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Development of New Biofungicide and Seed Coating Technique
for Bottom rot and Sclerotinia rot of Crisphead Lettuce
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SUMMARY

. Tittle

Development of New Biofungicides and Seed Coating Technique for

Sclerotinia rot and Bottom rot of Crisphead Lettuce

. Purpose and importance of research and development

Development of new biofungicides and seed coating technique using
antagonistic  bacteria, Bacillus amyloliquefaciens A-7, Stenotrophomonas
maltophilia BW-13, and Pseudomonas aeruginosa LY-11 strain for Sclerotinia rot
caused by Sclerotinia sclerotiorum and Bottom rot caused by Rhizoctonia solani

on crisphead lettuce

Contents and extents of research and development

. Screening of useful antagonistic bacteria from soils

Identification of plant pathogenic fungus and antagonistic bacteria
[n vitro and [n vivo, antifungal activities of antagonistic bacteria, B. /icheniformis N1

strain

. Optimization of culture condition and mass production for Bacrllus amyloliquefaciens

A-7, Stenotrophomonas maltophilia BW-13, and Pseudomonas aeruginosa LY-11
strain.

Scale up of the fermentation process

. Formulations of the biofungicide

Control effects of the biofungicides in a growth chamber, a plastic house, and
the fields naturally occurred gray mold rot

Storage ability of biofungicide under the different conditions
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IV. Results and proposal practical use of research

¢ Objective 1 )

Development of microbial pesticides to control crisphead

lettuce bottom rot

1. Isolation and Identification of pathogen and antagonistic bacteria

Occurrence of crisphead lettuce bottom rot

The occurrence of crisphead lettuce bottom rot at Sinban-Ri, Burim—-Myeon,
Euryeong—-Gun of Gyung-Sang Namdo was investigated from October of 2003 to
November of the same year. The ratio of average number of diseased plants was
5.3%.

The symptoms of the crisphead lettuce bottom rot include round
water—-soaking light brown or brown spots on the crown of the plant. When disease
became severe, the symptoms were enlarged as irregular lesions and plant leaves
became rotten and finally dead as brown blight tissue. The subsequent infection of
the plant by sclerotinia and gray mold caused the dramatic yield loss on the

crisphead lettuce.

Identification of a causative pathogen

The candidate causative fungi were isolated from the diseased plant tissues
and tested for the virulence on the healthy crisphead lettuce. One of the isolate,
PY-1, showed the original bottom rot symptom and were identified as Khizoctonia.

solani AG-1 (IB).

- 17 -



Pathogenicity test
For the pathogenicity test, triturated mycelia—inoculum(As50=1.0) of PY-1

isolate was selected as the most effective inoculum showing disease incidence of
51.1% for the mycelial inoculation at pot assay. Otherwise, WSRP media—inoculum
(wheat bran, sawdust, rice bran, PDB media) of PY-1 isolate was effectual inoculum

showing disease incidence of 61.6% for soil inoculation at the plastic house.

Selection of potential biocontrol agents

A total of 702 bacterial antagonists were isolated from crisphead lettuce plant
rhizosphere and tested for in vitro antifungal activity against K. solani PY-1. Among
initially selected 7 isolates, an isolate BW-13 exhibited the excellent disease suppression
activity on seedlings and adult plants of crisphead lettuce. Growth inhibition zone assay
against the fungal pathogen also allowed us to select another antagonist LY-11. Plant
growth promotion activity was investigated using seedlings of the crisphead lettuce and
the isolate LY-11 exhibited the good plant growth promotion activity such as the
increase of root length, fresh weight and dry weight. Therefore, the BW-13 and the
LY-11 were selected to estimate the potential as microbial pesticide for foliar spray on

plants and seed-coating strain of crisphead lettuce seeds, respectively.

Identification of antagonistic microorganism
Based on microscopy, biochemical test and 16S rRNA gene analysis, BW-13
and LY-11 were identified as Stenotrophomonas maltophilia BW-13 and Pseudomonas

aeruginosa LY-11, respectively.

2. Development of biofungicide for bottom rot disease

Optimum culture condition of antagonistic bacteria BW-13

The highest cell density of As50=1.6 was obtained by 20 hr cultivation of S

maltophilia BW-13 and the density was maintained until 48 hr cultivation without
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signicant decrease of the OD. The optimum temperature and pH range for the

bacterial growth was 35C and pH 6~ 8, respectively.

In flask cultivation experiment

Measurement of bacterial density and assay of antagonistic activity of
bacterial culture broth allowed us to select the best carbon source and nitrogen
source for mass production of antifungal compounds from the BW-13 strain.
Dough-conditioner and yeast extract were finally selected as the best carbon and
nitrogen source, respectively. However, since dough-conditioner itself contained
12% of nitrogen compounds, we used dough-conditioner as a major nutrient for

bacterial fermentation culture instead of addition of yeast extract.

Establishment of mass—production of antifungal compounds

Therefore, we used a basal salt medium with 3% dough-conditioner for
fermentation broth. The bacterial density after 48 hr and 72 hr fermentation under
the defined temperature and pH condition was exceptionally high upto approximately
4.4x10% cfu/ml and 3.1x10% cfu/ml, respectively. The addition of 1% of sucrose in

the dough-conditioner media did not make a difference in the bacterial density.

Formulation of BW-13 for foliar spray

Various additives such as starches were supplemented into the 4 liter
fermentation culture of S. maltophilia BW-13 grown under the defined condition.
Among 10 different formulations tested, a liquid formulation using suncreamy as an
additive exhibited the excellent disease control activity without the toxicity problem.
Other formulations also showed good disease control activity but residual marks on

the sparyed leaves.
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3. Biological control effect of biofungicides

Pot assay at growth chamber

Ten different formulations of BW-13 strain were evaluated for disease
control activity against crisphead lettuce bottom rot in pots of plastic house.
Formulations such as BW13-A, BW13-1 and BW13-H exhibited disease control
value of 76.6, 75.6, 71.8%, respectively. This control value was significantly higher
than that of chemical fungicide Pencycuron with 50.6% of disease control value.
Since BW-13H showed residual marks on treated leaves. liguid formulation BW13-A
and BW13-1 were finally selected as microbial pesticide to control the crisphead

lettuce bottom rot and further tested in platic house.

Pot assay at a plastic house

The BWI13-A and BWI13-1 exhibited disease control value of 75.7% and
69.8% in plastic house experiment, respectively, while chemical fungicide showed
56.3% disease control value. Therefore, BW13-A was finally selected as a microbial

pesticide to control the crisphead lettuce bottom rot.

Storage stability of BW13-A formulation on foliar leaves

Storage of BW13-A at 4C and room temperature did not significantly affect
the number of viable bacteria during 6 months. The number of bacteria was
maintained at the level of 1.8x10" cfu/ml (initial), 1.2x10" cfu/ml (4°C) and
1.6x10" cfu/ml (room temperature). Therefore, BW13-A formulation is remarkably

stable irrespective of storage temperature.

4. Seed—coating technique for crisphead lettuce bottom rot and its biological

control effects

Establishment of seed-coating by Pseudomonas aeruginosa LY-11
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Seed coating of BW-13 was performed with various coating materials
including adhesives, various salt and gelling materials under various culture
conditions. Bacterial culture condition did not affect the activity for seed coating
and plant growth promotion activity. Although modified starch supergel was selected

as a good coating material, seed germination was not satisfactory.

Seed coating of crisphead lettuce seeds with Pseudomonas aruginosa
LY-11 was performed using carrier AF300, clay, zeosil, diatomaceous earth 325
with various concentrations. Seed germination ratio was 78.9, 71.1% according to
carriers but the germination ratio was lower than non-coated seeds. The seed
coating process using the material might make a damage on crisphead lettuce

seeds.

Alginate coating—seed technique by P. aeruginosa LY-11

Seed coating of crisphead lettuce seeds with Pseudomonas aruginosa
LY-11 was performed with more mild materials such as sodium alginate. The
alginate seed coating method was easy and showed good seed germination.
Therefore, alginate coating of the seeds was evaluated for disease control activity

and plant growth promotion

Effect of alginate coating to control the crisphead lettuce bottom rot

Suppression of seedling damping off by K solan/ in crisphead lettuce was
investigated with alginate coating seeds with the LY-11 strain and without the strain
in plugpots by artificial inoculation of the pathogen. Disease severity from coating
seeds with bacteria was 28.9% and that from uncoated seeds was 97.7%. Thus,
disease control value by alginate seed coating with LY-11 strain was 70.4%.
Similarly, disease control value of alginate seed coating with LY-11 strain against
bottom rot was 85.4%, indicating the excellent seed coating effect of alginate with

the strain LY-11.
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Colonization of LY-11 from alginate coated seeds on roots and leaves of crisphead
lettuce

Colonization of crisphead lettuce plant by LY-11 strain from the alginate
coated seeds was estimated from various plant parts. The cfu/g of plant tissues
were estimated as 6.8%107 and 1.3%107 in leaves and shoots of crisphead lettuce
plant and was 1.1x10° at the root tips. The density of bacteria in shoot tips or tip
of the leave were not detectable. The similar colonization of the bacteria were
observed from the 30-days old adult plants and the 50-days old adult plants. The
cfu/g of plant tissues in adult plant root tips was maintained as 3.1x10° and 1.8 x

10°.

Stability of formulations and coated seeds.

Storage of alginate coated seeds of crisphead lettuce above 15T induced
the seed germination and caused seed drying subsequently reducing seed
germination ratio. Since unsealed storage of alginate coated seeds at 4T also
caused seed drying, storage of the seeds at 4C by sealing was the best to
maintain the seed viability. Storage of the seeds at the defined conditions
maintained the stable bacterial viability upto 7 days from 4.5<10" cfu/ml of bacteria
(initial) to 2.0x10" cfu/ml of bacteria (7 days). The number of viable bacteria was

not decreased upto 50 days storage at the defined condition.
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(Objective 2)

Development of microbial pesticides to control crisphead

lettuce sclerotinia rot

1. Isolation and Identification of pathogen and antagonistic bacteria

Occurrence of crisphead lettuce sclerotinia rot

The crisphead lettuce sclerotinia rot at Sinban-Ri, Burim-Myeon,
Euryeong-Gun of Gyung-Sang Namdo was significantly occurred from January of
2003 to May of the same year. The ratio of average number of diseased plants
were 21.9%. The same disease was also occurred from November of 2003 to April
of 2004. The symptoms of the crisphead lettuce sclerotinia rot include irregular
water—soaking brown lesions on the crown of the plant and progressed into leaves.
When disease became severe, the leaves became rotten and finally dead as brown
blight tissue. Fungal mycelia and sclerotium were observed from the diseased
tissues. The subsequent infection of the plant by gray mold caused the dramatic

yield loss on the crisphead lettuce.

Identification of a causative pathogen

A total of 140 isolates of the candidate causative fungi were isolated from
the diseased plant tissues and 80 of them were identified as Sclerotina
sclerotiorum. One of the isolate YR-1 with the highest pathogenicity on crisphead
lettuce plant was selected and described in detail morphologically and culturally in

this report.
Pathogenicity test

The pathogenicity test of the isolated strain YR-1 was performed by the

defined condition in this report. the most suitable inoculum quantity of YR-1 strain
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was selected as the mycelial suspension of As50=0.8, 40 m/ showing disease

incidence of 94% at the whole plant.

Identification of antagonistic microorganism

A total of 702 bacterial antagonists were isolated from crisphead lettuce plant
rhizosphere and tested for in vitro antifungal activity against S. sclerotiorum YR-1.
Among initially selected 6 isolates, A-7 and Pro-EB-15 exhibited the excellent disease
suppression activity (91% and 90.1%, respectively) on seedlings and adult plants of
crisphead lettuce. Since A-7 strain showed stable activity, the A-7 was finally selected
to estimate the potential as microbial pesticide to control crisphead lettuce sclerotina rot.

Based on microscopy, biochemical test and molecular analysis of 16S rRNA

gene and gyrA gene, the isolate A-7 was identified as Bacillus amyloliquefaciens.

2. Development of biofungicide for Sclerotinia rot

Optimum culture condition of antagonistic bacteria A-7

The highest cell density of OD 1.0 was obtained by 14 hr cultivation of B.
amyloliquefaciens A-7 and the density was reduced dramatically 24 hr later. The
optimum temperature and pH range for the bacterial growth was 25C and pH 6~ 7,

respectively.

In flask cultivation experiment

In flask cultivation experiment, measurement of bacterial density and assay
of antagonistic activity of bacterial culture broth allowed us to select the best
carbon source and nitrogen source for mass production of antifungal compounds
from the BW-13 strain. Using the Bacillus basal medium with 0.5% of yeast extract
and NH4NOs3 corn oil and yeast extract were finally selected as the best carbon
and nitrogen source. Addition of other carbon sources for enhancing antifungal

activity production in culture media did not significantly increase the antifungal
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activity.

Establishment of mass—production of antifungal compounds

Therefore, we defined the optimum media for A-7 mass cultivation with
the following ingredients: KoHPO4 0.05%, MgSO4.7H20 0.05%, MnCle4H20, 0.0005%,
CaCl2:2H20 0.0005%, FeSO4 0.0025%, corn oil 3.0% and yeast extract 0.5%. a basal
salt medium with 3% dough-conditioner for fermentation broth. The A-7 bacterial
density after 72 hr and 96 hr fermentation culture under the defined media,
temperature and pH condition was exceptionally high up to approximately 56x10"
and 73%10' cfu/m, respectively. The antifungal activity of the fermentation culture
against S. sclerotiorum YR-1 was remarkably high with fungal growth inhibition

zone of 15 mm.

Formulation of A-7 for foliar spray

Various additives and carriers such as starches, suncreamy, vegetable oils
and cereal oils were supplemented into the 4 liter fermentation culture of B.
amyloliquefaciens A-7 grown under the defined condition. Among 24 different
formulations tested, a wettable powder formulation and a liquid formulation
exhibited the excellent disease control activity without the toxicity problem. Some
formulations also showed good disease control activity but residual marks on the

sparyed leaves.

3. Biological control effect of biofungicides

Pot assay at a growth chamber

Twenty four different formulations of A-7 strain were generated through 6
round of formulation process and evaluated for disease control activity against
crisphead lettuce sclerotinia rot in pots of a growth chamber. Formulations such as

A7-2 and A7-A exhibited disease control value of 90.2 and 83.1%, respectively.
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This control value was not significantly lower than that of chemical fungicide
Benomyl with 95.86% of disease control value. In conclusion, liquid formulation
A7-2 and wettable powder formulation A7-A were finally selected as candidate
microbial pesticides to control the crisphead lettuce sclerotinia rot and further

tested in platic house.

Pot assay at a plastic house

The A7-2 and A7-A exhibited disease control value of 80.5% and 79.1% in
plastic house experiment, respectively, while chemical fungicide Benomyl showed
75.2% disease control value. Both A7-2 and A7-A application showed significantly

higher disease control value than Benomyl application.

Synergy effect of A7-2 and BW-13A formulations for bottom rot and sclerotinia rot
at pot assay in a plastic house

Simultaneous application of A7-2 and BW-13A in crisphead lettuce plant
grown In pots in plastic house showed lowere disease control value of 70.6%
against crisphead lettuce bottom rot and sclerotinia rot compared to A7-2 single
application (81.3%). However, single application of BW13-A did not show effective
disease control activity against two diseases. Therefore, A7-2 alone can be applied

to control both crisphead lettuce bottom rot and sclerotinia rot.

Field trials in production condition.

Trial 1 in Euryeong: Application of 100-fold diluted A7-2, A7-A and
Benomyl in production condition of crisphead lettuce showed similar disease control
value of 84.7%, 84.3% and 87.0%, respectively. Dilution of A7-2 to 500-fold
exhibited 70.3% disease control value. The A7-2 formulation turned out to be

excellent microbial pesticide.

Trial 2 in Kimhae (Feb. 2004): Natural occurrence of sclerotinia rot of
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crisphead lettuce in Kimhae was observed and different dilution effect of A7-2 was
investigated in the production condition. Treatment of the 100-fold dilution of A7-2,
500-fold dilution of A7-2 and Benomyl showed 76.7%, 60.7% and 75% of
sclerotinia rot control value. The A7-2 formulation was the desirable microbial

pesticide at 100-fold dilution treatment.

Stability of the selected microbial pesticide.

The rifampicin resistant A7 mutant was generated by spontaneous mutation
and named as A7R. The A7R strain was used to evaluate the bacterial viability in
lettuce rhizosphere over time. The number of A7R in rhizosphere, on lettuce plant
leave and in plant crown was stably maintained up to 2.8x10" , 1.4X109, 6.8x10°

cfu/ml, respectively until 21 days.

Storage stability assay of BW13-A formulation on foliar leaves

Storage of both A7-2 and A7-A at 4C and room temperature did not make
significant difference on bacterial survival. Bacterial density of both liquid
formulation A7-2 and wettable powder formulation A7-A stored at 4C and room
temperature was stable over 1 year 8 month. In addition, antifungal activity against

S. sclerotiorum was stably retained in both A7-2 and A7-A.
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TMV Virulence virus '85
Tobacco Bacterial wilt Non pathogenic 85
P. solanacearum
Fusarium wilt Rhixosphere antagonists '87
P. gladioli '92
Non pathogenic strain of
Cucumber Fusarium oxysporum f. sp. '93
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Sugar beet Damping-off Pseudomonas sp. '88
Rice Blast, sheath blight Pseudomonas sp. 90

- 50 -



3, MAE A 2= w98 FA=E AT 9 el Blsl 20~30 9
Fol FHEMe dAE A=d FAC d2xa v AF4A dyzs 8 dAddntE
WA .2 cychloheximide® ¢ &AH lon, WA streptomycesitel o] %
MaculocinS &2 gF v} o} Al 8872 o2 Zim Q)
ok olAZAl Flell A WAAE AAE ol &3 WAHUALE A WAT 7 B ATt
ojfFo) X nFgH T WAL AC-1 #FE AEFTFLE TEI}I] AT AVAE S =

dAoln, AEsE FHFol

o
)
M
o
v
:[0
o
rot
i
)
lo
e

Botrytis cinerea®l &34 WAl & 78 & WA= 7+F AFAH HEE KBy
2 dEdH, o= 59w FAv(pyrrolnitrin), avocado(Bacillus subtilis), X% (Trichoderma
spp.), AFFH(Pseudomonas cepacia, W (P. cepacia, Bacillus pumilus, B. amyloliquefaciens),
citrus(Candida olephila), cyclamen(Ulocladium atrum)”’} BE1%3 t). AAMA Aoz <oF
40F9 AETYF AFol AW WAlE&oR ARAFHI =, Trichodermas & ©]&
sk A A Trichodex (Deborah &, W%E)9 Pseudomonas syringaes ©]-83F Bio-save
110 sol =eelA Al Qo 2 Ax g Byt ofyet AgAdS o] &3 nAEF

ohe A8 AWHA g3 ek

Sl A S S(AWEFTATL, 1992)0 ol B subtilisE B

Rl WA ARkl ARe AEHo Fasgon Sl A @A7A

o

23}

gk

7]

H

>

oo
Lot
2
-z
N
A
Sh
of
o
B
rl
=)
0%
il
off
12
ol

% 71Fo] vtaso] B3 B Aow

Zltiatar Aok H< BTAl w8 =52k FEE 10vjeld g AHA7IL & AxgA

i At Ads wg A"l ofs) 2000d =0l hgE E(FEW)= T
harzianums °©1&3 VA F o R AulmFolH ol v Hd a3t

(HEF =, 19935 glow dA Ala Foll AR 5).

pasa
rir
poy
o
fr
(=
il

2002 39 T ALOow aduteledo] mE G AFASH AWFFol§ HFA

5359 559 %o 003dEd AAES EASA,

- 51 -



o] NIN(HH

2003

K
)
oH

T

=13
=

el

ool v
REEE

1
FT

=
<]

10 <]

]

<]

=
=
=

o

A’
g,

=

K3
L.

R

= 91

AG FARGAE AEe] Pl mARe AH, 4F 4

k

=

& ol

=
1
T54 5

1

3

| DBI-3204, W] A&4+tA) AC-1, 1

B E] A Q) ‘B. thurringiensis %t

w AR 571
= A
T

1

pud

9]l O
of & 4
REACR

R

9l

L
o

=

A,

<
T

A9l DBH-129,
A,

=
KL1114MBF A& o] &

[e)

.

—

0
X

o
o
\mo
J)
o

]

3

Fel 1999l A 2002\ 7HA] = = 3HA

°

Q2

[¢]

1999\ B. licheniformis N1 52 #|Z3F SoyAA|9 &
o]

L

fu

AT el A

B
L.

i
1o

Bo
No
el
olp

H,

90% o]

& NI1EA A

Ak, A7} 548 NIKAA A 7] 9]

oko] WhA| 7 AS Bl 20040l A 20054
A wAgor 3Ad BW-13AA A o WA

Ho

b Ay

s

A E

=

=

1}

Q

a

3tAl A7-1 A A AA] WA

=
T

e shAl AT-2A4) Al <}

NN AR Holt 53 E4

ol

>4

X

Nfo

jans
Np

XO
B

- 52 -



F 5 FHelA Az T T vAE A5k JiTE vAdE AlE

o A= i+ T ATH A 78
5 ~ o1 5
RPEEP. Bacillus, Arthrobacter, st A xAF A Hpo] s} 1, 2
Pseudomonas & S35 | Fdvlolold a4 (1987)
: A 5
159 Bacillus AC-1 sHIg7IeY
e ° = (1994)
bbaci A A
waEy = Paenibbaciluus polymyxa A 3dA xgAd
Pseudomonas fluorecens (1995)
1 15eH A 3dA 2449
AN E= Paenibbaciluus koreensis A
° °e (1998)
Bl 2= S Abal A | Bacillus sp. A, 553k (2000)
al 329k o) B
O | | 24 2]
dFFoly Trichoderma harzianum
com ALy (2000)
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bbaci By =
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2EeEy (2004)
; ; e
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AQY94013 (2004)
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Hgrjel WAl kel A sheldel FARe] Wuke] Ayla ko] A

Fl
ol

o
AX A3E 7] AEA ol sl FEVF w8 we ko] s x7] A

- 58 -



e,
T
a2
o
fu
2
T
)
iih)
=
oz
e
1o
ok
ol
rl
2
SE
i
ofd
o
)
o3
)
I
<
<
&
Q
<
m
S
)
:
-~
ol
Do
()
o
N

U5 S (Rhizoctonia solani)(3 &, 1995)F =xte] Hixo] o Td 3 EQ1 A5
Al XM= T3 (Sclerotinia sclerotiorum), B%% &Y (Rhizoctonia solani), 22524
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2 A A3 AFEA Trichoderma harzianumS  ©]&3 F 2EEH  da ¢
Penicillium. spp., Trichoderma. spp.& ©]&3F 3XClAE|o}(Poinsettia) Y212 S4H WA,
Paecilomyces lidacinus, Burkholderia cepaciaZS ©)-&3F F 2 ®wA g, 27] w+=n}
EHe AETH whA|d o]gF WA FEIAMEIHNE XA Trichoderma. spp., 7HA <+
3o ZEW WA Penicillium ultimum< ©| 83 AES2 WAl 2 Bacillus subtilisS}
Trichoderma harzianum< ©]-&3% A& WAlo] #3 Bis Qo ofz olE o] &%
NAEEFFE 2 AFe ESFH7EAY AdAzAE AER Hols # SAAYE
T AEdrxgon APuAES ol &3 MAEFFS Hs e Fa Ak

Z3lo Ao MESH BHAZE el Pseudomonas fluorescens?t HH|dlE 3 &Aool
Pyrrolnitrin, Pyoluternin % 7]8-& E%o| AHsk o7 3o, <l Cladorrhinum
foecundissimum= ©]-&3F A A3}l 3 AT (Jack and Robert, 1998)¢} Trichoderma spp.
of o3k AA3 o] ta Bi(Jack and R.D, 2001)%F o] Q& B AFAFFoA e P&

Age LA 93 2YgrAEs FAEES of &3 vA=E AAe B A4= A A

MAES ol §d AAE BAT U@ g AR @A AT el F 4H
F 9 ol Qlojok sha the =AM AR FAoIA] o] Aok shul cheFat #7x7s)

o Agg=HE Yeld = lojof sty Ag7hA AETA WA Agte] HauE A Ml
5% F7 Bacillus$ 3 Pseudomonass: ¢l o7} thH o] o]
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A7 A ot AWEFT = 37 A 3H(biodegradation) HoFe] AFolA B aE o] gor}
& digt AEITH WAl AFAA = o] &HA &UW  Stenotrophomonas maltophilia
BW-13 & @H3It. B 7F= P. maltophilia®t Xanthomonas maltophilia® 5.3l
(hugh %, 1980)% 1th7F 19939l Stenotrophomonas 2.2 A% A = =4 (Norberto J.
Palleroni 5 1993), ¥ Ao FA A A<l BW-1317¥5E 16S rRNA gene sequence®
5% A3 S maltophiliadt 3} 99%9] FEeAHS BRIt B o o w3 SH o A=

spa WAl 712k obd WA ik gloms A%H ATt aHh
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Various host Botrytis cinerea Bacillus subtilis Antifungal compd.
Apple, Pear Botrytis cinerea Burcholderia cepacia Pyrrolnitrin
Cut rose Botrytis cinerea Pyrrolnitrin
Strawberry Botrytis cinerea Pseudomonas antimicrobica Antifungal compd.

Streptomyces griseovirides
Botrytis cinerea Fusarium spp.
Lettuce Yy Penicillium claviforme Cell respension
Exophiala jeanselmia
Rhizoctonia solani Cladorrhinum foecundissimum
Agrobacterium . . .
£ . Agrobacterium radiobacter Agrocin
tumefaciens
Seeds various pathogens Bacillus subtilis Antifungal compd.
Rhizoctonia solani Pseudomonas fluorescens Pyrrolnitrin
Cotton . . . .
Pythium spp. Trichoderma harzianum Pyoluternin

. Pythium spp. . .

Various host Y o bp Pseudomonas cepacia Antifungal compd.
Verticillium spp.

. Fusarium spp., . .. .

Various host . PP Streptomyces griseovirides Antifungal compd.
Pythium spp.

. Fusarium . .

Various host Pseudomonas putida Antifungal compd.
oxysporum

Giesler 5(1989)2 ztt]e] B&te HFHH HAlo S maltophilia C3TFE biological
agent® o] €3}, Dunne 5(1997)-& Pythium ultimum & A S. maltophilia W81 I
FZ2  o]&3lg e, Nakayama 5(1999)%5%  At®4o]  damping—off WA
Stenotrophomonas spp.<] xanthobacin® AT+Z23E H st 9t} Zhang 52 1997 %
Y 200197bA S, maltophilia C3 w9 WA Xtol] tigh chitinase 54% 7]12AF
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e, WA HFE WA = PDA gFadujA|o] ol 4star, 25Tl 153 Wik § Fsdn 7
oz A B3 FHE ASATE AR @RS FAH AT PY-1S PSA(Potato
sucrose agar)Bl Ao Al 1~34zt vlF(25C)etar EHS 5 m oF AHES DA Eefol=
22 fol &8 ¥ 25T FAdA 1~2¢3 wigst Atk ol & HCl-
FA ] FAME W 3 FE AEAT dAMS S AN dEHTATARTH
Bordko AGL, AG2, AG4, 23 Rhizoctonia spp. 598 E&T7T5 FAHYT PY-1 ¥
A AzAA 2 G EFHFAMA 2~3 cm A E Fau &8 ¥ oS 25T wid7)
oA 1~24zF X wjsle] TAIHER-YE 335HE v 4 (Zeiss, Germany, 4008))3Foll A o
AL o 75 #Esk . olw], AGLY ¥l ¥ (subgroup) A4S 913 PY-1 #5F5 2~3
A

WA el A e ¥ st Asta00u)el A Fele A7) B JEE xAleie

9
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)
3
—
©
0
<

IASH IB2 &3t vh(d €, 1993, 1994).

o
vy

CEEEL

\]

ERel AENL F0)5te]
Fo AelrEs A

FABATE PY-1 w52 G349l 3
% =
kel dcl, WA A ZZRF A (triturated mycelia-inoculum) HEUS PDAR| X o] # u)j oF

g zAel 13 AY 15

RS

ojN

3 PY-1 #F+E& yeast extract glucose broth (YGB, glucose 15.0 g, KoHPO4 5.20 g,
KH>PO, 43.18 g, NH4Cl 0.54 g, yeast extract 0.50 g, MgSO, 0.12 g, distilled water
1 Dell 643F A= F(150 rpm, 25C) & 5 FAS Aeo] Peol252 53] AlFstaL
B 7)1 (Waring, USA)E 15%7F T#AIE Awste] 94389 (pH 7.000.2 E%(As = 0.6,
0.8, 1.0 =Aste] FTAo= ARSI 52 WRSPHiA| HEAs o]&3k3l=d,
3000 ml§ AHzhEeks=e] WRSPHA| (2712 w4 F4 PDBHIA|=30 g@ 10 g 10g:
100 ml, w/w/w/v)E & E3tete] nadd (121°C, 202)3kaL o7ld pY-1 Wdde «
A9 mm)S 1070 o] AgF F 25T<] &-&7]d 353k wjFste] Mo AL 4AbzbEet
Aol 8] HAW A 1 LE F7bete]l £4712 156 23 Zol HFdew o] &}
Atk old], HAFEARF HITA2 TEANE 30d" AF el 9 40 mlE F

SlE FyaEsiglon, WRSPHIA HEHS LEW ESF 800 ¢ & 20, 30, 40 mlo] A
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702 w7 S EH AT 7 BT E PDAR AL A WA PY-1dF9F 25T 5~7
g 2ol AUt 2 ATE 1Y
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Ade 7 #5555 424 Nutrient broth HiAoll A 1d3F &l FB0T)E 5 Al -+

A(1x10° cfu/ml)S ZAete] ZeaXEC TFsle] 2578 ATEF R 9 LE A4
T 4F(IE F 8F)E AAXEC 2+ 50 ml, 100 ml¥ FaF ERHZEHACT. olAL
25C Ao 247 B33 th8, Yeast extract glucose broth (YGBu]A])ell Al = &lujj <k

O X
‘_I:ll‘
ot WA PY-1 #59 #AZRZ BN (Ass=1.0)2 FHol 10 ml, A& 40 ml & 23

=

At Al A73F dell FaF 2% HEsa(Kim 5, 2004), 3§ EEhAE 820
&AM 74 o5 WAVIE AT ZF AEl e SEEH 3R o R Algstdlon o
o, WAL S5 dFE AT er AT Adstal v gEEeF Azl o] 8383
W, HEAWL AP 9 g¥ KT-25 LY-11, NI,
Pro-EB-15, CT-11, CT-13 & 63t 5l et @agAagtel teh dAASAAEAE =
A

Aste] BB B ATS Frhm AwsAh £, o5 A% AT ATEH

A

(1x10” cfu/mDE FAbell Aejste] f o], 2 AA R A2FE 2AEL f2 A

[e)
“q‘
AEE Hl Aldts FAAE =gt Az o&d ddAdor HF Adsdnt

i, 2Z W B2 EFALAN IF FAES TN AF

s

FHdxzA Jhde] ogd AYgHoer HIFAARHE BW-13 #5 9 F7F2 R-13

S 2A kA
Aol A FEAMS HARS A4 PR sdd dHor ST AYTEes
R-26, R-26+BW-13, R-13+BW-13,
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Ab A AgATEY A

HE Ay GUAEA vAEFoF Az ol&d A3 vA=E BW-13 o5 2 T
E T olgdE AYnAE LY-11 ¥F9 FAHZ $ste] FHHxEn A
(TEM)& o]&3 e oz 2 API system (API 20E kit, bioMerieux, France)Z& ©]-&3%F

BeA 54 2Asgom, Je A5 542 Bergey's manual® 7122 she] %

1) TEM(Transmission electronic microscopy)< ©]-&3F &&=z
BW-1315% Nutrient agar(NA)BJ X[l A] 14 7F vl & o] AdFFHL 33 57+
2 1/2, 1/4, 1/16, 1/329] o=z 38X &1, gride 77+ 3|A % Alfifade] 23

%
1% aqueous uranyl acetateE "ojrty] 1~28 HWXslo] Ao FEe ARE AT

ut

olul. negative staining< grid 919 1% aqueous uranyl acetateZ =] 2]} it}

2) Al - A 54 9 APT test A4
Bergey's manuale 7|%=2 st 283G F7|A%, =% A}, catalase, protease,
A 7h e 58 ARSI T Gram staining % A g - 384 SA4S ZAbste] A5

3 T3 API system(API kit 20E, 50CHB, bioMerieux, France)< ©]-&3to] %A 3a9it}.

3) 16S rRNA gene sequence analysis

BW-13 759 A3 TAHS 93 16S rDNA sequence £ 9)3&to], LBH| A<
A 197 ke AlF S ZRE Genomic DNA purification kit (Promega, U.S.A)S A}-&3}
o] chromosomal DNAZE ZFH|stl o™, 16S rDNAS 25 93t primere universal
primer 27mF (5'-AGA GTT TGA TCH)¢} 1492R (5'-GGY TAC CTT GTT ACG ACT
T-3)& AH&staith. PCR "8 7] WA vh&(95TC, 3, 3039 SFHRES(947TC, 13
45T, 30%&; 72°C, 13 30%) 1ela HF ANS(72C, 51) o2 FH3I PCR W
B FF 50 pl 99 oF 40 ng®] DNA, 1 x Tag DNA polymerase €% 0.2 mM]
Zy dNTPs, 2 mM<9 MgSO4 183 0.25 uMe] primer, 2.5 units®] Tag DNA polymerase

Al

010

N

F €35tk PCR product® pGEM-T vector (Promega, U.S.A)°l| cloning3ti o™, 7
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AFo] 4714 94L GenBankel Al BLASTNC & £ 3¢lt). 2 F4

Ty AdekM BW-13
F9o] 16S rDNA 9714 dS AAS PAUP ZE21#9 default setting & Maximum

parsimony 4% T3 ASTEFE AXE Aoy, AFTEF treed AFHE H3 200
3] ¥Hi o 2 Bootstrap 412 33}
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2. 97 2%

hoREH Y A4S AT 29 2 4
DoREAeY B W wwe 24
20034 109614 119Abolo] ZAdE o Bl Avtele] 2745 A =
g 92 %ol WA WEHLW WAL 2 A, W o|BFEE 5.3%019

CH(Table 1, Fig. 1A). ¥5X 8] #HALe o % ] 5
 Ux ey g2 e 44 ARFH7F Yefya, JAdEE S dF%o R

A
goz A stfEo] A= Qo] FEA Ha 7 WetH FolAF et FH= T4 B

ZE Qo (Fig. 1B, 1C, 1D). 4, WA 3w vl o 2214902 gy Al gsgo]
Hol fukxlo] & o] & J3E FAEd, 710] tha Fa vy} ol 9= HwpEHo]
u 7FSRI7E AlSE = A7) 877 JE A A Bate] EojE ol 1 el Ha A

Table 1. Occurrence of bottom rot of crisphead lettuce caused by Rhizoctonia solani

in crishead lettuce fields at Gyungsangnam-do in 2003

Plastic house? Disease severity index (%)°
I 0.004
I 6.6
I 6.8
v 8.5
Vv 8.0
VI 2.1
mean 5.3

? Plastic houses were selected randomly.
" Disease severity index (%) was obtained by estimating the number

of plants infected by Rhizoctonia spp.
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Fig. 1. Occurrence of bottom rot caused by Rhizoctonia sp. on crisphead
lettuce fields in 2003. A, Infected crisphead lettuce in the fields eventually died;
B, Infected lower leaves of crisphead lettuce at early-heading stage; C, Infected
bottom lesion of crisphead lettuce at mature stage; D, Typical symptoms on

lettuce induced by artificial inoculation of Rhizoctonia solani PY-1 isolate.
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Hol PY-1 5% Rhizoctonia solani® A E N o™, PY-1 #F9 FA EFTF99]
A E ARE #Es Ay AGL v ESH §Es= o] #EE PY-1 w5

o &elE Aow FelEgdth(Fig. 3B). w3 AGLY wlgd Ao A= ALY A ¥}

TAFY BEHFHOEZRE FE3 d#FES R osolani AG2-1, AGL-IB, AG-IC, AG-4
2 binucleate Rhizoctonia spp.clUTt H s E=d, B A A e FAHLHPY-1
TFE AG-10 &kl en PDA iAol A Z7]el fAe] Az WA SAtE G U
of HaM T dEMor WaEdlon, hAAe] RAY e 7o #¥S FAsAL,
TAFE skl EA4E A 270 ol S JHA AL AU TH(Peter william wareing, 1987,

Kim, 1993). ¥ Ao FAW A Rhizoctonia solani PY-1 #F5 thg Ao} 2o
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Fig. 2. Cultural characteristics of Rhizoctonia solani PY-1 (AG1-IB)

isolate grown for 5 days on potato dextrose agar (PDA) media at 25C.

Fig. 3. The branching near the distal septum of cells in young vegetative hyphae
(A), hypal anastomosis between PY-1 isolate from infected crisphead lettuce and

Rhizoctonia solani AGl (B) and pseudohyphae of PY-1 isolate (C).
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SRS H AT R solani PY-1

7

E

=
WRSP #jj #]

0
G

mo

—_
o

oH
K

an
B

ED50 #tell 7M7he AFY A2 X+ WRSP

.

1

e YER

A2 Al 92

al

Rus

A 40 ml

=

A 4%

el
o]J

o

0
o

o]
£

3l A vh(Fig. 4).

5

=

)
- 73 -

)
= A

et
R

4

=

o

WRSP #j A 3

-

Ju

Auf HAHEo=



70

—A—0DO0.6
60 ' _o_opos
:,\3 —O0—0D1.0
o 90 _a20mi
8 —e—30ml
§ 40 r _m—dgoml
g —>¢— Non.
o 30
©
$ 20
[m]
10 |

0 = i i
1

incubation periods (days)

Fig. 4. Selection of effective inoclumn concentration of Rhizoctonia solani
PY-1 isolate for the pathogenicity on crisphead lettuce at pots in a
growth chamber. Disease severity index (%) was obtained by measuring
the percentage of infected leaf area on each plant by R solani PY-1
1solate. Assp = 06 (-2-), 0.8 (-O-) and 1.0 (-0O0-) of triturated
mycelia-inoculum ; 20m¢ (-a-), 30m¢ (-@-), and 40m¢ (-H-) of WRSP

inoculum ; —-X-, non-treatment.

2) mAEge JAY % ARl AH Ao Y
R. solani PY-1759] FAZZAN-Fole] Heze] me ma=ge a9y 4%
S ANE A%, FYIEE ARAA 1 FUTT 1 miAs=0.8)% A

2]
50%2] ol FEE HEtlo] 7 A AT AgFer AL AtH(Table 2).
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Table 2. Pathogenicity and selection of suitable inoculum volume of R. solani AG-1

on crisphead lettuce at plugpots experiment

Disease severity index (%)?

mé/plant”
1 day 2 days 3 days 4 days 5 days 6 days 7 days
1 24 .4 40.0 41.1 44 .4 46.7 47.8 50.0
2 32.2 44.4 52.2 61.1 65.6 67.8 71.1
3 57.8 65.6 73.3 86.7 100 100 100
Control 0 0 0 0 0 0 0

Disease severity index (%) was obtained by estimating the number of plants

infected by R. solani AG-1

P triturated mycelial suspension (Assp = 0.8)

ol 9% WA erdde &

olu oA = 92 2
2 Q7 AHEL JAAHEA B SdHAT o] AsiAd E7]e] A AT
7 AFaA o Hol Ax FE7F 2eAa AeA e e S0 Wste] Ho] whit
= At Fig 5).
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Fig. 5. Symptoms of damping—-off caused by Rhizoctonia solani PY-1

1solate for the pathogenicity on crisphead lettuce at plugpots in a growth

chamber. A, spot rot on stem; B, spot rot on leaves; C, irregular spot

rot on leaves; D, rotten leaves; E, fallen seedling; E, decay of seedlings.
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Table 3. Effect of 7 antagonistic bacterial isolates on the in vitro growth of

Rhizoctonia solani PY-1 in growth inhibition assays

Antagonistic bacteria Inhibition zone
R-13 +?
R-26 ++
R-39 ++
RH-1 +
RH-4 ++
CAA-2 ++
BW-13 +++

4 Symbols: +, Inhibition zone less than 2 mm; ++, Inhibition zone between

2 mm and 5 mm; +++, Inhibition zone more than 5 mm.
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Fig. 6. Growth inhibition of three Rhizoctonia solani strains by 7 bacterial
isolates on PDA medium. R. solani strains were isolated from diseased
crisphead lettuce obtained in plastic house at Uiryeong—Gun, Gyeung Sang

Nam-Do. A, R. solani PY-1 ; B, R. solani AG 2-1 ; C, R. solani AG-4

12 Aarsl 7 #3972 AR A(1x10° cfu/mD)e FEE 50 ml, A= Zhzt

4

100 ml¥ &5 HESAL 24417 Foll Medw #APRARFAE FEAE 10 mls, AAdE

k]

40 ml A HEsa FF 109 Fo] FAZE 2AEAY 2 A3 FRlA R-13 A7)
82.4%9° WAZIE Mg Eokal, theS BW-13, R-26 &

= Yeld 2 99 #FES BT 50% nnte s vre wA|7tE et A A E
o= BW-13 #F7F 70.3%2] WAZtE 7b $5e9a, teo 2= R-13, R-26 o=

o7 77} 72.4%, 63.7%<] A7}t
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247y 65.1%, 634%2° WAZFE e AT wEk el Al B RAVEE =99

BW-13 #5E& QWY A vAEFY Az olf8d Aggo=z FHF HAHE3At(Fig. 7,

8)
aa
100 - M Seedlings
b OJAdult plants
S
)
S
©
>
°
c
o
(8}
g
\
&‘o
°
Treatments

Fig. 7. Effects of bacterial antagonists on seedlings and adult plants of crisphead lettuce
infected with Rhizoctonia solani in the growth chamber evaluations. Disease control
value (%) was calculated by estimating the percent (%) of non-infected leaf area on
each plant by R. solani PY-1.

* Mean separation by Duncan’s multiple range test at 5% level.
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Fig. 8. Disease control effects of Rhizoctonia bottom rot of crisphead lettuce by the

antagonistic bacterial isolates in a dew chamber. A, RH-1+Pa ; B, BW-13+Pa; C,

Pathogen (Pa) only; D, Control.

FHEAEA Az o]&d AFF o HFT Ay BW-13 #59 2xd =] F7}
= 3
of et dAFAAELRE A A3, BW-13 @59 LY-11 #FA 27}
70 mme] =2 AAUE RS HTable 4).

A

g9 67 F(KT-25 LY-11, N1, Pro-EB-15, CT-11, CT-13)& &A|slo] 254 &
4
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Table 4. Inhibitory effect of 14 antagonisitic bacteria on mycelial growth of £

solani PY-1 on PDA medium

[solates Inhibition zone (mm)
BW13 4.5 b?
KT-25 0.0 d
LY-11 7.0 a

N1 2.8 ¢
Pro-EB-15 2.8 c
CT11 0.0 d
CT13 0.0d

? In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.

o5 2°¥TE X¥S F 11 75 A74F Tl AHEs & fFH AFFHay
= A A3 LY-11 #57F BW-13 #FH} f29 do], B AT 2@ dAxTe =
Jaarr ot -Fed. mEkA, FAAYAAEFG Axo| o]&dd AIAgo=R

LY-11 #55 HF AL3HA = tHTable 5).

oldel A¥=E, BW-13 w5 WA WAE dudzaAl idel, Ly-11 &5

-

= FAAE v el o8 g dIddor A7 HF AdHd.
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Table 5. Growth of coated crisphead seeds with the each 11 antagonistic bacteria

Isolates Length of Seediing
young root (cm) Dry weight (g) Fresh weight (g)

R-13 10.6 ¢* 114 e 3.0 ¢
R-26 13.7 a 16.5 a 3.5 b
R-39 11.0 ¢ 12.4 d 3.8 a
S-8 13.4 ab 15.5 b 2.6 de
LY-11 13.8 a 16.6 a 3.9 a
BW13 10.3 ¢ 12.8 cd 2.6 de
Pro-EB-15 13.7 a 15.5 h 2.4 df
RH-1 13.0 ab 14.7 b 3.9 a
RH-2 13.4 ab 15.1 b 2.3
RH-3 11.0 ¢ 12.2 de 3.5 b
RH-4 8.6 d 104 f 2.3 f
Control 12.8 ab 13.5 ¢ 2.7 d

* In a column, means followed by a common letter are not significantly different
at the 5% level by DMRT.
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Table 6. Control effect of single treatment and mixed treatment of A-7, R-13, R-26, and

BW-13 to R. solani PY-1 on crisphead lettuce at pots in growth chamber

Control value (%)

Treatments 7 days after inoculation

R-13 + Pa 86.7 ab®
R-26 + Pa 75.3 b
BW-13 + Pa 89.4 ab
R-13+R-26 + Pa 90.1 ab
R-13+R-26+BW13 + Pa 96.6 a
Pathogen (Pa) only 0.0 d

Control 100.0 a

? In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.
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Fig. 9. Control effect of single treatment and mixed treatment of A-7, R-13,
R-26, and BWI13 against R. solani PY-1 on crisphead lettuce at pots in a
growth chamber. A, A-7, B, R-13; C, R-26; D, BW-13; E, A-7+BW-13; F,
R-13+R-26; G, R-13+R-26+BW-13; H, A-7+R-13+R-26+BW-13; I, Pathogen

only; J, Control.
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uh, A 43 AT 54
1) BW-13 #F¢ 53

SR EE R
o @Ayt getdn g 2 g

1
gov Awsk Qo £FYl A Ao 2AACHFiE. 10). £, Yoy 54 24

3l A3} catalase, protease® Al I18]3l starch E35o] YANeH, citrate®t glucose

o] &3t L, oxidased FAAWHES YERWTH Eg e AEES hRESE ¢ e
ol

chitinase &7 WEFA N vjv| g

R

Aol A - Astety 2 sty EAS Bergey's manual®  ®Hlud A}

Stenotrophomonas maltophilia®t 7} A8 tH(Table 7).

Lo

Fig 10. Transmission electron microscopic (TEM) images of the BW-13 isolated

from soil. (Magnification : A, X30,000 : B, X30,000)
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Table 7. Comparison of the cultural, physiological and biochemical characteristics of an
antagonistic bacterium, BW-13 compared with Stenotrophomonas maltophilia type strain

described in Bergey’'s manual

Characteristics BW-13 Stenotrophomonas maltophilia®

Gram strain — —
No. of flagella >1 >1

Endospore formation — —

Cell diameter > 1.0 um —

Anaerobic growth + +
Growth in NaCl 2% + +
5% + +

7% - +

Growth at 20T + +
25C + +

30C + +

35C + +

37C — +

Growth at pH 6.0 + +
pH 7.0 + +

pH 8.0 + +

Activity of Catalase + +
Protease + +

Chitinase +° -

Starch Hydrolysis + +
Nitrate reduction + +
Utilization of Citrate + +
Glucose + +

Sorbitol — +

Oxidase reaction + +

Plant pathogenicity — —

? Refer to Bergey’'s manual

> The BW-13 strain exhibited a very low chitinase activity in chitin agar plate assay.
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1) API system, 16S rDNA sequence analysisS

off
et
offl
ox

API system®] #2413} 16S rDNA sequence #2143} Z+7z 98.8%%} 99% 2]

FAIES Bt w3 ASEFZAH B4 Ay BW-13¢] database® S. maltophilia®t 7173

M

fFAEE Ao g yehyth weld B FE S maltophilia BW-1322 HF 543
(Fig. 11, 12).

1 GAGTTTGATCCTGGCTCAGAGTGAACGCTGGCGGTAGGCCTAACACATGCAAGTCGAACG
61 GCAGCACAGGAGAGCTTGCTCTCTGGGTGGCGAGTGGCGGACGGGTGAGGAATACATCGG
121 AATCTACTTTTTCGTGGGGGATAACGTAGGGAAACTTACGCTAATACCGCATACGACCTA
181 CGGGTGAAAGCAGGGGATCTTCGGACCTTGCGCGATTGAATGAGCCGATGTCGGATTAGC
241 TAGTTGGCGGGGTAAAGGCCCACCAAGGCGACGATCCGTAGCTGGTCTGAGAGGATGATC
301 AGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATT
361 GGACAATGGGCGCAAGCCTGATCCAGCCATACCGCGTGGGTGAAGAAGGCCTTCGGGTTG
421 TAAAGCCCTTTTGTTGGGAAAGAAATCCAGCTGGCTAATACCCGGTTGGGATGACGGTAC
481 CCAAAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAG
541 CGTTACTCGGAATTACTGGGCGTAAAGCGTGCGTAGGTGGTCGTTTAAGTCCGTTGTGAA
601 AGCCCTGGGCTCAACCTGGGAACTGCAGTGGATACTGGGCGACTAGAGTGTGGTAGAGGG
661 TAGCGGAATTCCTGGTGTAGCAGTGAAATGCGTAGAGATCAGGAGGAACATCCATGGCGA
721 AGGCAGCTACCTGGACCAACACTGACACTGAGGCACGAAAGCGTGGGGAGCAAACAGGAT
781 TAGATACCCTGGTAGTCCACGCCCTAAACGATGCGAACTGGATGTTGGGTGCAATTTGGC
841 ACGCAGTATCGAAGCTAACGCGTTAAGTTTGCCGCCTGGGGAGTACGGTCGCAAGACTGA
901 AACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGC
961 AACGCGAAGAACCTTACCTGGCCTTGACATGTCGAGAACTTTCCAGAGATGGATTGGTGC
1021 CTTCGGGAACTCGAACACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTG
1081 GGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCTTAGTTGCCAGCACGTAATGGTGGGAA
1141 CTCTAAGGAGACCGCCGGTGACAAACCGGAGAAAGGTGGGGATGACGTCAAGTCATCATG
1201 GCCCTTACGGCCAGGGCTACACACGTACTACAATGGTAGGGACAGAGGGCTGCAAGCCGG
1261 CGACGGTAAGCCAATCCCAGAAACCCTATCTCAGTCCGGATTGGAGTCTGCAACTCGACT
1321 CCATGAAGTCGGAATCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCG
1381 GGCCTTGTACACACCGCCCGTCACACCATGGGAGTTTGTTGCACCAGAAGCAGGTAGCTA
1441 AACCTTCGGGAGGGCGCTTGCCACGGTGTGGCCGATGACTGGGGTGAAGTCGTAACAA

Fig. 11. 16S rDNA sequencing result of Stenotrophomonas maltophilia BW-13
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gz

L]

ene bhank Ho. Strain

——BI-173

60 ¥959z3 Sherofrophomonas malfophilia

a1

LT 293473 Sterofrophomonas malfophilia

Uazedt  Shevofrophomonas gfticae
ATO1Z2228 Stenofrophomonas vifrifireducens

LI 293463 Sterofrophomonas rhizophila

BY

100

i,—}CEI 5821 Xawthomonas orpzae
XRLR20  Fowthomonas fragariae

HE5518  Tawfhomonas aroncpodis

AT01223] Frewdoxanthomonas broegher versis

Ha6b0l  Fplella fastidiosa

A06684  Fsewdomonas agruginosa

M11224d  Fsewdomowas fesfosfer ol

Fig. 12. Phylogenetic tree by rRNA gene analysis of the isolate BW-13 and other

related bacteria. The tree was generated by the Maximum Parsimony Analysis of PAUP

program. Bootstrap values are shown for each node that had >509 support in a

bootstrap analysis of 200 replicates.
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2) LY-11 #5¢ 54
LY-11 ##59] 16S rRNA #4& AA|at3 NCBI® blast programs &3 &4
A3, LY-11¢ 5% Pseudomonas aeruginosa (NCBD)®} 99% 54 A\ Pseudomonas
aeruginosa LY-112 SA S AHFig 13). WekA, o5 F 50 o3t A44F 58S
oAl gk AESHA A ATt e WAA el o] §H AR 53] =50 o

F 58 % =pEae 389 selwst F Aoz HuHAh

oL
tlo

—_

GGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAGCGGATGAAGGGAGC
61 TTGCTCCTGGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTGCCTGGTAGTGGG
121 GGATAACGTCCGGAAACGGGCGCTAATACCGCATACGTCCTGAGGGAGAAAGTGGGGGAT
181 CTTCGGACCTCACGCTATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGGGGTAAAGG
241 CCTACCAAGGCGACGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAG
301 ACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCC
361 TGATCCAGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGG
421 GAGGAAGGGCAGTAAGTTAATACCTTGCTGTTTTGACGTTACCAACAGAATAAGCACCGG
481 CTAACTTCGTGCCAGCAGCCGCGGTAATACGAAGGGTGCAAGCGTTAATCGGAATTACTG
541 GGCGTAAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCTG
601 GGAACTGCATCCAAAACTACTGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGT
661 AGCGGTGAAATGCGTATATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTG
721 ATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCC
781 ACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAAC
841 GCGATAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAATGAATTGACGGG
901 GGCCCGCACAAGCGGTGAAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCTG
961 CCCTTGACATGCTAAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCAGACACAG
1021 GTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGC
1081 GCAACCCTTGTCCTTAGTTACCAGCACCTCGGGTGGGCACTCTAAGGAGACTGCCGGTGA
1141 CAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACA
1201 CACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATA
1261 AAACCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAG
1321 TAATCGTGAATCAGAATGTCACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTC
1381 ACACCATGGGAGTGGGTTGCTCCAGAAGTAGCTAGTCTAACCGCAAGGGGGACGGTTACC
1441 ACGGAGTGATTCATGACTGGGGTG

Fig. 13. 16S rRNA sequencing result of Pseudomonas aeruginosa LY-11
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A3 LFHSY BAE dHLEA MAYETF AZTETH

1. 47538 44
7}. S. maltophilia BW-13 #5929 JAu|dzA 3
1) AzrEetea w

7h) AR
ey WAS dudxa sl ddtd BW-13 w59 HAME AP
ZAFsE AT NBuj Ao A 2441 3F St ¥st BW-13 &9 Al FF9 50 ml& 1,000 ml
& A7tz ~39 500 ml NBoj A o] HE&38k3 30Co A 160 rpm o= 4847+ Z ehujj k3
Mo2ARE Ao R ASARE AT 74 AIRE 10w F4ste] ZF3=A
(spectrophotometer, Parmacia, Biotech, UK)olA OD#t& A8t ow, 7t A&+ & 5%k
4, 33 A A8

W) A5 =% 9 pH

AA ] AFxAt M9t FAdG WHoR S5l o, Hele= 5T HH o=
20~50TCAFel el Al ZAFSAL, pHE pH 4~8AFolel Al pH 1 7H4 =
A8A 7 Wi o3 ZF AlBE 10wW) 3 A sle] B33 = A (spectrophotometer)oll A ZF A4 @

5ubE, 33 dAlgte] OD#k& 745kl

o} A
BW-1373E 300ml € AZZgx~=9 100 mlY Pseudomonas v k& 7]

o

P

Hj
A (KHPOs 1.25%, KHoPOs 0.38% MgSO, - 7TH.O 0.01%9)] A EA 429 (Cellulose,
Fructose, Glucose, Lactose, Maltose, Mannitol, Mannose, Sorbitol, Surcrose, Trehalose)}

B gl AMAFA, SE5AR, DA, SAY, 498y, Ve 47 3% 5

’ ’

Rl

Ju

HA7bstal, A9 yeast extract™ 05%7F HEF H7EetATh o 7o NBujA| oA 24
Auj et MR A (As0=1.0) 1 mlS HF3ta 543 JA-GHILFE0TC, 160 rpm)se]

k1

>
N
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dAE FFete] AR 109 34 F ZFFEAGO mE OD #e FAsATh o W
HE2T2E NBUlAE ALESth e, 232 13o]A OD ghol =3d ez g% x

24 g AAZA v o) Arlf Foistel 44 Baue Austach
&

=
o] PDAMRR| M H A+ R. solani PY-1 ¥F¢F 547 x| ujkste] Ax el AAE ZA}
AT 2T 2= NBHlA| S AH8-3F3

Zh) A
BW-137t¢] Aol wAs dade JFe A6y 98 71zl gl

AoAdd e AMNEAG%E ket eAE AEA A

B>

2l (Casein, Casamino
acid, (NH)2SO,, Beef extract, Yeast extract)® ¥z} AAA(HFa, 71 A 7FF)
= A7 05%% H7bete], At (As=1.0) 1 ml& T 5

mm) et FH 24A1 7tk FAE 3 4ske] AdaE 108 A AS EFF=A(B50 nm) ol A
54z ZAstAT oldf x7=A NBulAIE AHEatsivh. 17

TIHE, HA TR 5 80Tl 2447 Az AL o] &kt

k!
i)
[
(o
2
S~
>,
ok
)
=
Sl
=

R. solani PY-1 w52} 547 WA ufFato] Axthe] A4S skt =+ 2= NByj

7H A A FEA A E o] & TE
7L %av)el AgA mA 4 LE 9 F, T3 vldE 2 A BW-13
TFE 400 ml HEstATh AN FEA wFAled FAEE AFS AASH7]E antiform&
AS 10 ml (0.25%) H7Fske] vl (300 rpm, 1.5 atm, 35C)3HHA 2417+ tA o2 72471
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ZRIEEE R E

o

7 L ETlel AMINEA wiA @E s ARARAdoR Fd 1%
SucroseE 73t F antiform&4S 10 ml (0.25%) H7tstar S ofidd A A
BW-13% 400 ml HF3 5 2a7]olA 7241 #jFG00 rpm, 35T, atm)atth. L&
7F A= ot MUY AdTE 243 (PA SR T2A A FAdske] A ) A

WA G5 v %3 Sucroses H7F3F v ol Aol AU EE H WSS T
U, qUHAIZ A Y A Y
1) 12 Algst (523t4 BW13-A~G)

BW-13 T58 olgslo] mAEseton AYstalr] s WA A HAwd o
Frl kg A R A WA 4 L o] BW-13 #5F5 400 ml HFtaL 72413 wj (35T, 300

:{m

rpm, 1.5 atm)¥ §, wi¢ke] 1 LY HALEAEHS] S5E5AE, By erbdE, vsrt

BN

HAAAE o8& 94 vER EFeto] 4aL 55T A 2elA 24~4847F &<t ¢kds] A

o

ARG AzxE AAE S92 A £ 200 meshe] Aol HA FHst= B2
F3tA8 BWI3-A, B, C, D, E, F, G AlAZ 13 Azt AA= fEldod 9 vl
THE o gxHeR B & FI7F B sl A2olA REstHA A ALE35F

2) 22 MY 3t (N84 BWIS-He 314 BW13-1, BW13-])

12} Al stol ot wd3 Hor AxzHglon, ojd Hrtd AAduTA=E2
A AR, A v (suncremy), Aol = (sun size), K 77¥ A (sunsupergel) & &A1 3H3 o™
oS A7t 24%= Aol wigE AW NTEAl o iAol Hbske] 55T AT & FlA
2~393 Ax F AFsstAl BWI3-Heb 5=3t4] BW13-1, BW13-] A Al = 22} Al x5kt

kMol 13 Al stel sAdsiA Bastis BE Aol o833
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2. 472+

7}. S. maltophilia BW-13 &3¢ AZmIzA T

2 4 6 8 10 12 14 16 18 20 22 24 30 36 42 48

Optical density (550nm)

Incubation periods (hours)

Fig. 14. Cell growth of Stenotrophomonas maltophilia BW-13 strain in NB

medium, 30C, 160 rpm.
W) AS5E

24N 3k} A8AIZE wFoll M= 35TolA Alrte] d=7F 7 =ke, e
30C A vH(Fig. 15).
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Fig. 15. Effect of temperature (C) for cell growth of Stenotrophomonas

maltophilia BW-13 strain in NB medium.

h A% pH
pH 7, 8914 Aol W=7t 7bd Egon, o= pH 622 {3t gloy
4871 Zko] EHW 24A17F Wi R WRv vha srobxth wEbA], BW-137 Tl XA pH
9= 6~8°] A rHFig. 16).

1.6

1.4
1.2 | H24

0.8
0.6
0.4
0.2

Optical density(550nm)

Fig. 16. Effect of pH for cell growth of Stenotrophomonas maltophilia BW-13

strain in NB medium.
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2h)

i

o

e

BW-13759] A&l mA= ©@Ade] JFS 2=AS A3, 3

Aol Hlste]  ODFtel @A Eow, 53 wEAGAAA AN FEA (Dough
Conditioner) ¢t P 7ol A ZH2y As50=2587 Ass0=2.41°] OD#ts Hol 7FHd =Skh(Fig 18).
A2 dAaYol A= Sucrose®t Glucosedl Al ZH2E Asz=1.03, As50=0.98 o] A tH(Fig 17).

Optical density(at 550nm))

A B C D E F G H | J K

Low molecular weight carbon sources

Fig 17. Effects of low molecular weight carbon sources on cell growth of
Stenotrophomonas maltophilia BW-13 at 30C, 160 rpm in flask culture for 5 days.
A, Cellulose; B, Fructose; C, Glucose; D, Lactose; E, Maltose; F, Mannitol; G,
Mannose; H, Sorbitol; I, Sucrose; J, NB; K, Basal medium
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Optical density(at 550nm))

A B C D E F G H
High molecular weight carbon sources

Fig. 18. Effects of high molecular weight carbon sources on cell growth of
Stenotrophomonas maltophiliac  BW-13 at 30C, 160 rpm in flask culture for 5 days.
A, Dough Conditioner; B, Corn starch; C, Sweet potato starch; D, Black sugar; E,

Yellow sugar; F, Rice bran; G, NB; H, Basal medium

6.8 mm= 7Fd =gkom thee AR eAA<l Sucrosed Al 5.9 mme] 2 THFig 19, 20).
oj4ol A3 Ay BW-13 w79 A5 9 AgHo 71 g3Ad Ak @i
Ao A A = Ay Qo)
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Inhibition zone(mm)
N

A B C D E F G H [ J K L
Low molecular weight carbon sources

Fig. 19. Effect of low molecular weight carbon sources for the antifungal activity of
Stenotrophomonas maltophilia BW-13 to Rhizoctonia solani AG-1 on PDA medium after
5 days dual incubation. A, Cellulose; B, Fructose; C, Glucose; D, Lactose; E, Sucrose; F,

Maltose; G, Mannitol;, H, Mannose; I, Sorbitol; J, NB; K, PBMM; L, Control.

n w ~ o OO N

Inhibition zone(mm)

A B C D E F

High molecular weight carbon sources

Fig. 20. Effect of high molecular weight carbon sources for antifungal activity
Stenotrophomonas maltophilia BW-13 to Rhizoctonia solani AGl on PDA medium after
5 days dual incubation A, Dough Conditioners; B, Rice bran; C, Rice oil; D, NB; E,
PBMM,; F, Control
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o)

i)

e

o,

AAT BW-137F9 AFol vA= dad 93-S A6 f8liA SadA
WA (3.0%)7F H7bE 7)Ao AEA AAY(Casein, Casamino acid, (NH)2SO4,
Beef extract, Yeast extract)¥} &2} A4 YU (Soy flake, Soy meal, Biji)= 22} 0.5%%
A7kstar o 7)ol BW-13¢F& AFote] BulF 54wt OD#k= SA88klet. 1 23
Yeast extract®} BIAZFE@Bij)uiAolA OD Fkol As5=5.99F As=5.6 o2 =gt}
(Table 8).

Table 8. Effects of low and high molecular weight nitrogen sources on cell growth of

Stenotrophomonas maltophilia BW-13 at 30C, 160 rpm in flask culture for 5 days

Optical density (550mm)*

Nitate sources

24 hr 48 hr 72 hr 96 hr 120 hr
Casein 4.5a 4.8a 5.0a 5.0ab 5.0bc
Casamino acid 1.8e 2.0e 2.2e 2.7c 3.2d
(NH4)2S04 0.1f 0.0f 0.1f 0.le 0.1f
Beef extract 4.0b 4.3ab 4.6ab 4.5b 4.6¢
Yeast extract 4.0b 4.2ab 4.9a 5.2a 5.9a
Soy flake 3.1cd 3.3cd 3.8cd 4.5b 4.8bc
Soy meal 2.5d 2.9d 3.1d 3.1c 2.8d
Biji powder 3.4bc 3.8bc 3.9bc 4.7ab 5.6ab
NB 1.5e 1.8f 1.9f 1.8e 0.2f
Basal media 0.0f 0.1le 0.1le 0.1d 1.8e

# In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.

=
)

juv)
==
o2

obr el Azt 9 niEA AAY MdolA BW-13 #FE5 HEste] oY

NS R solani PY-1 WA PDAMA] el thx[ufFste] didel ogk dAA
A = ZAFSE A3 yeast extract’} AR W 88 mm=E 7HY &y o)) wkH 11
A Aol M= B A7 Bij)A 7F AA Y 5.6 mmoz2 -5 AAhPo|AH(Table 9).

A%, BW-13 #3e] A% b 5 Aoz dAg wiad AWATAE o] Ak
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Aoz tFf 12%7F FHlol 9l Wil BRI MFANE 2AS W Ak @

712 3+

ol Aol Zetxazmujer Hd AyZ BW-13 #59o tZujdg w2 7] ZuA o
3% AW EAS Hrer A EA WX 7 2I3ATF B

et e]l AR S A E =47 wEel A

e
)
22
£

Table 9. Effects of low molecular weight nitrogen sources for Stenotrophomonas
maltophilia BW-13, antagonistic bacteria to the mycelial growth of Rhizoctonia solani

PY1

Nitrogen sources Inhibition zone (mm)*
(0.5%) BW-13
Casein 3.3d
Casamino acid 4.3c
(NH4)2S04 2.9e
Beef extract 2.0e
Yeast extract 8.8a
Soy flake 2.1e
Soy meal 4.0c
Biji powder 5.6b

% In a column, means followed by a common letter are not significantly different

at the 5% level by DMRT.
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2) WrE 7] wjek

7 AR FEA A S o] &5 HE
o) sl F-& A gl A v 2] (7] =) A of] Al A 3% 7H ol A g AT BW
7o Al FaES 400 ml HEokaL 33Uz wjFst & 24N HA o ® AdFE ZARS
A3k wjoF 48417k 72413 o] AT WEE 7HzE 44x107 3.1x10% cfu/mlE @A F] =9k
tH(Table 10).

Table 10. Effects of dough conditioner medium for mass production of

Stenotrophomonas maltophilia BW-13 in the 7 L fermenter jar

Time cfu/ml
24 hr 1.0x10%
48 hr 4.4x10%
72 hr 3.1x10%

A FA A o] AEA} GAhYeR 53819 Sucrose(1%)E ¥ F AIA
T2 400 mle HEske] A FAM A FEu S Sucrose H7FEE viA A o] Al =
E val A 1 Ad, A A X SGEE e 484 7HA 4.35%107 cfu/mIgl e,
A7) A ] A o) Sucrose F7Fa) el M= 352x107 cfu/mliE AW A=Al vl Aol Sucrose

£ st Aol S ad= gl (Table 11).

Table 11. Effects of mixed carbon sources of dough conditioner and sucrose for mass

production of Stenotrophomonas maltophilia BW-13 in the 7 L fermenter jar

cfu/ml
media
24 hr 48 hr 72 hr
Dough Conditioner 1.03x10% 4.35%10%* 3.14x10%*
Dough Conditioner+ Sucrose 3.41x10%* 3.52x10%* 2.90x10%
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Ly
we

gy vl AyE 7] Z2u]A](1.25% KoHPO,, 0.38% KHoPO,,
. ) g>50y - 9 0% A7 FA S H7Fsk A7) =5 A Bl R = — o 4
0.01% MgSO; - TH20)el 3.0% A7) &A= H7bek A SAu«Es BW-13 752 =

LR EERE E AP
b uaEAY A%

D) 12 AFst (384, BWI3-A~G)

7L EETlel g dg AEAFA A ALl BW-13#FE HEate]l 7241

) ¥ (450rpm, 35C, 2.0719F, PH6~7)3taL o] wjgFde] 7 HAE n&EAJA K545 A,

WAAE By Q7 R, WF7FE 58 Table 1294 o] &§sto] 1 v A
_/,:

AzstA o 34 BWIS-A AlAle] 4w AlAlEe] B5olth(Fig. 21).

AA TFES

d

Table 12. Formulation of biofungicides using commercial additives and carriers

Formulation name Sources
BW13-A Corn starch 40%, Modified starch 10%
BW13-B Modified starch 40%
BW13-C Corn starch 40%
BW13-D Tapioca starch 40%, Modified starch 10%
BWI13-E Tapioca starch 40%
BW13-F Corn starch 40% , Meju flour 5%
BW13-G Modified starch 40%, Meju flour 5%
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Fig 21. Powder type formulation BW13-

additive and carrier

A using commercial

2) 22+ A3t (A4 BWIS-H 2 314 BWI13-1, )

1 A@ sl A s 750 F8A7E LEA )

bgot wa, AT4Re Qo oA el EHol

4
off

iy
o
Of

)
o

i)
i)
X

£ 8

J AAE 22 Al xskoH(Table 13)

of AR HAANA AT}

SEStA AR FFe WS A X Fol A0 A F= 4 F
AAE s Stgled], olel ZEds the AR Aadv], dabel=, A

o] FE= BW-13wF7F ulged Al A2 eF &3tste] 3% BWI3-H, I,

Table 13. Formulation of biofungicides using commercial additives and carriers

Formulation name Sources
BW13-H Suncreamy 8%
BW13-1 Sunsize 8%
BW13-J Sun supergel 8%
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FAWS AUF FA, ATHHAS 219G BA AT AT vwagch

o) HZA At FAkel v A= FEF
A &A1 methyl-cellulose 400, tween 80, polyvinyl alcohol, carboxymethyl
cellulose, arabic gum® 5%& ZtZt 05%, 1%, 15% 2 T=E 4dde] f4-% 240 7
¢ petridishol = 10 milet 37 H7bsta Al Agd 274F FAAEHE =9 53
olF AFA@RST)NA 497 B F opgt {9 AolE ZASATH
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obxjo] WX oH HbAlg FHAEA o]lgom MW S maltophilia BW-13 o5&

3
r°<'

P A Al N giiled FAA AR A Pseudomonas. aeruginosa  LY-11
& AT4F A Agsta IV EAE APt sk 1A, TAAEE =53]
A7l AdFEA 20 g¢& ¥ LY-11 5 vl (297 mD¥} H#FA A4 (3
g, 1%)& TFS A2A wjgds &9 138 2Zeol2 F 5~103] Bx 2¥x3 o5 A
ZHA wjeFdo] =aF JIAH HAEuA|(carrier)] AF300(A343E FH5A, 4astehS
Table 189 IYFAPH Aol wet 139 AedFd= Eog Fxpo el 9vstelal
Fwol HratA dxEe] ddstsied oH el A A¢ =1l Id

st &9 =dfoloj2 FES Ay SIAIZITh olu, AewiA] AF3009] 1A} ¥ o
S5 HEHA GRS AL AxsFHA 23 ZREHER] clay, zeosil& E3sto] AT
Y =4 zeosil? AF325(F%E,

325, Fx3tehHe AdFEE dHee v, 443 SRS 74T

e

F
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A =Y gdoR A AzAVT AP Av)e) FRFOE AUt @ F 4T n
SEA RE 4ol olgaATh ATAAS AFe) AR 1YY T4 JES ¥
BenEEe] BEehn AEAET, YUEE 71004 1297 W] FAel ol

&), Frdel, F2 Pol FAH] oF F Y AAH =YFAES Ausinh

t}. Pseudomonas aeruginosa LY-11 #5Z& o] &3 alginate TAZH7]& A

P. aeruginosa LY-11 #FZ o] &3}o] alginate =AZH 7|4S Mustuat sH =0,
LY-11 ¥FE NBulA o] 24A17F J 8] F(28C)st & MTHFAS Ax=l.022 ZA3HY
t}. 3# sodium alginateE Z=F/Fol 3% (w/v)7F H =S H7}3}3l magnetic stirrerES ©]-&
sto] bds] fafE wizbA uwwkgk the 13] 1587F a4 (121C)8ke] ErE sodium
alginate solutions TH|3Fth LY-11 #59 M5/ A3 sodium alginate solution®] &
g wjgds HAFEE 1.0%7F 9EE 10 mlg FA7)o FLska, FA7] 2ol E27)
QEE o] FALY] S uj%k 2 gttt o] & FA] 0.1 M calcium chloride £ <4

golwe ] TYo| T WARA aginate HHFAR ARFHL TFFAE 4T

2. 47+2%

7}. S. maltophilia BW-13 T3] 93 A€ &7

D) EAA 2 27
e Hdd PY-1o tis) ¢ AFdow HF HAwd BW-13, LY-11 2 F7}
2 R-13 w55 AT Al Agste] ¥t Aeld JECEE) AFski Aol

ot FAAR aNE HAstaA Fobd, Fode], AR At

!

T50% S ZAHSHA
ol&& 7tz 91.1%,
BlL1%ZEA FAH g9 7T7.8%HTt FHX = lon WEA= BW-133 LY-11¢F A9 &=
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BW-13 #F¢ LY-11 #F= AdAeg T2 2 dole dJow TH0wke 7H4sksl
o AAEdAM 2HARL AFsE BW-13TFe LY-117FoA4 2tz 56x10° 5.0x10°
cfu/mlz WEIART 25 E%rh(Table 14). webx, BW-139 LY-11 ¥5F= ¥Ad R
solani PY-13tell o3 A& axrt =3 2AAZ FHo] Flso FAHA Mg o5

= sl

Table 14. Emergency rate, length of root, cfu/ml, and T50 of crisphead lettuce seeds

coated with Stenotrophomonas maltophilia BW-13 strain

Emergency Length of root

Treatments 10 cfu/ml T50 (days)
rate (%) (cm)

Non- R-13 77.8ab? 8.5a 4.2a 2.8
contaminated LY-11 81.1b 8.0a 5.0a 2.6
soil BW-13 91.1a 8.4a 5.6a 2.6
R-13 33.3bc 6.4b 2.2b 3.9

contaminated
| LY-11 44.4b 6.7b 2.0b 3.8

soi

BW-13 50.9b 7.0b 2.9b 3.7
Pathogen only 26.7¢c 4.8c - 4.7
Control 77.8ab 8.1a - 2.6

? In a column, means followed by a common letter are not significantly different at the

5% level by DMRT.

2) TAAE A9 =4 %

A BW-137F 5 FAabol Aglsta Agulg A7k FAHA Az 24 A §F &
AANZE] W Fobad Aol A At
ob AA AT wE AGOE Fobg, o], AdEE, TS0gkel= A= oAl Zeol=
sl oy, Agnfeke] HAAGR= Fobgo] wAdth(Table 15, 16).

T, FAAY F gt ANE ATAY F AL B &4 d9E uWsk 2n
9

;ﬁ
a1
()
=
o
o
ol
el
y
i)
=
ol
=
o2
A

Zol g 94.0%, 229 6.8cm, ATEE 6.7x10° cfu/ml, TH0 3t 26UZE URFHUE =
kot zb A F3tedl = Fo 27 L eH(Table 17).
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Table 15. Emergency rate, length of root, cfu/ml, and T50 of crisphead lettuce seeds
coated with Stenotrophomonas maltophilia BW-13 strain according to the different

shaking time

Result of experiment

Shaking

Treatments time Emergency Length of 1x10°

rate (%) root (cm) cfu/ml T50 (days)

10 min. 92.0a" 6.3a 0.2bc 2.8

30 min. 92.0a 6.4a 1.3b 2.7

1 hr. 94.0a 6.7a 4.3a 2.7

BW-13 3 hr. 96.0a 6.8a 4.7a 2.5

4 hr. 94.0a 6.5a 4.9a 2.6

6 hr. 88.0a 6.5a 4.8a 2.7

12 hr. 16.0b 5.3b 5.0a 4.8

Control 90.0a 6.5a - 2.8

? In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.
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Table 16. Emergency rate, length of root, cfu/ml, and T50 of crisphead lettuce seeds
coated with Stenotrophomonas maltophilia BW-13 strain according to the different

soaking time

Result of experiment

Soaking

Treatments . Emergency Length of 1x10°
time T50 (days)

rate (%) root (cm) cfu/ml
30 min. 86.0a" 6.1a 0.2b 2.9
1 hr. 88.0a 6.3a 1.0b 2.8
3 hr. 92.0a 6.2a 4.3a 2.7

BW-13

4 hr. 88.0a 5.9a 4.2a 2.8
6 hr. 88.0a 6.0a 4.5a 2.9
12 hr. 12.0b 4.7b 4.3a 4.9
Control 90.0a 6.5a - 2.8

? In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.

Table 17. Emergency rate, length of root, cfu/ml, and T50 of crisphead lettuce seeds
coated with Stenotrophomonas maltophilia BW-13 strain according to the different

drying time

Result of experiment

Dry
Treatments Ti Emergency Length of 1x10°
ime T50 (days)

rate (%) root (cm) cfu/ml
5 min. 90.0a% 6.4a 6.4a 2.7
10 min. 88.0a 6.8a 6.9a 2.6
20 min. 88.0a 6.7a 6.7a 2.6

BW-13

30 min. 90.0a 6.6a 6.5a 2.7
1 hr. 94.0a 6.8a 6.7a 2.6
3 hr. 92.0a 6.4a 6.7a 2.7
Control 90.0a 6.5a - 2.8

? In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.
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Zol7} 7b4 Ak 3, NaCle &37F 91l th(Table 18).

Table 18. Effect of mineral salts treatment with Stenotrophomonas maltophilia BW-13

strain on crisphead lettuce seeds germination

Treatments mineral salts E:lzg(e;;y if(r)ltgt(irz)f T50 (%) (i;}:j)
50mM 94.0a" 6.4ab 2.6 4.7a
K3PO4 100mM 92.0a 6.3ab 2.9 4.8a
200mM 88.0a 6.0ab 3.6 4.2a
50mM 96.0a 7.1a 2.2 4.9a
KHyPO;  100mM 94.0a 6.5ab 2.4 4.8a
200mM 90.0a 6.4ab 2.7 4.1a
50mM 92.0a 6.3ab 2.6 4.6a
KNO3 100mM 88.0a 6.0ab 2.7 4.5a
200mM 84.0a 5.4ab 3.2 4.5a
BW-13

50mM 20.0c 5.9ab - 4.6a

NaCl 100mM 0.0d - - -

200mM 0.0d - - -
50mM 96.0a 6.5ab 2.3 4.7a
Ci(i%?’b 100mM  92.0a 6.1ab 2.7 4.5a
200mM 86.0a 5.7ab 2.9 4.4a
0.5% 94.0a 6.4ab 2.5 4.7a
PEG8000  1.0% 86.0a 6.2ab 2.7 4.7a
2.0% 74.0b 6.0ab 3.1 4.5a
Only BW-13 92.0a 6.3ab 3.1 4.6a

# In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.
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4) HZA A7t FAkel vA= FFF

HZA methyl-cellulose 400, tween &0, polyvinyl alcohol, carboxymethyl cellulose,
arabic gum® 5 T& FLEEE A3 AT FAMEWNS 2 dolE ARG A
arabic gum, methyl cellulose 4000] 3 =o] ZA Gl F29 Zol7F 7F4 29
cellulose 4002 F%=7F =45 @340l o, arabic guma ARtdje] Z&o|Sr).
g 7 2 dolt =9Y 1.5% methyl cellulose 4005 H2 A2 A=t Table
19). AIRE, 9] LY-11 #F5 o] &3 TAAEA /el HHAA Ause 4 3st
AoliA AmAdEe] ASS v F53 =45 Adetaa =geglon, HFHoR

%

MAARe] R 44 AHAZ AUl o gl

ro

Table 19. The effect of adhesives (0.5%) on germination of crisphead lettuce seeds

Young root length (cm)

Adhesives
0.5% 1.0% 1.5%
Methyl cellulose 400 1.66ab® 3.44a 3.60a
Tween 80 0.74c 0.80cd 0.26d
Carboxymethyl cellulose 0.25¢ 0.20d 0.19d
Polyvinyl alcohol 0.69c¢ 0.90cd 0.9cd
Arabic gum 2.2ba 2.13b 1.91b

® In a column, means followed by a common letter are not significantly

different at the 5% level by DMRT.

5 W =AW T mA= GEF
FEEA 2z 27 %% HA7E BW-13 wjdo] A3ASE 242 A

%, petridish el FTAE €8 T3 B3I vt Tolst {29 ZHolE XAl A
dolomite, celite, kaolin =412 &34 o] Ath(Fig 22). 3tA ¥, dolomite®} celit

a
FARYA T FAAA @Rov, kaolin® AAYOE UF BHe] A3 FAT )

D

rir
[
o
2
>

7 RrEel A g walel Atk
webd, wolge AW FAmge FuUE TA fANFE ANAY FEA

AF3002 #%F Awahelvh
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young root length (cm))
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Fig. 22. The effects of various carriers as coating material on the young root

length of crisphead lettuce.

¥ HITAHoE EWFEHALH WAL FTAAHA TS A HF A4
BW-13 #F9 LY-11 #¥F % BW-13 #F& o| &3l IEFAE /23 2
I, FHAXEWY Fol&o] 1¥A X &S FoE A AARZHRI =
A %& AR A" B oty 7NEY FEAA XE FHAIH HIAA
o AgulA ALE Azte] A= FEIF AT AHE EE3A £ TA=
B A /fdtelE BW-13 FF 2 o] €3t% @&7|2 31 2xd=dEe LY-11 #F
g o] & M2z IYTAY €S MEstaA s
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ol Aty el v Al (carrier) AF300S ZAskity 4 12 283 & clay, zeosil

& FA=YE

%
w
B0
K
o
10,
w
r
)

9 diatomaceous earth 3259 HE=Z 2gldte] 23 ZE
oA F 5% IYIFTAE AxeAth(Fig 23, 24). ol WY Z”HFTAe ddviA F

Fol A e ofgle} Zuh(Table 20). M 559 ZYFTAE ZHIXES 9Fsa AS

(25T, F% 71%)o B#AstAA] 129 Fo ZFol&S At 1 A% Co E I®VF
zpe] "ol go] 47zt 789%, 71.1%% WAZ Ekoy, H|FEFALL] dhol& 92.2%H U=
Sk tH(Table 21). ©l+= =guUlolA Fx7F A uAl(carrier)et 4 2HA (sticker) SOl 2] 3|

TP T TAVE A EFE U Aow dFHA

Table 20. Amount of coating materials for seed coating using by adhesive and

carriers
(unit : g)
coating materials (carrier)
Type of
) 1st 2nd 3rd
coating seeds
AF300 clay zeosil AF325 zeosil AF325
A 4 6 12 12 0 0
B 20 18 34 0 0 0
C 20 18 3.4 0 1.72 6
D 12 6 12 12 0 0
E 12 6 12 12 4 4
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Fig. 23. Coated seeds of crisphead lettuce capsulated with LY-11, adhesive

and carrier.

iy

|1 o i
wail-Ronid &

Fig. 24. Coated seeds of crisphead lettuce capsulated with LY-11, adhesive

and carrier.
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Table 21. Emergency rate (%) of coated seeds with antagonistic bacteria LY-11 strain,

adhesive and carrier

Emergency rate (%)

Type of coated seeds -
12 days after sowing

A 51.1bc"
B 61.1ab
C 78.9ab
D 22.2¢c
E 71.1ab
uncoated seeds 92.2a

# In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.

TS o] 59 EV|9F frt HolE RAE Ay, Z7] Zol: D Z®FAUF 33.0 mmE
7P Ao, A, C E ZRFAS} FAYTE 1 deeo® AR FoA7E glidth v,
o]l o E A FZHEAZ 48 mmE M 2dew B £A7F 474 mmE U
o7 FAg FARY dA3 AAHTable 22, Fig 25). 228 o2 A9t B F4¢ 4%
& o)y Ao dwryog welgo] vitil, C, E FAE Folg2 Ehoy £7]9

it ZolZF FA T By van A wbE A whE eavh ol 284 MER FAA
g

=
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Table 22. Stem and root length (mm) of coated seed with antagonistic bacteria LY-11

strain, adhesive and carrier after germination

12 days after sowing

Type of coated seeds
Young stem length(mm) Young root length (mm)

A 22.3bc" 48.0a
B 15.7¢ 47.4ab
C 28.2ab 33.2¢
D 33.0a 35.4c
E 26.2ab 38.5bc
uncoated seeds 25.9ab 38.3¢

? In a column, means followed by a common letter are not significantly

different at the 5% level by DMRT.

Fig. 25. Germination of coated seeds (Type A. B. C. D. E) with LY-11 and

carrier.
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t}. Pseudomonas aeruginosa LY-11 @& ©] &3 alginate TAZH 7] & M

1) Sodium alginates ©]&3t A5 FAbe] IW 7|&ES
LY-11 w55 NBujAol 2423t & F(28C)d F- Al F-FE& Aso=1.0L
A3t EwH sodium alginate solution® =33k wlFAS 10 mlg FAH1E o] &3}
Zbol I 9AlA 0.1 M calcium chloride 8o W"ojrmmga FPo
alginate Y FAE AU e 27T AEFAY] 9 EFolH o5 PDAM]
2 oA RERSHAT R solani®t A wjFate] FARA G0 oAHE ARE Tty

(Fig. 26, 27).
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Fig. 26. Coated seeds using sodium alginate solution (1%) and P.

aeruginosa LY-11 strain.

a

e,

R. Selani Cuﬂfeg_ _

Fig. 27. Growth inhibition of R. solani by coated seed with P. aeruginosa
LY-11 strain
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A5 A "AEFFY BAEH A R FAY AL

L 73 4H

7}. Stenotrophomonas maltophilia BW-13 #3F& o] 43§ JHA XA 9 A&

i

1) AS5A ZEAulA e WeX e A gt

BW-13 #F& o|&3dte] Az 1 AL uAEAAL 22 A »] A=A A <]

A5 HAEAE A5E TEAA At WA, vAE AA 1004 3]4 Y

(BW13A~G, BW13H~)3#} 3}esoF dA|FE(Pencycuron, ¥5H: EAA Ng431A])

10008] Ao BR7|2 LEA S 857 A4F o o, Sdd =i
ml ¥ A¥Estal, A 24430 SOl WSS R solani PY-1 w59 A2

AED(As500=1.0) 40 ml& <19 <, AW FuF 2xste], ASHCIUFE 90%, &%

ks

24~25C)°l BAGTE HE 747 10¢ & T

AR FAe 300 mle) YGB (yeast glucose broth)e]X]e] PDA®BJA| oA A 8l okl
PY-1 #59 dAFEA 15715 HFste] 743 A®HR©25T, 160 rpm)3 & HFAIE 4
Hulo] gdol2r=2 53] X MY o] & 27l (Warning, USA)Z 15%3+ ==

A
N F FEE Agml00] RS dFgor 2] oGtk YA e 2

(AT W E-A T $H )
WAZE (%) = x 100
(FA el o] =)
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Y. Pseudomonas aeruginosa LY-11 @& 5% ©]|&3% alginate TAZ B A9 A&
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7}. Stenotrophomonas maltophilia BW-13 #3F& o] 43§ JHA XA uA &

=

AF4F WEAEN WAL vAREe AN BE: BW13 #F2 FAR9A S
A A RN Jbsgol BEe] Aed Wgse WER BW-13
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FFE 088 GUATAES UL o] 59 PAENE Ftx
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BAERE stebgel, AAFE vl HAge A, $3Ad BWIS-AAA L] A 717}
1094 85.2%= AAFE2] WAZF 504%¢° Hlste] =drh. 1 9] 6359 AAES A=

o
WA 7E7E w- vtel BWI3-AAAS 12+ 41889 th(Table 23).

Table 23. Disease control effects of various formulations and chemical fungicide,

Pencycuron against R. solani PY-1 on chishead lettuce at pots of growth chamber

. . . 2 . b
Disease severity index *(Disease control value’,%)

Formulations
after 7 days after 10 days
BWI3-A + Pa‘ 19.2(72.4)a" 20.2(85.2)a
BWI13-B + Pa 42.5(44.0)bcd 75.9(14.9)e
BW13-C + Pa 60.0(18.7)e 75.9(14.9)e
BWI13-D + Pa 39.2(48.4)bc 59.1(33.6)cd
BWI3-E + Pa 62.5(17.7)e 78.4(4.5)fg
BWI13-F + Pa 70.9(6.6)fg 88.(0.9)g
BW13-G + Pa 71.7(5.5)fg 84.2(5.6)fg
Pencycuron 31.9(52.6)bc 37.7(50.4)bc
Pathogen (Pa) only 75.9(0.0)g 89.2(0.0g
Control 0.0(100)a 0.0(100)a

* Disease severity index (%) was obtained by estimating the percentage of infected

leaf area on each plant by Rhizoctonia solani AG1

" Disease control value (%) = (disease severity index in control

plants—disease severity index in treated plants)/(disease severity index in control
plants) x 100

¢ Pathogen, Rhizoctonia solani (Pa)

“Tn a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.
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L) 22k A Al
BW-13 #5% o] &3lo] 23 nAE AA 35 F71ete] 134 Aol 713
T3 =9kd BWI3-AA Al v HA s A2, BWI3-A, BWI3-1 9 BWI13-H A A <]
WAZEY 2 766, 156, T1.8%ZA o2t glo] whow, o= stahsof MA|F 2] A7}
50.6%1 th= Ex gaA o). metA, 5tAd BWI3-AAAleF BWI3-T AlA1E 254
ol U ¢4 AAZ HE MALdsAdth(Table 24, Fig 28).

%

Table 24. Disease control effects of 4 formulations using S. maltophilia BWI13 and
chemical fungicide, Pencycuron against E. solani PY-1 on crisphead lettuce at pots in a

growth chamber

after 6 days

Formulations disease severity disease control
index (%)" value (%)

BW13-H + Pa 28.2 71.8b"
BW13-1 + Pa 24.4 75.6b
BW13-J + Pa 37.7 62.3c
BW13-A + Pa 23.4 76.6b
Pencycuron + Pa 9.4 50.6d
Pathogen (Pa) only 100.0 0.0e
Control 0.0 100.0a

% Disease severity index (%) was obtained by estimating the percentage of

infected leaf area on each plant by Rhizoctonia solani YR-1

" Disease control value (%) = (disease severity index in control plants-disease
severity index in treated plants)/(disease severity index in control plants) x
100

¢ Pathogen, Rhizoctonia solani (Pa)

9 Ina column, means followed by a common letter are not significantly

different at the 5% level by DMRT.
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Fig 28. Disease control effects of 4 formulations against K. solani PY-1 on crisphead
lettuce at pots in growth chamber. A, BW13-A;, B, BW13-H; C, BW13-I;, D, BW13-];

E, chemical fungicide, Pencycuron; F, Pathogen(R.S); G, Control.

Y. Pseudomonas aeruginosa LY-11 &5 & o] &3 alginate TAZ YA 9 FA &3}

s Y

LY-11 #55 ©]&3 alginate LR FAIe} N AHTAE F2IELEC 144 953}
¥ o fFHo| WEHEWAT R solani PY-1 HEL] FALZZR-F

al
FEe AL WAZEE @ Ay, 'S A S S o] 289%, HIABEAE 97.7% =

A AL 04%01 ek, B AT Wite] A EA e aYEAS) LY EA

=9 [2Ne)
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Table 25. Disease control value (%) of crisphead seeds coated with sodium alginate and

Pseudomonas aeruginosa LY-11 against damping-off caused by R. solani YR-1

disease severity Disease control
Treatment ) b
index (%) value (%)
Coated seed + Pa® 28.9 70.4b°¢
Uncoated seed + Pa 97.7 0.0c
Coated seed 0.0 100.0a
Uncoated seed 0.0 100.0a

% Pathogen, Rhizoctonia solani (Pa)

" Disease severity index (%) was obtained by estimating the number of infected
seedlings showing damping-off by F. solani 7 days after inoculation.

¢ In a column, means followed by a common letter are not significantly

different at the 5% level by DMRT.

Fig. 29. Seedlings occurrence of seeds coated with sodium alginate and
Pseudomonas aeruginosa LY-11 at a plug pot experiments

A, Coated seed + Pathogen (R. solani); B, Uncoated seed + Pathogen (R. solani);
C, Coated seed (Control -1); D, Uncoated seed (Control -2)
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Table 26. Disease control effect of coated seeds against bottom rot caused by K. solani
YR-1 on crisphead lettuce in a growth chamber

Disease Disease control
Treatment ) b .
severity (%) value (%)
Coated seed + Pa® 14.6b¢ 85.4b
Uncoated seed + Pa 100.0a 0.0a
Coated seed 0.0c 100.0c¢
Uncoated seed 0.0c 100.0¢c

? Pathogen, R. solani AG-1 (Pa)

" Disease severity index (%) was obtained by estimating the percentage of infected leaf
area on each plant by E. solani

¢ Disease disease control value (%) = (disease severity index in control plants—disease
severity index in treated plants)/(disease severity index in control plants) x 100

4 In a column, means followed by a common letter are not significantly different at the
5% level by DMRT.
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Fig. 30. Disease control effect of seed coating by alginate using P. aeruginosa LY-11

and pencycuron against bottom rot caused F. solani AG-1 on crisphead lettuce in a
growth chamber.

A, Coated seed + Pathogen (R. solani); B, Uncoated seed + Pathogen (R. solani);

C, Coated seed (Control -1); D, Uncoated seed (Control -2)

2 &
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Fotaget el TEFACAA 7P a37F 6t Y S, maltophilia BW-13 o5
o] Ay BWI3-A¢ BWI3-1 AAE ZZtagehs-2u ERQA e 274 F0A4 dF
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Table 27. Disease control effect of wettable powder formulation, BW13-A and BW13-1

to bottom rot by R. solani PY-1 on crisphead-lettuce fields

20 days after treatment

Formulations
disease control value (%)
BW13-A +Pa" 75.7b¢
BW13-1 + Pa 69.8¢
Pencycuron 56.3d
Pathogen (Pa) only 0.0e
Control
100.0a
? Disease control value (%) = (disease severity index in control plants—disease

severity index in treated plants)/(disease severity index in control plants) x 100

> Ppathogen, R. solani AG-1 (Pa)
¢ In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.
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Fig. 31. Effects of wettable powder formulation, BW13-A and BW13-1 against bottom
rot caused by F. solani PY-1 on crisphead lettuce fields at plastic house. A, BW13-A;

B, BW13-1I;, C, Chemical fungicide, Pencycuron ; D, non-treatments; E, Pathogen only
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A 7 & Alginate ZYHFAY FEqM9 &d 2 AIAZZY FAA

1. 97538 349y
b ERA YA 28 L 49RFY HAA

P. aeruginosa LY-11 #5& ©]&3to] A3 alginate T8 FTAE Z¢1XE] I

= LY-11 #5929 AT+E AT o, FAE LY-11R T5% P. aeruginosa
LY-11 #3FZ rifampicin 100 ug/mle] 3E3+E nutrient agar (NA)ujR|o] 257+ Aths}o]
8 538t rifampicin A dFEA] olE o] &3t Axg IHFAE ALEEAT. 2RV ETA

o] 27| AIFSE 45%107 cfu/ml ©] 9t}

2. 47+2%

7h FAAEAY 2d 2 gERFY H4A

Rifampicin A 34 #F¢ P. ageruginosa LY-11R #FZ o] &3l alginate ZHE=A}E
gt FRAAN EAstE BdFE A A WEReloA A FHY
o A BE] B (0-1)o] Z+zF 6.8x107, 1.3x107 cfu/mlo& 7H4 =gkom Bigjo] =
HAE=(1-3)ol= gk sk o, 1.1x10° cfu/ml AE2 FAE AT 22y o F7tol
A RS BE(1-2)8 9.8x10° cfu/mlE WEolA HEREnc ugho e
(2'-3Dl M= LY-11 dF7F ZAME A Fdth 3534 6579 T3 AAA = = A
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ﬁ
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BB (0-1)e 27 7.3x107, 2.1x107 cfu/mlZE 7} E=grom MalZR Ro|AE 3.1x10°

cfu/mle2 FA5Hom

A= HEHA

, AFREA~2) AR 9.6x 10°082 FAHYoY JdERE

2kt Table 28, Fig 32).

Table 28. Growth of P. aeruginosa LY-11 on coated seeds along seedlings (4 weeks

after sowing) and adult plant growth (6 weeks after sowing) was investigated on

various section of adult plants

Section cfu/g of tissue Log (cfu/g of tissue)

2'-3' - -
Leaf 1'-2 9.8 x 10° 5.99
) 0-1' 6.8 x 107 7.83
seedlings 0-1 13 x 107 711
Root 1-2 1.2 x 10° 6.05
2-3 1.1 x 10° 6.01

2'-3' - -
Leaf 1'-2 9.6 x 10° 6.98

_1! 7

Adults 0-1 7.3 x 107 7.86
0-1 2.1 x 10 7.32
Root 1-2 1.5 x 10° 6.17
2-3 3.1 x 10° 6.49
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Fig 32. Growth of P. aeruginosa LY-11 on coated seeds along seedlings (2 weeks after
sowing) and middle age-adult plant growth (6 weeks after sowing) was investigated on

various section of seedlings (A) and middle age-adult plant (B).

T3, 85 Al AN EAsE AATFE AR Ay, QoA AREO-1)
Mo A BE] R (0-1)o] 22t 3.2 x 10° 1.8 x 10° cfu/mlE Ald57t 7H4 @ekon]
g F7F EYAE ARG oW(2-5), ey EREG-11D)S 9
1.8 x 10" cfu/ml AEZ FAEA. 22y oM o Y (0-1)S A9lstas

LY-11 57} #2H A ¥l tH(Table 29, Fig 33).
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Table 29. Growth of P. aeruginosa LY-11 on coated seeds along adult plant growth (8

weeks after sowing) was investigated on various section of adult plants

Section cfu/g of tissue Log (cfu/g of tissue)
5'-6' - -
4'-5' - -
Leaf o1_3; B B
0-1' 3.2 x 10° 6.50
Adults 0-1 18 x 10° 5.56
2-3 2.5 x 10° 5.40
4-5 1.2 x 10° 5.08
Root 6-7 2.1 x 10 4.32
8-9 1.8 x 10 4.26
10-11 3.1 x 10 4.49

Fig 33. Growth of P. aeruginosa LY-11 on coated seeds along adult plant growth (6

weeks after sowing) was investigated on various section of adult plants.
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7}, BW13-A JHAXAY A% AAA

Lo UAE JdadEA 343 BWI3-A AAL 2=3olo] w2 A3 oA
A A A3 27 AFSEE AA 1 g 9 1.8x10" cfu/mio A 7709 o] A 3stE Fot
4T E 12x10°  cfu/mlzt ALl A= 16x10° cfu/mloz w9 =& X AFs7}
FA = AoR ZAEAT. webA, 2 uAE AAY AP wg Fom WHEY =

= Ao Bao] & Aol7k gl Ao A AH(Table 30).
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Table 30. Cell density in BWI13-A formulation according to storage periods at various

temperature condition (C)

A4 (cfu/ml)?

Sy

e

3 G

2005/03 | 2005/04 | 2005/05 | 2005/06 | 2005/07 | 2005/08 | 2005/09
(WART) 4T | 1.4x10" | 1.0x10™ | 0.7x10" | 4.8x10" | 4.0x10" | 3.2x10" | 1.2x10"

(A1) 22~25T | 1.6x10" | 1.4x10" | 1.0x10™ | 4.8x10" | 3.8x10" | 2.4x10" | 1.6x10"

? This result is survey in the changes of bacterial viability of formulation BW13-A at
4C and room temperature over time. The initial density (1.8x10" cfu/ml/1g of BW13-A
formulation) was estimated from March, 2005 to July, 2005.

. Alginate TR Z A A 2% ot & AAFAY AA
L4, 15T, 25T, 35T, 400C)2 DEsAY dHe= &
Zpo] Ael S 2AME Ax 15T 25T DEAY T YEAYE 844 e+ 2F

2 FA7h AQHow wolso] mH LERE BAFSAon, 359 40

743 B{g IYF

=

w
f

i
—Hz
4

c3
2
X
fr

D dEekA @2 F o2 BF AYITAE AL = alginated] dxdAGo] A

doju} AHgtelx ektvl. AZE F alginate® sodium citrateo] &3jA7A A HAYWOR
AdE 24 A3 2 ATl LY-115 138 #2E A g th(Fig 34). waba], 4T A

Ax g doly = TV #EHER HFHOR 4T L&

=]
B
A washes glo] 7§ mago R Al

- 134 -



Fig 34. Cell density of LY-11 strain in coating seeds under various temperature

condition (C). A, 4TC; B, 15T and 25C; C, 35C D; 40T

wElA] 4T A 7L3F 5 HAS alginate ZYHETAY] ATEFE 24
ALEE 27 AEFE 4.5%107 cfu/migl ot 1A e 5.2x10° cfu/mlZ ZAE AT 1 &
0x107 cfu/mlez & Wbz} glolew, 5044 =AHe 2

5]

= A& FIsktHTable 31).

R
i
%)
H
o
2

Ao 7de] AYE

B#57t Ao A
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Table 31. Total viable cell density of Pseudomonas aeruginosa LY-11 in coating seeds

according to storage period at 4C

Stored period (Day) cfu/4 seeds
0 4.5 x 10" *®
1 5.2 % 10°
2 8.1 x 10°
3 8.0 x 10’
4 4.4 x 107
5 3.6 x 10’
6 2.0 X 107
7 2.0 x 107
8 3.6 x 10’
9 2.1 x 107
10 1.0 x 107
11 3.5 x 10°
12 5.4 % 107
13 6.5 x 10°
14 5.3 x 10°
20 3.2 x 10°
30 4.5 x 107
40 3.1 x 107
50 7.2 X 10°
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Azel WHalEd WAds AEFARA Vo] BaHES FHL e Aesof
< 2 s BAE AAe Ay 2 AR A £A4 som Q) tatRE AikE
A= Fat A oH(E 4 Fd d AL 2001; Fruh 5, 1996; Steve, L., 1999). < A& A&

A A A7 715 "ol nAE AAle] d83 Thsdem fFeMe 2 At Al
& ol &3 WAE Foe tiate] W2 o] o] Folx i ItH(Cook and Baker, 1983;
Kim %, 1990; Dandurand %, 2000; Jack and Robert, 1998; Jack and Robert, 2001). &
o] AEsHA WA QxR 2A Coniothyrium minitans(Whipps and Gerlagh, 1992), Serratia
plymuthica (Merav 5, 2003), Ulocladium atrum(Li &, 2003), Pseudomonas
fluorescens(Pedras 5, 2003), Bacillus megaterium N4(o]AZ %5 2002), Nostoc strain
ATCC 53789(Biondi &, 2004)%5°] R =} ot

A AAA BEFFAGL 700099 AER Rl AR vhd 12%H o] &4
TS A&sta lon, 53 nAEFF ok Wit 15~20%9 &GS A& Flolg

A}, 2001; Steve, L., 1999; Knight &, 1997).
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Ay gAS $EARHoR AT ANE AT FFE AP test, TEMS o] 8% 9

1 16S rDNA gene sequence analysis =+ gyrA sequence

fuj
)
i
oZ
A
oZ
£
&
)
J[m
oX.
N d

1) TEM(Transmission electronic microscopy)< ©]-& 3 & g &2+
A-7THFE 197F NAw Ao A wjget & Alddgas 32 S/l 1/2, 1/4, 1/16,
1/32¢] o2 3slAMsla, gridE 2479 dgdo] &3 F 1% aqueous uranyl acetateE g
ojrty] 1-2% WA Fo Aol FHe} HEE BESAY. oWl negative staining &=

grid $19l 1% aqueous uranyl acetateE A3+ AL AL-&3%

2) A - Agsrd 54 2 OAPI test HA
Bergey's manuals 7|%2 3te] 299, A7AY, &% FAL, catalase, protease,
AR 7teis] 58 A8t Gram staining 2 e - 3182 EAS Aol A6

31 %3 API system(API kit 20E, 50CHB, bioMerieux, France)S ©]-&3te] %3} th.

3) 16S rDNA gene sequence analysis
A-7 e A T4 Hste], LBuiACA  1dzF wigst Zb Al
chromosomal DNAE promega genomic DNA purification kit (Promega., U.S.A.)E A}-&3}
o] genomic DNAZ $H|3}a2(Chun, 1995), ©]& forward % reverse primerS AF-&3] 16S
rDNAE PCR amplicationd} % t}. PCR productE QIAquick PCR purification Kit (QIAGEN
Inc., Germany)Z AF-&3Fe] AA g & pGem-T vector (Promega, U.S.A.)°ll cloning 3}¢],
ABI 100 automated DNA sequencer(Takara Korea, Korea)® £43}al, o] 47| dS 7]

%% NCBI 9 blast &to] %A 3ait}.

4) gyrA sequence analysis

Bacillus <+t Zgste= A-7 59 A3

sy

4S5 98] gyrase subunit A

sequence #+4S AAsS . Wizard genomic DNA  extraction kit(Promega Inc, USA)E
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o] &3ty Z #FE9 genomic DNAZE Universal primer(p-gyrA-F 5'CAG TCA GGA
AAT GCG TAC GTC CTT3', p—gyrA-r 5’CAA GGT AAT GCT CCA GGC ATT
GCT3)E o]&3led PCR amplicationdt$l o™, ©] PCR product® Qia Quick spin
column (Qiagen Inc, Germany)s ©|&3sto] thA] AA|gE = pGem-T vector (Prom ega
Inc, USA)°| ligationA# E.coli® %33} t}. plasmid extraction kit(Atman bio, korea)&

23 =3 gyrA gened sequenceZ NCBIY blast programe E3] 5439 t)
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Table 1. Occurrence of Sclerotinia rot by Sclerotinia sclerotiorum on the crisp

head lettuce in plastic houses at Uiryeong-Gun, Gyeung Sang nam-Do in 2003

) Disease severity index (%)
Plastic house

January February March April May

AP 38.2° 32.4 26.4 12.4 6.8

B 36.5 27.1 20.6 8.7 2.1

C 42.3 30.9 25.5 10.1 8.2
Average (%) 39.0a 30.1b 24.2b 10.4c 5.7¢c

? Disease severity index (%) was estimated by counting the number of plants infected by
S. sclerotiorum.

> Total number of tested crisphead lettuce plants ; A, 4600 plants; B, 4300 plants ;
C, 4300 plants.

Table 2. Occurrence of Sclerotinia rot caused by Sclerotinia sp. on the

crisphead lettuce in plastic houses at Uiryeong-Gun, Gyeung Sangnam-Do
from 2003 to 2004

Disease severity index (%6)

Plastic
house 2003 - 2003 - 2004 - 2004 - 2004 - 2004 -
November® December Januaryb February March April
A° 8.34 54 9.2 10.3 14.8 0.6
B 79 75 105 13.4 125 0.6
C 75 6.9 8.2 11.1 14.1 0.6
Average(%) 7.9 6.6 9.3 11.6 13.8 0.6
# Year 2003
" Year 2004

C

Total number of tested crisphead lettuce plants ; A, 4600 plants; B, 4300
plants; C, 4300 plants
4 Disease severity index (%) was estimated by counting the number of plants

infected by S. sclerotiorum.
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Fig. 1. Symptoms of sclerotinia rot of crisphead lettuce caused by Sclerotinia sp.. A:
Typical symptoms on leaf in the field, B: The white mycelial growth and sclerotia
formed on the leaves, C: Infected plants became rotted then blighted, and eventually
died, D: Occurrence of sclerotinia rot in the crisphead lettuce fields at Uiryeong—Gun,

Gyeung San Nam-Do in 2003.

25 23 Mt 1409 &9

=
ES
S. sclerotiorumZ A% o™ A AR S. sclerotiorum®] 3

o] #&EHATH(Fig. 2, Fig. 3A). wgtel ¥AEHS A47dF9 <ol F-2sto] HUddEs
AR A, FEe] #FelM e WS Bilew, of & YR-1 w59 ¥l 7t

o wjkd EAS A#E Ay dE A 2SS FAoA slMo g WHElglon it
215 oMol o] petridish & 14~237] A= FAFHACH #3 e A7]= 21~55%2.0~

A Fwelew, wale] ¥ wFe PRl 2 FAHAN=E dHe
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Fig. 2. Isolation of Sclerotinia spp. from diseased crisphead lettuce leaves at

Uiryecung—-Gun, Gyeung Sang nam-do.

Fig 3. Morphological characteristics of Sclerotinia sp. YR-1 isolated from crisphead
lettuce. A: The colony and sclerotia of Sclerotinia sp. grown on PDA, B: Apothecia

produced from sclerotia, C: Asci, D: Ascospores
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Table 3. Morphological and cultural characteristics of Sclerotinia sp. YR-1 isolated from

crisphead lettuce

YR-1 isolate S. sclerotiorum®
Examination Division Description of characteristics
Sclerotium Formation 14~23/Petri dish
Color Black Black
Shape Globose to irregular® Globose to irregular
Size 21~55%x2.0~4.4 mm
Apothecium Formation 1~5/sclerotium
Shape Cup—shaped Cup-shaped
Diameter of disks 1.5~39 mm
Length of stalks 7.9~18.2 mm 0.5~2cm
Width of stalks 0.7~2.1 mm
Ascus Shape Cylindrical Cylindrical
Size 100.0~165.0x7.5~12.5 m 80~250x4.5~22.5 tm
Ascospore Shape Ellipsoid to ovoid Ellipsoid to ovoid
Size 11.5~23.0x5.0~10.0 m 9~13x4~6.5 m
No. of nuclei 1~2
Color colorless colorless

# Described by Udagawa et al., (1980)
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YR-1#59] HA T4 2%+ 20C~25C=E 15 AH(Table 4).

Table 4. Effect of temperature on the mycelial growth and Sclerotium formation

of S. sclerotiorum YR-1 strain on PDA medium

Temperature (C)

Examination . - - - 3 -
10T 15T 20T 25T 30T 35T
Mycelial - - e e A +
growth

Sclerotium - - 42x36  48x38  23x25 -
size (mm)

No. of _ - 19 18 10 -
sclerotium
Sclerotium

formation - - 10 10 15 -

time (days)
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2 o5 T duaddaa gaddol At Aoz Q¥ S sclerotiorum YR-1

FROAS FEEE AFoel AAALIR AeEe Ausn PAy 07

D AFde 4 Ao A

S. sclerotiorum YR-1 w59 TAZZRF R (As =0.8)S Aeld = HAdA
A F HAGHFS Aad Ay 80 mlek 60 mle] A @M= 294 o] FHE o] uhx
ak7] Alzkete] 5 Aol 100%°] T EE YERN oW, 40 mIA gel = 3L Aol 40% T
Bis wol7] Alzste] 7ol 90% = A A3 Wel JdEAT 4, 20 ml o] ske] A g
F TAANA L 70%9] v =S el AEate] wAEd AR E Hdd
o] JFFol B W A HAol o] wiel 4-5d4A7HA] 60% THE=E B
A el goz AdatdtH(Table 5, Fig. 4).

ox o

Table 5. Selection of suitable inoculum volume of Sclerotinia sclerotiorum YR-1

pathogenicity on crisphead lettuce at pots experiments

Disease severity index (%)

ml/pot
1 day 2 days 3 days 4 days 5 days 6 days 7 days
80 0 30 70 90 100 100 100
60 0 20 60 80 100 100 100
40 0 0 40 60 60 30 90
20 0 0 30 40 40 60 70
Control 0 0 0 0 0 0 0

# Disease severity index (%) was obtained by estimating the diseased leaf area

of the plants by Sclerotinia sclerotiorum YR-1
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Fig. 4. Pathogenicity test of Sclerotinia sclerotiorum YR-1 with different
volume of inoculum on crisphead lettuces at the pots experiments. A, 80 ml;

B, 60 ml; C, 40 ml; D, 20 ml; E, Control(non-treatment).

2) A9 AHAY s&= AT
S. sclerotiorum YR-1 59| wALZZHEF S 55 (As=0.2, 04, 0.6, 0.8)=
HAEete] HAHe=s A A3, Ax=029] F=cA= 44AFE o] Ty AlAst
o 1NNLAZIA L] =7t 46% R 0™, As=0.49F 0.62] FEolAE 3UAFE o] A3
71 AAE A, 1A= 55% 8 e2 =5 WA YEbgt @38 As =089 F=olA= 3
AR F-E Wo] WAstr] Al Fetdom 119Ae] WHERE 94%9] = WHEE HA

(Table 6).

uebA, kM) HFE HA AYFH v AL dast A HFT T As=04
i 069 &=l 40 me A2l 50%<] WS UEl= EDsofkell 77k ol & HA A
Te=E 2 AYgFer A2tk (Table 6, Fig. 5).

FR

N
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Table 6. Pathogenicity of S. sclerotiorum YR-1 with the suitable density of inoculum on

crisphead lettuce at pots experiments

Treatment Disease severity index (%)*

density (Ass0) 1day 2 days 3 days 4 days 5 days 7 days 9 days 11 days

0.2 0.0 0.0 0.0 4.6 187 275 37.8 46.2
0.4 0.0 0.0 2.8 10.2 29.3 40.9 52.8 53.4
0.6 0.0 0.0 5.3 139 30.8 44.3 55.1 56.3
0.8 0.0 0.0 134 30.7 60.8 87.2 90.0 94.4
Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

* Disease severity index (%) was obtained by estimating the percentage of diseased

leaf area on each plant by S. sclerotiorum. YR-1

Fig. 5. Pathogenicity of S. sclerotiorum YR-1 with the different concentration of
fungal inoculum on crisphead lettuce at pots experiments. A, As50=0.2; B, As5=0.4;

C, As0=0.6; D, As50=0.8.
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Table 7. Inhibitory effect of 10 antagonistic bacteria selected among 702

bacteria from healthy crisphead lettuce against mycelial growth of

Sclerotinia sclerotiorum YR-1 on PDA medium

Isolates Inhibition zone (mm)*
A-2 9.6
A-7 9.8

RH-1 7.1
RH-2 7.2
RH-3 7.4
RH-4 9.6
R-13 7.2
R-26 8.5
R-39 8.2
S-8 7.2

% Growth inhibition was determined after 7-day-incubation at 25C.
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Fig. 6. Fungal growth Inhibition of Sclerotinia sclerotiorum YR-1 by 10
bacterial isolates on PDA medium. A, A-2; B, A-7; C, RH-1; D, RH-2; E,
RH-3; F, RH-4; G, S-8; H, R-13; I, R-26; J, R-39
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7P7F 77k 80%, 85%, 80% % M wmokow AE foH el Aol gl (Table 8, Fig. 7).
webA, gl te ¢ BgFoR A-2, A-7, RH-4 3858 4§42 XE AAS 53

27F sk

Table 8. Suppressive effects of 10 antagonistic bacteria on disease severity of sclerotinia

rot caused by Sclerotinia sclerotiorum YR-1 on crisphead lettuce at pots in growth

chamber.
6 days after
Treatment * Disease severity Disease control

index (%) value (%)
A2  +Pa 20.0 80.0 ab "
A-7 + Pa 15.0 85.0 ab
RH-1 + Pa 50.0 50.0 de
RH-2 + Pa 40.0 60.0 cde
RH-3 + Pa 30.0 70.0 bc
RH-4 + Pa 20.0 80.0 ab
R-13 + Pa 55.0 450 e
R-26 + Pa 30.0 70.0 bc
R-39 + Pa 40.0 60.0 cde
S-8 + Pa 30.0 70.0 bed
Pa alone 100.0 0.0 f

? Crisphead lettuce plants were treated with both antagonistic bacteria and S.
sclerotiorum YR-1(Pa). Plants inoculated with S. sclerotiorum YR-1(Pa alone)
served as a check.

" Means with the same letter are not significantly different according to the

Duncan’s multiple test (p=0.05).
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Fig 7. Disease control effect of 12 antagonistic bacteria to Sclerotinia rot
caused by Sclerotinia sclerotiorum YR-1 on crisphead lettuce at pots

in a growth chamber.

A, A-2; B, A-7; C, R-13; D, R-26; E, R-39; F, RH-1; G, RH-2; H, RH-3; |,
RH-4; J, BW13; K, CAA2; L, S-8;, M, Pathogen only; N, Control

d, A5AQ 25 BeE Ba 1Adse Bo® & 027 #5 9o 2AdE
F7Fe w59 HAgHRE ZARIYEEY 2 23, Pro-EB-15 ¥ 89.2%9] WHA|ZIE

A 13 AatE FFERY AV =3e, o 2% Pro-EB-17 W7} 835% 2 =
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gtth, I g o ®ZE Pro-EC-3 T F7F 724%9 WAVIES ®ol A Pro-EB-15%F,

Pro-EB-17 i % Pro-EC-3 #5& 43 o= 33 A3 th(Table 9, Fig ).

Table 9. Disease control effect of 7 antagonistic bacteria against Sclerotinia rot by

Sclerotinia sclerotiorum YR-1 on crisphead lettuce at pots in a growth chamber

Disease control value (%)

Treatment
9 days after

BJ 2-2 + Pa 59.4°d
BJ-4 + Pa 55.1de"
Pro-EC-3 + Pa 72.4¢
Pro-EC-8 + Pa 49.4de
Pro-EC-10 + Pa 46.1e
Pro-EB-15 + Pa 89.2ab
Pro-EB-17 + Pa 83.5b
Pathogen (Pa) only 0.0f
Control 100.0a

a

Disease control value (%) = (disease severity index in control plants-disease

severity index in treated plants)/(disease severity index in control plants) x

100

"Ina column, means followed by a common letter are not significantly
different at the 5% level by DMRT.
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Fig 8. Disease control effect of 7 antagonistic bacteria against Sclerotinia rot by
Sclerotinia sclerotiorum YR-1 on crisphead lettuce at pots in growth chamber.

A, BJ 2-2; B, BJ-4; C, Pro-EB-15; D, Pro-EB-17; E, Pro-EC-3; F, Pro-EC &; G,
Pro-EC 10; H, Pathogen; I, Control

ol 2z A" 3¥F(A-2, A-7, RH-4¢ 3z AHwd  37F(Pro-EC-3,
Prp-EB-15, Pro-EB-17)& HFA o2 A5 BAEZx}E vl fdAg 243, A-7 +F
7F A7 91.0% %2 7FE =9kow | Pro-EB-15 w¥F7F 90.1% % oz Egkth ey
A-73 Pro-EB-15 w9 WA 7bell= A2 fFo4Ql zteo]7b glo] WAZFF v &8 A7

e 03y AL Frdgddoz HF Adstdth(Table 10, Fig. 9).
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Table 10. Disease control effect of 6 antagonistic bacteria against Sclerotinia rot by

Sclerotinia sclerotiorum YR-1 on crisphead lettuce at pots in a growth

chamber
7 days after inoculumn
Treatment disease severity index Disease disease control value
(%)" (%)
A-2 + Pa 11.2 88.4 b°
A-7 + Pa 8.7 91.0 ab
RH-4 + Pa 12.3 87.2 b
Pro-EC-3 + Pa 17.4 81.9 b
Pro-EB-15 + Pa 9.6 90.1 ab
Pro-EB-17 + Pa 11.9 88.1 b
Pathogen (Pa) only 95.9 0.0 ¢
Control 0.0 100.0 a

Disease severity index (%) was obtained by estimating the percentage of
infected leaf area on each plant by Sclerotinia sclerotiorum YR-1

Disease control value (%) = (disease severity index in control plants-disease
severity index in treated plants)/(disease severity index in control plants) x 100

° In a column, means followed by a common letter are not significantly different at
the 5% level by DMRT.
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Fig 9. Disease control effect of A-2, A-7, RH-4, Pro-EC 3, Pro-EB 15,
Pro-EB 17 to Sclerotinia rot by Sclerotinia sclerotiorum YR-1 on crisphead
lettuce at pots in a growth chamber. A, A-2; B, A-7; C, RH-4;, D, Pro-EC 3; E,

Pro-EB-15; F, Pro-EB-17; G, Pathogne ; H, Control

mt
o

EEAYA 9 FARH T

K
i
o
=
o
i
L

Aol Iy WA E AANA 22 Aid APHE] B 52 EFAYZ PAE

A, EFAY A A-T+RH-4= 90%°] LA7t= 7 ¢85 e, o
FOoRT GEAR A7, RH-49 E9A 279l A-2+A-79] WAZI7E 80%2 =9kt
e o5 FoHA Aol (U W, o] #FE BEF EFF AT

WA 77t 60% 2 71 sEkth(Table 11, Fig. 10).

i

[e:

A-2+A-7+RH-4
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Table 11. Disease control effect of single treatment or/and mixed treatment of
A-2, A-7 and RH-4 against Sclerotinia rot caused by Sclerotinia sclerotiorum

YR-1 on crisphead lettuce at pots in growth chamber

Treatment Control value (%)
A-2 + Pa 75.0 ab”
A-7 + Pa 80.0 ab
RH-4 + Pa 80.0 ab
(A-2+A-7) + Pa 80.0 ab
(A-7+RH-4) + Pa 90.0 a
(A-2+RH-4) + Pa 75.0 ab
(A-2+A-7+RH-4) + Pa 60.0 b
Pathogen (Pa) only 0.0 ¢
Control 100.0 a
* Disease control value (%) = (disease severity index in control plants—disease

severity index in treated plants)/(disease severity index in control plants) x 100

"In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.
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Fig 10. Disease control effect of single treatment or/and mixed treatment of
A-2, A-7 and RH-4 against Sclerotinia rot caused by Sclerotinia
sclerotiorum YR-1 on crisphead lettuce at pots in growth chamber.

A, A-2; B, A-7, C, RH-4; D, A-2+A-7, EA-7+RH-4; F, A-2+RH-4; G,
A-2+A-7+RH-4; H, Pathogen only; I, Control.

ot ¢ A AEY 4

D i, A, Asksty 2 g 54 24
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&3t oy D-xylose®t D-mannitolol| A= f714HS AAAdeA g

oly 3 54
Bergey’s Manual of Systematic Bacteriology®l Bacillus &% 7]l

=0
==
Ja 38 2
e FAEE

= W3 tH(Table 12).

B=)

Bacillus. subtilis B.t}= B. amyloliquefaciens®} =

M2 T EI-23402) i1
WML O e = I WD LR D

Fig. 11. Transmission electron micrograph of antagonistic bacterium, A-7 strain

isolated from roots and rhizospere of crisphead lettuce against S. sclerotiorum
YR-1 (A, 125,000, B, 40,000%x Magnification).
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Table 12. Cultural and biochemical characteristics of antagonistic bacterium, A-7 strain,

against S. sclerotiorum YR-1 compared with Bacillus subtilis and B. amyloliquefaciens.

Characteristics B. subtilis B. amyloliquefaciens A-7
Gram stain a + +
Endospore + + +
Cell diameter>1.0 pm — + +
Motility + + +
Voges—Proskauer test + + +
Catalase test + + +
Acid from D-glucose + + +
L-Arabinose + + +

D—Xylose + — —
D-Mannitol + d —

Gas from glucose + — —
Hydrolysis of Casein + + +
Gelatin + + +

Starch + + +

Utilization of citrate + + +
Nitrate reduced of nitrite + + +
Growth at pH 6.8 NB + + +
57 + + +

Growth at NaCl 2% + + +
595 + + +

79 + + +

10%% ND + +

Growth at 5C — — —
10C d + +

30T + + +

40°C + + +

50C d — —

? Symbol: +, 90% or more positive; —, 10% or less positive; d, 11-89% positive; ND,

no data available

2) 16S rDNA¢%} gyrase A F3829 d71Mg 4
A-7 #59] 16s tDNA PCR T3l 9 &] <F 15 kb FHAE R3O,

o] PCR fragment®] 97| E& #4359 GeneBanke databaseolA 7 23d ZA3} Bacillus
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amyloliquefaciens®t 99.7%, B. amyloliquefacienst= 99.4%° A4S ® At (Fig. 12). L
g, Asketa 54 8 16S 1DNA 97149 BAAAToRE A7 #F¢ 4 dolA
sta et A7e WeE $71 etk 53] BacillusE9 4% 9 Aststs EA0 we &
W o R Qe :rl—v‘o}7]7} oy Bow delA glo] Al il 7HE Bol A
+ 16S 1DNA #4499 49 2T TolAe A71ALDe] FAE(99.2~99.6% A 714
FAEE)7E A vl s=g AAolvh webx, Al A-7 #F9 A4S A4S 915
gyrase A FAAe] gr|M<g >
% PCR fragmentZ partial sequenced ZA3E GeneBankol A BLASTE
Ay B, amyloliquefaciens®t 96%°¢ FAEE ®HAvh(Fig. 13). 28402 A-7 #F9
S 93 A A A Ay &) HEHOE B amyloliquefaciens® 3% o,

FE B. amyloliquefaciens A-72.2 873} t}.
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Fig. 12. Phylogenetic tree for various strains of Bacillus species on the basis of
16S rDNA sequence similarity. Maximum parsimony phylogenetic tree generated
by using PAUP program. Numbers indicate parsimony bootstrap scores for the

branch.
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Gene bank No. Species
ATSA64 02 B Nues Do fowmis
AISES403 Baci s licteniformis
AFZTZOZS Bacillue valiomartis
i i) [————AJ212986 Biactlluz majrransic
l_ AYSFI014 Farilvs mohaensy
100 bt AV212973 Bagi g i Mg ivar
100 A2 12874 Blag i gl Mapaabas e
= a-T
i~ ~AJ5BE39F rEimr subtilre
275 B4 08 RaciMe subiife

Fig. 13. Phylogenetic tree for various strains of Bacillus species on the basis of
gyrA sequence similarity. Maximum parsimony phylogenetic tree generated by
using PAUP program. Numbers indicate parsimony bootstrap scores for the

branch.
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A fulA 4 LE 7 L& Favid Wi A- HZE3sho] 724 7F
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AT #Fe] AR T2 2EE 2AM A7, 25CAA Am-l00® 71 E%a
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Fig. 14. Growth curve of B. amyloliquefaciens A-7 strain in NB medium at 30T
for 48 hours.
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Fig. 15. Effect of temperature (C) for cell growth of Bacillus amyloliquefaciens

A-7 strain in NB medium for 24 hours.
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Fig. 16. Effect of pH for cell growth of Bacillus amyloliquefaciens A-7 strain in

NB medium for 24 hours.

A9 yeast extract 0.5%7F 3% Bacillus ¥l %8 7] Z Ao A &2 &40

jus)

3065 FRUR AW A A7 B¢ AFSD 397 AW BHEA el oD 3

]

rot

ZA 3}, Fructose, GlucoseeZ} 2z} 193, 1.91=2 7F =3kt (Table 13).
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Table 13. Effects of low molecular weight carbon sources on cell growth of B.

amyloliquefaciens A-7 at 30C and 160 rpm in flask culture

Low molecular weight Optical density (at 550 nm)
carbon sources 24 h 48 h 72 h
Glucose 0.38 0.69 191 b*
Sucrose 0.30 0.31 0.32 k
Lactose 0.25 0.28 025 L
Mannitol 1.02 0.85 118 f
Xylose 0.15 0.45 0.69 1
Glycerol 0.56 0.47 0.58 j
Fructose 1.57 1.14 193 a
Dextin 0.77 141 127 e
Arabinose 0.38 0.56 0.83 h
Souble starch 0.36 0.90 145 ¢
Inositol 0.44 2.71 0.85 g
Cellobiose 1.62 1.23 131 d

a

In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.

3k A4 yeast extract 0.5%7F E¢HE | Zu] Ao LEA B4 3.0%E F

FREE FA7betel A7 wFE HFstn A" widsto] wFe S-S AR 243 ODE
AZA o] ALA gdadrRy dAS mhow I Fol M= AN FEA 7241wl

oA As=2.89%2 7FF ko g2 v, S5 soz 7h7h A
tH(Table 14).
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A" 4 (Rice o9t FAEL F7h2 Adste] A7 #F9 FAL 2R A
Aso2892A 7P Egrom thee AMABAT Ag=253¢] Ark(Table 15). A3 o2
Zob e @lgol e ARt AMABARTG Bl HFAoR FHH whaUO
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Table 14. Effects of high molecular weight carbon sources on cell growth of

Bacillus amyloliquefaciens A-7 at 30C and 160 rpm in flask culture

High molecular weight Optical density (at 550 nm)
carbon sources 24 h 48 h 72 h
Dough conditioner 1.85 2.43 2.89 a*
Rice starch 0.89 1.94 2.34 ¢
Sweet potato starch 1.18 1.33 1.69 e
Black sugar 1.48 1.39 175 d
Yellow sugar 1.64 1.6 1.40 f
Rice bran 1.76 2.13 2.65 b

In a column, means followed by a common letter are not significantly different at

the 5% level by DMRT.

Table 15. Effects of high molecular weight carbon sources on cell growth of

Bacillus amyloliquefaciens A-7 at 30T and 160 rpm in flask culture

High molecular weight Optical density (at 550 nm)
carbon sources 0h 24 h 48 h 72 h
Dough conditioner 0.69 1.72 2.66 2.53 b
Rice bran 0.36 0.89 0.95 118 ¢
Rice oil 0.06 2.03 2.82 2.89 a
Molasses 0.13 0.51 0.68 0.85 d

? In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.

a9 3.0%9 AAU(yeast extract) 05%E €L 7| ZuA|d AaAH+ A-T7 I

TE AT F 547F et vt FEHS PDAMIA] AdelA WY YR-1 o
FoF gixujeFste] B #AINS AsladE A A7 fructose, mannitol, inositol,

glycerololl A A At 7F z+zF 12.0 mm, 125 mm, 11.8 mm, 11.5mm= 23 o] =A el
o, A e dARR S A 2@ 7F oha gkt (Table 16).

g2, Aslaart =Y Fructose 9 AWl HEAe dAvlfE F7 FAI5HY
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o Bl Z5el o7 W] wARES A adE A 23K(Table 17), @49 3R
= Yepr] ggkor dAnjfo AAE 9 mmEA Fructose 10 mm, A7) Al 7

mm<} AR}

Table 16. Inhibitory effects of addition of carbon sources for antifungal

activity on mycelial growth of S. sclerotiorum YR-1 on PDA medium

Inhibition Zone Inhibition Zone
Carbon sources Carbon sources

(mm) (mm)
Glucose 7.3 d Souble starch 7.0 d°
Inositol 11.8 ab Dough conditioner 70 d
Lactose 8.0 cd Sweet potato 7.0 d
Mannitol 125 a Black sugar 9.8 bc
Xylose 73 d Sucrose 0.0f
Glycerol 115 ab Cellobiose 0.0f
Fructose 125 a Rice bran 0.0f
Dextin 43 e rice 0.0f
Arabinose 28 e Yellow sugar 0.0f

# In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.

Table 17. Inhibitory effects of addition of carbon sources for antifungal activity

on mycelial growth of S. sclerotiorum YR-1 on PDA medium

Carbon sources Inhibition Zone (mm)
Fructose 10 a*
Dough conditioner 7 ab
Rice oil 9 a
Fructose + Dough conditioner 8 a
Fructose + Rice oil 8 a
Dough conditioner + Rice oil 4 b

# In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.
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Ak ' A0 dAnl - 9l fructose, AWl FAE 24+ d= (3.0%) e &3 A

st o A ERE SAT A, vxufA e At AW EA] dEo R
A7Fst= 2ol Fructose®t &FAdlst= AR OD7F dA4 8] =gked, dAvl+
g T2AIZE wiSFEE o] Asg=3.37EA 7P Eskom, tE& AWNEA dE HIPt

As50=2.76°] A tH(Table 18). whebA, gtigle] A gjo] o3 S & 37 vepubA] k.

l

Table 18. Effects of low molecular weight carbon sources and high molecular
weight carbon sources on cell growth of B. amyloliquefaciens A-7 at 30C and 160 rpm

in flask culture

Optical density (550 nm)

Carbon sources

0h 24 h 48 h 72 h
Fructose 0.03 0.57 0.57 0.62 f*
Dough conditioner 0.69 2.02 2.84 276 b
Rice oil 0.06 2.81 3.25 3.37 a
Fructose + Dough conditioner 0.53 0.94 1.02 154 e
Fructose + Rice oil 0.01 0.64 1.07 1.75 d
Dough conditioner + Rice oil 0.60 0.97 2.01 2.1 8¢

? In a column, means followed by a common letter are not significantly different at

the 5% level by DMRT.

o) ol gg X
A-TRF9) 24T P #AF AgAde] GAAA Ao TR wad @

1]

2

froll A9l yeast extract =& NHNOsE #H7FgE & A-7d 59 BEE ALY
dadE 05% H7Ee 497 d4d Aol vldte] OD kel m3kom, Ao
Yeast extractE #H7}A] OD 3.35% 7} ¥ %tH(Table 19).

whEb A, 7] 2 A (K HPO, 0.05%, MgSOy - 7TH20 0.05%, MnCls « 4H20, 0.0005%, CaCl
5+ 2H20 0.0005%, FeSO, 0.0025%)° & "] 3.0%, Yeast extract 0.5%= 73k v uj

A& B. amyloliquefaciens A-7TT5 2] Zef~=wjokol A dfgujekg WA= HE MAdstgdch
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Table 19. Effects of nitrogen sources on cell growth of B. amyloliquefaciens A-7

at 30C and 160 rpm in flask culture

Optical density ( 550 nm)

Nitrogen sources

0h 24 h 48 h 72 h
Rice oil 0.06 2.58 2.94 317 ¢
Rice oil + Yeast extract 0.08 2.74 3.14 3.35 a
Rice oil + NH4NOs3 0.08 2.63 3.03 3.25 b*

In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.

2) g 7] wjok

7h AvlfAE o] &3 TR

a1

ek wgel A A oiFelgE wiAQl dvl o wiAE 2R 7]

o,

O

A-7 & HEFs vl (30T, 350 rpm, 1.5 atm, pH 7)3te] OD g3 A HA Yo
FALE 24T A3, 24707 967 MAFA ZH7F Ag=0.12, As=7.130.% FA o] 7}
% =gk otk (Table 20), BTG T2A17F, 96A17Foll Al Zh2E 56x10Y, 73x10Y cfu/ml o2 74

=

A ey th A ER oA AEgAES vidstE 713k AdE vt 7R =& 724
oz A3 tH(Table 20).
AuFuf Ao A-7 FFS T2AF vkt wge] e ds dAE YT YR-1+

FoF A Fate] AdES HASAY 2 Ay, AXAW A4 15 mmeo]dtH(Table 21).

olo] Fetran gy warvidel A3 B amyloliquefaciens A-7 w2 U=
WFEA R A3 FarEdel olgh Welvte] dAE AN EATt #e Ao Hld 9
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Table 20. Cell growth of B. amyloliquefaciens A-7 in the rice oil media using 7

L jar fermenter at 30C and 350 rpm and 1.5 atm

Culture Optical density Cell density
time (550 nm) (cfu/me)*x10"
0h 0.09 0.0
24 h 4.10 0.01
48 h 5.62 0.72
72 h 9.12 56.0
96 h 7.31 73.0
120 h 571 19.0

% Cell density was measured by colony count on a nutrient agar plate

after serial dilution with saline..

Table 21. Antifungal activity of the fermentation culture on mycelial growth

of S. sclerotiorum YR-1 on PDA medium

Culture medium Inhibition zone (mm)

Rice oil medium 15
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Ad4d THIFLALE gHAEA BEFF ARV H

L 73 4H

) ey gAg 9

5=

XA A st

D 1, 22+ AA (7344, ATA~ATL A A)

7L e kgl dnlfulx 4 LS Ya, H9dF YR-1#F9 2

ot

FA TSl FA T T B. amyloliquefaciens A-7 7+ 40 mlE H%53dlo] 3 350 rpm, pH 7,
15 atmol Al 3Lz wlgstA ). o] wjgdd S AR I ovt AR, wWFErrE, WA
B ol AgulAE Hrlsla E38te], AFX7|(G5C)A A 2~397 Ax & B2 zo}

FoAlE AAE A Z8 A

ok

2) 3, 42 A F3} (F3kA], ATM~ATU A A)
g APslel FUI WyoR wjFEd AT FFo Hjgdo] £45¢ AR,
By et Ay, WARE 59 AEduAE g sz Hls)

oA 2~32A7 AZRF T By7|2 Zo} FaAE AAS Az3A)

3) 5aF AP} (A AT-1, A7-3, A7-4, A7-5, AT-7, A7T-8, ATV AA|, N4
kA A7-2, A7-6 A A)
okx o]l 4z A3t} TAs WhHom ujst A-7iFo wjgde] HELFA

A A, A e, Ao, MAHE

O

-

oAy, A EY, d ZeA, A Apel =) Al A
o demjAlE ugd se2 Hrbsta Egete], Ax7I(65T)0NA 2~3L43 Ax7
712 2ol F3hA Bl NGFsiA] AAE A8

4) 62+ AP sh(53hAl, ATW A A)
52 Aol A A2 dE o]l WE AT-VAAL WAEIAE Egou, oF
&ol ol vt ol ZAAE nestr] fste] Aede] HrbEEE 10%2 SEolAM
AAAR 83%ek &3ste] aA1d AAE Az
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2. 472+

7h BZAT A-T FFE 08T JdHAEAY AJ

D AdvA A

APSHE A AGAARA S55 AR, B0 AR, WFIE, WYALE A

goho] FaAGon Az ol5e Bol UF §AYE wou ATPF oo Axe
F e A vy A Lgtov] AErle 4TE B F oY A9 vl IR
thoolE mekets] e AYAAYS AzduA FPFUA FES 9/ @n TAY
o Aol Be BEFFAR, A Lein), A T, A A, A Abol=, A A, A A,
W oE, AL, MARE, ALl 5L FEEE UY Awstel AgrRAE AYSE A
etk 2t o5 F AggEAE A advs A AL Ak Aol Hsaa

or grxe A9E FaAGon Az B AT ArE AP e nag

’

2) Ag st

7h 12k AlAl
7L WEvlo] dAnsulA 4 LE Y3 B amyloliquefaciens A-7 5 35}
o] 7241k wi<¥(30TC, 350 rpm, 1.5 atm, pH 7)stal o] wiFde] S HE Eyest d
i, AR, vF7HF 5o AL9uAlE Hrbeta &Fste] 34419 12k AlAl (ATA, ATB,
ATC, ATD, ATE, ATF)E A %33 tH(Table 22).

) 22k A Al
A-TdF wjgde] S5=4 AE gy eyt AdE S8 25, Fructose 59 dA¢
WA E Hrbeta Eete] FEAE 23 AA(ATG, ATH, ATL, A7], ATK, ATL)E Al %3
tH(Table 23).
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th) 3xF AA
A-TEFE Mo S5 AR, WAAE So] AWAS Wsn T

o] 3x AA F3AE (ATM, ATV, A70, ATP, ATQ)AAE A Z3t S tHTable 24).

eh) 47 A
A-TEFS) wjFlel Bl osh AR, WANE SO AduAE Ahsn £

sto FstAlY 43 AA(ATR, ATS, ATT, ATU)E Al Zx3kAthH(Table 25).

o) 53 A7
A-TEFe] wiFole] B85S AR, A el A dn, A Zeld, A Aol

E

AR A A 8 Y, Aled, WAAE SO AdemAE drkstal E9ete] 3t
Al 5xF AA(AT-1, A7T-3, A7-4, A7-5, AT-7, A7T-8, ATVl AGF3tAs AT-2, AT-6)&

A Z 35t A cH(Table 26).

v 62 A A
A-TH59] wjkdo] AeAdy HAARES Hsbsla &gk

AAATW)E A =38k A tH(Table 27).

skAlg 52k

+
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Table 22. Composition of wettable power-type formulations using commercial additives,

carriers and B. amyloliquefaciens A-7

Formulation Sources of Formulation
ATA Corn starch 409, Modified starch 10%
A7TB Corn starch 40%
A7C Tapioca starch 4096, Modified starch 10%
A7TD Tapioca starch 40%
ATE Corn starch 409, Meju flour 5%
ATF Modified starch 409, Meju flour 5%

Table 23. Composition of wettable power-type formulations using commercial additives,

carriers and B. amyloliquefaciens A-7

Formulation Sources of Formulation
A7TG Corn starch 40%, Olive o1l 5%, Fructose 2.5%
ATH Corn starch 40%, Fructose 2.5%
ATl Tapioca starch 40%, Olive oil 5%, Fructose 2.5%
ATJ Tapioca starch 40%, Fructose 2.5%
ATK Corn starch 40%, Rice oil 5%, Fructose 2.5%
ATL Tapioca starch 40%, Rice oil 5%, Fructose 2.5%

Table 24. Composition of wettable power-type formulations using commercial additives,

carriers and B. amyloliquefaciens A-7

Formulation Sources of Formulation
AT™M Corn starch 50%
ATN Corn starch 30% , Modified starch 20%
A70 Corn starch 20% , Modified starch 30%
ATP Corn starch 10% , Modified starch 40%
ATQ Modified starch 50%
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Table 25. Composition of wettable power-type formulations using commercial additives,

carriers and B. amyloliquefaciens A-7

Formulation Sources of Formulation
ATR Tapioca starch 50%
ATS Tapioca starch 30% , Modified starch 20%
A7TT Tapioca starch 20% , Modified starch 30%
A7TU Tapioca starch 10% , Modified starch 40%
ATQ Modified starch 50%

Table 26. Composition of suspension concentrate wettable power-type formulations

using commercial additives, carriers and B. amyloliquefaciens A-7

Formulation Sources of Formulation
A7-1 Waxy rice 40%, Modified starch 10%
AT7-2 Sun creamy 8%
A7-3 Sun tender 40%, Modified starch 10%
A7-4 Sun size 8%
AT7-5 Sun fregel 40%, Modified starch 10%
AT7-6 Sun cap 40%, Modified starch 10%
AT-7 Sun supersel 8%
A7-8 Sun batter 40%, Modified starch 109
ATV Zeocil 349, Modified starch 8.3%

Table 27. Composition of wettable power-type formulations using commercial

additives, carriers and B. amyloliquefaciens A-7

Formulation

Sources of Formulation

ATW

Zeocil 10% , Modified starch 8.3%
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A4F gagel U@ PAERE H9 ob Wt} v

N

A% A3, F3AE ATA
AA7F 87.7%9 WAZIZ b =& HAEIE BIoy W=l 952%H T Sttt
(Table 28). wWetA, ATAAAE 132 A3l oh

of

Table 28. Disease control effects of 6 formulations using Bacillus amyloliquefaciens A-7
and Benomyl against Sclerotinia rot caused by Sclerotinia. sclerotiorum YR-1 on

crisphead lettuce at pots in growth chamber

Formulations Dis.ease severity Disease conErol

index (%) value (%)

ATA + Pa° 12.3 87.7b"
A7TB + Pa 32.1 67.9d
A7C + Pa 22.7 77.3¢
A7D + Pa 44.8 55.2e
A7E + Pa 52.4 47.6f
A7F + Pa 58.3 41.7¢g
Benomyl 4.8 95.2a
Pathogen (Pa) only 100.0 0.0h
Control 0.0 100.0a

Disease severity index (%) was obtained by estimating the percentage of
infected leaf area caused by Sclerotinia sclerotiorum YR-1.

Disease control value (%) = (disease severity index in control plants—disease
severity index in treated plants)/(disease severity index in control plants) x 100

¢ Pathogen, Sclerotinia sclerotiorum YR-1 (Pa)

“n a column, means followed by a common letter are not significantly different at the
5% level by DMRT.

L) 22k A Al
A AA N ¥ 6ERe AR AAE 242 F7b Axshel AFAF Eaol

oAl a3ks shebw o v vial gAskdvh O A3 kAl ATIA Al e A7}
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7b 60.1%= 7FE =9kon), 1uke]l A7G, ATH, ATL, A7], ATK AAE 484%, 41.7%,
38.8%, 36.6%, 29.8%% Huwrzow whA|Z}7} vkt A ATIAAlE 12 A A A Q)
ATAA A 2] 87.8%2] WA 7} WUl vrol Autyx] L3 th(Table 29).

Table 29. Disease control effects of 6 formulations using Bacillus amyloliquefaciens
A-7 and Benomyl against Sclerotinia rot caused by S. sclerotiorum YR-1 on

crisphead lettuce at pots in a growth chamber

Formulations Dis'ease severity Disease control
index (%)* value (%)"

A7G + Pa‘ 51.6 48.4c"
A7TH + Pa 58.3 41.7cd
A7l + Pa 39.9 60.1b
A7) + Pa 63.4 36.6de
A7TK + Pa 70.2 29.8e
A7L + Pa 61.2 38.8de
Benomyl 8.7 91.3a
Pathogen (Pa) only 100.0 0.0f
Control 0.0 100.0a

? Disease severity index (%) was obtained by estimating the percentage of
infected leaf area caused by Sclerotinia sclerotiorum YR-1.
" Disease control value (%)=(disease severity index in  control
plants—disease severity index in treated plants)/(disease severity index in
control plants) x 100
¢ Pathogen, Sclerotinia sclerotiorum YR-1 (Pa)

“1In a column, means followed by a common letter are not significantly

different at the 5% level by DMRT.

th) 3z Al A

228 AR AAe] WAl EHIE v vtol 5% S AAE AR FUF Ax
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o A w3y gk WA a8 wxed 213 AW AAA ATAS WAl g 3e}
o ] & A7TQ A AZF 783%9] WAIZE =k 2Ey, ATQ AAE 1
2 2w ATAAI A 2] 86.5%<] WAI7FR Y WA g3 7) vrol Awbs %] 23t thH(Table 30).

Table 30. Disease control effects of 6 formulations using Bacillus amyloliquefaciens A-7
and Benomyl against Sclerotinia rot caused by S. sclerotiorum YR-1 on crisphead

lettuce at pots in growth chamber

Formulations Dis.ease Disease control
severity(%)* value (%)
ATM + Pa‘ 40.9 59.1d"
A7TN + Pa 59.4 40.6e
A70 + Pa 38.5 61.5d
A7P + Pa 67.2 32.8f
A7Q + Pa 19.7 78.3¢
A7A + Pa 13.5 86.5b
Benomyl 8.5 92.5b
Pathogen (Pa) nly 100.0 0.0g
Control 0.0 100.0a

? Disease severity index (%) was obtained by estimating the percentage of
infected leaf area caused by Sclerotinia sclerotiorum YR-1.

" Disease control value (%) = (disease severity index in control

plants—disease severity index in treated plants)/(disease severity index in

control plants) x 100

Pathogen, Sclerotinia sclerotiorum YR-1 (Pa)

9 In a column, means followed by a common letter are not significantly different at

the 5% level by DMRT.

Zh) 42k Al A

42 4F7e M= AAE F7F Axste] AT dd el tie WA e
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Wwle] WAl Eatsh Wl PSRt 1 A R WAL 66.7% o5 AAHow )
$ wgrth, webd, 14 AwE ATARTHE BE $A77L wol F7b AwnA Ead

(Table 31).

Table 31. Disease control effects of 5 formulations using Bacillus amyloliquefaciens A-7
and Benomyl against Sclerotinia rot caused by S. sclerotiorum YR-1 on criphead

lettuce at pots in a growth chamber

Formulations Dis'ease severity Disease control
index (%) value (%)"
ATR + Pa‘ 36.5 63.5cd"
A75+ Pa 33.3 66.7c
A7T+ Pa 45.8 54.2ef
A7U+ Pa 41.4 58.6e
Benomyl 9.7 90.3b
Pathogen (Pa) only 100.0 0.0g
Control 0.0 100.0a

Disease severity index (%) was obtained by estimating the percentage of
infected leaf area caused by Sclerotinia sclerotiorum YR-1

Disease control value (%)=(disease severity index in control plants—disease
severity index in treated plants)/(disease severity index in control plants)
x 100

Pathogen, Sclerotinia sclerotiorum YR-1 (Pa)

In a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.

wh) 5k Al Al

9% 7o MAE AAZE 5xAZ F7F AFste] AFAAF A O WA gy
2 Wxdy vt Ay ARG5S AY A7T-24A 9] WA 90.2% 2 T ey om,
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Hi=d o] 95.8% Hub= wtekout Foxt= glolvh e FEAE AT-4 2 ATVAA R
WA ZF7Y 24 7E 88.4%, 83.1% ol Atk (Table 32, Fig 17).

Table 32. Disease control effects of 9 formulations using Bacillus amyloliquefaciens A-7
and Benomyl against Sclerotinia rot caused by S. sclerotiorum YR-1 on crisphead

lettuce at pots in a growth chamber

) Disease severity Disease control
Formulations ]
index (%) value (%)
A7-1 + Pa‘ 53.7 46.3ef
A7-2 + Pa 9.8 90.2abc
A7-3 + Pa 72.2 27.8g
A7-4 + Pa 11.6 88.4ad
A7-5 + Pa 46.6 53.4e
A7-6 + Pa 25.5 74.5d
A7-7 + Pa 24.8 75.1cd
A7-8 + Pa 68.1 31.9fg
A7V + Pa 16.9 83.1bcd
Benomyl 4.2 95.8ab
Pathogen (Pa) only 100.0 0.0h
Control 0.0 100.0a

a

Disease severity index (%) was obtained by estimating the percentage of
infected leaf area caused by Sclerotinia sclerotiorum YR-1.

" Disease control value (%)=(disease severity index in control
plants—disease severity index in treated plants)/(disease severity index in
control plants) x 100

Pathogen, Sclerotinia sclerotiorum YR-1 (Pa)

“Tn a column, means followed by a common letter are not significantly
different at the 5% level by DMRT.
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Fig 17. Disease control effects of 9 formulations using Bacillus

amyloliquefaciens A-7 and against Sclerotinia rot caused by S. sclerotiorum

YR-1 on crisphead lettuce at pots in a growth chamber.

A, A7-6 formulation; B, A7-7, C, A7-8; D, A7V; E, chemical fungicide,
Benomyl; F, Pathogen; G, A7-1;, H, A7-2; I, A7-3; J, A7-4, K, A7-5.

B 5AF AAle] WAl g AN WAZIE =9kd AT-2 AA 9] 457 AAE
F7tE FAlete] BAERE ARG A, AT-2AA S AL 882% = =okow Tty

AT-4 AA D ATV AA ol ot AR feojabs gldvh 2ev, ATV AA A

rlo

G A g Aol ofEe] wAE ] A=A of&t7|o= W ZAA ]

A
2AtH(Table 33, Fig 18).
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Table 33. Disease control effects of five formulations using Bacillus amyloliquefaciens

A-7 and Benomyl against Sclerotinia rot caused by S. sclerotiorum YR-1 on crisphead

lettuce at pots in a growth chamber

Formulations Di'sease severity Disease control
index (%) value (%)"
A7-2 + Pa° 11.8 88.2bc!
A7V + Pa 17.2 82.8cd
A7-4 + Pa 14.2 85.8cd
A7-6 + Pa 32.6 67.4e
A7-7 + Pa 20.0 80.0d
Benomyl 6.5 93.5ab
Pathogen (Pa) only 100.0 0.0f
Control 0.0 100.0a

? Disease severity index (%) was obtained by estimating the percentage of
infected leaf area caused by Sclerotinia sclerotiorum YR-1.
Disease  control  value (%)=(disease  severity index in  control

plants-disease severity index in treated plants)/(disease severity index in

control plants) x 100
Pathogen, Sclerotinia sclerotiorum YR-1 (Pa)

In a column, means followed by a common letter are not significantly different at

the 5% level by DMRT.

- 192 -



Fig 18. Disease control effects of 5 formulations using Bacillus amyloliquefaciens A-7
and against Sclerotinia rot caused by S. sclerotiorum YR-1 on crisphead lettuce at pots
in growth chamber. A, A7V formulation; B, Benomyl, C, Pathogen; D, Control; E, A7-2;
F, A7-4; G, A7-6; H, A7-7.

uh) 62k A A
FotAE ATW AAE 642 F7F Alxsto] 534 AA AP WAL HR7E 535
A 2% AA F, F3AF AT-AAA 2 NG AE AT-2 AA %} 12 A F5kA]
3 ATA AA 5 BT 4FF AA] wAaHE AT A 457 AA {27t

AR oy 1 F A7-29F ATAS] WAZ7E 247 84.9%, 83.8% % 7Hd =AU tH Table 34).

upba, ASH TEAW e WAgd HA Az WAV 7HE =99 Bacillus
amyloliquefaciens A-7 55 o] &3Fo] A3 NFFstAld A7-2 AA 2 F3kA8 ATA

AAE Ay AE GEdEA] $FAder HF AL

L

B
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Table 34. Disease control effects of 3 formulations using Bacillus amyloliquefaciens

A-7 against Sclerotinia rot caused by S. sclerotiorum on crisphead lettuce at soils in a
growth chamber

Formulations Ditq,ease severity Disease control
index (%) value (%)"
ATA + Pa¢ 9.3 83.8¢*
A7-2 + Pa 8.6 84.9¢
A7-4 + Pa 10.8 81.2¢cd
ATW + Pa 11.1 80.6¢cd
Benomyl 6.2 89.2b
Pathogen (Pa) only 57.3 0.0f
Control 0.0 100.0a

? Disease severity index (%) was obtained by estimating the percentage of

infected leaf area caused by Sclerotinia sclerotiorum YR-1.
b

Disease  control value (%)=(disease severity index in  control

plants—disease severity index in treated plants)/(disease severity index in

control plants) x 100

C

Pathogen, Sclerotinia sclerotiorum YR-1 (Pa)
4 In a column, means followed by a common letter are not significantly different at

the 5% level by DMRT.
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o 24AZ T AP Fo] REAHSHYAT(R solani, Asp=04) 2 T IHHAL(S

sclerotiorum, As=0.8)9] TAFZZIF-FHE Zh7F 40 ml A @5 EE T FJFste] g
7

<

7}
F&E 90%, 2% 24~25C9] KAl BAsHx

Arshel e,

2. A+A 3

Zatrge g XFE AN HFALE B amyloliquefaciens A-7 52 A4
stAl AT-2A1A] B FstAld ATA AAleE BAEARTE =9d FEAd AT-4 2 ATWA
A2 FTFHE FE FASY SHaE S EAAME AFdFolA degel e W
AZe HAe Ay, A7T-2 AAZF AE 208 Ao WA 805%=2 7 78 o

SO R2E ATA AAZF 791%2] WAZEE Btk 2y o5 MRt fFofake= fld
oy thxTel Hx=E AT 752%H e fo %3 0w E=tH(Table 35).
webA, AT-2 AA et ATAAA = BHd TEHA A} v A2 St

W B A= Y WAEoR oA Aem Rl

S
o
o
[

- 196 -



Table 35. Disease control effects of 3 formulations using Bacillus amyloliquefaciens .

A-7 against Sclerotinia rot caused by S. sclerotiorum on crisphead lettuce at soils in a

plastic house

20 days after treatment

Formulations
disease control value (%)

A7A + Pa° 79.1b"
A7-2 + Pa 80.5b
A7-4 + Pa 70.2¢
A7TW + Pa 69.6d

Benomyl 75.2¢

Pathogen (Pa) only 0.0f
Control 100.0a

Disease severity index (%) was obtained by estimating the percentage of
infected leaf area caused by Sclerotinia sclerotiorum YR-1.
Disease control value (%)=(disease severity index in control plants—disease

severity index in treated plants)/(disease severity index in control

plants) x 100
Pathogen, Sclerotinia sclerotiorum YR-1 (Pa)

In a column, means followed by a common letter are not significantly different at

the 5% level by DMRT.

FHAZAQ AFFsAd AT-24AAE TE A AT EF st e
W dAEE FAGAGH| el A5 FEAAGZ A AT-24A 9] dEA YT 2579
et E HFo i AL 81.3%=A 27HA AAle] EA g 70.6%E T =

o 2k= Ul ek(Table 36, Fig 19).
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S, BWIB-A A4S BEAes 28R Wi 5, Q5 es goye &

T AL el AT E=A Skt wEbM, AT-2 AlAl e Rk FrEA] dte] g
WA= 7hed Aow ddE

Table 36. Disease control effect of S. maltophilia BW13 and B. amyloliquefaciens A-7
and mixture of two Dbacteria against pathogens (strains R.S and S.S) on crisphead

lettuce at pots in a growth chamber

Seven days after inoculation

Formulations Pathogens Disease severity Disease control
index® (%) value (%)
A7-2 SS+RS 15.0 81.3a°
BW13-A SS+RS 38.3 52.1b
(A7-2 + BW13-A)* SS+RS 23.3 70.6ab
(A7-2 + BW13-A) S 23.9 70.5ab
(A7-2 + BW13-A) RS* 21.3 72.0ab
Benomyl SS 9.6 89.7a
Pencycuron RS 5.6 92.6a
Pathogen SS+RS 80.3 Oc
Pathogen SS 90.8 Oc
Pathogen RS 73.1 Oc

? Formulations A7-2 and BW13-A were equally mixed to produce mixed
formulation

> S.S ; Sclerotinia sclerotiorum YR-1

“ R.S ; Rhizoctonia solani YR-1

4 Disease control value (%) = (disease severity index in control plants—Disease
severity in treated plants)/(disease severity index in control plants) x 100

¢ In a column, means followed by a common letter are not significantly different at
the 5% level by DMRT.
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Fig 19. Disease control effect of BW13, A-7 and mixture of two bacteria against

pathogens (strain R.S and S.S) on crisphead lettuce at pots in growth chamber
A, Control; B, Pathogen (S.S); C, Pathogen(R.S); D, Pathogen(S.S+R.S); E,
Benomyl+(S.S); F, Pencycuron +R.S; G, A7-2+(S.S+R.S); H, BWI13-A + (S.S+R.S);
J, Mixture+(S.S+R.S)
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Aok WG AP AT-24 A5 Z42F 1008 9 500M) =, 33hE ok Wl SrEkAl= 1,000 =
g Astel AdE Aol 4 slwel e Adxaglied], 15 Ao 33 Aesta 45
Al ool AE 20049 11€ 1493 disHoA = 20059 4€ 1490 ztz B &S o
&5 Aol BAZIE bt 7 AR gE FadA 2 m(l x 2 m) 1
SubE, ghd oA o= Al skl

o
e
e
-
rir
=

fkl

2. 47+2%

7F. 2004 ATEFe] FAEE FL AWMEZ A A &

20043 109 2 w o] AR sy A Fe AL AAEE oHa A2
oA Ak AAQ FEAE ATA R NAFFEA] AT-2 AA ] WANE BetEef wied A
2o} vaste] fAAgd Ax, A7T-2 2 ATAAA 1009 84 A eb wl=D A Eire]
gz27b fded FAE T 60.0% ol HF&ol nlste] zhzt WA 7}r) 84.7%, 84.3%, 87.0%
o]t ghH AT-2 AA 5000 A A ANAE 70.3%2] WAIE BATE AL A HolA

- 200 -



FohAl ATA AA = oFsA|uE of&o] B Elo} MGt AQ AT-241 A= o]efst &
o] TS BIsAAE 5008 H ol = WA 7H7F ol ksl shesAde] =2 AAR &
¢l ¢l tH(Table 37, Fig 20).

Table 37. Disease control effects of 2 formulations using Bacillus amyloliquefaciens. A-7
against Sclerotinia rot caused by S. sclerotiorum at crisphead lettuce fields in

Uiryeong—-Gun, Gyeongsangnam-Do, October, 2004

Eleven days after treatment

Formulations® Disease severity index Disease control value
(%)* (%)"
ATA (100) 9.4 84.3a"
A7-2 (100) 9.2 84.7a
Benomyl! (1,000) 7.8 87.0a
A7-2 (500) 17.8 70.3b
Control 60.0 0.0d

? Disease severity index (%) was obtained by estimating the percentage of
infected plants caused by Sclerotinia sclerotiorum YR-1.

" Disease control value (%) = (disease severity index in control

plants - disease severity index in treated plants) / (disease severity index
in control plants) x 100

¢ Each formulatios were sprayed three times with one week interval and

disease severity was examined on the fourth week, and subsequently

converted into disease control value (%).

‘I a column, means followed by a common letter are not significantly different at

the 5% level by DMRT.
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Fig 20. Disease control effects of 2 formulations using B. amyloliquefaciens A-7 and
against sclerotinia rot caused S. sclerotiorum YR-1 on crisphead lettuce at soils in the

plastic house in Uiryeong—Gun, Gyeongsangnam-Do on December, 2004.

. 20059 A dEd A EZAAY ARG

-

2005\ 3€EA Tl AABAey] At A HaAl e AT AuiE
gl FebaE shezolA A g A EGdA BAEAE FE AT-2

2] sEEE dyste] A WAl aRE sehEekel W= Aol wlal, HASAY. 1
A, Fxgle] o] F&o] 280%=A AT-2A4A 1008] X7} 76.7%<] WA 7F=
2] 75.0%°F FAFEFE o, A7-2 AAl 500uidl A= 60.7%= o] Kb SEQktH(Table
38). 2eiuh, 20051 s AujA ol o] F-A P drae] 2004 o] @l HlEto] AT
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Table 38. Disease control effect of different treatment of formulation using B.
amyloliquefaciens A7-2 and Benomyl against Sclerotinia rot by S. sclerotiorum on

crisphead lettuce at Dae-dong, Kimhae, Busan, March 2005

Four weeks after treatment

Treatment _ o . Disease disease control value
disease severity index (%) b
(%)
A7-2 (500) 11.0 60.7b"
A7-2 (100) 6.5 76.7c
Benomyl (1,000) 7.0 75.0c
Control 28.0 0.0a

# Disease severity index (%) was obtained by estimating the percentage of infected
plants caused by Sclerotinia sclerotiorum YR-1.
" Disease disease control value (%) = (disease severity index in control

plants - disease severity index in treated plants) / (disease severity index

in control plants) x 100
¢ Each formulatios were sprayed three times with one week interval and

disease severity was examined on the fourth week, and subsequently

converted into disease control value (%).

9 In a column, means followed by a common letter are not significantly different at

the 5% level by DMRT.
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2. 472+

7h ER AT ATEFANA AT-2AA e ABHXH(EE) A3

Rifampicin A& B. amyloliquefaclens A-TR TFE ©]&3lo] Azt A35A

ol

v

A7-2R AAE AF4F
Ho= st o

gl 5 A tH(Table 39).

Table

of 13 A= § 21

g 219 Aol
28x107 |, 1.4x10°, 6.8x10” cfu/ml=ZA A-7 739 <

()]
=

CTAEY

Fob AT BT ARTE

]
y =

:{L:]_

N

g

=B
ST

%

A7-2R formulation on lettuce leaves during 3 weeks at soils in plastic house

39. Survival of Bacillus amyloliquefaciens A7TR, rifampicin resistance isolate of

No. of bacteria (cfu/ ml)

Days after
treatment Rhizoshere soil Bottom of lettuce Leaves
0 2.8x10" 2.8x10" 2.8x10%
1 4.0x10" 3.2x10" 1.3x10"
3 3.6x10" 1.6x10" 3.2x10"
5 2.8x10" 1.4x10" 6.6x10"
7 8.1x10" 5.9x10" 4.5x10"
14 5.6x10" 3.8x10" 3.5x10"
21 2.8x10’ 1.4x10° 6.8x10’
kA, A7-2 AA 13 A Fellm A-7 #Fo g@EARH] B FAHE A
= A7-2 AAl= 58 ATAAA S BAEZA7E w3y B TFgAE =3d ddd Ao
2 Azt E A
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4 AR ¢4 AA

AdtE mAEAA FEA ATASE AdrsA AT-2 AAE AY == 2 A% 73
olub2 kAL A A3} 2003 10€ 9] ATAAA 27] AFEEE 15x10" cfu/ml o
dom, 1d F 20049 1299 4T AeoAe A YxEE zhzh 20x107 cfu/mle}
7.0x10" cfu/meol Rtk o1& 20059 9874 1d 8L 2AE Q= 2] Ad drEe
41x10" cfu/mest 32x10" cfu/ml® Z7)|HThE wolg oy ofHa] e Wel AFSv}
FAHT QAT oju] M3} 4T B wWE Ao W& Zole V] A dEE 9
Aol 7k gl et /LA REEE ALn oA 10" cfu/ml A= Yoy ot & Aol gl
o},

N FgslA AT-2A1A19] 739, 2003 1099 27] AlFFE 3.8x10% cfu/meol o 1
d F9l 2004 1299 4T A2oAe] A WEE 22 28x10"7 cfu/m et 4.3x10'° cfu/
mO g 4T A2 Hyte] g Al "Wk Zo|7p tha grolxlth, A7 55+ 2005
d 99l Z2+7E 59x10M cfu/mlet 53x10M cfu/mz Z7)|Hthe sropxl o o3 =
Ad57F AL QAo ATAAA KL= A7T-2 AAZE i 2 AdT2 A5 4
Foldh. Aoz Aut uYEAA(ATA, A7-2)2] B A= EA7 ¢ls Ao
2 Ry BdHE ARt 4T B o A2 nasd® hgoEs A
7b §1& Ao Als v (Table 40).
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Table 40. Bacterial cell density in A7A formulation according to storage periods

under various temperature conditions (TC)

ell density Cell density (cfu/m0)®
(cfu/me) A7A formulation A7-2 formulation
Periods
(Date) 4C RT 4C RT
20039 11€ 0.9x10" 0.6x10" 2.5x10" 7.5x10"
129 0.7x10" 0.6x10" 2.0x10" 3.0x10"
2004 1€ 0.7x10" 4.2x10" 2.3x10" 2.0x10"
24 5.2x10" 3.5x10" 6.2x10"" 1.6x10"
34 4.3x10" 3.5x10"" 5.8x10" 1.3x10"
44 4.0x10" 2.4x10" 5.7x10" 1.0x10"
59 4.0x10" 2.0x10" 6.0x10" 9.0x10'
64 3.8x10"" 8.2x10'° 5.7x10" 1.9%10'
74 3.7x10" 8.3x10' 5.2x10" 1.5x10'°
8Y 3.6x10" 7.5%10" 4.0x10" 0.9x10'
9¥ 2.5x10" 7.4x10" 3.2x10" 4.8x10'
104 2.0x10" 7.0x10'° 3.0x10"" 4.8x10'°
11¢ 2.0x10" 7.0x10% 3.1x10" 4.8x10"
129 2.0x10" 7.0x10" 2.8x10" 4.3x10"
20059 1€ 8.0x10" 8.2x10" 1.7x10"" 3.8x10'
24 6.0x10"° 7.2x10" 1.5%10" 3.2x10'°
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ell density Cell density (cfu/m¢) *
(cfu/mb) A7A formulation A7-2 formulation
Periods
(Date) 4C RT 4C RT
20054 3¢ 7.5x10" 6.2x10" 4.8%10'° 4.9x10'°
44 7.3x10" 5.8x10" 4.4x10'° 8.8x10%
54 6.5x<10" 4.6x10" 4.3x10'° 7.2x10"
64 6.2x10" 3.9x10" 4.0x10% 6.0x10"
74 4.6x10" 3.5x10" 3.2x10% 5.5x10"
84 4.6x10" 3.0x10" 3.6x10" 5.0x10"
94 4.1x10" 3.2x10" 5.9x<10" 5.3x10"

? This results is servey in the changes of bacterial viability of formulation A7A and
AT7-2 stored at 4C and room temperature over time. The initial bacterial densities for
A7A and A7-2 were 15x10" cfu/ml and 3.8x10" cfu/ml, respectively. The initial

density was estimated on November of 2003.
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T3, 4CelA 3L 8/METF 4Tol A BE o] AR A7T-241 45 PDAB] A ol A
At X ejekd A3k Z+ZF 50 mm, 53 mme AARE Bow, 1\d7 w3k
AT2AA S sl sAste] dixujdst A2k 10008] 8|4l A% 45 mm o]/ AA g
& Ho] AUk B wlg- hg o] mig &S AR Gk th(Fig 21).

J_z

Fig 21. Storage stability of A7-2 formulations (MAR and AUG) of Bacillus
amyloliquefaciens A-7 against mycelial growth of Sclerotinia sclerotiorum YR-1 (SS) on
PDA medium. A, storage periods (MAR, stored at 4 C for 3 months; AUG, stored at 4
C for 8 months; B, dilutions (100, 500, and 1000 fold-diluents of A7-2 formulation of

Bacillus amyloliquefaciens A-7.
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Sucrose(1%) & 7l AT Ee S EF= ST

4.
e

o

FeFL&ua A o) Eobaa % o dEr] WYk ARE 728 1.25%
KoHPO4, 0.38% KHPO, 0.01% MgSOs - 7TH20)oll 3.0% A=A S 3 7ks A w7l &4 vl
A& S. maltophilia BW-13 w59 thaFujkg wix =2 HZ et

. Stenotrophomonas maltophilia BW-13 #F& o) £3 QA A AP oz
g AWAFA A ALel BW-13#FE HFatal 7243 FE 7] w450 rpm, 35T,
2071, PH6~7)% T Zt3 HAAE LEAHSTF A, vAddE, e ostds, w37t

F)e EFste] 1A AA 7F 234 AA 3F 5 F 10T (FIA 9F, HFIA 1F)ew
A 3kt
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3. S. maltophilia BW-13 @& o] &3 A XA WAz

7h AEAEXE HA BW-13 72 FAIZEA AES JPstd T AT EA=A
7FeAdol BiEol A7,y YWeve dAERE JudEAsS pdsta WSl e
ANads Aed e AASAY, 12 AA 7% F A" BWIS-AAAL 23 A4 3%
F7tete] AFAXENA FAEHRE v HA A3 BWI3-A, BWI13-T % BWI3-H A
A7t 2k 2E 16.6, 756, T1.8% 2 A Fo 2} §lo] WAIZ7F Eokal, ghshgoF MAFEZ] A7}
506%Eth A ErAolojr A FEA e WEHIHW WA JUAIEAZ S
maltophilia BW-13 #FE o] &3to] Axs 3413 BWI3-A 2 BWI3-1 AAE HF
Akt

. 28352 EFAN AR ASH TEAAGANA AdE BW-13 #F9] F3HA
F BWI3-A¢t BWI3-I AAE Zetxgate2d] EAQAMS A7dFola 25a S
e A EHE B4 Adx, F£3AF BWI3-A AAZF SAZE 57%2 M 5
W, 5o 2= 69.8%° BWI3-T AlAlolAtt. &8hwof MAIFES 56.3%= W& WA

Ack. webA, ERAE A deAe UAlE GUAEAEA T3 AE BWI3-AA A
7} BWI13-1 Al Aol v]ste] 7220 o=z gelstglrh

¥
ol
3R
o

o @UAEA F3AF BWI3-A AA A AAA Loy SH LAE 4
Al F3Ad BWIS-A AlAe] 2=atolo] W& A% kS AR A, 27] Aldtes

2
i
Fel

flr

AA 1 g D 1.8<10" cfu/mlol A 77HLe] Asls= Sk 4Co A= 1.2x107 cfu/mlz 2L
A E 16x107 cfu/mlo & g =& 219 AdFrt FAHA. webA, B ngE A4
o ehgAge S Fon WEuP F& AeoAe nwge 2 Folst gl ACR A

At

4. Y EH BAL FAANY BEFTSF AxV<dd 2 TAELH AA

7}. Pseudomonas aruginosa LY-11 @Fd] 23 $$mwEx Al F4xg 1

AEE MEgor MiE LY-11 #55 ALufA(AF300, clay, zeosil, diatomaceous
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earth 325)9k 37 FAtell ¥ 9tglstal 539 AYTAE A3 o5 Foled A}
3 Ay, Cet E Z®EE A wolgo] 247t 789, 71.1%% AR =koy, v FZEF A
Wolg 90220R U= vta, WHE Ado| wE ¢ x7F Bol 840 A2 EXFEEH O

L5 A

Y. P. aruginosa LY-11 T&FE ©] &3 alginate TAZE7|&€ /AE LY-11 &
NBHj Aol 24A17F Ruf28T)g & AT FFas Aso=1.00= ZAste] Hed
sodium alginate solution®} &3%3l wjkol S 10 mlE FA|E o] &5l Fx}o] I wA]A
0.1 M calcium chloride &l Hojreeir Fgoz duj7tx] WA/sto] alginate FLHF

A5 Al xSl T
t}. Aalginate A Z G A9 WA &
FEAAY ZG2HIIF2XEHA LY-11 #FE5 o] &3 alginate Z”H A A= 7
Zb RAEH(FEAA)ANA 704%, 25N SH(Ee2g8r92 LEGA)AA 85.4%2] WA
7V2 B P. aeruginosa LY-11 & o]&3te] A|x3t alginate T FA 7} 22592
LeH ol 57 g4 ol

2. alginate ZEEA9 23 2 494%" A4 2L AR AA

o8 2 9AAFFY »A P aruginosa LY-11R #FE ©]&3 alginate ¥ %4}

B ESD FEEE F AT BAHE AEFE 2AG A3, RERANA dF00

B(6.8<10" cfu/mDT} LEo] A a2 (1.3x10" cfu/ml)o] 7 =gkom Bgle] Z7hd A

LRAE 1.1x10° cfu/mlz oFzr ZA4skith 2ey Q] F7lolA ER9 BRS wEn

oA BglRRuc) volon) o ERQE= 1Y-11 #F7F FAE A &gtk =3 A4
(o3

E(TF T 6F)Hol e HubHow [ R Fde HIgo|on AANE(IHFE T 8F)
oA WERe] BRI wglmBoel zkzb 3.2x10° 1.8x10° cfw/mlz AlHFF7F 74
1orom Malo] F7F Ro7A = FASIQ oL, My ZRES ozt kA9 Eu

oA 9] WERAS Asletu Ly-11 #77} B2 gagch

&ﬂ

HS
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AR exd 2 A4FAY AA =¥ (4T, 15T, 25T, 35T, 40C)2 DHEAY}
gE2ke] AHE =AM A 15T 26T TA7F A4
o7 wolEglon 359 40T A= alginated] Ax&A o] AatA Dol F2 &gt}

ACINE B S A% A% Az 9 wolHE FAU) BAHEE HFH0L 4T

=

48 Byets Zlo] 7P maH ot HEA AT 4TolA TIF DEE AT
alginate ZEZEA] AFFE 270 455107 cfu/migloyt 194 5.2x10° cfu/ml, 7¢
A= 2.0<107 cfu/mlo2 371 fllem, 5044 2AE Ao E vl g He
= A&HH A

gt
22

[ ® 1, 3 MBLH: 2745 FoE YHE 0YS5% Y ]

L. 87 AEY &4 3 &4

Zh oo B R e AR 20039 A= oW FEE adubele] A
Al Errel A wgE 1, 29 2o olWF&L 7H7t 39.0%, 30.1% = Hit olHFE& 21.9%KH
o A Eokar, 39S 24.2%, 493 592 v shkvh 22k AR A7 2003 11 H-E
2004 497hA) 8] Hit o)W FEL 83%E 2003 &l H|sle] A oAt

o ¥94 AA S sclerotiorum YR-1 w59 W H14E& Skl dArz Hfr
& HEdeR sto] HEe] HAAAFN s

06014 40 me A4 50%9] THE YEtl= EDsgkel 7749 o2 A4 HFs= # A
glgoz Adwragit
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Algto 2 12k Awkstar o] 5 dxp Aol og HAENE A LEHAS S 377
(A-2, A-7, RH-4)& 2x} Agstar 2z Al it59F F713A1d 3779 SAadE vl
sto] HF sl A-7 759 WAZPE 91.0%% 7 =%al, Pro-EB-15 w57}
90.1%%= thao® oy A= fFofarth glo] BAVE Ak e A-7T dFE # AW

WAS SrFdddor HF Aussic).

. S5+ 23 AT A FdH UAES Qd HF Awd AdegAT A7 7dF9 T
A Yato] Atz AEsrd EA 2 16S rDNASH gyrase A 4719 G714 gdS 74
3t A3} Bacillus amyloliquefaciens A-7 &7, % % At}

2. 7Y WAL FUHEEA vAEFTS AXVETH
7}. B. amyloliquefaciens A-7 @52 AFu| % 24 &9
A EFEIANE AT FFE WG AN HUae] Aso-10 ol =EEse
o, 14X 7E o] Foll= HAF FAashH 24A)3F o] %ol A3 fAs AT T4 HHLEE 2

5C= #elHslen, A% HA pHe 63 7= QHAT. A-7 #59 A5 3 43

71 Zz8j Ao dnlf 3.0%, Yeast extract 0.5% 5 713 dAv|f ¥iA| S B. amyloliquefaciens

7 Fe) Eebsmaugel A vl g AR 13 Awshech

>

gy g Fgaa widddA] AdE g s A dnf iAE Eav]el
23, A-7 TFS HE 7] wIFE0T, 350 rpm, 1.5 atm, pH 7)3t] AdFE A A
B F 7241 3F 9641 7F kol A Zhzb 56x107, 73x10" cfu/m o & 7FF Al vhebukth whet
A, ag o A M-S wdstE 7S AU ETt M =S AR AT

e Fgux] At o]A} Zetazm 2 whav] v AR 7] ZeiA(K.HPO, 0.05%,
MgSOy + TH20 0.05%, MnCls - 4H;0 0.0005%. CaCls - 2H,0 0.0005%, FeSO, 0.0025%)0l &

v 3.0%, Yeast extract 0.5%E FH7Fst dnlf WA E B. amyloliquefaciens A-7 152
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el g WA= HE el

Y. Bacillus amyloliquefaciens A-7 52 o] &% GHAXA A3

7L 2R #ArFeiA 4 LE 93 A7 #FE AT vl dEmjAd

=
N
N
:{m
o
™ J
=
Ho
oy
=
=3
o
7
@
ol
o
(ol
%
o
2
)
o
B
N

T AR, BYeg AR, MR
A A F FEAY 2158 Axsilth Adsks 2elstudt 53, 6atdl M= AEAE
FEea e, A A, A did, ol e Afelz= Al A oAl A e, AL

’

B, AYAR 5L ol &3te] £aAY 8ET A5 25 A2

3. B. amyloliquefaciens A-7 @5 & °o| €% FHAXA FAFTH

7h ASHE TERA 1AM 62744 Az vAEAA] AHE FEHAY A3 UA

7V 7V =9 B, amyloliquefaciens A-7 55 o]&3&to] A X3 AAFEAE AT-2

AAl B FEAE ATA AAE T BAE dUELEA

Lo
o
N
2
oft
o
fu
m
o\
2
(2
o
38
i

Y. Egt2g3te2 ERAN BA ZHaEHE S~ XTE PAA AFAdE A
stAE AT-2A1A L FshAlE ATA A ASE BAEATE E0d FEAY AT-4 2 ATWA|
A2 FRE FE FAEtY] Setagsteadl ER A AFdTol A da g e 3
AMads A4 A3 AT-2 AAZE 2E 209 A WAZEE 80.5% R 7HE sk o,
o= ATA AA7F 791%] WANE BAT 2y o5 Mzt FoxE 1
o gzl My Mg 752%H ks ol o ® wokrh whebA, A7-2 AASE ATA
A= A5 TEQAAA S vt R Fetageate2dl EQA AL wan A&

oz gl Aow gl

4

A AFAFe] BREALS ] WEA S FAYL FAGASI] S8 AR LEZ
4@ A3, AT-2 AR BEAL 2EFe) WUd ST el 813% WA 2
T AAY EdAe 706%E Y= =Rkou FolAb= 1A 28y, BWI13-A AlAl ¢ &
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EAE e 25 Fe BT & 2ededy Fae 3 HE dis AU 24 &gk
ovg A7T-2 AA woer% FrkX HYite] tE WAL e Ao AdFHAT
. WAEFFY AALA FHLFAEY

20049 ABHE= HT AMEZAAL FAEIL 20049 109 2 THHo
AALAss] Al A A Ee] e " A Ege A FHAE ATA B AEF
stAl A7-2 AA ] BAZE W= Aok maste] A A, A7-2 3 ATAAIAL 100
i 84 AE ek W=t A g el folah (1A A 0] 60.0% o] HF&el ndt
o] Zbzb WA|IZE7F 84.7%, 84.3%, 87.0%°lUth. FH A7T-2 AA 5008 3] A A A=
70.3%°] WAZEE BATh A8H WA FohAl ATA AlAlE ofetA R ofEo] WA
ot HFFstAI) AT-24AE o2 ek oFEe] TS st R 5008 A 2ol A = A

77 ot Agdstel sl Ee AAR HAs,

J%

—_

20059 A dEeH AMEFAAY FAELF 20050 3ELAE Fago] Al
A7l Al A A disd ATdFe] AuEge] FepaE sh-sddA A oE
o A EGA WA AT FAE AT-2 AAE A2 Pz dEste] AlAe WA
e FehE ok Wi Aot v, AAstArh 1 A3, FAE e o]HFEo] 280%%
A AT-2A A 1008 A 21 7F 76.7%2] WA 7R wxed A el 75.0%F frAEFE o, AT-2
A A 5008 N A= 60.7% %= o] Bk wrekrh ZLejuh, 20051 s Aful A el A o] A
Y go] 20049 o # el Hste] AAE] SokSol® Bsta wAE wof Wb oyl
s} ohg oFel] o gk WAl g ¥ = o f el Hlshe] ofzh v Aot

o
]

4. AT-2A A8 A8 FY HA R ¢ HA

EZAWEF AFEFAAY AT-2A A FAARZE AA  Rifampicin AF43 B.
amyloliquefaclens A-TR w5 & o]&3to] A xgt WG5S AYE AT-2R AAE A7+4F
of 18] A3 % 21 o A-7 ¥F9 AAFE THEY UEESY 2 o FooM =

Aatgdrh. 1 A3 27 AdEFE 28x10" cfu/ml olQlom AA Ao w okzk 7Fastg ot
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8x10° , 1.4x10°, 6.8x10°
2 FJAHAT. wEA, A7T-2
HE AL AT-2 AAE B2

A 209 FHES, WERA D 4 RAdAE 27
c/mlzA A-7 #F9 dARHZel P71 FAHE Ao
AA 18 A Fol =

ATAAIA S BA T oy A TRIAE BoE 999 Ao AzE

[\l

A% HBAE AR A v

o
N
N
_1
ot
2
oft
>
I§
>
5
>
S
2
o
)4
iﬁ
2
ofl
>
\]
N
2

AE A 2% 2 AF 7|3t uE RS AR A3, 20039 109 9] ATAAA 7]

AR EE 15%10"° cfu/ml ol¥er, 1d 5 2004 1299] 4T9 Lo AF dre

2+7+ 2,0x10"7 cfu/msb 7.0x10" cfu/meo] Tk o] 20051 9974 1d 8L AL A=

g ztzhe] Al WEE 41x10" cfu/mlet 32x10" cfu/mlE Z7)BUthE srold o} o A3

E WY AldFrt FAHL AT ojuf AL 4T Hyte] wE Ao "R xol=
o2}

Z7] Al 2Es ol Aelsh slglow 3MEAFE = AR 10' cfu/ml BE GolA

!

N FsslA AT-2A1A19] 739, 2003 1099 7] AlTFFE 38x10% cfu/meol o 1
d F9l 2004 1299 4Tt Ao A WEE 22 28x10"7 cfu/m et 4.3x10'° cfu/
mo® 4TeF AL Byt WE A Wi Xo]7} tha oy, A47F TEH = 2005
d 99elE Z2+ZE 59x10M cfu/mlet 53x10™ cfu/mlz Z7)|HUthe gopxlon o3 =

A7 FA5H a2 dAon ATAAA R E A7-2 AA7ZF i =& AdTE FAHE 4
golgitt. AypH om A nAEAA(ATA, A7-2)8 B A= ZA47 gle Ao

2 oA Byl dEnts 4T Bao] Fou Ao Bystoln b= Al

, 4Col A 3L 8L 4TColA BaEo AT AT-24 A5 PDAW]A| ol
A ey At Ak A3 2z 50 mm, 5.3 mme] AANE BYow 197 B
S AT-2AAE R g A ste] dixujFet A ¥ 10008 3] M A% 45 mm oo A
AdE 2ol Z7Ike] Bte e vl ebggdo] w9 S A s
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CAEE AT 14(4):689-695.

24

5 &1 (Bottom rot)2] A3} ¥

]
=

=
-

2004. Sclerotinia

w3}

T 3 W (Sclerotinia  rot) 2]

sclerotiorum®l
10(4):324-330.

o

B’

AT 10(4);331-336

ali

Al
al

(Sclerotinia sclerotiorum)®l o

In process.

=
=W

Stenotrophomonas maltophilia BW-139] o] #uj S ¢

%, &9 . In process, Rhizoctonia

ol

~

!

=]

A F Stenotrophomonas maltophilia BW-132]

K

6. P. aruginosa LY-11 5% o|&3%F alginate <4}

AR

AR
3

ERLE

=1
=

solani PY-1) A
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ki3

)55 1
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g E AlA e

Skl
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AFAZ 30 (Sclerotinia sclerotiorum) ] HHA|
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& 29 FH

B ATFENY AR eE IASGA T Bacillus amyloliquetaciens A-7 5% A
TF Y UAE dudEAE AT vdE TR AASte] Hx= o]&Eo] Al
ol tE 58 =94 F=HlSel Ak

Stentrophomonas maltophilia BW-13 55 ZA743F LS WAlS g

Al el Hzw o] &Ho] 53 B AA TRl thal 53 = FHlFol Atk

Z2F5 " Ao o| &% Pseudomonas aruginosa 1L.Y-11 oFE IEEZE 1Y E 5k

AA St H 22 olgH ol W 53Ed £H ol Utk

FRA Z1Eol A 9F FANA

=2
>

4

55, AHgel kel el Ag] Wele v

A% EH A 2

wofolmm @A WAl fele Aotk

A4 0 FAANDA] FESF D AAA AEoldE B ARt A /)%
58 AAGFA AL dautol QA o) datiL, AL oo AEHT} s
3 o]t}

- SAA A, HRFsa], EGAEA R AL @A S AdFdvAAE A2

48 7Y

LW AIEe] dEstel 9%

el 71dell o Ak 5L sl sjake] ARt ofel o7k Ao 9] T
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A6 g d7/HEdoM 4t sfitsr|sd 8

1. AEFF AT &7

>

JEzsod2 2= &S, Hduds 2 Fxs WA fste] AAdAGdAM £
=
o

¥ gt 53 Aow 1 oA 18881

i

California®] 7= oA glolAAHAE SF4F vthe]ol FdH#(Vedalia beetle) 2 HHALSH
of wWhAle] AdFe o]% 1920 dd] FHoA] EntE 2A7IFolE 2AVFFolFHE WA St

FUE

A3, 1960 o= European spruce sawfly(¥HF)E virus®, YWF+= Bacllus
thuringiensis® Ao AFstgth 191d == AEASAH FERAER MAE FAHA
gAZ st Aol FrE AE 222 W BAS A EE ¢k 19989 @ &
Al ol = 180 F 9] FEAWe] AETHORE FHEHAL T

L dA AAH e Aty

dEH AE , wgol, Hiel
g o2 FAE MAE sl FFE ol Fa Stk o] HZEI HA o] 40-457H

SlE 19309 W) AR ESS AARHSER-R S o] &8t WA
o AF= o TAsE FRAAEHAE dEAA =UF F
o7} glow, 1987de] = Qlatmalm ey wA S 9s ulolzmust A o7} ek
F1994d ol = AR AC-1S /HEsts T o T 2% mAEEe] MLy o
2NEA. FHZoll= MAEAARL o] A5 A 3 v dEA e AEE
o] JANIIALRFE 72 FEol Aol Ao gl el AAew §%

AA = 1999 A F 570 FEeldow dFAl 655, AwAl 2755, 21 fole Al

g ofevAE AAZ Hel U $eddt 000dE 696 AR ok 55 /&
Wol mAso] EGHAE AAE FAN AT R AF Gu} QAHE AFEE WA
Fope] WFE] Boe RS AL sude] viAHWA BAK A ok Aol HofE
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H 2. AA AEEeF AA

A= Al BT7l 1) A = Al
1996-1997 85-90 70 15-20
1998 120 90 30
1999 130-135 100 30-35
2000 150 110 40

Biopesticides 5th Edition, CPL Sci., 1999

AR gobggrolx AR Bl AFS Wy 20003 @A 120idlow AFH AL
seto] of 10990 % 85%E5 AA e 1 F BT A7k 760ldlolw A4 AR

ol ol E3at, BTE Aeg BEsok 5694 FR=2A A AA s Al 0.34%

_I

A NTES, AtA 455, A2A 1ESHoR A S5 AR obA HoRd AA otk 3).

b2 A
A A AtA]l | A Z2A
BT 71 EFA| |
1998 1,075 799 221 1,020 5.2 49.8
1999 1,174 844 252 1,096 5.4 72.6
2000 1,272 756 332 1,088 118.0 65.7
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