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SUMMARY

(P& QFE)

I. Title

Development and Commercialization of Antagonistic Bacterial Biofungicide against
Anthracnose (Colletotrichum theae—sinensis) and Gray blight (Pestalotiopsis longiseta) on tea

plants

II. Purpose and Background

Tea cultivation area covered less than 500 ha until the late 80's in Korea. However, the
cultivation area rapidly increased upto 2,360ha during the last decades and tea industry is one
of the fast growing business sectors in Korea. Along with the intensive cultivation of tea
plants, anthracnose (Colletotrichum theae-sinensis) and gray blight (Pestalotiopsis longiseta)
became the most serious problem in tea production. Control of these diseases is mainly
dependent on chemical fungicides, which already caused the emergency of copper hydroxide
and thiophanate-methyl resistant strains in the field. Thus there is a need for new solutions
to substitute the current fungicides for successful tea cultivation with minimizing negative
conequnces for human health and environmental protection. For this purpose, development and
commercialization of the biofungicide based on antagonistic bacteria isolated from tea leaves

was attempted to achieve envieonment—friendly control of the disease on tea plants.

IIl. Research scope and activity

Useful antagonistic bacteria were isolated from tea leaves to develop the biofungicide for
environment—friendly control of anthracnose and gray blight on tea trees. Optimum cultural
conditions of the selected antagonists were also determined for mass culture of the

antagonists. Formulation of the biofungicide was tried with use of endospore forming-cell



culture. For the successful application of the biofungicide, disease progress of the pathogens
were investigated in the field. Rifampicine-resistance mutant was induced to monitor ecological
fitness of the antagonist. The fitness was also investigated with use of the mutant in the
field conditions to evaluate their performance on tea leaves. In final year, the biofungicide
were applied in the field to evaluate their colonization and control efficiency in tea plantation
field. Based on the field investigation, biofungicide spray program was develop with use of
chemical fungicide together. For industrialization of the biofungicide, mass production system
of the antagonist and manufacturing processes of the biofungicide were designed and
developed. To compromise the cost-benefit of the biofungicide production, modified cultural
conditions were also established in a mass production scale. commercialization of the

biofungicide were also tried by preparing registration of the antagonist and the product.

IV. Results and future works

Bacillus subtilis BD0310 isolated from tea leaves was used for the development of a
biofungicide against Pestitalotiopsis longiseta and Colletotrichum theae-sinensis causing gray
blight and anthracnose of tea plants. The isolate was deposited at Korean Type Culture
Center (KTCC) for international patent right. The optimum growth conditions were
investigated for the mass cultivation of the microbial agent. The optimum temperature were
determined at 300C and the optimum initial pH was pH 7.0 in nutrient broth. Among the
tested carbon sources, maltose and starch were found to increase antifungal activity of the
microbial agent. Yeast extract and tryptone apparently increased antifungal activity of the
agent against the pathogens.

After mass culture of the antagonistic bacteria, formulation of the biofungicide were tried in
a suspension concentrate. A final product of the formulated biofungicide showed bacterial cell
density of 1.5%10" CFU/ml of 0.9% NaCl with feasible cell stability and activity for 1 year at
the ambient temperature. Refampicine-resistant mutants of the antagonist were successfully
induced to monitor ecological fitness of the antagonist in the field. The mutants were detected
on the tea leaves in the application of the biofungicide more than 3 times at 10 days interval

with the maximum recovery rate of 109 of applied cell density. Even under the cell density,



gray blight and anthracnose on tea leaves were successfully suppressed with control efficiency
of 71% and 77%, respectively.

In the field investigation under application of the biofungicide in 2006, control efficiencies
were evaluated to be 52.4%, 66.7%, 71.4% and 85.7% against gray blight and 54%, 72%, 76%
and 88% against anthracnose in 4 times spray of the biofungicide alone at 7 days interval, 6
times spray of the biofungicide alone at 7 days interval, 2 times alternate spray of
biofungicide and chemical fungicide at 7 days interval and 4 times spray of chemical fungicide
alone at 7 days, respectively. Therefore, the alternate application of the biofungicide and
chemical fungicide at 7 days interval can increase the control efficiency with reduction of the
amount of chemical fungicides for the control of gray blight and anrhracnose in the field.

For industrialization of the biofungicide, mass production system of the antagonist and
manufacturing processes of the biofungicide were designed and developed. at the scale of 200
L culture. Nutrient sources for mass production were modified to be the mixture of potato
powder (4g/L), dextrose(20g/L) and powdered skim milk (5g/L). Tween-20 and silicon oil
were also determined to be wetting agent and surfactant, respectively. The production cost of
the biofungicide were estimated to be cheaper than 10,000 Korean won (approxi. 10 USD) per
10 L of marketable volume. This price is fairly reasonable compare to other biofungicides and
even to chemical fungicides. The fbiofungicide is now on sale in the market under the name
of Cha Sa Rang with production permission from local authority. The biofungicide can
contribute to higher income of the environment—friendly production farmers and protection of

agricultural environment for tea production.
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2002 & A "= EPAC & 76714 wAEE ek 113719 A 3}8ks 2F(Biochemical pesticides)

o] TF5 A& (3 2).

X 2 78 T/t AEFS AF 5 4%
=7}k n| A =5 oF Ay g} a5 oF A Al H] 31
v = 76 113 - 189 2002. 04
= 96 51 54 201 2001. 12
SIRCS 35 - 25 60 2002. 07
Ele=n 9 - - 9
Al 216 164 79 459
H| & 47% 36% 17% 100%

O #He Afo+e v=3 2 Aoyt =5 trEA9F BCPC(British Crop Protection Council) ol A

=33k “The Manual of Biocontrol Agents, 3rd edition”ol] wW2W nj A EFFo] 112717F 5=
o] AlFAH 1 Qo HAEFFE 58717 5259 lal, Semiochemicals, & w43 EE

ol 56707k SE5 0l A
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Goll= Aol AeEsefell 3o dA F5. o' A ==, G, L)
BEwf Tl A= F ot Astegote] n&2 247 46%9F 36% =AM A9 82% 5 AFA]

St 9% webd B AIAE o5 F 7 AEBeh & MAREekt 4shesor Ao

Selol A% AT A

oX,
ok
S
ok
2
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L AE AT BT

FyuEl A Ak 50%0lda AAstaL = Fa A ARl A BA Tl A 2004

69 3005 E 108 30074 °F 100 AR 14slo] A AT AETry w4dne =
Ak A1 AATADFAA AL Qi opRITh FFANA AR BEEry
Mo WALFE 2ARY 2AEEE Aol gt AT 3 line(1x35 mY line)s Aol

gkal 1 lined 674 o] Aol A 20x20 cné] AARARE S HwS o] &sto], Hwule]

AR FGgol B THAL ALY WBOR £Ase] WHYEE BARAG (19 1.

20.0

18.0 | 4 : Pruning (7/26, 10/18)
o 160 -

[y

P

=
T

12.0
10.0

Diseased leaves
o0
-

2.0
0.0 1 I1 1 1 f | 1

6/30 7/8 7117 727 S/7 8/19 8727 9/6 9/18 9/26 10/1110/17 10/23 10/30
Dates

a9 1 Al AAdTAREe] 20049 = AE ST AT SR
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2004 6€¥ 309 ol ddll AupF o HETZFHHHES Aol o} B 4= giglon 69 30Y
o]Zall A&A F7tsl7] A ZEte] 7Y 274 192%F 7Y =S wy g W

=
=
4 26 AA F 89 7o 11.2% =2 THAE] AP A #FAsNeH, 8¢ 18YY-H HF

=
& ANE e Wl EEAEC] B 2% Wels YEhilen, 108 199 AA W AHYE

o] 1.6%% Y o] AW HFEC] T7tskA &kt
2. AT gA e L%

2004 6€ 3095 10¥ 30974 oF 109 A o= 143]e] AA 104 o] 7]
3 = TTATHAY AYFAA A BAR Y HALGS AT ZAPTH S A A Q
= AUE 3 line(1x35 m?Y/ line)S A48 1 lined 6784 o] Aol Al 20x20 cn
o Aol Aws o] &ate], Ao Ay TPl tie HHEPS A WO R FAL

sto] M FER At (29 2).

off
tlo

e ol &

i’

10.0
9.0 - t: Pruning (7123, 9122)

6.0

3.0

Diseased leaves (%o)
n
=

1.0
R

6130 TI8 TNT TR27T 8T 819 827 96 918 9126 10/11 1017 10,23 10/30
Dates

a9 2 AdERr)Ed AQDTFARR 0049 E AE GRS BAY AL,
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7 el

o] Al

Uetdil o 74 239 AA o

Q]

2004 6¥ 30

3

T

T E

A1 o

9

AU e

6.1%= 7}t

BA

el

,WO
il

ol 1% Wele] 2

ke
T

3L, 8¢9 279 Ak Aol 39 ol %

o= ]
A

}

S

A HEl 57t

1513

b 3R]

i

kel
pil

B gl <]

7t

=
o

o] 1~2%¢] U=

—_—

S|

4

stelet ol F A

S

7}

oll Aol o ME dEo] AAFSEA

o

T SRS @AY FAH
3 g uo] SANAE A% el
shere e

Ao ZAME Y.

3.

e

T

_21_

A}

EAAE

= vy

=S



A 2AdAYE deIFHES ATl W 2347 A2

L AUT 49022y EX AgAFS) 29 2 A%

it

A 1070E B A7 el 123 b ARl A -G ddeE F2axoA
80°C, 15~20% &<t HitAZl g & Al (Nutrient agar; NA)oll 100 S #A4F =2 AW o=

o
5
Saee] U F HAFES srBAdAT £5Ee @ AT S WFo|Z PDAS NAZ 1
5

t
7o
z
ke
ki
oft
of
o2
=
>
2
N
N
Mo
n)
=2,
FUE
F_L,

= Aoz 45 cm Zolz2 HESL 9 Ao 1.
S T 10Y Bob wist AT ASIHFYUW I Pestalotiopsis longiseta®l &3 AU €A
Eiy

Colletotrichum theae-sinensis® % discZ cork borer(9 mm)E Z&} blocks 28 =S &

-
o
o

25°C F2&710l A 743 wfgFste] AFE AV} = Ade Edsdit 1 T 7P =2 wA

g A e FHE T Al ety ¢ 43 E3E Uelle Adoem b
¥ BDO310TF & 370 #F5 NBollA 12417 w3k d5edS F3 % (Optical density) 560nm,
1.43x1012 cells/m = ZA3ste] JF LS WHEATE AUy o ZHE FERERE 73] 53 957
mM, pH 7.5¢1 A<=(Phosphate Buffered Sulfate; PBS)ell thA] Aol Wl 3 filter paperol s <
Qs AAZ AT S dvE VR AAHE o] A E petri disholl 211, 25°C,
90% o]de] FEolA 3UIF vt AAdMTES FESHA FS dxTet vaLste] A kAt
og WA FF& AT

(b ool A B. subtilis BD0310S ¥3tak 5003 7]9] #5532 Eastel PDASH NAS 1 : 12
=3 = FGmA Gl FElE 50009 At A A FHE Y SAETS g

i
MleFale] 25°Col A 7%k wikste] AL Sl AENE EHeld A3 BDO3I0T 27 #F A}

Shis
o
e
o

42 dogth ueha] Aol FAgel A8 gl Ao HAH T AF AT PN

_22_



Pestalotiopsis longiseta
1

Bacillus subtilis BDO310

¥ 3. A Bacillus subtilis BD0310 w50 93 uF ATEFHWT Pestalotiopsis

longiseta®] TAHEA A,

Colletotrichum theae-sinensis

Bacillus subtilis BD0310

¥ 4. A& AT Bacillus subtilis BD0310 5o 93 xu§ e-xW T Colletotrichum

theae-sinensis®] AR A,

_23_



2. A5F 44 AdAT A

Hi
rlo

LIRS S AT i i) 7 Z2EATE A7 Y8l Claus9t Berkeley(1986), Gullino(1992),
Lee®} Choi(1985), Park, Lee, Kim¥} Lee(1994), Park, Lee2} Lee(1995), Wilson¥} Chalutz(1989) 2]
ol ok mAES] FHejd 54 2 Ag-AsTgd 54 FAeL AccuPrep PCR Purification
KitE o] &3 A& W] o 45 Bt 84 54 2% += Doetch' (Park
5, 1995)el oA Tt B FeE #EstA L, Al Av)e Feie Fsdn A (x1,000) %
1% PTA Negativedd A sto] A2 n| 4 (SEM)stoll A #2383 et

WAEZ AR 2 2] 91X = NBOlA 244 7F z1ehvl ket Suj koS At E falcon
tubel 2 m¥ Wi, 80°C A 153t @At methylene blue® @3t Fatdw| 7
(x1,000)0= ol &sto] wEsdvt. Ael-Asietd SAHom= dr4 AW, 2= 45°C, pH 5, 7,
NaCl 1~7%09l A 2] A=A F5 arabinose, mannitol,xyloseol A AF WA 5 citrated] ©o] & 5,
starch 3] % Voges-Proskaur testE ZAFSFITH(ZE, 2000, 7, 1995 ©] &, 1999; Yoshida,
2001).

A EE A QL Wl o FAoRE AFgA el MAEE sl DNAE extraction ¢ %

PCR3lo] A7|gdsstath 7195 $ bandE <2133 RNA bandE ZepWith et Wl gels
a
[e)

gel extraction kitE ©] &3l extractiondtil PCR purification kitE A}£3] gene cleaningdt & 4
7IMEE& A ske] NCBIGl =€ d71A93 S Hluste] T8 43
Ao Fu ) g to] Z2d2oe] =2 BD0310 #FE FA4357] H8 WA o

=)
=
GAama BotAng 0 AxAdon 3 Av agdge] titols AXYA NAEAE

ol
-
N

Tk A Py g ee] 23 ¥o] =& BD0310 #F TS w4837 st
of Ay -A3tskz EAS FALSEaL Claus®t Berkeley(1986)¢] Bergey’s manual® B3 3F A3} A
7o A2 1.0 m olsta, 714 AFS 9o, 1~7% NaCly 121 65°Coll X = &3}
Atk FHAQL, A", HEe] JhEEl, dAkd #34, Citrate ©]-§ 18|31 V-P testoll Al B5F <
A4S B Bacillus subtilisZ 12} &5t} (£ 3).

g BDO0310 9] A2l -Astez 54 o8] B. subtilis® 789 Ao A 2
k7] 913 EAAESH T FHoZ 16S rDNA @7|AE S A48 A3} BD0310 T2 47

ox
filo

gt
o

—

/o] Gene bank datatl 9] B. subtilis®} 99.9%9 HE5AS H
SFAT (2’ 7).

2

HEX o7 B. subtilis® 74
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a9 5. 43A T Bacillus subtilis BD0310 59 1% g A}z,

19 6. A3 AT Bacillus subtilis BD0310 59 FA&W A A7
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¥ 3. 48At Bacillus subtilis BD0310 2] A€

. /\g ﬁ_f_f}x—l E X

1 10O

Characteristics

BDO0310 isolate

Bacillus subtilis®

Cell diameter >1.0um
Spores round
Gram reaction
Form
Sporangium swollen
Parasporal crystals
Anaerobic growth
Voges—Proskauer test
Acid from :
D-Glucose
L-Arabinose
D-Mannitol
D-Xylose
Gas from glucose
Hydrolysis of starch
Utilization of citrate
Growth at pH 5.7
Growth in NaCl
2%
5%
7%
Growth at
30
40
55
65

“Data from Bergey’s Manual of Systematic Bacteriology (1986).

Symbol: +, more than 90% of the strains are positive;

negative.

_26_
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AACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTG 60
ATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACT - 120
CCGGGAAACCGGGGCTAATACCGGATGNTTGTTTGAACCGCATGGTTCAGACATAAAAGG 180
TGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACG 240
GCTCACCAAGGCNACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGA 300
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAMAGT 360
CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGITAG 420
GGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAGAAAGCCAC
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTAT
TGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACC
GGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGT 660
GTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAAGGCGACTCTCTGGT 720
CTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAG 780
TCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGC 840
TAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTG 900
ACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTT 960
ACCAGGTCTTGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGT 1020
GACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAA - 1080
CGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCG 1140
GTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGC 1200
TACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTAAGCCAATCC 1260
CACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCG 1320
CTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCC 1380
CGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTTTTAGGAGCCAGC 1440
CGCTGAAGGTGGACAGAG 1458

858

a8 7. A3 AT Bacillus subtilis BD0310 #F¢] 16S rDNA @714 <.
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A3 A ZZATES] dF lF =1 7
1. AT AFEL ST e B2l

A& A+ B. subtilis BD0310 @9 thi=Fujts 93t 7|2Adoz ZgAaauekoAe ok
A, 2% B pH7F A3l Al vAE dEFS ZASEATE (o], 2001; &, 2002; Nguyen, 2004;
Son %, 2002) RE A& 250 m S| WA S 100 mlE B, 121 , 1.2psiol 42087k
A T AFA TS NBollA 2442F vk (30°C |, 160rpm) 3 w1 me BEete] 383

AgM T B. subtilis BD0310 ¥+9] Ay AT SFHHE T 84T dA8% AT E
TN 7= dAaYS Adetr] 98], NB iAol 0.05% FeSO4 7H20, 0.005% MnCly4H09F &4
Aoz EE(glucose), I (fructose), F+3(actose), Mol (maltose), 2 E *(galactose),
¥ (starch), &H]E (sorbitol), ©]xA] & (inositol), &2 Al &(glycero) S Z}Z} 1.0%% X713k & 23
AE FEsta 30°C, 160rpmoll A Jerefkstdet, 547 vl 3 4000rpmo. 2 1087 A&
glste] 35S FE (Milipore filter, 0.22 ym)E AH&3ke] 332121 & PDA plate(F74 5 mm)ol
cork borer(Z7 9 mmE o] &3}, %ol hole(x4 9 mm)S W53 1 %9l paper disc(ZF74d 9
m)E A skl A Aol o] 300 mE wol FHEAUAA FHATIEA FFAZAT 10
b PDACIA vt A7 HedFHudy dA¥d 38 43 2749 cork borer® ulo
W F X4 paper discot TEFEHO] HEHSHA holesoll Hof 25 °C oA 7L viFAIZl & o
o A 2715 vt AT discst HFA @2 FAET AT dFAG 279
FoA A 55 vlalste] AR

B. subtilis BD0310 w59 Ag#HES F7HA7Ie @adoezA FAIS EEY(glucose), TS
(fructose), % (lactose), ™o} (maltose), 2= E ~(galactose), A (starch), 4 H]E(sorbitol), ©]
w=AlE(nositol), A E(glycerol) T 99 ®4aYd T AUF AeEFHHTA dEiA=

maltose, EEA W o] t3fH = starch”F 7F4 @ 3A o)t (29 §, 9).

_28_



40
35
30

20r
15

10

Mycelial growth (mm)

be be be

Carbon sources

a9 8 A A oA Ay He T Pestalotiopsis  longiseta®]  Wgr A& A

Bacillus subtilis BD0310 ¥

401

30

251

Mycelial growth (mm)

-

=

o Witaye

ZUA 7= &2 (DMRT.at P=0.05).

cd

bcd

bc

bcd bcd
bc

subtilis BD0310 52

5

[}

i

=

e Sl

Pestalotiopsis longiseta®] W3+ ZA3Al Bacillus
= ©424% (DMRT.at P=0.05).
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SHHE TS ST FAME AdAERE FXATE dads AEetr] 918, NBell 2 g

A29S #7FE 3 0.05% FeSOs7H:0, 0.005% MnCly-4H09F A ZAYO 2 XA casein,
tryptone, malt extract, yeast extract, (NHy)2SOsS 717} 1.0%% #7138k iAo AIdA TS HF
3L 30°C, 160rpmel Al Qe sl Ach. 587 Wl F, 4000rpm o2 1087 A4 2 3}
A-S e (Milipore filter, 0.22 mm)E AF83te] A1 & PDA plate(F7] 5 mm)oll cork borer
(A7 9 mZE o] &3, Yo hole(F7A 9 mm)< WHETL I £ paper disc(F7Z 9 mE X4
st AgAaru] el 300 wWE wol Tl SUAZIHEA FFAIAT 1095 PDAC
A e A Je Sl dANT 5 59T A4 cork borer® wlojWl & X4
% paper disc®} wFEHO] FFSHA holedrol Ho] 25 °C oA 743F wigAI & dF o A%
A71E Hvludte] AT discot HEFsHA ¥ FAE ot Wdde #3 G 279k Al
A T& vlasto] FASEATH

B. subtilis BD0310 759 Z3dHS F7HA71E DALY o2A FA3T casein, tryptone, malt

£
o
ol

ol

<

extract, yeast extract, (NH4):SOs & 5719 A4 5 AUF HedFHW o tis)A = yeast

extract, §FAH ol el A= tryptoneo] 7HE Aot (29 10, 11).

801
b

707 b
E 60 a
é a
< 50r a a
o
=
S 40-
)
S 30
(5]
S,
S 20

10

1 1 1 1 /
Maltextract ~ Tryptone  Yeastextract  (NH,),SO, Casein Control

Nitrogen sources

a3 10, AR A A AYF BESEFE YW Pestalotiopsis longiseta®] ™3 A 3HA

Bacillus subtilis BD0310 @59 324

o

S 7= A4 (DMRT.at P=0.05).



80r

50r

301

Mycelial growth (mm)
s

10

1 1 1 1
Malt extract Tryptone Yeastextract  (NH,),SO, Casein Control

Nitrogen sources

a3 11, AAREAM A N U X Pestalotiopsis longiseta] ™3 231 Bacillus

subtilis BDO310 vt2] &v&4ds S 7= 249 (DMRT.at P=0.05).

3. 2FdATY N A &=

_4

A At B. subtilis BD0310 w52 viF A& A7) 918l NAC 24A1%F &< A Al

o

w3k & NBoll @d#ES HF o] 30°C, 160rpm o2 484 7F v kgt v kel 1 me-S NBH]A| o
3L 20°Coll A 45°C7kA] 5°C Ao ® ZA® Zeu 7] (160rpm)ol A1 v Fatd Al 124 3¢
2 ogFd 1 ms AHs 9 me] "ol Qo] EFFEANA AvdEe WHatE §
% 560nmell A Z=A}EFSA T

B. subtilis BD0310 <] < AA 2=79S 98] 20°C~45°C7HA] 5°C HA o2 APS
sk A} 30°Col A 24413 Fotk wjgadlS w, 560 nmollA &F=(abs)E 0372 7H8 =A YES
ow, Azto]l gt wrel Hxp sropyvl (Y 12). wEkM B, subtilis BD0310 2] off

Fe AT AP LEE 0°C, 43 TS UATYL & 5 A/

1
ofd

(¢3
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0.40

035

030 - \

0.25 | \V
o

0.20 -
0.15 -

0.10 -

Optical density (at 560 nm)

0.05 -

0.00
0 12 24 36 48 60 72 84 96 108

-0-20C --25C --30C -e-35T 40C -@-45T

a8 120 7] W 2% wE A3 M Bacillus subtilis BD0310 59 A3 4.

4. 2gA T wWF A4 pH

23 AT B. subtilis BDO310 T wikel #3e pHE Lolx 7] $]3ke], NBell A 24417 )%
st uS7IETE NBE pH 3,5, 7, 9, 11, iZ27+= pH 72 930 0.22 0 milipore filter®

filtering ¥ % WlFAEAE 1 mt HFskar I E7Ioll A 3~4L vigFgot 3~4Y9 wjdd Al
s ol 108 s14ste] BFF =AM FRE 560nmez dto] AlFUEE Hlal A}
EEdss

NBol| Al 24A17k2} 48A17F vl ¢F 5= AAlit B. subtilis BD0310 w52] Aol wx&= 27|
pHe| F&& AR 23}, pH 7004 2443k} 48413 v kol A 25 7HY =2 §F3%(abs) 4]
& BEAv (27 13). webA B. subtilis BDO310 9] o= &S 3

& AT

A

B

71 A4 pHE 7T9%
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0.35

M 24 hrs culture b
[ 48 hrs culture a
0.30 c b
e b
[
o 0.25F
(o]
Lo
8 020"
2
S 0.5/
©
S o.10r
8‘ d ¢ d c
0.05
0.00
3 5 7 9 11
pH

I

a9 13, 7] Wk pHell W& A3 M+t Bacillus subtilis BD0310 w52 A& 17
5. % i3 AIANT A

A JAlo A B A A B subtilis BD0310 w57 Ao A E = At A
Alell g W& A7 fldte] AlEo]l v 12709 HEA kAl T HFd A
AF3F A THEKACIA,1995; Ware, 1993). 24 #as7kell A ALg-3hE o 0
gAlTt B. subtilis BDO310 5

H44

paper discoll &TA17]3L AFAIZ th NA plateo] Z3HAl

i)

okl 100 e =83 T XAste] 25 °C 27| A wl%AlA paper discd FW ol
AR el 275 AR

NAo A A&A+ B. subtilis BDO310 ¥F5 2tvpiol Axse At 434 857kl
A AREEtE oFgo R 8|Aste] paper discoll =3 X lYEt] clear zone B S HES
A3} AEo] 715 A<l Copper sulfateE A &3l 2 A5 A E AF
HA e Adow Hol BylFAddwt HEdE ThAa o a9 A FEde HA &
At (3 4). Wb 2 At B. subtilis BD0310 5 AP 3stete] uF fdetFHyy g4

W oA 8 nAEAAZ Aestst 9o Copper sulfateE H|E3 Fr7|5A4A= &8 &+ gl

2L
2L
=
N
L
o,
oX,
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A AR

X 4. iR NA A7 7R 2AYH kA Wet DM Bacillus subtilis BD0310 2] %
W
. Applied
Pesticides Target pests FOI‘I’(I};])E:UOI’] concentration Sensitivity
? (ppm)
Azoxystrobin gray blight SC 20 100 -
Triflumizole anthracnose WP 30 750 -
Thiophanate-methyl anthracnose WP 70 150 -
Copper sulfate anthracnose WP 58 20 +
Lambda cyhalothrin leaf miner EC 1 10 -
Flufenoxuron spider mite DC 5 50 -
Methidathion wax scale EC 50 400 -
Chlorfluazuron smaller tea tortrix EC 5 25 -
glfrlilrlzuiensis smaller tea tortrix WG 35000 - -
LIENSLS DBMU/ng
subsp. aizawai
Chlorfenapyr tea rec.1 spider SC 10 335 -
mite
Fenpyroximate tea req spider SC 5 25 -
mite
Tebufenpyrad tea red spider WP 10 50 -
mite

4SC: Suspension concentrate, WP: Wettable powder, EC: Emulsifiable concentrate, DC:
Dispersible concentrate, WG: water dispersible granule.

- ! Insensitive, + : Sensitive.
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A 442 dd AF R AL 7eS F3T 23AT AL
1. Az AAs 27

kel ARG AA A, A, A, FA, A Tor BRIE HadH, AR el =

Jepe B4 dEel A vjga AAALRA7 GPelets AL melsm EAsh AR

F 5 AIVAE AAste] 28(a7)E, a9k, AEH(HEA, AVIREA, A A))

A Al AR ZAPY
A E A ] AEDR Aaw v gz
AAE AAse] o4 AR A7 AR G, AEEA G
ARG - Fo Frg W 58 ZA T
W elitel oAl as NFA A A
_ EEEEE L AA EH - A e AT, A A
T ——— ol2d 7
AAAL 5 Erg W A58 2
ko] g2 [
B B W] g a54E W) 4T, 25C, A2 »a F d548 vl
Frg v F5e 24

2. 23A T AA3 SA

DIE R

7% Sodium Chloride(NaCl) 45 m¢, 4% Sodium Chloride(NaCl) 45 m¢, 10¥] 3|41 UVzdA| 5
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ml(10%), 5 gHRFA(ZIA)(10%) ZH7HeS w29 (Maltose monohydrate) 1%, AU (Yeast
extract) 05%S Y& Nutrient Brotholl ¥o] & 50 mlZ WE wix]o] ZAgtA+
BD0310 5 12A13F A Avdste] 100 wdE3sk2 150 RPM, 30ColA 48hr < Aw

::’4 D:
%]
S
S
S
=
%]

Hjokol S 10u] 34183l 560nme] spectrophotometerZ o] €3t F33 %= (ABS)E =A3le] A=

Bt x4t E3A87F AE wiA o AsA B. subtilis BD0310 52 H= wjst A

2 A
I A3 % 6olA BE A o] gzt vlwete] Zh7te] TFARER THE A A A
Slo] A= Aoz Hol Zb7te]l 3 Ag 52 A AT B. subtilis BD0310 o =45 4

E 6.7 EFAERE vhE wjA oA AFE AA B. subtilis BD0310 9] FE%

(ABS)
HEE e @ @ ® @
1 0.452 * 0.399 0.438 0.689
2 0.473 * 0.429 0.483 0.692
3 0.459 & 0.420 0.554 0.753

27 2 ARE A uiA] 24 (nutrient broth)
7% Sodium Chloride(NaCl)

: 4% Sodium Chloride(NaCl)

05 gEeHl-R5A1(10%)

D108 314 UVAREAl 5 me(10%)

# 1 gto]l S At SAES.

® 0 0 e =2

R EDIES EREREE

ot

@ 7

500 m¢ nutrient broth®l%Felel Z A3+ B. subtilis BD0310 FE 12A17F A8 %F3ste] 100
A ZEstal 150 RPM, 30CelA 545t HAlujkate] 4000RPM, 5i&<t eidelste] =opxl
TATS Hold F 504 B A3 2 AR 75F ddste AdFAE wEaEdn o
gL 7Fe] At o] b S HESH] flEl 4To] Basiy 7d (pASER 14UA] & F
SIS ASAT (R 7)

e
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rlot
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b
il
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rloi
e
BN
o

@ @ €) @ ®
I ¢ * * *
il * ¢ * *
il * * *
v * *
\ ¢ *
VI * * *
VI * * *
¢ =Fd A=
D500 m¢ nutrient brothu] &< ] ¥t 4| @7% Sodium Chloride(NaCl) 45 m{
4% Sodium Chloride(NaCl) 45 m @108 3] A€ UVAFEA 5 me(10%)
©5 gH FA-=eH(10%).
F 89 g EF =AM I ~MF2 HFEo]l #4358 WojA= As & 7 Usden, oA
< HEAR Zepdle] &gkl o7 Aom Holw, Ve VE EF o & Wi e As
E g ded, oA UvadAe] & f5o me oz dddn. a8y VITd IE &9

A= deee] M7 e 28 2% vis) St Aem wo NaCle] do] 42 VIE &

b
2

24 Nutrient brothd ® 47, Yeast extract 0.5%, Maltose 1% HJ#|¢] 150 RPM, 30ColA 5
o s o wjekskal 4000 RPM, 102 d4liEelste] 23 A BD03109] cellvh-s w2 K241 50
me ol Aol mom 10% UVAEA] NaCl 4%<] &3 Hirg 50 mEs 3 7hste] Alxg

Ae ddrsaz 2433

%8 B AHY Fdd wE BD0310 ¥ & WIUTHH)

(x10° CFU)
RN I i I I\ A4 VI VI
0 3,900 4,200 3,000 3,500 4,000 3,900 4,200
7 2 3 5 450 1,100 1,300 1,300
14 37 14 17 90 60 4,400 130
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2) T3HA

F3tAe 2 dgEed s 7IEel JhdE mAEAAY AxWES wWIste] Axs3
Nutrient broth 4 ¢, Yeast extract 0.5%, Maltose 1% =] 150 RPM, 30ColA 54 &<t i Hj
skal 4000 RPM, 10% dAl2@ste] AdAw BD03109] cellthS whz 2o 50 me #i%od
of ZEA]Z]aL o719 Glucose 0.1%, &7FF 20%, F7FF 20%S Ao AZAZ & HAEH7|=

obA 425 um A E e AARS RokM FstAlE SA ST

3) AAE B EAE

3
o
Y
Lot
2
rIr
_
o
()
=]
Is=)
4
Lot
2
rr
I
a1
(o
(@)
(U]
o
N
2
i

B 2 mol= AL JFo R AAF nLS A=
ot AAE w8 T 99k F 10014 B 3 o] MAsEiA= 347759, FEAlE 148359

&

3]

, A2 G sl nAEAAE e AFFsArE SRy 23 o wbo] S

F 9. HGFstAl AAsE HEAtE
(100mt 71<%)

Chemical A& 7+4 @9 714 AHEF 714
emica (£1/500g) (2/g) (1/100m0)
Nutrient Broth 94,000 188 12,032
Yeast extract 83,000 166 1,328
Maltose 38,600 77 1,235
NaCl 22,500 45 180
UVAEA| 10,000,000 2,000 20,000
Total 34,775
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3 10. F3HA| AA S} v L=

(50g 71)
Chemical ANs 7H4 w9714 A& 7HA
ermica (21/500g) (2/g) (1/50g)

Nutrient Broth 94000(500) 188 12,032
Yeast extract 83000(500) 166 1,328
Maltose 38600(500) 77.2 1,235.2
Glucose 13200(500) 26.4 10.56
A7 5 2000(300) 7 140
T7HF 2000(300) 7 140
Total 14,885.76

3. AAAE @A

AAAE el marets 5S4 wiel A Al G4 vds 1y d Zar gl whEox
AAE Fabol 1~73| 744 Aoz ol de dakel #ste] 28 148 7Iee= % 119

e Ane Qe+ A

11. AAAE & v Exte] A% (Class No.)
AT 18] 33] 53] 73] 2% 73}
A A
o431 A 1 1 1 1 1
T 3hA 2 3 4 5 1

N FgstAl= 737HA Astv e A A dFA gdoew, FEAE 13 Artorie
Class No. 29 &g 5o 73] 7] Alo= Class No. boll7bA] sidd we ko] m g7 &
oblT o] Axm & W FEAl= vde] wAVE v Aem BT Yy 737HA B
Aglsta 2577 A Foll= HdgstA et 2o] Class No. 19 si9d& w5 4A7F &4 &8k
th o] o w Hol A F dA7Ire] A thFels AFdFEAe F3kAl 5 Al A A2 Al
n e EAE 1S oz dudE ma AAAY Al mEo] WA, AHEsy] fd A A

_1
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Class Description

1 (A AAS] YA BolA s

2 [AYE AAe] MAAAZE 10~20 o7 olstz Ao Fatk wo] of

Ag) g AA e uARATE 20 o oo ® ofF woun wAYPAIt TF AA

3
oF 2~bm=L7]¢] AALFe] 57 olstm wEH.

4 Ak AAe mAdAE Ao glod mAdArE 3 A4 o} 2~5m=7] 9
AA L 5ol 571 ~107) #ZE.

5 A AAe mAdAE Ao gloed mMAdArt 31 A4 o 2~5m=7]9

AALFo] 10470 o] #&=w, 05~1em=L7]1e] AALFo] 17F o w2+,

28 14, AAH DA v D= =2

o

T 9o 7]

N

4. AARHE TA

N} F3AS e R rel 7|7t wE o WxE W3S Br] 98 4T, 25T, A2 A



AR dA AR widE WstE #Esirh E 12004 Be A Zo] HFgshAl=
ste] 10719 Aydels AL o] AobdA ok
o Baeko mE d#HEE 2ol A9 Aoy I T ALEA A dEETE E8dTh oo W

fdom, 10/MLA e = Td =7t 9ojx7] A%}
sttt 2Eln Ryeke wE 7dx WHitE 6L AE Bt ozt gldeu 10/EA)
o 2ot #UEE FX38ta o] 99 LRME FHELE/ "ojxE AL B F Uk
A HFFstA = oWt A E 1Y

woln, FahAlE oWd LEAME 67]AAAE nEke] s, Feny AdE 1079714

[S—
S
o
o
o
o
rot
Lo
=2
rr
=Y
i}
ki
N
N
il
i
_O‘L
x
ol
[0

offt
.
i)
o
N
N

p
ok
N
o,
fz
&)
o>
e
r O
o2
o
Py
(o
!

AA N84 (CFU/2me) 344 (CFU/mb)

B AT 25C e AT 25°C e

0d 70 x 10° 62 x 10°
74 5 x 10° 30 x 10° 24 x 10° 10 x 107 45 x 10 29 x 10°
149 20 x 10° 50 x 10° 55 x 10° 56 x 10° 67 x 10° 25 x 10
MR 10 x 10° 8 x 10° 15 x 10° 30 x 10 37 x 10 45 x 10
671 < 13 x 10 5 x 107 26 x 10’ 89 x 10 65 x 10 56 x 10
10742 0 2 x 10 34 x 107 6 x 10° 70 x 10° 88 x 10

5, 49 X R AE 75 s 3 A HJF AL

A AL AAAD hdel saets Sad3 FATE Fokdls v wolge A& 1
Zgz A5 FEAE e AASA 2 YE] g3
AAstslon, AAAe gl wagts 554 Wikl
o] g nd darvt glo] sl AAE Hake A § vy FFE
A AGFsAls dAVE de EA ggkon, FakAs v gAsE dopl oy At 2

7b A Folls sl 2ol AT HA skt ol e NFgstA st FukA B A

=

t



AA g Aol w@Ade] FAE S Ao gordn £33 AAAY A =Fo] w3 AL, A
71 f1e A Ao B #A7E glolAl A AA 2

Aot F3AE e HHE9l 7|7
Z1Ede 4 AR dHE ¥stE dEdh 1 A% qFFsAlE oud 2EAAE 1

MY st Bao] 7hest Bd EQbAs Aox Holw, FiAle ojudt 2R A= 671€ 7t

=S

i

Al

=
ki

g
oty
i
f

N
2o
:OL_“
=
p"
[N}
(@)
p"
ox
rfo
2
>
o

A= Bdo] Jhest, A2 By A= 107 7HA = Byto] Thsdto] By A Al S 3hA
2 Bt & Ao Aa AFssiael FakAl 25 AAste]l axiol ddeiARt A rsiaAl=
il

HPFEAR Beo] Qs W
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T mﬁ TR Z .
=T e %E
oM P 4 F
T % H = g
0 A i
T B+ or ﬂw. S
79 e — o
s - T T = ) ~o
TG Lo X .
o o o BT m
w Wt o WO o~ U
X ® = a9 mn m ma
Thowesdgl g
= 2w ow P =
= N o 2N o 4 -
I L TR I ) W ©
T MM ooy 2 g
_ [Zo R o mJ M N m
T oo LW o =
= @z T B _W_ oo ) w
T e =0 S
A A
— o
W ™ M W o o
. N M
T W
P oo 2 D
X —_— — 0 ~
B mwooE < Mo W OR D
2 op © % T E oy
N m@' == _,#O poe)
— s 0 =
T g oo P Lo Z
i N S
2 e o o O
JHL o, o~ mmo C |_ O# ]
S - BT ® MR
o v X o7 "X
= B m Moo o X
T B )
0 %O o % e c_.o _i\_ ,HA_I
= LT
5 T E M
5 X o G S
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243 vl x|+ o kuf x| ol A A3 AT Bacillus subtilis BD0310 #5E5 o] &
- 43 -_

Wettable powder formulation
) A EA A Q] YT BB LFH W Pestalotiopsis longiseta A A,



2) Ay Ao iE el uig mAEAAe] AR 24 A

B. subtilis BD0310 2] F3Ad v|AEA A 93 AJupF AS5SEFHY HAgds

=2l ® 13 Adste] AAsAH.

i
=

W3k w4 YA AE A

Treatments

Application methods

Untreated control
(U. CK.)

Sterilized water was sprayed after wound on tea leaves

Pathogen (P.)

Conidial suspension of P. longiseta and C. theae-sinensis

was sprayed after wounding on tea leaves

Formulation (For.)

Wettable powder formulation of B. subtilis BD0310 was

sprayed afterwounding on tea leaves

Formulation without
antagonist

(For. W.A.)

Carrier of formulation without B. subtilis BD0310 was

sprayed after wounding on tea leaves

Formulation+Pathogen (For.
+ P)

Conidial suspension of P. longiseta and C. theae-sinensis
was Inoculated 2 days after spray of wettable powder

formulation on wounded tea leaves

Pathogen+Formulation
(P. + For.)

Wettable powder formulation of B. subtilis BD0310 was
sprayed 2 days after inoculation of P. longiseta and C.

theae-sinensis on wounded tea leaves

Formulation without
antagonist+Pathogen

(For. W. A. + P)

Conidial suspension of P. longiseta and C. theae—sinensis
was inoculated 2 days after spray of carrier of formulation
without B. subtilis BD0310 on wounded tea leaves

Pathogen+Formulation
without antagonist
(P. + For. W. A))

Carrier of formulation without of B. subtilis BD0310
wassprayed 2 days after inoculation of P. longiseta and C.

theae-sinensis on wounded tea leaves

Fungicide+Pathogen
(Fun. + P.)

Conidial suspension of P. longiseta and C. theae—sinensis
was inoculated 2 days after spray of azoxystrobin sc and

tebuconazole wp on wounded tea leaves

Pathogen+Fungicide
(P. + Fun.)

Azoxystrobin sc and tebuconazole wp were sprayed 2 days
after inoculation of P. longiseta and C. theae-sinensis on

wounded tea leaves
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Zb AYTE B 1074 Ag T2 FA 8T, B. subtilis BD0310& A 913 =3kA|d A 2 g
T, B. subtilis BD0310 #F9¢] 343 vAEAA HaF, AT ETS 29 d 42

i

.
H T
B. subtilis BD0310 52 348 nAEAAES 2A¥3 A&+ B. subtilis BD0310 52 4

o

s

stAE MAEAAE 29 A Axd T HASIFHEES JAES AT, FeLTHETS 24
A HE3 F B. subtilis BD0310S A 93 F3kAld AAES AE3 ALl T, B. subtilis BD0O310&
A9 e FEAY AAE 29 A FEF F HATIFUEFTS HET AYT, deIFHEEs 2
A7 WA HEsta sstekA s Axe AP, stetekAlE 29 W AXd F HE TN S
HES AT AeFHBEEn 1 AYF2 A9S s

G4E=x8E A% P.+For., For.+P., P.+For. W. A., ForW. A.+P., P.+Fun., Fun.+P.2] 6
A AT ALg gL Adso] Aere AFIRFudE XA N (36x10° spores/ml), B. subtilis
BD0310<5 A& & F3kA1d AA 1000 Y, 2 HeFHy BA AR T5¥ 37HA ofAl
Z En} WG skAl (azoxystrobin sc) 5008 (F k3 H 3 3], 2004) 2 B. subtilis BD0310 w59
FoAl Y A EAA 1008 8-S shtel QA A Az @Y 2~39S Hod VIR A
) o] ok %

A A% 79 Fol

il
=
o
HO,

(e}

st
=)

l~l

of F3] Axdti, AUl 98%°]/d, 25+1°Ce] el =44 Histd
AEH WAVE ZASIEY (% 14, 19 16).

e
ok

H 14 TEONAM AT el et FaAlg vA=AAY Y 2 A8 2

Treatments Diseased leaves (%) Control value (%)

Untreated control. 0.0 a 100
Formulation without antagonist 29.6 cd 66.7
Formulation 18.5 bc 79.2
Pathogen + Formulation 444 d 50.1
Formulation +Pathogen 259 ¢ 709
Pathogen + Formulation without antagonist 96.3 f 0.0
Formulation without antagonist+Pathogen 74.1 e 16.6
Pathogen + Fungicide 259 ¢ 70.9
Fungicide +Pathogen 74 ab 91.7
Pathogen 839 ef -

DMRT at P=0.05.
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¥ 16, XEIA AUF AFTIFHY digt F3lAE nAEAAY] AW 2 AE &3 (A)
Untreated control, (B) Pathogen, (C) Formulation, (D) Formulation without antagonist, (E)
Formulation+Pathogen, (F) Pathogen+Formulation, (@) Formulation without
antagonist+Pathogen, (H) Pathogen+Formulation without antagonist, (I) Fungicide+Pathogen, (J)
Pathogen+Fungicide.
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AU Qo] He S 2d A HAFS T B. subtilis BD0310 52 F8kAE v A E A
AE xSt AgFolA AT Ao 2FEW WAVE 501% A AT, B, subtilis BD0310 -9
S

FAAY MABAALS 29 A BEF T AFLTIETS GEG AT AU A
7

0.9% %At olelgt A¥= B. subtilis BD0310 2] A8 v AEAAE HE

N
HAEAAE @A A deaHR AR eRAR e 2 283 Jhede 28] A4

2. AUE @AW U MAZAAY) FALA A L L2 AF
1) AU el oig mAEAAe] WA T Au A4

B. subtilis BD0310 52 348 v AEA A 28 s @] HAgRs Ao
A AsAh PDASE NAS 1@ 12 838 L5 JduxE Aoz vra, a5 gAYy
ol ek A nAYEAAE G2 5 10Y IS SAETS WS F 25°Col A
7AZE wFA AT AT E7 YR e gi2Tek n A=A A o)A e) ek whA
A A7NE vlaste] ARG A7 dl2Te] AR 14.0 m, AAS A u]gE Ao AR
452 m=z 2/38 % #AMFE Aot (2" 17).

2) AHE AR e VABAA FAET &4 14

oA 71Ed AT HE T ud dAay A% Py 548 SRR (Table

1. 2t A5 25 107H4 A2 FA4 87 B. subtilis BD0310S A& sk kA3 A4 A

2, B. subtilis BD0310 59| F8A1q nAEAA A+, AT ds 24 A JEs

% B. subtilis BD0310 9] A v|AEAANS AE3 22+, B. subtilis BD0310 52

FaAE mAAEAANE 29 A ¥ F HEH HES A+, AvaFryTS 24

A HES $ B. subtilis BD0310S A& st 8418 AAE HE3 A2, B. subtilis BD0310S
& A

AT FAAY AAE 29 A HEF F AFIRIETS WFF AT, FELFIEEL 2

o

A0
mlo

1



i
Y,
ol
rd
-
e
o
A
tjo

dd WA HEska sEtAE A AT, sseAlE 2d A Axd
-

HER AT, AELFULTY 2 AU 29 SR,

Colletotrichum theae-sinensis

t

Wettable powder formulation

a9 17 A A v G A A A& AT Bacillus subtilis BD0310 #F& ©] &3 343

| A E A A AFUF SAHT Colletotrichum theae—sinensis WA A,

AHEE AT ALg RS Al F A& A (3.6x10° spores/ml), B. subtilis
BD0310& A9l gk s=stAl AlAl 1008 4, b b WA oAl = 558 37kA ofAl S 4wt
43} A (tebuconazole wp) 100081 (FFF A H 3], 2004)E B. subtilis BD0310 T2 4314
A=A A 1000 A& sHiEel A A g A Al 2~399] Hu®E VR AAE W F
oh-gloel] F3 Axsta, FulFE 98%°], 25+1°Ce] Fa 4uleA RastuA HE 7

e B

ok
S

¢ (

HS
lo

ne

9.1%AAI "}, B. subtilis BD0310 2] 343 w|
bR el A A g WAl 7k 77.3% 310
ol#lgt A¥}= B. subtilis BDO310 w52 F3Ag A =AAE SAYTol A ol A

o
e
N
2
i
[\
e,
)
M
ke
o
o
s
2
ok
=
tlo
ofN

¢
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& 4% YEhl= AsadRvs @AYl FAE] Aol Aus <ol AdHE Aol dE

. subtilis BD0310 59 3218 mAZaAe] diEsts AU ey g ek
} 5 =3} A (tebuconazole wp)e] dl¥& 3 90.9%0+= 5

ojr
Jh
it
>
T

n A A 2] 75

H
T HE Y BARS A dEE ¢ e AR st HEsE ¢ de AL
(3]

# 15 XEONXA A A e ¢3AE vAEAAL] Y R A5 5

Treatments Diseased leaves (%) Control value (%)

Untreated control. 0.0 a 100
Formulation without antagonist 74 a 90.9
Formulation 3.7 a 95.5
Pathogen + Formulation 33.3 bc 59.1
Formulation + Pathogen 185 ab 77.3
Pathogen + Formulation without antagonist 704 d 13.6
Formulation without antagonist+Pathogen 40.7 ¢ 50.1
Pathogen +Fungicide 22.2 abc 72.8
Fungicide +Pathogen 74 a 90.9
Pathogen 815 d -

DMRT at P=0.05.
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a9 18 XEYA AU ety g I AE mAEAAY GO 2 X5 g3 (A)
Untreated control, (B) Pathogen, (C) Formulation, (D) Formulation without antagonist, (E)
Formulation+Pathogen, () Pathogen+Formulation, (@) Formulation without
antagonist+Pathogen, (H) Pathogen+Formulation without antagonist, (I) Fungicide+Pathogen,
(J)Pathogen+Fungicide.
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Al 6 A vASAAY dF F& 7= AT
1. 28 #F %3 L& monitoringe 3 332 marker =¢ FAAZ 75 AL

12Ad o Spectionomycin &AA| A& FHAAE AW plasmidE AYste] FAHAES A=

Fol, AsMT B. subtilis BD0310 59| transformant® A7]953 Ay FAAsA ol

ol

plasmid7} At AES &2l oA F2 markerE: =Y A #F2 MEstd o, A

fr
re
-
ok
o
ftlo
)
rigt
_O|L
§9¢7
T

ARAFE Q] GMO® tigh #4497 wjiZo] Edwoe] w3 s
A At B. subtilis BD0310 w59 dFolA dH A& F59 AL 58S monitoringdl7|

sl 18 1948 ANBHAHE A Rifampicin F8A AJAATFZS W=}

0|2 bt
(80°C,150rpm, 20hrs)

= l B R
|

NA with R100 WA with R100

= Rifampici
Rifamoicin ~ oM == ol 100 ug;‘m1l1r2=| HIﬁ‘:’tam;:ucm

Nutrient broth medium
containing Rifampicin

(0.1,0.5,1, 5,10 ugfml)

SHA| b <

(30°C, 150rpm, overnight)

Z B. subtilis BD0310 #5= 3 ml LBell HF3slo] 37°Coll A 355 s %3t 3 Rifampicin &
T7F lpg/me, 2 pg/me, 5 pg/ml, 10 pg/ml £O.2 S FEREH £ F=7MA EodE LB A
E WE seed cultureE 200 pl® ZEEle] 37°ColA stETA w gttt A=

=
Ao REE e B, subtilis BD0310 &5 colonyS 1Le% A LB Wi Z HA 7] wis)
1

N
i
gt
fz
o

o
Hl

o] #F Rifampicin 100 pg/me =74 LB iAol A AB7et= B. subtilis BD0310
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A Rifampicin AZAH¥FE SRt oA Fud Ed¥e] 5o FHdA HAFS A4

A3 wild typest ztol7F fle FHEH S Hole AS Fdsiuth

o

o

2. 3AAZY AFE o] 8% AH fitness AFS AT sy 44
1) vAAEAAL A=

A Fg=shAl = 1008 314 ol AH A tween #20 1~-2W&S Yol HEFHE dtal, 34
= 2008 B A eta AMSAA tween #20 1-2WES Ho] HEFHZ . HEL N ES
Ao Tt BEAESAT 13 Agd A ol 100 me] F3A=S A8, 1, 3, 5,
731714 A etk AdFsiAle] dxTe Aol e AFsiAle A9, FeiAlE Aol
gl FakAle A aS Agstsih vAEAA A F ARAFL
A5 =9 Growth Chambero A o] Fo] Fomw HEURE 24X 7HEete vHUYNE o] &3]
100% 4 HEs FA A Z

Rifampicin 434 2&#F2 o] &3 nAEAAE 13 Agvitt 10° CFU/Mm Axe] AFdE
2 Ay AGEE T 1009 WDl 109 HAo® Ay Aow A T 40U7A RAS A
Alstde HEx
NAw Ao 80C EAe S star At F&5 ZAE T

MAEAAE 13 ~737h4 A2l Aa % 169 22 23RS Ao, £ 169 Ade= 1990

—
N
>,
[-*\l
o
R
hu)
[\
09]
O
0]
S
X

At Aeu g E o] Rifamycin A3 7 FolY  Bacillusel 7] W&o Rifamycin

A e wEEolth 53] ol AYA 7] FlE At s AGdFEAer FEA BF A
At =ol of 10% Wele] ko] FE ERvlsto] A Aow Ackdnt, A FgsiA el 3

A A BEFE e AES wolw 13 A Aol 4090 B wizkA Alxt &0l FlHA
gokom, 33 A Al 30LAl At &l Thsder, 539k 73] A2l A 20dAFH A
ol 7hs 3tk AdHoR Aoy sl vt o LRI} I

&
A3t 33] o] A Alell= L Slrol BAIgle] ARt Es Fslst
ZI:

=

\I

e Ao oistdAnt A3
A S7ketAl ekgken, 204 ]
o AATH EZE T 20004 & & = Hhek o] v A= AA
2] Fo Setem A Jhed S Al Ay £42 dFHA Fge By okde}, AFE)

=4 A S a7 A gkt mhebd B A F el A 33] ol Aeld o
A7 lolok ol BD0O310] A&ete] & 5 Sl Addies A Sgsh Adldste 7t
StA ehokAINE, AT ALl § 20do] At Foll WAEAE Epupstal AtomA ol @ 5 gl

= 3o dgdr

_52_



% 16, P EAA A ZFo mE o &3 (CFU/leaf)

EEEE 10 2091 309 409

a0 1 0 0 0 0
P 3 0 0 0 0
5 0 0 0 0

(con.) - 0 0 0 0
1 0 0 0 0

o 3 0 0 18 30
37 5 0 6 30 18
7 0 12 72 54

1 0 0 0 0

%3}7) 3 0 0 0 0
(con.) 5 0 0 0 0
7 0 0 0 0

1 0 0 0 0

L 3 0 0 30 6
ek 5 0 6 66 6
7 0 18 90 36

- JEse] Age wgde] 7 ¥%: 10° CFU/ml

a9 20, MAEAA 53 Ay F AU B (LAIT AA, 254 8FEA, 34 Al O 2
4,578 A|, 5,58 A =, 6,5 A 2.

i)
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Nkl = 508 Bl A Mo AABEAAA tween #20 1~-2UES Hol HEFHE a1, F3HA
1008) s]AM et AHEGA tween #20 1~2%ES Ho] FFFHE AT HFS 1AHs<h
Aol FATE EFH T AT AT sA, kA, 24 e o
Tolm, Zb A= 35 AU/1 pot/6 potel™, AFstA el = Alrte] gle A shA
o XN A= Aol flE FIpAY] FHAS Agsd. HE AT LEE 10°
AER, 18] Agvith 7 potd 20 mee] wAAEAA M de 3U Ao R 53 74A A s

A AR AT Pestalotiopsis logiseta A 8l= 10° conidia/ml ¥ =2 A A 53] A 34 &
ErAETAT. Ao vd 24dddA A¥e HAEY, B4 20~25T2%E, 30~60% HUHFEE
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A4 pHe pH 7oA 71 =2 AdEEE BT (17 39).
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