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Abstract: Botryosphaeria spp. are important pathogens on a variety of fruit trees causing cankers and
gummosis on almond trunks,and resulting in a significant decline in the health development of the
planting industry. The strain H47 (producing catechol-type siderophore) and the strain H114
(producing hydroxamate-type siderophore) were isolated from the honey. The two strains identified
as Bacillus amyloliquefaciens by 16S rRNA gene analysis and physiology biochemistry experiment.
The strains were cultured with the MM9 medium,and the cell-free supernatants were extracted by

organic solvent. The organic phases collected as partially purified siderophore were dried in a
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vacuum oven. The partially purified siderophore was inoculated along with the B. dothidea Ces. &
De Not ACCC 38026 and the inhibition of the mycelial growth was test by vernier caliper. The
results indicated that both catechol-type and hydroxamate-type siderophores had antifungal activity to

pathogen, toxicity regression equations were y=1.432x+0.578 and y=1.744x+0.063 ,respectively.

Thus these honey isolates had the potential as the bio-control agents, which were useful to inhibit the

growth of B. dothidea.
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Table 1 Homologous analysis of 20 isolated strains

515 ) 0 B 5
H2l  KF863821  B. cereus ATCC 14579T 99
H88  KF863877 92
H93  KF863882 99
HO8  KF863886 99
H107 KF863889 B. siamensis KCTC 99
HI22  KF863899 136137 99
H47  KF863845 99
H28  KF863828 99
HI25  KF863902 99
H68  KF863863 99
H77  KF863868 99
H92  KF863881 99
HO4  KF863883 98
HO o KRSSSs 99
HI13  KF863892 : "g;ﬂg;’g;w”s 99
HI14  KF863893 99
HI15  KF863894 99
HI18  KF863897 99
HI23  KF863900 99
HI24  KF863901 99

H21 Bk B. cereus [, VAJm T WS FEZF AT 1A
H28 H123 #l H125 5 Bacillus subtilis subsp 168 [7]
e, TR R AU TR T RLE HAT TR B AR
PRI PR AT B 4 0T A D8 B 2F JRAT T T R R B 2R A
A B0E P 2R AT, 7 5 204 BRAAL TR 5

W5 KB, bR B. cereus W R AWM, HE
Wy BAR T T RE S AEPUE R AR R FPLE Y
ST, FE A AN BT LR A A5 3 — e MR N
I B Y B, subtilis®Y N B. amyloliquefaciens
PHRE 8% A7 205 14 00 7 3 ol e e 4 HRLE 1 R A ) D TR
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22 BREEFEEIG
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KA S, i bk B M (0728 iR 2, DR T 18 f
N2 BT R AR P A B S E T 1, ] 2(a)
20 TR BE S 0 AR AE CAS BER P Al I, WVE K
AR PR B A BRI S S
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H98 H114 F1 H124 % 4 A~ HC {EH & T 2.5,
T 4 DR MR A A e Rk,

Bacillus amyloliquefaciens FZB42(NR075005)

Bacillus subtilis 168(NR102783)
Bacillus zhanji. is JISM 099021(HM460884)
H21(KF863821)
Bacillus cereus ATCC 14579(AE016877)

Bacillus amyloliquefaciens DSM7(FN59764)

| HSS(KF863877)
H47(KF863845)
H113(KF863892)
HO7(KF863885)
HO4(KF863883)
H114(KF863893)
H115(KF863894)
HO2(KF863881)
H118(KF863897)
_F H122(KF863899)
HO3(KF863882)

H77(KF863868)
HO8(KF863886)
T H124(KF863901)

H68(KF863863)
H107(KF863889)
B.siamensis KCTC 13613(NR117274)

HI123(KF863900)
H28(KF863828)
HI125(KF863902)

Bacillus methylotrophicus CBMS205(NF116240)

—
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Fig. 1 Phylogenetic tree of the 20 isolated strains by
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Fig. 2 Color-changing ring on CAS agar plate formed by

20 isolated strains and HC values
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R AR (1 2 A0 J bl R 2E TR E L Csaky
I FH T S5 2 i R PRk AR A I, Arnow 2 R FH T
JUZ B K AR . R A MM Bx 5% 3k 43 1 X
H47 H98 H114 il H124 4 ¥k &tk AR IR )2 & B
P IE R ) Csaky K2R AT Arnow 2l 7 AN
IR 2 P v B, 45 SR L 36 2, HAT B #E Arnow I 5t
FHE , Csaky Sz hj 5 BV, 26 B HAT BBk B 7= 2k 48 44
A LS BB AR S JH114 Bk Csaky W 5 FH
P, Arnow [N 2 B M, 26 B H114 B AR BT 7= 2k 3k ik
A 5 R N R AR L AT HO8 Rl H124 T bk Csaky
SR AT Arnow J2 B 35 54 BEPE | 3% BH 3 RS B AR A
TRV LA By A S R s R AR I (A L A 1 TR
ARV

Bl R A AR 1) 7 A2 R v kR TR Y

M), e R 1) B S S AR R AR AR 1 7 A . PR SEER
AR A 11 05 5 A A B R B Rk R A
3 NTLIHE I 3 B 10 4 B B R 9 Ak B AR ™
i T AR R SR R B Xylella fastidosa TR K™
PR 48

R2 HERTERBEESE
Table 2 Siderophore—type classification

R AR A
S 35 5 TR AL A5 R S/ JLZs W B S5O B/
(pmol/L) (pemol/LL)
H47 0 106
H98 50 25
H114 91 0
H124 48 20

£3 TEBEVERGERETE

Table 3 Siderophore production by diverse microorganism

S e e PR R A R E S

JLZ B3 0 S5 Sk

HE R B SR

(pmol/L)
Pseudomonas aeruginosa JAS-25 130
Aeromonas salmonicida 0-107
Methylobacterium extorquens 26

Xylella fastidosa -

24 SHEEMEFREER

241 R EERATARA QAR AR BRBIKREE
AR AR By R B Bk B 1, Bk TR R
Fusarium oxysporum , Pythium ultimum 55899 57 &
AR, DA T ) 40 A0 s 2 FRVARL B g 114 ¢ P52,
i F 2R Z AKX B. dothidea $10  ZCH (1 WF 5% &6 47 2
W, AR 2R ] T bR R A R TS A%
B. dothidea WH5HT/ER . ¥ B. dothidea 1185
FI PDA VAR KG SR BLAE 45 CIR ST, B A , BE 5 4T
fL, 4rBInA HAT \H98 H114 Fl H124 B b i u8
T R B, eI AR o 1 3 (a) 3R 4 A0 B A PR
K BT B. dothidea W AE I3 HAT 5404 T, 141
3(b) Uk B BR A i ok B2 S A HUBCR IEA G, 5903
R H BT B8 5 B A 1 5E A M Y 5 0 TR T A K
JITls AR B 145 G, 100 L R 96 A0 A A OGP
242 ARG AFHRAGIEZLR IR
FEEREMXT B. dothidea WA RCR , 731 e B H47
PR A A LR T B BRI R H14 T Bk 7= A 5 2
JF5 T B BR AR AR AT I B AT Y o S [ 25 2 8k AR X

(pmol/L) (pmol/L)
- - King B [26]
44-193 - TSB 27]
- - MM9 [25]
- 15 MM9 [25]

H47 HOS HIl4  HI24
173
(b)
B3 4%5BEKNEHEERNMNFHMRR HC &

Fig. 3 Inhibitory effects of four isolated strains to

B. dothidea and HC values
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B. dothidea T8 22 A= K MR IR 4, LS AU
B AKX B. dothidea W 7 71 77 T2 y=1.432x+0.578,
ECs, A1 ECop 50 %14 0.395 o/L 1 3.099 o/L., F¥f5
fi T4k 2 AR X B. dothidea W) %% 71 77 72 y=1.744x +
0.063 ,ECso il ECoo 73 51149 0.921 /L F1 5.001 g/L 2%
RIBF 5T & B, 1 mg/mL 2k 2 1K B8 0 ] Rhizoctonia
solani THYE WA 1 | BRI 1A 22 /K1Y, R4 99 i 1
4910 1 BB AT B T R R R TR G A S R T

I ) B TR 0L 1 W R R W A A P

WEAM A VE T, HE0 HAT Bk 7= 2R 10 JL 2% i
BRELVRA H114 BERR ™ A2 5 52 5 IR B Rk 3 iR 2y g A
AN B. dothidea W74, HLAS By B 4% 2 AR (41
Hl R T 5 R e A g Bk .l ok T WL H47 B
PR H114 TR AR ELAT 18k A 40 B 36 700 4 4 A6 fies
PR B TR I T RE A

& 4 H47 1 H114 EH =SB E XS B. dothidea 1 H 1€ R
Table 4 Inhibitory effects of siderophore produced by strain H47 and H114 to B. dothidea

: : £ 9787 ) B
g [ oot [ o | s2ai | oawi |

XS0 1 2R/ %
H47 513 66.4 80.3
H114 253 46.8 67.1

25 HEEBAEUEE
ST HAT FH114 BRI 20 2505 B B B A
A S 56 W T 5 Rk, 45 R 0L 5. H47 A H114
PR A 3 A AR v R A B, AR i A A8 ER A T %
FEFMYISES API S0CH B /K AL A 91k 56 45 it
FW HAT AN H114 FERER T 0 4 2E F AT 58
R5 H47Fn H114 Bk AEEE L

Table 5 Morphological and biochemical characterization
of strain H47 and H114

it H
H47

(% L L
=il + +
= - -
iz ) P + +
B2 QY + +
HFY 158 Y 4K + +
i TR e A Ji + +
1 b S + +
AUk M + +
HoS =4 - -
V-P & i + +

HERIEE/C 15~45 15~40

5 o, B - B

S E Xk

89.5 96.7
82.5 92.5

y=1.432x+0.578 0.953
y=1.744x+0.063 0.983

HECHEEHRESMMMIIH

VE& NIy B 20 BRESRE, 2005 B.
cereus ATCC 14579T .B. siamensis KCTC 13613T .B.
tequilensis KCTC 13622T H1 B. methylotrophicus
CBMB205T 4 Fif LAY G ik B fe v 1Y W] SR ]
CAS # Wl v 2 W ,20 B Bk b H47 H98 H114 #I
HI124 4 DRBR B - 2k, H HCEY & T 2.5,
Csaky W Fl Arnow S 1 25 5 3R W] HAT T bk T 7
BRI LA ER B (106 mol/L) , H114 T Bk i 7= 4%
AR N NG R A (91 wmol/L) ,HO8 il H124 4 4k
JIF 7= Bk AR IR A AL (75 wmol/L AT 68 umol/L) , 4
ol TR AR Ak R & BT B, dothidea Ces. & De Not
ACCC 38026 A #HIZCR . HAT AR A H114 B B
NIRVERY AT, HAEREUAHLIR Y XS B. dothidea
Ces. & De Not ACCC 38026 4% 71 [81 5 75 72 43 51 4
y=1.432x+0.578, (ECs, Al ECo 43 %1} 0.395 o/L F0l
3.099 /L) #l y=1.744x+0.063 (ECs, Fl ECo 735 N
0.921 /L #15.001 g/L), It AR DA L 2% 19 76 2k
AR I 5 R I T TR K 2k A X 2 AR TR 1Y) 6
R BV 22 R 1 A M CR  HAT R H114 B R EL
AR &R A W BIR R BT T .
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