRY HYo] AW Aoz
FEEHC] olo] Uiyt JlxdEE $9ysigct. Dl =ekx] iy
¥ Rhizoctonia solanig] 12} A4 o)F AFo) 23 =&}
A Aol F43] dAstElo] dabg A giste 23 BPA
T& 22 FAstEew olEe] Eulste MEHEsias 54

FAAE g,

o

¥
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Azd AR L Wy

1. F-8438% 33t A JEE4

7h el tiYt AEAY A3 AWEY &7 YyIF ¥y
ZAab FEE 2¥TY NFEIE =R TRHY dAaFd
Rhizoctoniag W|R3S}e], AEWNFS  Fusarium, Phytium,
Phytophthora 4¢] 47}x] ZAF3} thx wjaksiele), &, Abaw)
FE AEEAT F¥o| FAE HFE L& o &3 4xdmn AI|Z
A2 F PDA iR FFo] XgE 28 TolA 3-443 wjorsio

Apget 97 BAE JRA ¢ F FALE oA 2, 5en®

A o]l AgrFolr} crude antibioticsE -8t paper diskE
£t 28 TolA FA thz2T& #A3 9 wiztx] et
F AsfE e A71& 2Ash #7180 BEYAEE AUy
L2 34N MIT AYTY WPy 10001& FH] benzene,
chloroform, isopropancl H2.8 33l $&3% ¥ A¢s&dte
#HFvolumeE ImlE TR AHESIYT). JS2 #3522 v F&w
ML Fig. 13} Zrh

o
ol
%

L}, Column chromatography

Pseudomonas aureginosa JS2&] ZAYEHL Ea|E $ishA &n)
oAl dolA chloroforn®¥ & silica gel(Merk, 70-230
mesh, ASTM)50g& FAIZ RAE 4en] RelLPo] ol F4
chloroform:acetonitrile = 2:3¢] H]&E 1,000ml elutionik]Z!
The Fig. 2,604 XY 15709 fractiong @olA ¥FYL o)
AYLE HASL TICHHE Bt 2 thg 7-2, 7-38 A
Y& AE 2enel 2 Lol 70-230mesh?] silica gelS 40cm
A A& F CHCl3:CHiCNS] H]-2-& 100:0, 90:10, 80:20, 70:30,
60:40, 50:502] H|RE 300ml¥ EA 100mEE £ 207)
dalct (Fig. 2). TLCE monitorimg$ thxW o }F YL el

to] AAM=Z H¥A%tgv}. ulH IR & Paenibacillus macerans
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R198] ZAFEHL E2|E sl w9 chloroform: isopropanol
(1:1)8] v &2 A2 EFEYolM £&H EZSE DowexE A 2|5}
£&% = fractiong 27 4 cm F8] columnd] silica gel& %3
Al th& chloroform:methanol (5:4) E{L Yo B2 LEAHA 7
fraction® TLCE monitorimg F TtiX|HOZ 3JFHE 3}y
ZYNEE FHAtAL

T}. Thin layer chromatographyoll &]3t ¥FEA £
FAEAY 24 £¥& FEdd 24 Rzt £
TLC (20X20 cm, 0.5 wm)®} HAY ANGulE AH&3t A3}
ot 236nmollA] UV activedlt bandg& #elste] ztzhe 2]38}ed
MeOHZ E<3tgitt. ¥H4d AL ZYsFste] TLCYA
single band{)S #¢lslglom 243 2z27te] bando] ths] thx]
MG AEE AA Aol e EFE 4o

—_—

gh. -8 AE 2 e Y 778N
HPLC #42 HP1100.2% reverse phase column (Hypersil
0DS, 5um, 200 x 4,6mm)2 2 F45}91em mass spectrometeri=
VG70-VSEQ (VG Analytical, UK), NMRZ Bruker AW300 (Germany)S. &
COClsE& o] &3l Z&A3glen, FT-IR ¥4.& IFS66 (Bruker,
Germany)& AHEste] FEEHY HAUWPES BHYstgch. W

spectrum (HP8452A)2 methanol & RulE 3le] &R s}eic).
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JS2 vy

Centrifuge 4°C 6000mm
Discard pellet
Added nhexane
nheae
Aqueous layer
layer
CGroxtrete Added X3
n-hexane
extract
GO layer Aqueous layer
Concentrated Added FtOAc
CHCl3 extract
BOAc layer '
layer
Coroentrated Added BWOH
FtOAc extract
BuOH layer Aquecus layer
Corcentrated Coneentrated
BuOH extract O extract

Fig. 1. The procedure for solvent fractionation of the centrifuged culture

solution of Pseudomonas aureginosa JS2
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ng

 Chloroform £r. .

>GEumn
chromatogephy -
110«230mesh )
|pdon

] i‘:,ﬁ-kFx‘.%ﬂS‘t.Sﬁf ol “4 ereas gy KeNIT Y Srmenan mum:uwlr‘un«iol‘lnl.::-‘-w“t)cvon;~i‘u‘;'rn;;g"“fjp“g‘_.ilf}
e o © Column

ehromatogephy
[70-230nesh)

£ e

Fr. el Fy.0-F Pr4-3 secmemommm Fr.9-6 Fr.9e7 wcesocor Py 8-20

Preparative
T142
and Bicasaay

H(&
& R G T L R T T T Ty T R P L A R AR C L AR AL AL A -
o8

-

Fig. 2. Precedure of fractionation using column chromatography to isolation

of antibiotics derived from Pseudomonas aureginosa JS2.
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2. ZA3tM|d- Paenibacillus macerans®] AAJ AR K

7}, 2| Paenibacillus macerans R19%] ALY &3

Paenibacillus macerans R198) WAAIFEE S4sr] 98kl
acetylene ¥4Iy (CH, reduction)foll &J3je] &3I4t} &, 300ml
8 A S etaAe] B 150g, FF 70 nlE MU X siehat
T F 194 E21R] ¥2]& 70% ethanol B hypochrolited] A3 4%
T F AIZTFFE 7 3 AHY F 7] S9" dgEsAIe) A
% PDA AAuir| o B8 A1F) Bacillus macerans R19 10° cells/mé
FEE ASA g 3 nlE FFFIA CH 10 nlE FAPIE 27
g B FUT F 1047 wikwt ¥ AruAYL FPsilot

(Fig. 3).
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Fig., 3. Platycodon glaucum plant growing in erlenmeyer flask

after 7 days incubation with serum stopper for acetylene

reduction assay.
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W} e]d Panibacillus macerans R19&] MEHEs|ZA Hu|EA
TeFe MEHEN ALY A PV S¢oE A 4 9

= AP (agar diffusion method) Q& pectinase, cellulase,
polygalacturonase, amylase?] ¥Ad& TYuJR|(tryptone 5g, yeast
extract 5g, CaCl; lg, agar 15g)ol] 2z} 7]A& 0.5%% A Ar}sie &
A3ten, hemicellulasel= TYBIX|o] 0.5% xylan& 7] E, C(MCase
+ OMC 1%, amylaset= amylase 1%, proteasel= 20% BIA|E-8 Lo)S
HE =T 197} HA DEo] AMEste] BT Cellulase £
& 93] 0.1%2] carboxymethylcelluloseE 3 7}%t PDB j=] 1 literoj
e TFE AEEL 10° cells/ul $EZ ALAZ F cellulase A
B& FEsYTh 3 4 WYY AEYE dHEYY ¥ g
85% XE3AIZl HAE-E citric acid buffer (pH 6)o] 0]

o

membrane (Spectra/Por6)g AMESle] WFZFGE 3-43] s
FAAR Lo AReH BEE U 2EAT AgSA,

3. 221z Mde] AFPAEY
7LAE W 53
23} 2 ARNFE B 98] dvBabel o Asan
Bl nutrient agar& AMSlelvt. Eel® FRE TY-OMC (tryptone
5g, yeast extract bg, CaCl; lg, carboxymethyl! cellulose 5g,
agar 15g) wix|o] wjoFslo] 24A17t ¥ 1% Congo red® QPAslo] =
floll =gt A Ve Yele Fojq dREa dea Bsjsol
B2 2 Eeisharh. BTy Yelwdy, wjgsty o Ay
& Dickey, Thomson, Schaad, Dye W Bergey's manual &] ®}H o

=
-1
E3t3lem Microlog 2 kit (Biolog. Inc., USA) ' MIDI system
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(Hewlett-Packard, USA)& A1&3}4ic].

L AEYE L Y 5%

Lim 58] Wyol wet e8] AEyEsiate] ¥4 771 %
o2 A TAY ¢ e TAFAMY (agar diffusion method).o
X2 pectate lyase, pectinase, cellulase?] A& TYnjx
(tryptone 5g, yeast extract 5g, CaCl; lg, agar 15g)o] Z+ 7]&AL
0.5%%] A #7138l &H312lem, hemicellulase:= TYWjX|o] 0.5%
xylang 7]A R, protease: 20% skim milk €& HH %7} 1%
7t A wiEe] AME-sTh

thgdd A3

FAFFY MY A= nutrient LA R[] A 48 A7t w)
B AZE o 10° cells/mt HE7} HES gesle] ¥d 4FW
AFzAel HEoIa 30TAA Qg HEstdth NRE WA B
FHTE Blo] Ui 1% sodium hypochlorideo] 287k &Al ¥ HF
FHRTE 3 A¥st 2718 AAY F FF3le] dF Y&
AFstolct,

fn

gl @{n| g 244
HEZA LTS FF F NEE FAF22 s FE
ez @astdcth

u}, CMC-SDS-PAGES] &3t Ad-f-AF s T4l AP

FAFoA HHLENEL FEE $8te] 0.1%8] CMCE H gt

MMY (KoHPOs 0.7%, KHPO4 0.2%, MgSOs 7TH:0 0.02%, (NH4)2S04 0. 1%,
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CaClz « 2H,0 1mM yeast extract 0,1%, CMC 0.3%) wlx] 1 ¢ Erwinia
sp. PY35& FF3lel 10° cells/mt S22 A F HHLE
i BEE RESIGCE FAFe]l st A dAadsas
(extracellular cellulase)& #2|5l7] £|3] 4 dSQt njoksl AS
Ag FAMEEY F AUE 8% EHAJ|L FAEES citric acid
buffer (pH 6.0)o o] WHREEE ALg3le] WEFER4E 3-43) 2
A A& AAsIGen, Tae BHE oC wiA AolM Y
F 3% ARAA $HA vy BB WA ARE A8
t}, AulfE(intracellular enzyme): HAIEE¥ F-AE  10mM
Tris-HC1 (pH 7.5) &3 o= HEA ¥ 229} wlysio] 3
ol ol thr HHEE F AT ol =AY ZAE
Park 52 WP AFEFZ GNP CMC-SDS-PAGE (carboxymethyl
cellulose-sodium dodecyl sulfate-polyacrylamide gel
electrophoresis)ef 2js] Feld Y W=g Helslolch HAad
ool A JollM A BRL WA ) 0.1%2] MCE TR
&t sebar‘ating gel renaturation buffer (1% tritonX-100, 100mM
Tris « HCL, pH 7.5)¢] 8A]3} renaturation A]Z1 ¥ Congo red ¢3AY
& B3l A oM HRLBIHELY isozyme BYW=E FHls}
olch

4. 22} AAAF] AN B AXELNEL FAA By
7t AHET-5F W plasmid

2 Ao AH2R FF U E coli FFE LB wilo] HAg 3
A FEE HIIste] AR

L}, Total DNA W plasmid DNA E2|
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Genomic DNA, plasmid DNA, HA¥t&E4A Ayl 5 dutbzql

recombinant DNA 7]&-& Sambrook%-2] wWh¥o] £3}gich.

th A= 2}

e HA¥ zt {FAAE H¥ plasnid§ tfF Belste]
L DNA RES AHEAZ DNA fragmentd EE|T ¥ 2| Z71A
subcloning SH=t] AMSEA] o2 270 ol APIAE 2FE %
Eof AgAE st fAR A EE APt

gt MEHEL 33} cloned] A
LB+Tc+X-Gal plateo] &]s}e] 12} AW3sta AME gene bankE
cellulose 5& THE uvixle] &A BLBE F=E 28 )9

gened TRI cloned Aiglcy,

n}, DNA sequencing W FZF4

Subcloningd}o] @02 structural gene W promoter H&-&
€%  sequencing® Sanger's dideoxymethod® -&-£%F DNA
sequencing®l& AR2-3t4t}. Automatic DNA sequencer (Genetic
analyzer 310)EA DNA @7)njgde HAsigint. d71xde 2454
3.2 BLAST program, PC/GENE program® 2 R3z} 72 #4g 8}

it
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A3E 2 2 2%

1. F-8A8 e 3oy 3d 38N

7y, Uiy 9 YAy
1) 2a|Zd38}rd Bacillus macerans R19

Paenibacillus  macerams R19  wWiefoj¥&  n-hexane,
chloroform, ethylacetate2} n-butanol& H A X}lel® fujEH
g F, Zzhe] E£¥E TLCElo] 254nm, 366nmolA] bandE aks}
gdrt. E Z7e] ol =ahx] &8Y fdddq ha'zoc'tonia
solaniof tha] A AL stex] SHE BATF A3} n-butanol
fractionof M A3 @i}o] H{HAEHYT F&E Loty 9135y
chloroform : isopropanol (1:1)E2 $&3% A3} butanolojA] &}
o] Rhizoctonia solanio] ths] Az2IL&S Vet
Paenibacillus macerams R192] wjo¥oied 70 liter& WAIE-E|A|HA
n] &2l AL A AR thE chloroforn: isopropanol (3:1) £uj& 1:1
E 748l F&313L Dowex 50WX4-2002] €& fraction® methanolo]
ol T FEUE brinelE A& Tl F4 NaSOHE AZRAA
th A=A FHES AYStIM % F, Silica gel colum
chromatography(chloroform + methanol gradient system)& WhE-3
o= &) 23l om o] &L TLC
(chloroform: methanol: 10%NHOH=5:4:1)3}o] n|=|3}3}E 25mg £&)
sto] AP EEME ASstoict (Fig 4).

2) Ee|d%d Pseudomonas aeruginosa JS2

JS22] wjofod & n-hexane, chloroform, ethylacetate®}
nbutanol @ AA HT SUEHY ¥, A2e B TLCsH
254nm, 366nmoll A bandE AT ® zZhzhe] BFo] walbx]
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5% A Rhizoctonia solanio] tis] A&ALe st
(Fig. 5). Pseudomonas aeruginosa JS2¢] wjo¥®) 40 liter2X-E] open
columng AME-3}o] crude antifungal substance ¢} 80 mgg Ez2|5}%
t}l. o]E2] chloroform fraction®] TLC pattern® Fig. 298} 2t}
Fig. 20]A ¢} Zo] fraction 9-72} fraction 9-8& ¥ RolFq)
Cl. Fraction 9-72} fractionolA] Fedt EAEL TLC AolA 3719
band& 7X|5L 9lglch o] HolA Ha fractiono] antifungal activity
& B9 F9cl. ¢4 AAH antifungal substance$} antifungal
activityE Fig. 5o Roj&Et), AL €4 AR (Ha fraction) <F
35 mge HPLCOlA single peak® ¥Isl4iT} (Fig, 8). €4 A

AYEH ZFEES HAHo spigich. 3¥F EFY Rf value:
acetonitrile:chloroform = 2:3 -&uj systemoA 7.5 ojgir} (Fig.
6).

L}, ZA8-E A 2] HPLC chromatograph

BAH AY¥EA R192} JS2¢] HPLC chromatograme Fig. 72}
Ztt. Fig. 7BollA A& JS2: column chromatography % TLCO)
o Tl FAY AL ELE ¢3¢ JoE A goer}) R
Fig. TAolA Ad Felol ofzte] Exldo] =gl

tl, A3FAY UV spectrum

AP Edel W spectrung FAY A3} Fig. 8 3 2t}
Fig. 8BoAM & JS2¢] spectrum& RoJF= u 330nm, 268nm,
200nmoll A F AHEYRE RHoJF3 Qe o o] EAL benzene

TR0 A o|® groupe] 4%} XHE ROoT FZFr)

- 155 -



gl. AE2 2] FR-IR spectrum

ZAFEAY Ft-IR spectrum® Fig. 9%} Zt}. JS2:  Fig.
9Bol Al X peak 3385.8 cm'= hydroxyl group&, peak 1737.4
cm'i= carbonyl group& YAISIH F FFol peak 2924.2 cm &}
peak 2852.5 cm'&= aliphatic C-H bondE& ¢AIStAL it AYE
Z R19%& M'619, IR(KBr): 3418, 2921, 1671, 1631 cn'& LIRS
cl (Fig. 9A),

ut, ZA3EZ ] Mass spectrum

ZAEHS mass spectrum Fig. 10, Fig. 113} Zt}. Fig.
11o]4 A3 JS22] FABMS spectrum 211m/z, 241m/z, 374m/z8)
molecular ion®] 7}e¥ 3FF peak’} UEINLSH™ library
database ZA ZA3} 2, 4-diacetylphloroglucinol®} -8-A}3t Ao
2 WEE e}, Fig. 11B: EIMS Az}o)t},

vt ZA3E A 2] NMR spectrum

AFE42] NMR spectrumd Fig. 12, Fig. 13, Fig. 142} Z
t}. Fig. 13& JS28] 'H-NMR spectrum ZAI}E peak §2.642
carbonyl carbonz} Z¥¥H methly groupo @ F&Er}, 37}%]9)
peak §3.370, peak §3.334, peak ¢3.3262 ether?} alcohol
groupdd ZAOZ FE¥r}) “C-MMR spectrumo] A peak & 205,57,
173.00, 170.57, 105.36, 96.120, 33.38%] 6 peak® LE}Yt: o
peak §205.57w carbonyl carbon®® $ZE 1 4 peak ¢
173.00, 170.57, 105.36, 96.120%= benzene carbon® &, peak §
33.38%= methyl groupdt ZAYYr carbonl B FZEF|Qrt. o]Ale]
ANE FYsE AYEAL IS2: 2, 4-diacetylphloroglucinol
(Phl) £ 1 f=4 d RAe2 F5Hv} (Fig. 15),

ZAEEA RI9S MR spectrum® 'H-NMR(500MHz, CDsOD) &
0.89(m, 1H), 1.23(d, 3H), 1.28~1.32(m, 3H), 1.48~1.75(m, 4H),
2.12(m, 1H), 2.18(m, 1H), 2.39(m, 3H), 2.67(m, 1H), 3.13~
3.29(m, 4H), 3.48(m, 1H), 3.60~3.71(m, 2H), 3.85(m, 1H),
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3.92(m, 1H), 4.35(m, 2H), 4.51(m, 1H), 5.05(m, 1H), 5.52(m,
1H), 5.60(m, 1H), 5.67(m, 1H), 6.05(m, 1H), 6.15(m, 2H),
6.23(m, 1H), 6.63(m, 1H), 6.67(m, 1H), 7.21(m, 1H)

3C_NMR(125MHz) & 1.41, 21.6, 26.8, 27.5, 32.2, 34.3, 37.4,

38.2, 42.8, 45.1, 64.3, 70.5, 7i.2, 73.28, 73.32, 76.6, 79.41,
79.45, 79.7, 102,5, 119.2, 130.5, 130.9, 131.3, 132.4, 132.8,
133.3, 135.4, 136.3, 136.9, 143.7, 146.8, 162.9, 169.4 (Fig.
12). DEPT 903} 135AMER oA 4x}5k4 37), 3x1gta 197), 24}%t
& 970, 1x%ka: 2707} 2tz EAtE ¥ 4 YU o] A2 'H-NMR
oA P4 & dxstgch H-'H c0sY AYEJEHAY
dppmET} W2 ¥ olF FoME ol T2 HPES JEZ
Aol iyt FRE 4L 4 AUMTh 7.21ppms| AN 6. 63ppne]
o2t} 1e|sl, 5.52ppme] g AEe}e] Cross peako] THE QT
5.52 ppme] Y/AH= 6.67ppnd] 3’82l 6. 15ppme] P2} A43
02 7Z}7}8] cross peake] TWEE| I 6.15ppne] F/dAH= 6. 63ppm
8] oA} cross peako] FTHEQTH EF 6.15ppnd] FJAte
6.23ppn2] FgAte} Le|al 6.23ppme] ¥/dAte 6.67ppne] /3 Ate}
BUBATE BEEUCE dppnRrt W2 HEH o)F3L, B 1~
2.5ppnrtololl e ME AAdE FAER ETCER di 2%
BHY JRE A& 4 g} (Fig 1),

ol AXE FHSHE uxY HYE RI9= (5+4)38]¢] 71E
23 Qe IREE £3Y 4 3 ¥ AKGsiA o] Byt
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Fig, 4. TLC patterns of Paenibacillus macerans R19

A:

B:

Solvent system

Gradient fractions (A, before Dowex: B, after Dowex)

and purified R19 (C)

- 158 -




Fig. 5. TLC patterns under 254nm and antifungal activity of the
solvent fractions isolated from Pseudomonas aureginosa JS2. (a,
hexane fr.: b, chloroform fr.: c, ethylacetate fr.: d, n-butanol

fr.: e, water fr.)

- 169 -



Fig. 6. TLC patterns and antifungal activity of the crude
antifungal substance isolated from Pseudomonas aureginosa JS2.

(C, chloroform fr,: a, sang fr.: b, 9-6 fr., c, ha fr.)
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Fig. 7. HPLC chromatogram of the antifungal substance derived
from Paenbiacillus macerans R19 and Pseudomonas aureginosa JS2,
A: Paenibacillus macerans R19

B: Pseudomonas aureginosa JSZ,
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Fig, 10, Fast atom bombardment (FAB)-mass and electron
ionization (El)-mass spectrum of antifungal substance of
Paeniacillus macerans R19,

A: FAB 7QeV,

B: EI 70eV
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Fig. 12. 'H-NMR and “C-NMR spectrum of antifungal substance
isolated from Paeniacillus macerans R19
A: 'H-NMR

B: SC-NWR
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Fig. 13. 'H-NMR and “C-NMR spectrum of antifungal substance

isolated from Pseudomonas aureginosa JS2

A: ‘H-NMR

B: “c-NMR
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Fig. 15. Structural formula of the 2,4-diacetyl phloroglucinol

(Phl) from Pseudomonas aureginosa JS2.
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2. A3 M| Paenibacillus macerans®] AAIRY W A

EyIsas o £

7Y, 2elF Paenibacillus macerans RI198) AAnAY &34

Paenibacillus macerans R192] AATAYLE ZHsy] 25l
acetylene (CHz) ol 2Jsle &33idict. &, 300m1e] HF AzESe}
£330 EQF 1508, 59 70 nlE F/RE ¥ 29ME ¥ 19 &8t
Z| $-8]& 70% ethanol W hypochroliteo] X3 AEY F AF2E2
273 AT F A7 Eu" HdEekATo] A 3 PDA JAu)x|
ol 22X Paenibacillus macerans R19 10° cells/mt SEE A&
AlZl wfered 3 mlE FESIAL Gt 10 nl & FAP|R RS 23
TUT F 1047 wiPY F A4uHE S JHY 2 Fig. 163
th Fig 16,914 A3 Paenibacillus macerans R19 @& AA74Y
& UEhgle vl ol Fulds A& 4ol =AUt 109 o)Ak
8 717t B ollA BET An), woF AR glo] ALY 4 Qe
e o] FF JIFNEY WY YIaRgo] FYY AHosw
FRHCt o= olof oyt A HTo] gFWL) wl Lol o)y
T AYu|BES 71FAE] TR $Lo2 el FarE
A Aol BY AFIE Y £ g AT g2y,

Jga oty AR Zd UHE J13E opatelM 199734 o)
AHE 222 30dye s FHHE MU o] MlINE Ealx|
o} AR Bacillus sp. o] SHEE nPES EeHAstdTt (Fig.
17).
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Fig, 17.. Nitrogen-fixation activity of Paenibacillus macerans

R19 in mixed culture with measured by acetylene-reduction

assay.

A: Ethylene standard curve

B: Acetylene reduction activity of Paenibacillus macerans

R19
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L At A3 Bd fAx £

871 Ao AR AE BEUE £ AYoMEe 2AYT
A4AZFAAL B AR BelE 98] Paenibacillus macerans R19
& template® 3}o] degenerate primer (forward primer, TCBACMG
TRCTKGGBGAC:  reverse primer KTCNCCMAGYACRTCRVA)E A A|s}o
template DNA ‘3% B! primer =& a|slo] PCRYo] 28t 280bp
2] specific DNA fragment& Ha|3t Az=  Fig 182 Zt} o)
fragmentE forward primer& o]-&3}e] partial DNA sequencingg 3}

ot} (Fig, 19).
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280BP p

Fig 18, PCR for of

Paenibacillus macerans R19

nitrogen-fixation-related gene
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ccmn;msﬁnmmmnmc cuccmmwmm;gtrmmmcc mcmccccrccmm

“ ‘ M aﬁﬁhﬁﬂ’ l\%}

tGCTGI«G(YYUN(Ml((GMG 144 GCAMXGAGKNGMY(G& GNTNHTHQ(?TGG(TM AM NTATHIXCTTNTG(AT THNGTfA

l&
Fig. 19, Partial DNA sequence of nitrogen-fixation-related gene

m‘»i\““ J;L iy umm Dot

A

of Panibacillus macerans R19
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“37] partial DNA sequenceE ©]-83}¢ BlastXE search 3}¢]

< w2l Azh= ofefet Hgtrh

Sequences producing significant alignments: (bits) Value
gnliPIDiel184948 (Z99111) similar to aspartate aminotransferase 53 2e-08
gi12984300 (AE000772) aminotransferase (AspC family) [Aquifex 37 0.15
gii2650220 (AE001076) aspartate aminotransferase (aspB-4) [Arch 36 0,26
spiP396431AAT2_BACSU PROBABLE ASPARTATE AMINOTRANSFERASE (TRANS 31 6.5
spiQ587861YDI1_METJA PUTATIVE AMINOTRANSFERASE MT1391 »gi!21278 31 8.6
gnliPID}e1184948 (Z99111) similar to aspartate aminotransferase [Bacillus

subtilis]

Score = 59.3 bits (141), Expect = 2e-08 Identities = 27/34 (79%),
Positives = 28/34 (81%) Frame = +1
Query: 19 RFCGONXICVVHDFAYGAVGFDGHKXLSFLXTEG 120

RF +N ICVVHDFAYGAVGFDG K LSFL TEG

Sbjct: 194 RFAAENGICVVHDFAYGAVGFDGCKPLSFLQTEG 227

112984300 (AE000772) aminotransferase (AspC family) [Aqui fex
aeolicus}

Length = 414 Score = 36,7 bits (83), Expect = 0.15 Identities = 14/34
{41%), Positives = 22/34 (64%) Frame = +1

Query: 19 RFCGQNXICVVHDFAYGAVGFDGHKXLSFLXTEG 120
+F ++ + ++HDFAY + FDG+K S L EG

Shjct: 204 KFAKEHGLWIIHDFAYADIAFDGYKPPSILEIEG 237

g112650220 (AE001076) aspartate aminotransferase (aspB-4)

[Archaeoglobus
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fulgidus] Length = 386 Score = 36,0 bits (81), Expect

0.26

Identities = 16/32 (50%), Positives = 19/32 (59%) Frame = +1

Query: 22 . FCGANXICVVHDFAYGAVGFDGHKXLSFLXTE 117
FC NI +HDAY + FDGtK SFL E

Shjct: 194 FCIDNKIILAHDAAYSEITFDGYKAPSFLEFE 225

o2 ANE EUER ¥ FFE vl nAdE groupols] A
23 P Zes FAFE aspartate aminotransferase -3 =}
o Y AEdE Jehodch o2 o]k WHOR nif gene
of BHE A=t FAE a79rt. Eex|7} 109 o|4re] #7|zt
E UolA BE3 Au], of AR glo] 4&H 4 e AL o
T2t 71FAEY ERY 4 Zagagel uHd JogE 339
t}.

Cl. &2 Paenibacillus macerans R19&] A|EHEINF A Eu|EA
el AEEsass] A4 57 S¢oE BEY 4 s
FHA¥ A (agar  diffusion method) @& pectinase, cellulase,
polygalacturonase?] A& TY#|R] (tryptone 5g, yeast extract 5g,
CaCly lg, agar 15g)o] ZF 7|A& 0.5%%] A H7lsle &Asigion,
hemicellulase TYWJA|ofl 0.5% xylang 7|4 E, protease: 20% ©X]
7 &UE HF =7 1w HA whEe] AHESle] &Y A
Fig. 192} & Paenibacillus macerans R19= cellulase,
protease, amylase, xylanase 52| MEHENEAE /1A ¢9iglon
ol 3t Al Eeld- Paenibacillus macerans R19= Ea}A] Ha] v

2 JFote] JIENE % ALY E E £ e 2AE vt
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o= Ao &9,

ﬂ'r‘

2}, Paenibacillus macerans R19¢] cellulase &4

W34 YE 7N Beld  Paenibacillus macerans R198)
cellulase?] AJ5}3}d B O 2 cellulased] pH, AL &% FA
A ol wE BYE S A Fig. 209} Lol Fig 21614 A
& celluases] ﬂahpﬂ-‘\;‘}é‘% ojglom, HAuL Uk LEE 40
T F2olglen FANRE AlZhS A7t Fvle] whel Zv)siglen 5
AL FONE B WSS FAY F7M B 4 Qg
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Fig. 20. Cell-wall degrading activity of Paenibacillus macerans

R19 by plate assay method.

A: Cellulase
B: Protease
C: Amylase

D: Xylanase

- 179 -



—

120 120 ¢ B

100 100 |
— —
® go ® auL
el 2
¥ E
& 80 E &0 L
[ o
2 B
£ a0 S 0
[+4 o

20 20 |

D 1 A (] 1 1 .l 3 o 1. L e 1. '1

2 3 4 65 8 ¥ 8 Q0 10 20 30 40 5C €80 70 80

L oH Temperature ( * C )
r 120 C

100 }
¥ ao
=
=
3 60
®
o 40
o7

20

0 Boemee . ——

Q 1 2 3 4 5
- Time {hrs)

Fig. 21. Effect of pH (A), temperature (B), and time (C) on the
cellulase activity of Paenibacillus macerans R19 by DNS assay

method (@, intracelluar cellulase; A, extracellular

cellulase).
A: pH
B: Temperature

C: Time
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3. 23 ZAMFe ARG A7

7} A5 £

Rhizoctonia solanio] 218] 13} QY =elxle WHEAYS ¢
o7\m o] FAEM olHyt JejoA ALFH EQ Aol g
3 AZEE ] o ARl F&8] JAHr) AFRFol Ak
AgolAM FFE Helste] AdEstdrt. HAERF 5F, 717184
Mel Microlog 2 kit ¥ MIDI system®] £ AE Bergey's
manual Fof 2|3t} wlagt A3} pectin w3, catalase, ZAx}e] #
o, gelatin 43}, ¥7|3 S4], indole A4, methyl red test:=
o}dolalom oxidase, starche} maltoseo] 2J3F 4tA AL &
dolitt. Gram ¥ A FHFLE AxYu]Z FE A 1.5m
o] wiZtFolgic). o|Ae] AR Eid 2 Erwinia o8 A EH
gon el Klebsiella sp. MTE #E AC).

l

L A2 EE 4L

ol &3le] AFMo] iyt MEHENTL BEES
AET Ae o8 8 FFE MCase, pectate lyase,
protease, pec;tinaseQJ B35S 72l 91elt} (Data not shown),
ol A3z BelEe ABol AR ABL NG 4 At

TRt AEg7tegsaE 29
LY

£
L2
s
-z
it
L
™,
>
2,

Ir

Ao A
T

N
)

o

LAEEEd A3
Ll Erwinia ol &3t Zejx]e] HYAH A LR IWAAH
LT 2lx|Z 32 o] Fig. 2A= Ech PY35, Fig. 2B= E coli® 2 &3}

- 181 -



30CoA] 24X 2t F¢t vlPY F Jetow PAY RO, EchE A
T DA 2L A dRE4E Uel L), oA Foh =

HEB Y& 7R S Hsan.

2} gul 3 ¥

el MEMEZE 1%d, 7234 TR wel middle
lamella, primary wall B! secondary wallZ EXT}, Primary
wall2- arabinogalactano] pectin B3& /LT AAANH 23
o TERHOT AEMEL matrixS S##3 QL microfibril
o] wAtzelrh. Microflbril tiRE HfLolw matrixe
pectin o] tiFEo® FAdEol gl & AHNE B
Erwinia sp. & NEol FFsto] dFUALS BHslglen 250 9
3 EHlEe eEsass AEUAS sy} Fig 230=
400 ul&] wigolx =Eahx] el FAZFo|W Fig 23EE Feh A
T 5T A 2Zog Hyzzo nlste] MEr} wol s A

_‘_?‘_
& & 4 Q9
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Fig. 22. Root rot of Platycodon glaucum caused by the isolated
bacteria.
A. root-rot infested with artificially by the
Erwinia sp. isolated,
B. not inoculated control,
C. control inoculated by E. coli,
D. healthy root tissue
E. degraded root tissue by the the Erwinia sp.

isolated,

- 183 -



ol4e] WnZF A FAL B3lo] Echrt A EZRLE HE W o
=°| SH|Sh= MEHEHEL 2o o] ARIL AYHE o
ATl olE AEAE T 239 THEA MEaT) v
3t Feld A ZA3e 71E SR polymero)s] wjEe] o]E&
28317] flsiME Holtt Hele] HAzgo] EaE Zoln ule

Eche Thy ARl 4 isozymeo] BA4E Ao 3%c)

oh d-RAE a4 B Yol 27t HaY Exjar AR
SDS-PAGER 2] ML E 0.1% (MCE H7I3lo] RHE A Ao Ky
T dfraEdis DA A7GET F Povin 5o] SISE A A
olA HABL7 $18}e] ALI Triton-X 10022 renaturationd}ed
Congo red @AN& T3l A Aola HfLBEsEs FYNcs &
A 4 glth Fig. 232 CMC-SDS-PAGE &J3 H-f4Bsjas Ay
FAMEY A Feld Fehe 5 $3H9 dA4aEsas Byncs
Hg 4 glddrh ol dAadsiase] v Exare g

r‘;l.

=

A J1ELE tieke] #x|& 50 kDa, 48kDa, 34kDa, 31kDa,
29kDa ol4ltt, A &JEnH]|FE L& 50kDa, 29kDa 2 EHE HEolom
S50kDat= L o] ul-¢- m|efste] Seto® AL o] sHssieir
(lane A)., AHUIEB|HZAZT 48kDa, 34kDa, 31kDad] 3 FHT ity
ATt (lane B). Z&u} A=A o] AEA vz ARIAL A4 =
4, L7134 cidol uiel BHlEE HRLEHEL isozymed] F
71 ¥ Zolat Mgl Fig. 242 Aolre} o] B o7
Abgo] HHBolA KIZt Erwinia carotovora subsp, carotovora
LY ME 5 FFe dpaBelias Ensigdol) (lane ©).

Erwinia chrysanthemi®} Erwinia carotovora subsp. carotovora’}
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Hstt FF HRrLEEL isozymed £H|SHe RoE FFHLU

FE 27 Aol o= Uelylct

N
5

CMC-SDS-PAGE ¥hy¢] Ao & th§A standard markerE& o]-&
st BAANEE 7P AF4EE4e v EAE Ay o
T Agem EF o] WHE Erwinia &Nt ol gl HH4ARN AL
B4& 71 g 4FY dR4Eas fARY 58§ 458 5
qen, e A e} sDse] A g Bt A A GTHR
oA FHA dimer F/3 7Hs/dol Fon, ol FAAY EARE 3
F HAY + Jerng ¢goE HAsbFiis HAMH ol
F83 e s B8Y  9le A2 AZFe At

H ARLANELE 5 £FY (MCase isozymed |3} Erwinia
sp. ol X ARAEHEL AL celd, celBE wE|EIL ¥ upr}t gl
o fx] MES MCase isozyme FHAE stz o BHL 2
AystaL glew] Helgd Erwinia chrysanthemi PY350|A % oo t]-g
St RAAME #elsle] g 548 wlastazl gt Erwiniad) A
HulE vldit 520 (MCase isozyme?] S-Axprt Ea] Helslof
2} RRAALEY Jsol FHEHE ANV dAFE A8 9%

1R 287 € HAogw Jivysct
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Fig. 23. Detection of (MCase activity by CMC-SDS-PAGE. Lane A
is extracellular CMCase of Erwinia sp. Lane B is intracellular
(MCase of Erwinia sp, Lane C is mixture of extracellular

CMCase of Erwinia sp.
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ul. 442 EL AR 289 9 5484

He| Mt Erwinia sp. 258 total DNAS #&|3}3L Sau3Al A%t
B AE partial digestionA]lZl TS 3 - 5 kb FxE2 insert DNAE
2] 5} pBluescript vector& BarHIZ A 2j¥ ¥ ligationr]F] ¢}
& FAAFA A thE MCase I wj=lo] VAP E 71+ clone
S Haelslgict 2 23} & 40009 clone FoA] (MCase E4& 7}
A& 2708 cloned FE3le] HVAEE AP A= Fig. 243
Fig. 253 Ut} 2e8|a o|ES 47 celA W celBE Wwslgch
ol&8 fHAA FR BYE AR A= Fig. 263 Fig. 273 ¢
th A ol fHA AEA MFALENEAY TANY FAS
ZA Aze Fig. 289} Fig. 293t Ut} CelBe pHol tjst
CMCase %3F& 50°COlA pH2 - 10 FZhollA RAIRE A3} HF
pHE 6.80] 900 pHSel N 7Atolo]A] 70x A BHE 7
a9

glglenm HAFYEE 50T FFolglrt
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Figure 24, Physical map of the Erwinia sp.
carboxymethylcellulase (CMCase) gene, The cleavage sites of
restriction enzymes Kpnl, FEcoRl, and Hincll are shown.
pLYCA7—39 was constructed by cloning a 2.2 kb Sau3Al fragment
of Ecc LY34 into BamHl site of pBluescriptll SK' vector,
pLYCA100 (celA) was derived by cloning the 1.5 kb BamHI-EcoRI
fragment of pLYCA7-39 into the corresponding sites of
pBluescript II SK' vector, EcoRI site is the amino-terminal

end,
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Figure 25. Physical map of the Erwinia sp.

carboxymethylcellulase (CMCase) gene. The cleavage sites of
restriction enzymes HindIII, Pstl, and Kpnl are shown.
pLYCB12-82 was constructed by cloning a 3.7 kb Sau3Al fragment
of Erwinia DNA into the BamHI site of pBluescriptll SK+ vector.
pLYCB100 (celB) was derived by subcloning of the 1.2 kb
fragment into the corresponding sites of pBluescript II SK+.
Abbreviations for restriction enzymes and ORF sites are as
follows. Hd, HindIII: Ps, Pstl: Kp, Kpnl: St, start codon: Sp,

stop codon.
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1 CAGOCGACGT GCTGCTTTTT TITGOCTGAA AAATGACCTC GOCAGATACT TACCTTGCTT ACTATTCTCC TGTAAATAAT TAATAAMATC AMCTGATTG GGATGTTTCC TAAMTTTIIT

121 GOGGGAACAN AMTCTCOCT TATCATGCCT ATACDCAAGA TGACATGGGT GGAGATAAGG ATGTGOA TGAGAAGGAT TCAAATCGTC AGGAAATTGA CGTTAGGGOT
-3 -0 sb M¥ HMRRI €'V RKLT LGV

UL GGTAACAMTG GTOCTOGGOA TGTOGCTCAG TTTTTCTOCA TTATOOGCCA CAOCGGTGOA AACGCATOGC CAACTGTOCA TTGAAAATOG GOGGCTGGTG GACGAACAGS GGAMAGGGT
VTT ¥YLG6NK SLS FSALSAT FPVE THGS6 QLS EHC RLY DEOQG KRV

361 GCAACTGAGA GGOGTCAGTT OGCACGGTTT GCAGTGGTTT TTCGATGAAA GATTAACGTA TOODBTGTTG CCATGTACAC
QLR GVSS HGL QFF 6GODYV KKD SHNK YLPD DYGC !NV S§RVAMNYT

48t COCAGCGGAT GOCTATATTT CCAMCCTTC CCTTGOGAAT MGOOGTTGC AGCCTOGGOG CACATTTTGT

AAD 6YIS KPS LANKVKE AVA AAQ SLGY YI! I DY HILS DNE

601 ACCTMTATT CTTCTTTR0C TAATTOROCG ACCGTOATTT
PNI YKEQ AKT FFA EMAG LYG NSP TYILY EIANEP NGGUV TRYD

721 COGGGAAATT COUCCTTATG TAATCTCATT ATCGTTGGCA CGGGTACCTG GAGTEAOGAT ATCCATGACG CGGOGGATAA
GE! 8PYA LEV TET IRSK DPO NLI I VGET GTY SQ0 [ KDA A DN

a1 TCAGCTGCDC GATCOGAATA CGCTGTAOGC GCTOCATTTC TATGOGGGTA COCACGGGCA GTTORTOCGC ATOOOCATTG ATTATOCACA AMGOOGOGGT GOGGOOATTT TTCTCALCGA
QLP DPNT LYALHF YAGT HGQ FLA I RED YAQ SRG AALF VsSE

961 GTOGGOCACA AGOBATGOGT OCGOCAACGG OGGACCGTTE CTGCCTGAAT COCACACCTG GATCGATTTC CTGAACAACT GTGGTGOTAG CAGGGTTAAC TGATOGCTTA COGATAAATC
¥GT SDAS 6NG GPF LPES HTY IDF LNSRGGS RVN TSLT DKS

1061 AGAGGCGTCT GOCGOGCTGG CACOGGGAGE GAGCAAATGT GGOGGTTGGA CAGAGCAGAA TTTOTCGGOG TCAGGAAMAT TTGTCAGAGC ACAGATTOGC GOOGCTGOGA CATTAAGCGG
EAS 3 ALA PGA SKC GGYT EQNLSA SGKF VR8A CITR AAAT LSG

1201 TOGCOATACG CCASCCACGC CAACGGAACC GACCAACCCA GGTAGOGGAA CCACGGOTGA GCTCOTGCTG CAATATOGTA ATGTGGATTA CAACCCTTOC GATGGTGCGA TTCOCATGGE
60T PTTF TEP TNP 68§6T TGE LVYL QYRN VDY NPS DGAL RN A

1321 CGTCAACATT AAMAATACOG GAAGFAOGCC GGTTTAMACT TAGOGATCTG CAAGTACGTT ACTACTTCCA TGATGATGGC AAACCTGGCS CGAACCTCTT TGTTGACTGG GCAAACGTOG

VNI KNTG STFP V -

Figure 26. Nucleotide and deduced amino acid sequence of the
celA gene of Erwinia sp. with its flanking regions { GenBank
accesion number AF025768). The putative Shine-Dalgarno (SD)
region, the Pribnow box (-10) and the -35 region (-35) are
indicated. Initiation and termination codons are shaded.
Catalytic domain, interdomain, and cellulose binding domain are
lined, The cleavage site of signal sequence is shown by an
arrow. The consensus sequence (VIYEIANEPN) for cellulase family

A is bold-faced,
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TMMTI'MCACCCIGAHWATH‘CACATI’ATI‘CATATI’I‘ATI‘AAGACITI‘AATCATI'I‘(ECCATGMTTGGATTA‘ITOCGACAGAGTGGMATAACATAACCAG‘I'!‘AMUI'AAOCACA 120

TCTCAGACTTGATCATAGTCACGTGATAACGATGTGTTAACTTT! CAGATTAAAACACCTCAAGCATATATTTAAAAGGAGATTTATTATGCTTACAGTGAATAAGAAGCCACAGCGTATT 240
SD MLTVNKKPQRI 1

TTCOGTACATTATTCOOCGCTGTATTTTCTGCCTTGTTACTCTCACCCCTAACAGTTTCTGOGGTCAGCTCATOCAAAGACGCAGACAAACTCT) ATTTTGTGAATAATAAATATTACGTA 360

FHTLFPAVFSALLLSPLTVSA\’SSSKDADKLVFVNNKYYV 51
1

TTCAATAACGTCTGOOGGAAGOATGAAGTAAAAGGATGGCAGCAAACGGTTTTCTATAATAGOCCT, ACCAGCATGGGGTGGAACTGGCACTGGOCAAGCAGCAGCTCCAGCGTTAAAGCT 480

FNNVIGKDEVKG'QOTVFYNSFTSMGWN'HWPSSSSSVKA 91

TATOGATCACclﬂm\mmﬁﬁckCrGGCTGCAG(;‘ITI'ATACGGAAr\ATAWGGGFFGC(XMTMMTTATOCAGTMTAMAGTATMCCAGI‘AATGTCACFI‘ATI'L‘I'ATCAAATUI‘ 600
YRSFSTSWHWLQVYTENSGLPlKLSSNKSITSNVTYSlKS 131

ACGGOCACCTTATACGOCGCTTATGATGTATGETTCCACACTACCGATAAGOCAGTTGGGATTCGACGCCGACCGACGAATTAATGATCT GGCTAAATAATACCAATGCAGGTCCAGCG 720
TATLYAAYDV'FHTTDKASWDSTPTDEL)I!WLNNTNAGPA 171

GGTGATTATATTGAAACCGTTTTCCTCGGCGACAGCAGTTGGAACGTATTCAAAGGTTGGATAAATGCTGGTAATGGTGAAGGTTGGAATGTCTTTT CCTTTGTTCGTACCTCCAATACC 840
GDYIET\’FLGDSSWNVFKGVII.\'AGNGEGWNVFSFVRTSNT 211

AACAGTGCATOGCTCAATATTCGTCATTTCACCAACGATGTTGGGCAGAG A AAGAAATGGATCAGTAATGCAAAATATATCAGCAGCGTTGAGTTGGGT, 'ACCGAGATCTTTGGCGGCGAT 960
NSASLX!RHFT.\'DVGQRKKVIMSNAKYISSVELGTE!FGGD 251

GGGCAGATCGACATCACCGAATGGCGCGTAGACGTAAAATAACGGCGCTGTCGTCGCTATTCCTCOCCGTT 'CAGCCGCAATAAACACGTTAACGTAGAGCTGAAACGGATTGGTCTCATC 1080
6GQ1IlIDITEWRVDVK - 264

GACGTTCTCTTTTCATTTTCAGTTCAGACAGACGTTGCCCGTTCTTTAGGCGGGTTCGCTTCOCCCCACAACAAMTTCET ‘GAGCTGTGGCACGTAAATTTCATTAGCGTTATGATAATC 1200

CCCTCGGCTAATCAGGAATGTCCC 1224

Figure 27. Nucleotide and deduced amino acid sequence of the
celB gene of Erwinia sp (GenBank accesion number AF025769),
with its flanking regions, The putative Shine-Dalgarno (SD) box

is indicated, Initiation and termination codons are shaded, The

cleavage site for the signal sequence is marked by an arrow

(1).
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Figure 28, Effect of pH on CMCase activity of CelA and CelB.
Enzyme activity was assayed at 50 T for 30 min in

citric-sodium phosphate buffers with the indicated pH values.
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Figure 29, Effect of temperature on CMCase activity of CelA and
CelB. Enzyme activity was assayed at pH 7 for 30 min at the

indicated temperatures,
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Bf M EHE3 H L Pectate lyase FAA} 22y W R

w8l M Erwinia sp. 25E total DNAE +a]5}3 Sau3Al X
YrHEAR partial digestionX|Zl ThS 3 - 5 kb AXx2] insert DNA
€ T2} pBluescript vectorE BaHIE A2 ¥ ligationA| T
ThE BAABAL the pectate lyase B wixlo] ZAHHL 7}
A& cloneg #aslalct. 2 A3} & 20009 clone Z-o]| A pectate
lyase B8E& 7IAl= slUe cloneg E|ste] HUAEE 248
B3 Fig. 303} Zvh 282 o)AE 27} pelliog Wiy,
olEg fAA T2 FHY& AR Abe Fig 319 g} a:
ol At WE pectate lyased] HAEA EAS ZASH Az

+ Table 13} T},
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Dl actl Clal B Ped
N4 H | |

7 Enzyme Activity

Samp M ——) (SR ——

pelLL CMCase PGAse CMCase
PY100 t +
1'Y200 *+ -
PYI0 * -
Y400 - +
PY300 . .

Fig. 30. Physical map of the Erwinia pelll gene and the in
tandem CMCase gene, The cleavage sites of the restriction
enzymes Dral, Pstl, Sacll, Clal, and Bglll are shown, pPY100
was constructed by cloning a 2.9 kb Sau3Al fragment of Erwinia
genomic DNA into the BamHl site of the pBluescript II SK+
vector, pPY300 (pelll) was derived by subcloning a 1.6 kb

fragment into pBluescript II SK+,
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121
181

241

301
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361
46

421
66

481
86

541
106
601
126
661
146
721
166
781
186
841
206
901
226
961

246

TATATCTCACGCCACCTCAATATGCAGGATGCAATGTACTCGGAACAGTCTCTGTTCAGG
GAAAACCGAAGGAATGGTCCOCTTCCAAAGTAATTTCTCACAGTGACAGACTGATTCATT
GGGCTATCGACTTTAGAGGTTGCGGATCGTAGCCTTTTCCCCGCCTGACGACATTTGCCG
A;\ATATGCATCIT ‘GAGGACAATGGATAAATGATTTTTACAACATCATGAGGCGAAGGATG

SD M
AAATATTTAAATTGCTTTATCAGTACCGGGTTGGCAACATTTTTTCTGGTAAATAGCACA
KYLNCFISTGLATTFFLVNST
TCAGTTCTGGCCGCGGATTGCAGTTCGGATCTCACTAGCGGAATTATCACCAAGCGTATT
S VL AspA DC S SDLTSGIITEKT RI
TATTATGTTGCGCCGAATGGCACCAGCAGCAATAACGGCAGCAGCTTTAATGCTCCGATG
Y YV APNGTSSNNGSSFNATPM
AGTTTTTCCGCTGCTATGGCGGCTGTTAACCCCGGTGAGTTGATTCTGTTGAAACCGGGA
§ FSAAMAAVNPGELTITLTLTEKTPSG
ACCTATACCATTCCCTATACTCAGGGTAAAGGGAATACGATCACATTCAATAAATCCGGG
TYTIPYTQGKGNTITTFNEKSSGEG
AAAGAGGGTGCTCCGATTTATGTGGCTGCCGCCAATTGCGGCCGGGCGGTATTTGACTTC
KEGAPIVYVAAANCGRAVFDTF
TCATTCCCTGATAGCCAATGGGTACAGGCGTCTTACGGGT TTTATGTGACCGGCGACTAC
S FPDSQWVQASYGFYVYTGDY
TGGTATTTCAAAAGCGT TGAAGTAACCCAAGCCGGTTATCAGGOGGCTTATGTGATTGOT
WYFKSVEVTGQAGYQGAYVIG
AGCCATAATACCTTTGAAAATACGGCGTTCCATCATAACCGTAATACCGGCCTTGAAATC
SHNTFENTAFHHNRNTGLTE.I
AACAATGGCGGTTCATACAACACGGTAATTAATTCAGACGCCTACCGCAATTATGATCCT
NNGGSYNTVINSDAYRNTYDEP
AAAAAGAACGGCAGCATGGCCGATGGCT TTGGACCAAAACAAAAGCAGGGACCGGGTAAC
K KNGSMADGTFGPEKU QEKOQGPGN
CGATTCATCAGTTGCCGCGCCTGGGAAAACTCGGATGACGGATTTGACTTATTCGACAGT
RFISCRAWENSDDGTPFTDLTFTUDS
CCOGCAAAAAGTGGTGATTGAAAACAGTTGGGCT TTCCGTAACGGTATTAATTACTGGAAT

PQKVVIENSVYAFRNGINYU W N
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1021 GACAGCGCGTTCGCCGGCAATGGCAACGGGTTCAAACTGGGAGGAAACCAGGCGGTCGGC

266 DS AFAGNGNGFIKLGGNIQAVG
1081 AATCATCGTATTACCCGCTCCGTCGOGTTTGGCAATGTGAGTAAAGGTTTTGACCAGAAC
286 NHRITRSVAFGNVYSKGTFDAO QN
1141 A;\TAACGCOGGCGGCGTCACGGTAATAAATAACACGTCATATAAAAACGGCA'I'I‘AA’ITAT
306 NNAGGVTVINNTSYKNGINY
1201 GGTTTCGGAAGCAACGTCCAGTCAGGGCAGAAACATTATTTCCGCAACAACGTATTTCTG
326 GFGSNVQSGQKHYFRNNVTEFL
1261 TCTGCTTCTGTAACGGTCAATAATGCGGATGCGAAATCCAATTCATGGGATACGGGACCG
346 S ASVTVNNADAKSNSVW¥DTGT?P
1321 GCGGCTTCCGCATCCGATTTCGTCAGCCTGGATACCTCGCTGGCTACCACATCTCGTGAT
366 AASASDFVSLDTSLATTS SRD
1381 AATGACGGCACGTTGCCGGAAACCTCGCTGTTCCGCCTGTCGGCTAGCTCAAAATTGATT
386 NDGTLPETSLTFRLSASSI KTLI
1441 AACGCGGGTACGAAAGAGAGCAATATCAGTTATTCAGGCAGCGCACCGGATTTGGGGGCT
406 NAGTIKESNTISYSGSAPDLTGSGA
1501 TTTGAACGCAATTAAGTGATGGGATATTGCATATCAGGCTGCAATCGCAGCCCTGTTTTT
426 F E RN

1561 TGGGGTGTGAAAAGATTAATCAAT

Fig.31 Nucleotide and deduced amino acid sequence of the pelll
gene of Frwinia sp. with its flanking regions (GenBank accesion
number AF1712228). The putative Shine-Dalgarno (SD) box is

indicated, 10 region and 35 region was underlined,

- 197 -



Table 1. Pectate lyase activity of clone harboring pelLl gene

of Erwinia sp.

Substrate Enzyme Activity ( ugmoles/min/ml)
Polygalacturonate 0.9
Polygalacturonate + 1,5 oM CaCl?2 2.3
Polygalacturonate + 10 mM EDTA 0.0
Pectin (30% methoxylated) + 1.5 mM CaCl2 2.8
Pectin (70% methoxylated) + 1.5 mM CaCl2 0.9
Pectin (90% methoxylated) + 1.5 mM CaCl2 0.1

*The enzyme reaction mixture were incubated at 407C. Activity
is defined as micromoles of unsaturated product release per

minute per mililiter of enzyme sample,
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A4d ok

el AT [F-SAWEE] HE FU JEEMAEcE
¥2|Z8F Bacillus macerans R19 wiotolelg gujE¥y ¥, 2
2te] £¥& A3t F&E §ol3t7] $13te] chloroform :
isopropanol (1:1)& &% A3l butanolojy e} Lol
Rhizoctonia solanio] ths)] A 3)22E Veph)glc). Bacillus
macerams R192] wjodeid] 70 liter& HUMETAA mIAEY WS
A AAZ! T chloroform: isopropanol (3:1) £uwl& 1:18 7}3}
o] 5313 Dowex 50WX4-2002] €% fraction& methanole] =o]iL
T $89E brine®® B2 TRy 74 NaSOE ARA|Zch A=A
7l BEYELE AuUsleld] &  F, Silica gel column
chromatography(chloroform + methanol gradient system)& WHE3
Loz Sl £Y3alen ol&& TLC
(chloroform: methanol: 10%NHOH=5:4:1)%}] wA|3RME 265mgs £
Sl AUAEEAE ASstaiet. E2|-d3d Pseudomonas aeruginosa
Js22]  m)oFo]e-& n-hexane, chloroform, ethylacetate$}
n-butanol & XA AE2 SRy F, 7Y £ & TLC3o
254nm, 366nmollA] bandE FTESITE. E ZZe] EFo| gl
o7 {AFY Rhizoctonia solanid) T3] A 3|2-&-& ol
Pseudomonas aeruginosa JS228] v]¥e) 40 liter2Y-E] open column¥
A3t crude antifungal substance ¢F 80 mgS Easlgith A
2] &4 AAH (Ha fraction) ¢F 35 mgE HPLCOA single peak®
Helstdel w4 3 2YELY] 232 o] isict HF &
Zo] Rf valuer acetonitrileichloroform = 2:3 &u] systemo]A]
7.5 °]glch
ZA3E39] HPLC chromatograph& 13 BAE A& R192} JS28] HPLC
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chromatograng ¥t ZA2}JS2&= column chromatography 3 TLCoj
g3 Fe FAE AYEAL ¢ AR HUdEgon) R
welol Gzt Aol HAHULL.

ZA5EA Y W spectrum TEF A JS2&= 330nm, 268nm,
200nmoll M Fg AHMEHE RojFa Q= dl o] B benzene
TFZol A o]H groupo] $=49t X W HAoE® FHHcL

A3ER 2] FR-IR spectrumeflA] JS2&= peak 3385.8 cm:
hydroxyl group&, peak 1737.4 cm'&= carbonyl groupg& ¢A]3}
o 5 F5F peak 2924.2 cm &} peak 2852.5 cm¥= aliphatic
C-H bondE& Alstn Ut} ZA¥YEA RI9= M619, IR(KBr):
3418, 2921, 1671, 1631 cm'E VEhjgch.

ZA¥EAL] Mass spectrum HI} JS2¢] FABMS spectrume
21lw/z, 24lw/z, 374n/z22] wmolecular ion®} 7}%3%t 3% F peak?}
L}E} GO 1] library database A b el 2,
4-diacetylphloroglucinol 3} 3413t Ao 2 ziwE g},

AYEAL] NMR spectrum Zz} JS28] 'H-NMR spectrum AZ}E
peak & 2.642 carbonyl carbon®} ZA3¥E methly grouplo @ =&
He}h, 37118 peak §3.370, peak §3.334, peak d3.326
ether®} alcohol group?l Ho g FZFrl C-NMR spectrumoi A|
peak §205.57, 173.00, 170.57, 105.36, 96.120, 33.382] 6
peak& UEl%tE= o peak §205.57% carbonyl carbon® @ S
Hw 4 peak §173.00, 170.57, 105.36, 96.120% benzene
carbon® %, peak § 33,38 methyl group®} ZA¥3E carbonl. &
F&E ATt ol AE FPsd AYEY Js2= 2,
4-diacetylphloroglucinol (Phl) £ 1 RFEA] ¢ Rog 2=
dch, ZYEA R192] NMR spectrum?  'H-NMR(500MHz, CDsOD) &
0.89(m, 1H), 1.23(d, 3H), 1.28~1.32(m, 3H), 1.48~1.75(m, 4H),
2.12(m, 1H), 2.18(m, 1H), 2.39(m, 3H), 2.67(m, 1H), 3.13~
3.29(m, 4H), 3.48(m, 1H), 3.60~3.71(m, 2H), 3.85(m, 1H),
3.92(m, 1H), 4.35(m, 2H), 4.51(m, 1H), 5.05(m, 1H), 5.52(m 1H), 5.60(m,
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1H), 5.67(m, 1H), 6.05(m, 1H), 6.15(m, 2H), 6.23(m, 1H),
6.63(m, 1H), 6.67(m, 1H), 7.21(m, 1H)

C-NMR(125MHz) & 1.41, 21.6, 26.8, 27.5, 32.2, 34.3, 37.4,
38.2, 42,8, 45.1, 64.3, 70.5, 71.2, 73.28, 73.32, 76.6, 79.41,
79.45, 79.7, 102.5, 119.2, 130.5, 130.9, 131.3, 132.4, 132.8,
133.3, 135.4, 136.3, 136.9, 143.7, 146.8, 162.9, 169.4. DEPT 90
3} 1352MEHo|A 4x1ebA 370, 3xp8rA 1970, 2xbERA 970, 1k}
B 2747 22t e o 4 YU o] RL H-NRAIA Fary
Zh=2} & Axjslict. H-'H COSY AMEHEM A} 4ppnkTt e
3314 o]lF FlolAMe oleliel T HYEL JET A FRE
d& 4 Ugrh 7.21ppnd] @gAHe 6.63ppnd] FAdAre} e,
5.52ppme] ¥’ =}e}e] Cross peako| HHE gith 5.52 ppme] ¥4z}
= 6.67ppne] /AL, 6.15ppnd] PRI} dA&H o' 74212 cross
peako] UHEIL 6.15ppne] FAH= 6.63ppn2] g2k} cross
peako] TAFGITl. EZF 6.15ppme] WPRH= 6.23ppme] Y Abe}
Je]3l 6.23ppme] PP AHE= 6.67ppne] AL} ATBTAIL FTAE
gith. 4ppnXrT} W2 B}EH olFzk, 3] 1~2 5ppmalojoj A= A
E AAYE FEAEN EeER Q3 FREA) gt S
HE d& 4 dslch ol AAE Egshd nxle HRHE RI9:
(5+4)are|e] 71E34 & ztn e AYEE 24Y 4 93 3%
A&3lA o] HyrES FRo] A AFTE uigic),

Paenibacillus macerans R192] HAnAYHE 23ty ¢35}
acetylene (CiHz) *Joll &3t} &3yl &, 300mle} 4d AH2HE
gk&Zo] EoF 150g, 54 70 nlE U1 ¥ 2 F1UAN =
2}x} 218 70% ethanol W hypochrolited] 23 AE3} ¥ AFEHET 7

B AT F A7) EalE dREekagel A F A YauiRlel 384l
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%) Paenibacillus macerans R19 10° cells/mé S8 ASA|71 ujoky) 3
nlE FFBIEL CHe 10 nlE FAYIE LFlE B3l FYT F 1047
Borst ¥ AA0AYS A% A3} Paenibacillus macerans R19 -2
€ A2338e Uehols b oFF Fnldls AAE dnk. =g}
109 o8] 717 BoF Uloj A BEgt A, 5ot AX glo] ALY 4
e AL o TR VIFNEY B HTawago| Y Jove
FRECE Uo= olof Uj¥t et ¥To] aFHTh Ay AYel A4y
g4Q ZH#E ErlE £ Adelde 2%3d F203438x B 43

A} &2l& $I3| Paenibacillus macerans RI9E template® 3}

P

degenerate primerE AA3lo] template DNA %55 W primer S5& ¢
g|8to] PCRYo 2J5lo 280bpd] specific DNA fragmentS H-a]s}gic)
o] fragment& forward primerE o©]-83}¢] partial DNA sequencing&
313{T}. Partial DNA sequenced ©]-83}¢] BlastXE search 3}%S w)e)
23 L3} BUY A08 ZAHE|: agpartate aminotransferase
FARRE Y S-S UeRigith go R ooz WO E nif gene
of FUY Ay Hr g7

8l Paenibacillus macerans R197} £e}x] THUAE}Ho|A] MR
HEE: BH] TRe8E AR f8 Belde] AmyEsiae) A
A %7t SUeE BUY 4 b DUWPPLE pectinase,
cellulase, polygalacturonase?] ¥4 &A% A Fig. 193 Zom
Paenibacillus macerans R19% cellulase, protease, amylase,
xylanase 59 MEHEHELE 7R lglon olgyt M HaF
Paenibacillus macerans R19% Ee}x] ¥ BT AFEde 73487}
A3l 2 E & £ Y ZAE nRide A02 22¥c) B
W Paenibacillus macerans R19%) cellulase?] AJ3lstz Enog

cellulased] pH, FAZE L&, HAUZA 7] Wl ¥HE =43 2
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3} celluase?] #& pHE 6% ojdlon, HIaL Wg &&= 40 T
Haojglom FAukg XZRE Azte] Zlel wel F7ksielen 5A3to]
Fole B4 NMEe] Fl ke & 4 §l%ith

2z EATY AF73} AFE 18l Rhizoctonia solaniol 9
3 13} A9 EexE HAENE 4oy Zgol BAHY ol
I HelollM ALGER EQF Aol o zpEEe] 2o A8y
o] T3] AAHTE AXFA] & ABM FFE Eelst] A
dstgich uAEYE 53, 7171848 Microlog 2 kit B MIDI
system®] B4 A3} Ervinia 28 IHFEgon  dH-9
Klebsiella sp. AMla% TaEgch TrEFibdo] o3t 23 2
ARAlol it MEHENEL P S APY Aape 22 &
2] 43X (MCase, pectate lyase, protease, pectinasel] &35S
7F51 elglt}t (Data not shown). o]Ae] AR Edd AE
ARSI AES oA E £ Qe oty AEZHFEiAE
gteo] ARE FAAE AoR A7)

Eald Erwinia &0 213 =elx]e] ¥Hd AFSE EHAAH

=2

=}

—_—

A

sl 2o Erwiniat Eolx] 24& ABAIZTH Echrt A B2
2% ME @ o]Bo| Bulste MENENEL 8o o8] Az}
AWHE Ao AzHTh olE ABAE T 24 THE
Ql g7} Theket Welel #ebd AYS 7HA YW polynero]7]
HEo] olE& Halsty] HHME Boltt Yele) Taxgo] Ay
Holn welA Fohi T MS4EsE4 isozyneo] AW o
% 2RFo] MRARsas AYYAANYY B3} LelF Eohi 5
£5o dfaBiis BAUSE HAY 4 YAk 5 FFY
(MCase isozymeg £u]3}aic.

Erwinia®] BEAEEL A 28Y W H4LEY ZAE
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13l ®el M Erwinia sp. 2HE total DNAE 2|5} Sau3Al
HYHAZE partial digestionA]Z TS 3 - 5 kb HEL] insert
DNAE +22]3}to] pBluescript vector& BamHIE A 2|3t ¥ ligation
Al th: YAAHA T MCase B wizlo] ZABHYL Jix|
+ cloneg &e3lgich. 2 A3} % 40009 clone oA CMCase &
& 7HRE 270 cloneg Heslo] o]ES 27 celA W celBE

BEgTh olEY fHx T2 BYL RABlYLH o5 $ax}
AEY dfRailass] a4 548 AR 23} CelBY pHel
thet CMCase F¥& 50ColA ph2 - 10 F3tol A =ALS Az} 23
pth= 6.801910m pHEOJA TAtolol A 70% HE ol BAHL 7IA3 Q)
gon HFBPLEL 50T HTolglth. T METHEI I
Pectate lyase R3FAl ABY W FLHENZAIE 93] e AT
Erwinia sp. 25E] total DNAE ¥a|8lil SaudAl A3tz
partial digestionA]Zl T}-® 3 - 5 kb X2 insert DNAE a5}
o] pBluescript vector& BasHIE X &gt ¥ ligationA]Z che ¥
BHB/AIY T} pectate lyase BA wjzlo] HEABHLE Jx-
clone& #edtadth. 2 ZA3} £ 20000] clone FoA] pectate
lyase B8E& 7l 3hte cloned Helst] pelllo® wwste]
th o1& fAHAL T2 4 W F8A} AHEY) pectate lyased] &

&% 54& Aty
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Aoz d=x UANE <¢ od=s NA

A1d AME

oyt 44 2% uABY e 22 ARE AW A2
28 U7 9% 2] AWML £FE UEREE AHgsH] 7 4
2o wjoyet 27g AWSIOH YO NS GO BN A7
FRE chahld 4 gl pilot WPANPS 8 24 AE, A
BE i BAMUS R AL RN, HREM U Ay 2H

< TYstoch

A2d zE W Y
1. AMBd-F

A A8 Paeniacillus macerans R19, Pseudomonas
aureginosa JS2, Pseudomonas cepacia JS42] ZA¥AFE nAE |
Az Y NEE AL olE #FY VW% potato
dextrose agar (PDA: 200 g potato, 20 g dextrose, 15 g agar, 1L
distilled water)ofA ujeyslolom 4TColA RASIHA 433314
t},
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dut=d #o] 28 TR sldc). FF S4& A1) $l5le] B
2%t & PDA GAuiR] 50mee] HE3le 10° cells/mt BEE LA
71 18] PDA xulR|ol E2|F Paenibacillus macerans R19& AZ3}
o ZAFHoE o, AXYUEE &Fsigh v FREL ik

Peudomonas 48] Bdol] bz} wjestaich,

3. u]BE AP1E 93 Jar Fermenter Wj9}F ZAAE

7} LERE 8% FAgat

AYTel AT AYBY AVE WN2 FAEE 918 PIB brothE
thAl dextrose, glycerol, peptone, NaHPOs, MgSOs. 7H:0, K:S0,& 7]&
L ¥ NMNXE AMgsigch AR W1 5 liter, 20 liter,
200‘1iter L] W& Y] (Fig. 1)& scale-updlo] wjoarstalom seed
I & I 4822 siglon &, BU|%, #<%, AiEE, 244
3T, AZAE silicon oil HEE MIAFHA wjusigon, 27
pH 782 2R3 wjzAe AEshdA dysielrt,

W maE ey
22|38 ¥ Paenibacillus macerans R19, Pseudomonas aeruginosa

JS2., Peudomonas cepacia JS4 37-F2] ripampicin A3}d F-FE B

23te] ol&& 77t TPt 2 FRe EXE HAstyr
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5 liter B8 =X

20 liter YIS =

1 200 liter WIS =

Fig. 1. A%0] A}g3t whz
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4. AA 3] FRMNLN +EYHES AT FUHE

Fig. 29} 2 F3el 23] njAE A Pabe A FZAY
& rAsgen A FNAFE o3 SAmFPoldE A
HLeZ 1 liter vle}do]l ti3] 1% methyle orange 0.5 mlE H7}3t
F citric acid& F7lote] HAPHAE AR st AAsigen
SHUARBES 9\8] skin nilk W maltodextring 5%E E|A H7}
3to] SZAA|IZ Foll freezer dryero]| ARsle] Unjy TARo 2
FEHFsIect (Fig. 3).

nAAE fEzALE
2
Pilot UHFZ(200 liter RaF) u (Fig. 1)
2
¢33 A HA 7l 9 Freezing Dryert{o
g% Az

!
Az

<~

Fig. 2. Process for the production of microbial pesticide.
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=> A A

Fig. 3. A A3 FA
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5. A4 4EE~
7t F71E &4

Freeze dry® 2} A 5 g& ZUP Aol 2sle] dutibola 7}
d "N F A7 RolA 550CE Ao ¥ B¢ A8
t X HCIO 5 me W 6N-HC1 5 meE A} 2 7lsle] @utidoln £
3|t T 0.1IN-HC1 25 méE 7}8}e] Toyo No, SBYA|Z ojzgt 3
I o9& REZY FelanigREEqIE JlER, Fe, ¢ 2
otd L &FF3lgict

Ll 38 otnimal B4

T o] Folm A4t BML freeze dryH AlEE Y3}
6N-HCl &9& 713l ZF WESI heating block(110+1T )0l A
24X B FHEIAR) F glass filter® o3t oj ol rotary
vacuum evaporator& ©]-&3%te] HCI& A AStL ZYeS3dle] sodium
citrate buffer(pH2.2) 3 m¢Z €31% ¥ 0.2 /m membrane filters
AT A g otnlia}l AFEHIE o] gt EMsiglon], ofn|
XAt 2HEEM 718 B 224 Table 13} Zrh
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Table 1. Amino acid autoanalyzer conditions for total amino

acid and free amino acid analysis,

Items Conditions

Instrument Pharmacia Biochrom, 20
Ultrapac 11 cation exchange resin
(11 fm = 2 ym) 200 mm
Flow rate Buffer 35 mé/hr, ninhydrin 25 mé/hr
pH 3.20 to pH 4.25 : between alanine and cysteine
pH 4.25 to pH 10,0 : after phenylalanine
Column temp. 46 C

Column

Buffer change

Reaction temp, 88 C

Analyzing time 44 min,
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38 A3 9 23

1. iRz o] A3}

AEE AEujgt vzl FARPE ALY 5] 2]FTA]
A3t 441§ PDB izl FLVlo|BE i ujoka] 9EH|I} 2o
71 diEe] & A¥olNE A¥ubgold AFE e wad, Pa
H, Uiy, Vel B/ YUPL SR  dextrose, glycerol, peptone,
NaHPOy, MgSOu. 7H0, KoSO.E 7]2WiA] HEZ 3lgith, ©o]& vlAPE
29 HHFEE 7317 §iste] 4 HEEY HHE=E T3] 9
sto] 2} BEEY w=& WHAINEA Eelaz woke sl A
7ol =R5lA] o= wijok AlZE 18217 wjY] MESEE ZHsle 7
< a2ty

Fig., 4AolX o} o] Z=wt $EE 1 - 1.2% M2 SEAME
NEZZ =7t A9 dFsiden ® ohE w49 glycerol 2
0.8 - 1.2%8] SEoNE Al F57Y AEEE 7 Yarso 1
¢ ez ety (Fig. 4B). daY @ ALAAE bacto
peptone?] FEHE H7Iste] 43 A} Fig, 549 o] 1.5 - 3%
8 FEOAME 7 I8 FAAZIEI AL dFY 20 =@
stith. Tl A HHEEE ZARE 243 NP0 HEE
£ ZAIRE A3} Fig. 5Bt ol 0.2%8] $FolA z FFujct FA
FAol 232 UEltem MgS08] X Fig. 64 o o] 0.4% 4=
& olglen, K2S0s= Fig. 6BollAle} Zo] 0.8% 4& o]dr},

ol’ge] ZAE Lot AYFFY PP 98 vz o
IR AZEE WAl QEREL 1 liter wjgr|EoE

Dextrose 10 g Glycerol 10 g Peptone 20 g NalPO; 10 g,
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MgSOs. 7TH0 1.4 g, K50, .0.8 g2 H7lsk= Zo| F& A& Ue}
Wrl Holg AL o] wixzd o= wixl2AA HF pH7} AL 7
of EEsldE o oFe & Ay Eihda] HFule pHet U]}
o] gro = ciapujera] wix| ZA| ¥ phE tiA 2AE Yo7t gle o
AL 72 Qlgict |3 yeast extractdl TS ALIXE ¥ 7S]

A Qfole FAIF-Eoll Ggol E= gk

A 1 R19
N w7 82
E BEE IS4 -
=
o
w0
e 14
a
]

(] 8
Cong. of Glucose (%)

1 R-18
482
B J84

" 0.D. (660 nm)

Fig. 4

Conc. of Glycerol {%)

The effects of culture medium concentrations on the specific
growth of Paenibacillus macerans R19, Pseudomonas aureginosa JS2,
and Pseudomonas cepacia JS4.

A: Glucose
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B: Glycerol

2
[ R-19
Js2
—_ B JS4 - M
E
o —
o
©w
e 14
o
(=]
o -4
0 15 20 25 35
Conc. of Peptone {%)
2
B O R-19
Js2
R US4
- M M
E
1= —
o
=3
e 1
a
o

o 1
Conc. of Sodium Dihydroxy Phosphats (%)

Fig, 5. The effects of culture medium concentrations on the
specific growth of Paenibacillus macerans R19, Pseudomonas
aureginosa JS2, and Pseudomonas cepacia JS4.

A: Peptone

B: NaHyPO4
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[

JS2

CR-19

(wu 009) "a -0

24

22

1.8 20

1.6

1.4

Conc. of Magnesium (%)

JS2

[ R19
e S84

(14775)

(wu 0p9) "a 0

Conc. of K,$0, (%)

the

6 The effects of culture medium concentrations on

Fig,

Pseudomonas

specific growth of Paenibacillus macerans RI19,

aureginosa JS2, and Pseudomonas cepacia JS4.

A: MgS04

B: K3S0,4
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2. ] PE PiHS 9% Jar Fermenter | XAAE

WEZE o|§% AL AAHE 18] PIB brothE AH3}x)
o3 7] AolN ART WRLIUAIE AL} (Table 2), YR
71& o183l seed® 3 £EOET WESHL L2, BAF R4, I

NEE, SEAULEHE, L3, HE 247 28t AHsIch

Table 2. A% A& $I3F TR 24 (1 liter 7|&)

Dextrose (98% %) 10 g
Glycerol 10 g
Peptone 20 g
NaH2PO4 (98% =) 10 g
MgS04, 7TH20  (98% &%) l.4 g
K2S04 (98% =) 0.8 g

7b, pHE 4%

Paeniacillus macerans R19, Pseudomonas aeroginosa JS2.,
Peudomonas cepacia JS4 3752 pH ¥ HFLL AR Hil=
Fig. 7¢} At} Fig. 7.olMA¥ Paenibacillus macerans R19 (Fig,
7A), Pseudomonas aeroginosa JS2 (Fig., TB), Peudomonas cepacia JS4

(Fig. 7C) B pH 7ol4 #Aog vejytrl,

L, 25y g3
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Paeniacillus macerans R19, Pseudomonas aeroginosa JS2.,
Peudomonas cepacia IS4 3d-F&] ASFXE RS 98] *=d
TAFHE &3Y A= Fig. 8% Prh Fig. 8AdlM A
Paeniacillus macerans R198] A& 30TCo|A HIE Uelygton,
Pseudomonas aeroginosa JS2 (Fig. 8B)$&} Peudomonas cepacia JS4
(Fig. 8C)= F3] 25C IWolA FIY Zo2 uelyc} whehy

olE4 Pl 28TE wiYdshe Zo] utghay RAog e}

skt

th AEAESL] FAlH Wzt

Paeniacillus macerans R19, Pseudomonas aeroginosa JS2.,
Peudomonas cepacia JS4 o|& A IFFE Eghujotsie] FAASe
AlH g =AY A Fig 9Ae} Uth Fig. 9AdlA XE ¢ANS
ol F71%el uwhet DNSHoll 2%t BUY Fael 27 wragle] s}
v FASA T wlgste] 24t (Fig. 9B).

el n]ETIY

2| dA " Paeniacillus macerans R19, Pseudomonas aeroginosa
JS2, Peudomonas cepacia JS4 T2 wloFeld EXE g5l ol
< U wigsty] S TRz e s uixY A, MURE 58
A5 22 MBY 2L AAR] jar fermentero] WjFEA o
WSt ol& ZF FFe X AelE Table 39} Ztl. Table 30]4]
A 3 @ Lol MUE = Qe BYE /AT glo] ¢oE o
o] RAY Aos ANUL weld oF FRE YoE el
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Table 3. Populations of the mixed culture of Paenibacillus

macerans R19, Pseudomonas aeroginosa JS2, and Peudomonas cepacia

JS4

Strain The number of cell / ml (10%)
Paenibacillus macerans R19 2.3
FPseudomonas aeruginosa JS2 4,5
Peudomonas cepacia JS4 3.7
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Fig, 9. The change of cell growth and carbohydrate reduction
during the time courses of the batch culture on semi-synthetic
broth of growth of Paeniacillus macerans R19, Pseudomonas

aureginosa JS2, and Pseudomonas cepacia JS4.

A: Single culture of Paeniacillus macerans R19,
Pseudomonas aureginosa JS2, and Pseudomonas
cepacia JS4

B: Carbohydrate reduction and population of the mixed
culture of Paeniacillus macerans R19,

Pseudomonas aureginosa JS2, and Pseudomonas

cepacia JS4.
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3. Pilot WS AT HHLx, pH, T7l=2Nt ¥
7h &z o
200 liter R pilot jar fermenter  wjoFolA
Paenibacillus macerans R19, Pseudomonas aeroginosa JS2.,
Peudomonas cepacia JS4 37-F2] ARAH L& 25l 3] 254
THFAE &P A3} Paenibacillus macerans R198] 8- 30C

oA & o|gleny, Pseudomonas aeroginosa JS2&} Peudomonas

cepacia JS4y= 28°C {-ZoA 43FF RAow Lelylr)

Ll pHE 9%

Paenibacillus macerans R19, Pseudomonas aeroginosa JS2.,
Peudomonas cepacia JS4 39-F&] pH 8 HZAPLE 2AS A3 2%
o To1A HH o2 ey,

BT AE B AEY 27 ANV sced® W LEoT
AE8IaL 28 T, B71%F 2liter/min 8<%, INISEE 200rpm, RFXARA
EHE 26% §X], AXA 2% silicon oil, &7 pH 72 3} wr}

HAZAA 222 ey,
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Table 4. Cell number per gram after freezer drying of
Paenibacillus macerans R19, Pseudomonas aeroginosa JS2., and

Peudomonas cepacia JS4

Strain The number of cell / g (10%)
Paenibacillus mscerans R19 4.1
Pseudomonas aertiginosa JS2 4.5
Peudomonas cepacia JS4 4.3

4. n|BEAA ] ¢FY, FEEA @ ZAY B

¥ Paeniacillus macerans R19, Pseudomonas aeroginosa
JS2, and Peudomonas cepacia JS45 BAARE F Azje] olmbrit
274 W FIYEEAE 4T A3 Table 49} Table 63 2t}
olE4] oAt AL WlaF Wesolmmito] HAsIA EILE o]
Aget. A w7 YRE AERSe] R i eaEo] F3
stA =l sldlel, & o2yt AR iy FAA e
LR AR FIHo2 L EQ oA EilEo] 2B ooy
ol @ 4 A& Zolvl FHAZR ¥ WITAZY AAoIA Y nAE
A A% F9 et v oy AN AAs A3
114 FPE= AF +o Zart AUl wetd A
7 RB710E ©Eshe Zo] uigAe Ao gz SHA

A
Z& ZAGl 471 glevt @) AT AU F¢ FAAZY

ok
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8 AA7L F7HEE FAE BQY w YO8 olo iyt v A
wHel tidt A7t AgEool ¥ Aeg YAk el gy
G 10 liter 7|EL2 BAARY ¥ FAL ¢F 600 g BEE B
T FHholA & ul wje Hastn Aol £& Ros A7)
Qo8 A&HHQ wdIt HARIAY Fuola 222 € nPE
AL R tEE JA AR FEHAAL glon olEY
T BaElo] mhel 2 Fpol AztEe] of 1 Ex} =
I e Aol Ful AEY ANgEs} Dol gl o8 F9
Shjol7|= sith oRe] BHAHNEY oM AR AAY A}
ol eFd AR YAF FuUes I Alge] Zuig
o] FAY "HolMdE feld Reg PzEc),

Aelal HAE AA AAA e BAF Wl EMY Azs
Table 63} 2T} Table 60jAle} ol A= gli= Zbxlu)=] (PIRA
£)8 HRENT A 1 BY ndE AAE P £8HE x|
H-&-2 oF 5,650,0008 08 F45E ol B diold AREE wgky
iR 2] A4-EH]-8-2 2,288,0004 FEE 1 u]RE oF ¥l ojahe A

2 4 & o= AL
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Table 7. Contents of mineral nutrient of Panibacillus macerans

R19, Pseudomonas sp. JS2 and Pseudomonas sp. JS4

Contents ( mgrkg )

Components Panibacill
anibact ius Padmmssp ]2 Peauwhiores sp, JS4

maoerans R19

Na 582 715 720
Mg 126 145 148

K 2518 3288 3285
Ca 384 467 455
Zn 4,18 3.21 3.23
Cu 0.07 0.02 0.07
Cd ND:¢ NDx ND%
Cr 0.19 ND:x 0.21
Pb- ND ND# ND
Fe 2.48 3.20 3.90
Mn 0.08 0.05 0.08
Al 2.31 2,05 3.07
Se NDs# NDs NDs

% ND% : Not detected
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Table 8. Contents of Total Amino acid of Panibacillus macerans

R19, Pseudomonas sp. JS2 and Pseudomonas sp. Js4

Contents ( mg/g )

Components Paibacillus Pearmres sp,  Peeudbmaras sp.,
mreaas RS JR JA
Aspartic acid 0.15 0.17 0.19
Threonine 0.11 0.15 0.13
Serine 0.10 0.15 0.12
Glutamic acid 0.25 0,25 0.30
Proline 0.4 0.55 0.58
Glycine 0.1 0.12 0.13
Alanine 0.07 0.05 0.07
Cystine 0.13 0.13 0.14
Methionine 0.08 0.05 0.09
Isoleucine 0.12 0.17 0.14
Leucine 0,15 0.18 0.18
Tyrosine 0,09 0.09 0.11
Phenylalanine 0.14 0.19 0.17
Histidine 0.08 0.15 0.11
Lysine 0.14 0.16 0.17
Arginine 0.11 0.13 0.17
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Table 6. AT A& 1% wixe] ZAE E4(1,000 liter U

A7E 71E)

i ' A£Q8/E cH7H(H/kg)  Aeu]L(Y)
guiA]

Dextrose(98% ¢&) 10 kg 1,100 11, 000
Glycerol 10 kg 5, 500 55, 000
Peptone 20 kg 110, 000 2,200, 000
NaH,P04(98% &%) 10 kg 1,980 19, 800
MgSO,. 7H20(98% &%) 1.4 kg 704 986
KeSO:  (98% £E) 0.8 kg 1,375 1,100
&7 2,287,886¢

PDBroth 24 kg 235, 40041 5,649, 6009
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EEHY AYF wigE A8 ZBAR gy uAzge 4L
ZAPSE7]  flstel gAY, A, A, JE RAgudes
dextrose, glycerol, peptone, NaHPOs, MgSOs 7H:0, KeS0:5 7] Euj%)
YEZ STk olF WANEEY HIBEE T sl F HE
9 HHFEE T3V sl 74 JREY HEF HUIHAIEA w
& 3 BAIol EYSA o W A2 18X HY ABEEE &
Bt g wlasiich. 2 A ARFFY gAY FEzEL
1 liter Bj%}7]£ 2.8 Dextrose 10 g, Glycerol 10 g, Peptone 20 g,
NahzPO; 10 g, MgS0,.7H20 1.4 g, K804 .0.8 g0& H7Ist: Fo] &
ZL2 Uelyitt.

A3 pHE wix] o3kS 2ARY A3} Paeniacillus macerans
R19, Pseudomonas aeroginosa JS2., Peudomonas cepacia JS4 3758
pH ' HFPLE 2 A3ke BE pH 704 HFo2 Uslgton &
of thet QL& Paeniacillus macerans R198] A& 30CHA L
E UEBtstew, Pseudomonas aeroginosa JS29} Peudomonas cepacia
IS4 F3] 25C Yol mgt Zow Urlyr) oo Eghue
Aofs 28TE wjgdhs Zol  wlgEy Aoe  uUeldch
Paeniacillus macerans R19, Pseudomonas aeroginosa JS2.,
Peudomonas cepacia JS4 ol& Al 478 EYu|Yste] FAYEL HAY
HUE ZARE A7 BAAS0] F71%el et NSHo] &g BT B
ol At ghadle] Wik FAIFA vlgisle] Zastodc)

| BEE IS I8 Paeniacillus macerans R19, Pseudomonas

aeroginosa JS2, Peudomonas cepacia JS4 T-F2] wjokeld ENS 11

3lol o1& ofF wiolsly] ST TR oR wixe A%, woes
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58 AR BadA" F& dxuixlo] jar fermentero] BJRZA o
Bofsle] o1& zt F58 X Ael Bacillus macerans R19 2.3 x 10%/
ml, Pseudomonas aeruginosa JS2 4.5 x 10°%/ ml, Peudomonas cepacia
Js4 3.7 x 10° ml9) F WEE Uelgth a2 bR L7 wjok
=3 RPguRIolA A2 A 2%Y 9 FHoldEe AL xolt 9
aick. '

AF7H S AAE T AR 2 AU seedE 3% $EOT HR
Bl3L 28 C, BJ1% 2liter/min {4, ZWM&EGE 200rpm, SFEALAEIIE
26% RA], AXA 2% silicon oil, 7] pH 72 3}9& w7} HH=AQ
222 Yelyt},

nAEAAL A BHE ¢l3 542 F AR A
oA mAE B A Fo il nofsiglon) YA A
A AAE AR 1IAY FREE A 9 2av AEnh, o
213 uldE AA BAAl wixY AAA wia 243 A3 4e8a
Qe #ApulA] (PDB) &} wiZEMI A3t 1 £ nYE AHE AR
Al £€EHE vjz] ¥]8-2 o} 5,650,008 22 2HHE o 2 AY
oA ARERE NEgRFulAl ] A-8W]8-2 2,288,000 FEE I g

%

= o U olde Y 4 g
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A 73 dd AAe SaA=] 234

Ard AE
st 88 ohdAd ZElRls RV Friaste] 2064
ol Z7lAlEE WHE MUste chdAzeRAE AuisHs 7t
= it thdAd =] Afujols 7Hg 2 A7 EE oo
SHLE FA7IA] I FUAolEH e HHdE S k] K3l
T YA ek A Byt
ZHHE 4= HYFR Cylindrocarpon, Fusarium o] ¢l
ol dojstar, ool A% ZES Felyd U
2ol WAL, Rhizoctoniaol2]¥ ReE|¥PL 7], ¥, ¥H F
oF&2rEA Wol & 4 gluk 3k, ofwp REW 3} T2 Ao
g ey ITPE FAL Waloltt, 53 mexReyEe FE
B fAE FEE RALEN AdEes Qqlso] WAlst 4z
AR A2 BHUAE AR YA Esigr] wjolct. E2ix]g
Rhizoctonia solani 8l= WEW3} Z71¥eWe] RuEel glm
TAEUTE Bagul glout eyl oyt dF RaE ¢gl
T} Rhizoctonia solanil= TPHAF LR FE 2EAEY ASWa},
7105, B FUYIEE ol TR EAEAE YAsl
A I FAE FHEN] Ha, SAANE Pgsle gx
Ie WA @A) Aygdoge] g8 At EQAY
3rgsie] WAL ofs 2o Iole dakdol gt AEH WA, w
ATl A YA AT B3] FAHDL QoA FEel A

N

dz
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Hol & At $9l& Aoz AztE o}

T @FAECl EAeE Y AlojH: WA st
3L, EeA| 7} AAAE AMGE Ao BE ot ot ] uhy
Ny Beh=ZYul4E 5o AHe ALty gstd gaae 4
St A BAE HAsgn,

22 AE L Wy

1. 2% A

=2 AuiAle] 2ok st BN oA EouEag
PDA Wix] “gofl =whsle] 25T 7ol wlddt ¥ AN uy
=9 colony& #2| wigste] el 289 W3} x| o¥stel
AAE Fgshe M 271484 BHol& Ausion, o5
o BEE A J1Fg dnBes Husigdoh. 2 Ayl Sy
Tl AYEL Trichoderma 4-& FATgAHolN Zhujorye)
oA E miEo] A% A Hels= A= g},

2. A% Az gel

AUE AYd FolM Trichoderma 17) F+3(TROL), Bacilluse:
Al 270 F5(R19, R22), Pseudomonas 17] F-3 (JS4)E Yxjujod
AAFSt ZelA] 194 F2o] AR A e|sto] Tl 30X15cm A

BE FAsle] WE &L zAlstgdch

3. A AYF =dkx) 2aNe ad
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194 =8lr] 22 BT (Rhizoctonia solani)ol 73t
AYAEE Hole AT wigdetdo] YA|ste] AlHEH] o
At ¥ Z27)nkEys) eH Y g 2ARidEY #7958 A
UE 8¥Fo] 2Apslel 7|RA7HE vl glout $¥3Ee 129 3
of ¥l Fa|¥ ol oA /A TE RIS WH &S T3
dct.

4. A% =R Az FAFAL &3
7h. *98d 4% 10de] 29X & XA Azl 30 X 15cm 2 FA
¥ 549 2093} 64 1590 AT wiY WIS 13
23] Az|stz 8¥ 12¢ol E7IntEEE Al AYFEY AelE
g FHstgch ol A¥FY AUEE 10° - 10° /ml, Az
< F% 20 nl 4 FFPcE FAY AYFS FdE AEEAF
vl24 943k TROL, R19, R22 4 JS4 37 F-F& ZAAZul=|o]
wFste] FAlF2E ALg-3lolch

U thdAd =epAef oikt A¥gd Aelas
HEA2AIHE Eo] AuiFAd thdd =S 4344 H
94 Eepo] Z71FFE2 WG RS 6.15%0] 13] #F8to
8¢ 12d¢] &7ulEES RAIGR, FeHY2 124 Fol A

Fo] gt o] F4E ZAVSHAT
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A3d 23 & 24

1. 4% Ay

e A B LT A28 ARI] dEgd 2%
o WAE Y GAAEL s ARuR wiEHsA] B A
SBN BRRIe FUL AR YulPEoLt HEEf A ¥
Ag e Ayl uighzsivin AZEEE TR WAy ALE ¢
slo] Eefx| SREES JAste ZPu|AES AUstalch

=] AQuiAY] BGS A3t EGE AP oA iR}
848 Azt %ol FE(colony)S el wigsie] HuFd
Rhizoctonia solani$} thx] wjokdle] o] o] Q= ZAZAE
et A3 948 ZAYFO2E Table 1o]4] R Hig} o] B 3
ol N AMAFE LR Trichoderma harzianum 17) 3, 43¢t 2

o] A% Mg Ausiglrh

Table 1, Selected antagonists for field tests against

Rhizoctonia solani

) Trichoderma Bacillus sp, Pseudomonas
Antagonist .
harzianum sp.
No. of selected
1 2 i

Isolates
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Trichoderma harzianum® Fig, 20§ Hi= upe} go] oEwg
& dAstglstl Y8 712he Rhizoctoniadl FAE BA
obq WAZY FAE LAE A& e, oE e
Elads(1983)0] HAlgn|Bog ¥gt A3} Trichodermad®] -}
coilingZ FA7t F&H H9lo] B-1.3 glucanase ¥ chitinases)
Ao T FUT FA Bl glolAa A= IakstAl Wrixn
stodeh. & Aol AWt Trichoderma harzianum TRO1-E Elads
ol @7 Trichoderna T30t & AUAEL 2h= A2 W2ty
dct. AWH Trichoderma harzianum®) FA} RFLEE 23 2
2 10T oJstet 35T ool AAo] olEHUL Fo AR 2
0C~30CollN Hlw7 GTsigert 25CHA ALo] 744 Fokul.

AYI2E ¥ AT FolA Paenibacilluséy Fo] F2E
< Fig. 30X} o] =akx] 288 WAFA Rhizoctonia solani
8 #A AR At AAUE ¥, ol Ax) &Y
TAE WHB LR WHY A Fig 3004 B 4 e 2xY ¥y
o] A ERERE AZTL gafEo] ME WEEo| glolA Zat
7b AEshes Ao BEHGLL  ol:  Bacillusg  MlFoln}
Pseudomonass;y Md-&°] ¥FEAL A4 —L‘%‘_-Hl%}ovl FYold] FAb
AL Athe Y dF Rae Aze dAHE o 7}
el
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Fig. 2. Morphology of Trichoderma haziarum and antagonistic
action, A, Colony shape in media: B, Conidiophore: C, Dual
culture Rhizobium solani with Trichoderma haziarum: D, Coiling

Rhizoctonia hypae by Rhizoctonia solani,
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Fig. 3. Inhibition zone and hyphal lysis of R, solani by the

antagonistic bacteria, Paenibacillus macerans R19,
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2. ZA8F w3t Hal

Adeld Augt AgFEe] meha] 233 didA Zug
ZAAR o2 HAsy ¢3te] T. harzianum TRO1GF, Bacilluss
RI9 W R22, Pseudomonas < JS4& FFE wjoksle] @Etejg WEF
1948 228 HAste] Tabe] A Al Table 2004 B M}
o} el ¥ Aol Eelx IFge] o] Fnyt Woul £
gloll ulste] AFFE AT Ego] wtrh  FAele] WY Eol
Aot 2L EiA] THEL 24T EE 39S A5 Ul
AL 1AATE Bgo] sl HAdFo it Ago] &2 A
o2 F2Fn, FolN B ule} o] 7H&A AL AXe T
Qtoll E7InlEo] MAF yyY I LR WHFHo] IAFHE ¥
&o| Eeul A¥F A= FolME TROLY A&7} w2 F9k
t},
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Table 2. Efficacy test of the antagonists treated seedlings

by dippiﬁg method against balloon flower radix rot in field

Rate of radix

Antagonists Rate of stem rot(%) rot (%) Control value(%)
Control 5.2 21,2 -
TROL. 0.9 12.9 39.1
R19 1.3 15.1 29.3
R22 1.1 18.2 27.9
Js4 0.9 13.2 37.8
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Table 3. Effects of antagonists treated by soil drenching on

radix rot of balloon flower in field

Infected rate of radix

Antagonists rot, (%) Control value (%)
Control 34,0 -

TRO1 19.6 42.3

R19 15,4 54.7

R22 18.8 44.7

J54 19.0 44,1
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Fig. 4. Effects of Trichoderma harzianum TROl on suppression

of radix rot of balloon flower by treating times in field.
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Fig. 5. Antagonistic effect of R19 treated by soil drenching

on rot of radix balloon flower in field.
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Fig. 6. Antagonistic effect of JS4 treated by soil drenching on

radix rot of balloon flower in field.
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Table 4 Effects of antagonists treated by soil drenching on

radix rot of longterm growing balloonflower

Cropping THA RI9 B
vears Treat,  Gotrol Efficacy Treet, Grtrol Efficxy Treat, Grtrol Efficaxy
4 B3Ik L1x N2 H5 10 55 - - -

DO DO &0 42 W B8 W3 H6 41
D0 &0 @7 IS5 OO0 JI5 77 48 &8
¥5 ®BO DO DO B B3I D0 65 64
B3I U8 43 33 B0 W2 188 @O0 &6
87 1 N7 F5 H5 175 BRI OO0 45

w0 oo ~3Oo WL

* Infected radix rot (%),

Efficacy means control value of radix rot.
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Fig, 7. Effect of antagonists on suppression of radix rot of
balloon flower., The radix of control was infected from stem
rot, however, those of TR0l and R19 were healthy due to

inhibition by antagonists,
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