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The 1080 epiphytic bacteria obtained from 370 samples of pome and stone fruits including apple, pear, peach,
grape, apricot and Chinese quince were screened for antagonistic activity against postharvest pathogens,
Penicillium expansum, Alternaria alternata and Botrytis cinerea. Among tested antagonistic bacteria, eight
bacterial isolates inhibited mycelial growth of the postharvest pathogens and were identified as Bacillus
amyloliquefaciens (three strains), B. megaterium, B. subtilis var. gladioli, B. licheniformis, B. pumilus and
Serratia marcescens based on biochemical characteristics and utility of carbon and nitrogen compounds
(Biolog system). Eight carbohydrates were evaluated for their effect on mycelial growth and germination of
the postharvest pathogen, F. expansum to select nutrients for enhancing bio-control efficacy. The growth of
four selected antagonists, B. amyloliguefaciens P43-2, B. amyloliquefaciens A71-2, B. licheniformis P94-1, and
S. marcescens P76-9 were also tested. As a result, 1% glucose (w/v) strongly stimulated growth of the
antagonists, suppressed mycelial growth of the postharvest pathogen, and had a little comparatively
stimulatory effect on germination of the the postharvest pathogen. It was confirmed that the addition of 1%
glucose (w/v) greatly enhanced biocontrol effect of B. amyloliquefaciens P43-2, B. licheniformis P94-1, and S.
marcescens P76-9. Application of B. amyloliquefaciens P43-2, B. licheniformis P94-1, and S. marcescens P76-9
with the addition of 1% glucose (w/v) increased the control efficacy up to 48%, 46%, 14% compared with
those of the antagonists without glucose, respectively. When the antagonists were applied to control
postharvest disease caused by P. expansum in apple wounds, the population of B. amyloliquefaciens P43-2 and
B. licheniformis P94-1 increased until 4 days after inoculation (DAI) of the antagonists and then decreased
from 10 DAL Meanwhile the population of S. marcescens P76-9 decreased at early stage (4 DAI), but
increased from 7 DAI, and finally maintained constantly until 10 DAT in apple wounds.

Keywords: Postharvest disease, Biological control, Bacillus amyloliquefaciens, Serratia marcescens, B. licheniformis,
Penicillium expansum, glucose
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1= slaZ(Conway 5, 1992; Droby %, 1997), EthyleneS
FA0Z + e e 2L o18IE 39, 3
el ¥ A9Ye 37 2o UvE A
(Frobes-Smith, 1999; Stevens 5, 1997), 7| £z 7+& %)
FHH=ED S HEs7|E FHEL-Ghaouth 5, 2000a;
El-Ghaouth %, 2000b; Forbes-Smith, 1999). #Z E°] ©
AEE ol8-st A& WAlsy] A3 A7t 23]
FAEL Ut Fde] AZz2AL A (phyllosphere)©]
1} ZH(rhizosphere)+= ©] H|w 3 $73FxHo] Lo|s}
I, UAES AHEE A 30 I 4 € wen
2 3 A7 dAE A AEF AT} vl ol
Zgtd, 29Ql § AFE FAHLE s FHHL
. A A g3 Bol= nAEZEE Trichoderma
2 7 (Hong 5, 1998), Bacillus < A& (Huang 5, 1992;
Pusey &, 1984; Sholberg %, 1995), Pseudomonas < A
w(Janisiewicz, 1988; 1994; Janisiewicz &, 1992; 1995),
Pantoea <4 A@@Nunes =, 2001), Candida & 2R
(Guillino &, 1992; Janisiewicz 5, 1994; Mclaughlin %,
1990; Usall 5, 2000; 2001), Aureobacidium Pullulans
(Leibinger &, 1997) T°] Had u} glew =1 =
Pseudomonas syringaeS ©]-8-3}4 7]'%3t Bio-Save 100
#} Bio-Save 110, ZL8] 3 Candida oleophilaE )43}
L3 Aspire7} vl o]t del A 53 FHEHAL
ol mAEFEe g AMeHY ch(Lisansky, 1999).
tro] 2¥lo] FHo] FHol FYNMNE Candida sakeS
0|83 H-835 A7t JAFHCE FAHL U o] A
TFollMe AFAFAHH, W, 23h & HFdFESok, AT,
25)9 HUARHOZRE AZYF] AFE A&t
DA ES et AMRA R Wg WA 78S 3
7vsh7l S8t agetslnt.
Mz o ay

FLES] A4 wZE 2. 19953FE 19989714
AFo) Y= Ak, o, Beof, =, 47 2 Eaago
ZRE AL S A/ ALE AAS AT AHAT
HYd FEE MFo] AL TS AFSHFE 23 Al
AstAth 47 1 mm$l corkborer2 AU EHE ¥ 33}

87] -+ olFE -

71 - [

o 2~3 mm FAZ A& 7 I8 AAEAHE wojuio]
dad e 43 445 FTE om¥ A7 o
ZF o etk Aol vl -8 nutrient yeast dextrose
agarNYDA: nutrient broth, 8g; yeast extract, 5Sg;
dextrose, 10 g; agar, 15 g; distilled water, 1 [)’doll Akl &
0.1mi B3 HzFel8 o2 mjx] Bdd F1F
=g o 25°C AHlolE oA 24~48A]7F BT B ¥
A & ARIZRE $dsks AadadE g o3 Aol
g 71202 FHU Yojllo] NYDA WA4lA B
7% 2 (single spore isolation)E $)3e] 33] A=a}
At
uAE g g APYPF. a7 S5 A7
kg 95t NYDAwWIA|o) Za#& =2sle] 25°C 9
FrelolE ol A 48AIZE Wi oFatGlTh Aol AME-SE W
Penicillium expansum, Alternaria alternata 2  Botrytis
cinerea= A-2A% 9 e ALHZFE EEst potato
dextrose agar medium(PDA: potato, 300 g; dextrose, 20 g;
agar, 15 g; distilled water 1 [ydolA] vk}t

A3 A, APEE XA ARk ¢+ 4
@& ALyl 9ate, 443 PDAMIRE S0°C A=
218l 2 P expansum, A. alternata 2 B. cinerea®] *
AE A 105 10°, 10° = 77 £ o A
gl 20 m A 2 WAl ALFHZHEH
3 Alag A @ 4774 4A% HH o= XAe
Ths 25°C A5tHlolEollA] 5~7U3F Bl st A ulx] g
Uehte #AME A EAAHALY Z7hE 2ARIA
ok RGN e A dAZHRE B Al
alMe otefiet ZFol Atz B W7 A A=
slod ¥ A oA a2 2AEEY. A-E Atk
< 0.5% sodium hypochloriteZ =3 o3 AFFFF
2 7iRo] Ao £ v HAFH L FEHA A
2 OFANE AHEEIY 3mm ZolE FE 4320 O
7oz Y Akt 49, 1710 2 1/1002 3]4
3 et 2 B8 74z 20w Agsidnk HJEd 2
g derdo] A U2 F5% o2 P expansum®] E
AFEE A (1.0X 107/mD)2 20 p¥ HE3 25°C Q157H| o]
Holl A74g thg WA HE 79 Foll Akt Aol
FAE wnte] AA g FA A

At AgFe) $A. P epansum®) FAHFE 2
AAE AdAlete 8 5ol Wallre #F53E dAl
Aok 2HENE st aEFAE AEd Aol
Bartholomew Mitchell] #3-& -$-83 Walts®] H(
|71, 1995 o83t WAEA AFARLE AR
7] &4 3ol Aol AW catalase L oxidase B E

T
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Abetsict. oF&d A @39 7HAS THE 915k of
23 7o} Biolog Microstation System(Biolog, Inc., Hayward,
California, USA)& ©] &3} th A% #F5F BUGM Hj
Aol JFske] w3t thE Biolog microplatedl] 3% st
Aok #FE HF FET HAAE ©]&3Y Biolog 2
Al FAFTER AU o dEAS 2FIMe Z
Fol) ulel A A3 microplate(GN, 2% 24; GP, 218
AE A3 TE HE S microplates 28°CollA] 2447+
Hj¥3k ok Biolog readerS Al-8-3l] Biolog data base
Z3}o] FALE (similarity)E 3 &F3th.

giflo] HUT AR 2gFEe T4 vAe
g%, wido] HARe AR At F2lol vlA|
= 9T gotry] sty ZIEujA(NHNO;, 12g;
MgSO0, - 7H,0, 0.5g; KH,PO,, 1.0g; Fe, 0.2mg; Zn,
0.2 mg; Mn, 0.1 mg; and distilled water, 1 )°] B2gS
2 glucose, mannose, glycerin, dextrin, galactoseE 1%
A7tk wix & e Hdwd WA dAaHst ¢
F3 450 AdaS 77 ZESIL 7Y ol HAHY
A3 Aol FHAEE A

Glucose 3717} 2379 FE2FFoH Wl vlX
t 9% @2d F 23FY ASE FRge A=
ER1E glucoseE H7istd FEFFolwol tizh At
o] A aAE RN AIdF M BT FFL
Aol BARSE A3 AAEY] AEAART Tdd 0
Ho R Y3t Glucose H7H7F A@ol <3 ¥ &
AR gzt nale FES dotrr] A, A d
gdlof glucoseE 1% H7HgH v A4S A4S HT
of Hegk A& UZxE 3ld ¥ AHAGATHE H
ZAFSIR T 38 AtE glucosest A Al g & Hst
e Ao 27 AU EF 2 AEAA (4% calcium
hypochlorite, RIFA Co)& Ag3te & Hw AE3}
Aok FARF7 HadFe] i At Ma g
"= FEFS gotir] Yt FAFEH FAE W,
U2 shie AXE WX &3 ¥ 2 Hw 2A

AN AgF YEHT 24 FETINES
AF-H BE fiEg gotry] 9t AlgEE 3
7 10 mm¢! cork borer2 3 mm Zo]Z 4/ 3HES
2 AAE N F APgHEE 4% FEE HE, A
g ¥ 29, 4%, 74 ¥ 10¥9] HEAE AH 20 mm
9l cork borerZ =#Wo] Fte] ¥ HFEFFE I ml
A7t ohg FA whaisted NYDAw|RIol 100 Wi 3ubs
o g2 =it =ud wiAle 25°C AFHlolE el A 3-
597 wiFsts e, A2 frer e HENSS o

2 Aol Uehte 252 A4sted 2. o1gd
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IAFAAA e BE £8 9 FFAH A, AEEE
Fgolgao] FFTEL Bole FEuAES B
3t wl, Als}, Bpol, X5 A7 2 B3 5 FUA
g 3708 S AF sl AAdFHeZRE v|AYE 1080FF
E EEsdtk(Table 1). & FAYHEH MYu|HES F
Nste] Al A7 F BulE dodle FEFHOHA(R
expansum), S8 HFA. alternata), 1332 ALFF
oI (B. cinerea)® WX F3te] LS A 4
3} P43-2, Ad6-6, P47-10 18]3 A71-2 FFE 374 4
AT BF) FFEAE 293, P43-1, P76-9, P94-1 L

Table 1. Isolation of epiphytic microorganisms from the surface
of healthy pome and stone fruits for the selection of effective
antagonistic microorganisms to postharvest pathogens

Fruit No. of samples No. of isolates obtained
Pear 161 456
Apple 134 410
Peach 22 . 53
Grape 12 51
Apricot 39 113
Chinese quence 2 7
Total 370 1080

Table 2. Suppressive effect of eight antifungal bacteria isolated
from surfaces of apples and pears on mycelial growth of apple
postharvest pathogens

Suppression of mycelial growth (%)

Iolte M illium  Alernaria  Botrytis
originated oy

expansum  alternata cinerea

P43-1 Pear 434 - 70.7
P432 Pear 7538 620 61.0
A46-6  Apple 217 67.4 100.0
P47-10  Pear 39.1 771 440
ATI2  Apple 78.2 8.6 100.0
P 76-9 Pear 87 . 87.9
P 94-1 Pear 30.4 ; 85.9
A101-1  Apple 522 - 1000

?percent reduction = [(disease lesion diameter on non-treated apple
-disease lesion diameter on apple treated with an antagonist)/dis-
ease lesion diameter on apple treated with an antagonist] x100.
Note: - means no reduction in disease development.
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23 Al01-1 #FE H2HIHEE AT FeF%o
Wad AdlFgol ol dadA4S HATKTable 2). &
3], P43-2, A71-2 282 Al01-13FE & ZF) ¥
st F&2 FgoHel] g FFEFo] EUTh
A Aol 9 AANARL F Penicillium 438
A A In vitro ZANA AT el =& &
T 845 B 8% &M ES st in vivo =
AM AZe=EE ¥ AH94 Z3E 2AE A
P47-10 4F¢ P76-9 #F& A3 FEvBEL I
T2 AEEAe 9§ 52 ¥ A4 JAEAE EATHTable
3). ©]= Leibinger $(1997)°] EAZANA B. cinerea,
P expansum 2 Pezicula malicortisis?l €3 ¥ A&
5H02 Aureobasidium pullulans, Rhodotorula glunms 2
Bacillus subtiliss 1¥%E v AFTE HI3AS o
TEEA A EHF B EYcHe A} AN}
Atk A% F FAE Fol7) A3td g AT o
Adlte] Alse W Fo35H, WddFHe] Faz
£ M -5 Far] AslMs RAFE o3 4
g F=7F 283 Aoz 4eA Jok(Hong E, 1998;
Huang %, 1992; Janisiewicz, 1988; 1994; Janisiewicz <5,
1992; 1994; 1995, Leibinger =, 1997, MéLaughlin 5,
1990; Pusey &, 1984; Usall. 5, 2000a: 2000b). 3
Nunes §(2001)& E7} £ Ag#ole e 3
d7e 27t %5 7:‘-?—"1] a2 A7 AstEe AL
2 238w ok 2, B A PN Pa7-10259
PI6.975E A23te e W 22 1.8X10°% 82X 10°9)

Table 3. Lesion diameters (mm)* on apples protected with differ-
ent concentration of eight antifungal pacteria isolated from sur-
face of apples and pears and wounds~moculated with suspensions
of Penicillium expansum

Dilution rate (tlmes) of antagonists

soth
Antagomist”  dinted 10 100 Uélgl"‘;‘g‘;'d
P43-1 77 213 19.0 25.0
P43-2 1.3 153 20.7 19.3
A 46-6 8.7 23.0 220 21.3
P 47-10 123 43 0 23.0
AT12 53 18.0 223 227
P76-9 14.0 5.3 0 21.0
P94-1 6.0 13.0 16.7 16.3
A101-1 177 17.7 247 257
"Lesion diameters were investigated 7 days after inoculation of P.
expansum.

"Original concentration of eight antifungal bacteria used: P 43-1,
4.1x10% P 43-2, 9.8x10% A 46-6, 3.7x10%; P 47-10, 1.8x10% A 71-2,
4.5x10% P 76-9, 8.2x10% P 94-1, 8.9x10%; A 101-1, 4.0x10™

- FAT

FFEE Boh 1.8X10°7 82X 1078 A A el azt
b E2 e debiderl, 2 4ol dsiie 25 &
o AEst ety Azt

Ay 5. A *]’4“1’:—3—&"&101‘33 91*1]7‘—-130‘&'1—
g 2GS A3 P1697TE A3 BE FFE 1
g FA2 Aoz yEht e, Bartholomew MltchelH cls
HE 8¢ Walts®] WHE o] &3t ZAINE g 4
I WAE2E sk AR e ol I3Y4
N 7 &4 so)x BLALH, catalase B0
A3, oxidase B ¢l Ao 2 VENY Bacillus®: A
o2 FASAT. 2EFA 9L AT APOZE o
A Azo] wel 2842 PI6-9FFE GN Biolog
microplateZ, =L 773 GP Biolog microplate®l] Hj <3t
T} Biolog readerE A3l 543 A3}, P43-1, P43-
2 2@ A71-2% Bacillus amyloliquefaciens=., A46-6= B
megaterium S 2., P47-102 B. subtilisZ, P94-12 B.
licheniformis=, A 101-12 B. pumilisQ1 02 Jehto
v, 23242 P76-9= Serratia marcescens® F7 ¥ 3]
t}(Table 4). Sholberg 5-(1995)2 Biolog System® GP
MicroPlate & ©]-8-8te] 4 st= Zlo] 71¥9 Aa3Hy,
Wsker §A AT Al s e ort Bacillus
& AlFox F FE9 FA0l 7HEe B vk Qi
B A FelA doil Eﬂ@#"ﬂ e gels YME 3
F 27149 Azey, Asletd Age] ay o
A zrEr),

g4 A WU A% o ZgHre] 4ol o
Ae 9% 2uAY 2 1% A HAF
o] FARG 2 TP ARE ZAMS A5 FAHE
EE 849 H7pRGAN JAEe Aoz Jeide
B =3 ga]actose— A7kt wjA] ol A 74 wely, ¥z}
the eha 4o vl starche} fructdsge% X745 )
o ﬁﬁokolait}(Table 5). GlucoseZ 3713+ wj=|

ro

A ofh

2 ox
= rlo

Table 4. Idenuﬁcatmn similarity index and next closest species
for: eight antifingal bacteria isolated from apple and pear fruits
according to the Biolog microstation for bacterial 1dent1ﬁgat10n

Strain Identification Similarity  Closest species
P43-1 Bacillus amyloliguefaciens 0.848 B. licheniformis
P43-2  B. amyloliquefaciens 0.622 "

A 466 B megaterium 0.874 B. azotoformans
P47-10 B. subtilis var: glodioli 0.685 B. licheniformis

A 712 B.amyloliquefaciens 0.798  B. licheniformis
P76-9 Serratia marcescens 0.514  Enterobacter taylorae
P94-1 B. licheniformis 0.652 B. megaterium

A 101-1 B. pumilus 0.858 B. amyloliquefaciens
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Table 5. Influence of carbon sources on the growth and sporula-
tion of Penicillium expansum causing postharvest decay of apple

fruit

Carbon compound Radial growth* (mm) Sporulation”
Starch 15.3 be? +
Mannose 163b ++
Glucose 14.7 ¢d ++
Arabinose 150c ++
Galactose 60e +
Glycerin 163b ++
Dextrin 18.0a +++
Fructose 13.7d +
Untreated check 180a -

*YRadial growth of mycelia and sporulation of Penicillium expansum
were measured in minimal salts basal medium supplemented with
1% (w/v) of each carbon compound.

*In a column, means followed by the same letter are not significantly
different at 5% level by Duncans multiple range test.

A% FA ] B8] ZAAEE AAsHe Ao 1
s}, @, wiAe) Ba9e e eg A EA)
28] YA g Row Y F2ggolya ¥
A2 98] AN Bagde) Wad AoT Bty
AT, EF F)RHRe] o2 T gage Wk A

FE2FFolH o] S A APdF FAHAFEE
ZAFE A glucose, glycerin, mannose 0 2 7 &2
Z2d] ga2el Ao g JEltHTable 6). Janiesiewicz
T(1994) Attet ol e FE FFoEE WA
Al 2-deoxy-D-glucose(2-DOG)E A& ZA$ Zia
(Pseudomonas syringae)®] S2dle &S FA &L P
expansum® AFS JAAFOE AP HAZHE F
AN SR, 2 AFAME glucoseE AT
T W7o F48 AgAst, Agrt st 43
A EXske A2 veh A3 MR Fo)7)
A3 LAY E Musisnt

Glucose 710l ¥t in vivoR7AolA 9] A A
&3 . In vivo 27X FAEH AAHE YL
B. amyloliquefaciens P43-2, B. amyloliquefaciens A71-2,
S. marcescens P16-9 2 B. licheniformis P94-15 >] ] 3}
HA glucoseE FH713lA S w], BE AHZldA FEFF
o|fo] gt WY AA T FUtHE ALE YERT
(Table 7). 53] S. marcescens P76-95 3L wjd&
71 &3 atddet dA A3 A v e
ko 2 AMEEHA U= Aspire®dH 53 &3 ey
2 #toll B. amyloliquefaciens PA3-25 A8 d A%
A2 o WA 74 mme] Bl 3.8mmZ ¥ JAHE

X
:
i

ol Ol

Table 6. Influence of carbon sources on the growth of four effective antagonists

Growth” on minimal media amended with

Isolate - :
Glucose Mannose Glycerin Dextrin Galactose Control
B. amyloliquefaciens P 43-2 -+ ++ ++ + + -
B. amyloliquefaciens A 71-2 ++ +++ ++ ++ + -
S. marcescens P 76-9 ++ ++ ++ ++ ++ -
B. licheniformis P 94-1 ++ ++ +++ ++ + -

YMeasured in minimal salts basal medium supplemented with 1% each carbon compound.
*Note : ++++, +++, ++, +, — and means colony sizes of above 5 mm, 3.1~5 mm, 2.1~3 mm, less than 2.0 mm and no growth, respectively.

Table 7. Effect of glucose addition in the bacterial suspension on the suppression of the lesion development caused by Penicillium expan-

sum on the apple fruit

Lesion size (mm) on apple fruit

Treatment Wounded Non-wounded
Glucose amended Water Glucose amended Water
B. amyloliquefaciens P 43-2 3.8 ab" 7.4 ab? 0 0
S. marcescens P 76-9 16b 3.1b 0 0
B. licheniformis P 94-1 77a 9.0 ab 0 0
Aspire® 14v° 59ab 0 0
Control 74a 12.1a 0 0

*In a column, means followed by the same letter are not significantly different at 5% level by Duncans multiple range test.

ZAmended with NaHCO; instead of glucose.
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Table 8. The effect of sodium carbonate, glucose and CaOCl Bacillus amyloliquefaciens P43-2
(4%) pretreatment on postharvest decay of apple fruits caused by .
Penicillium expansum -
Lesion diameter (mm) 5%
Treatment : T 83
1* trial 2" trial Average =2
Sodium carbonate 0c* 1332 6.7b" 28
Glucose 7.4 ab 13.1a 10.3 ab ¢
CaOCl 4% 3.2bc 154 a 93b
Untreated check 12.1a 1722 145a =) 4B AT SBAT
*¥*In a column, means followed by the same letter are not signifi- Bacillus licheniformis P94-1
cantly different at 5% level by Duncans multiple range test. 7.00
c 6.00
§ Né 5.00
g = 4.00
49% AAsl= A= et o]ide] AollA glucose T £ 3.00
£ 4939 AQEHE S/ 9Ll IAE g S 2000
e o o - 1.00
Atk A Aspire® H Ao AHEHE BIFEUEFS 58

WEAYES UO7|= Alternaria alternata, Fusarium spp. 2DAT 4DAT 7DAT 9DAT

m . . X T =23 3gloly] icilli
2 Rhizopus stolonifer}, | 32333 ©] ¥ (Penicillium Dot e B

digitanm) 5 92| 714 Ao EI7L Y Ao @ 7.00

&4 th(Aharoni %5, 1997; El-Ghaouth %, 2000). & A] |
FANE 2%l 24 3 AdaRE PP AR AN S
FolXe A3 3 Aol Uz, 23} APl E ¥ 2 =
AL 23% GAFE Ao2 YehkTable 8), B2 vt £ £ 200

o A2)r1ee MR A T FHNAA D £ 0 100 |
0.00

=

HER

&7—]_<_>_i/\§_%] '—10313401 A = zx] ©}olo
= 2 . AdER JHE WA SRS 2DAT 4DAT 7DAT 9DAT
o

A= FAZANNE A5 o] FAHA FUTH
AAEH 2 AAEoNA Y Ayt dEHE. 4
Gete] DEHES JAFelA AR A3, 339 Bacillus
& Alet =, B. amyloliquefaciens P43-2, B. amyloliquefaciens
A71-2 2 B. licheniformis P94-1= B3 S-S HAE BAaHE AECIUIL, Serratia marcescens P16-9= Z7]
b A & 797K+ BE7F S7HE T 108 FREe HE F 4d)elle 227t gaEt A & 19FHE

o o |m

Fig. 2. Population dynamics of three antagonists on apple fruit
wounds () and at the surface of healthy apple fruits ().

p

Fig. 1. Suppressive effect of two antagonistic bacteria, Bacillus amyloliquefaciens P43-2 and Bacillus licheniformis P94-1, on postharvest
decay of apple fruits caused by Penicillium expansum. Areas of decay (right side) in fruits treated with two antagonists was significantly
less than in nontreated fruit (left side).
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750 AE] & 10497 E 435 FE02 fAsHs
Aoz UetsthFig. 2). webA] Adg 3%9 A7 F
AEAARANM 7 371 =X S. marcescens P16-97F
A2 FoA 7 &2 Aske Aoz AdHd.

o OF
el =

A FEFFoiH S WAl st A=, Wi, 5
o} 5 370379 HYS AF s AUYEHLZNE AF
1,030 T8 wEErth #ald 1,0802FE A 8k
Al AL DO F)= Penicillium expansum, Altermaria
alternata 123 Botrytis cinereas A LE Fd&A
2 B ARAAZHS ARSI 8Fe AFAFE AL
sttt ol & AgAlFol et Al#3HE 543} Biolog
systemo] 23 F UL o]8A-E& =AM AF Bacillus
amyloliquefaciens?} 245, B. megaterium, B. subtilis var.
gladioli, B. licheniformis, B. pumilus 2 Serratia marcescens
2 23349}, Glucose, mannose, starch 5 89 ¥4
L& FAE HhdH] A 2 Ao F2d v
= FEFE AR A, Hdde] F4E AAEa 4%
49 T8 X3 dFYOE glucose”’t L= AT
gtz AGEAHE Eol7) skl Aga o
glucoseE 1% FA71ste] Atatdl] AE g ths FE2F%30]
HaS 10EA/ml FE2 AFIAS o, ¥ 1dgA &
7} S. marsecens P16-9X 2| NX 48%, B. amyloliquefaciens
P43-2 A&l X 46% LE]3L B. licheniformis P94-1 ]
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