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Abstract: The isolation of the endophytic bacteria from mangroves and screen of the antagonistic bacteria
against the Phytophthora capsici were studied in this paper. The results showed that there were a large
number of the endophytic bacteria in the tissues of mangroves. Of the endophytic bacteria, about 27.97%
strains expressed the inhibitive activities to P. capsic. Using the eighteen antagonistic bacteria to control
pepper fruit Phytophthora blight showed that all the tested strains had some control efficacy to the disease. In
them, strain RS261 isolated from the leaf of Rhizophora stylosa was found to have the best control efficacy.
Based on the morphological, physiological and biochemical characteristics and on 16STDNA sequences
analysis, strain RS261 was identified as Bacillus amyloliquefaciens.
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[1-4]

[5-7]
(8] ’
) ,
[9.10]
) RS261
1 RS

1.1 LR Fhse

Wi (Acanthus ilicifolius) (Kandelia candel)

(Rhizophora stylosa) (Bruguiera gym-
norrhiza) (Aegiceras corniculatum)
(Acrostichum aureurm)
7

1.2 HidmERE

(Phytophthora capsici)ZJ06

(Auicennia marina)

1.3 HikEaE

NA
PSB(25°C, 180 t/min, 72 h); PDA,

PDA, CA
(PSB 20.0 g, 200 g, 1000.0 mL,
pH 7.0~7.5; CA 200 g, 15 g, ,
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1000 mL, pH 6.0 )
14 ABWAEMEND S

B

, 3.0 g, 70%
s 0.1% 1.0 min,
5.0 mL s
15 min 0.1mL 0.2mL
, 3
) 27°C
48 h~72 h,

1.5 FHERME S HE R Tt

9 cm  PDA( 5 g/L)
8 mm ,
(I.5cm ) ( 5 mm)
(25°C NA 24 h), 27°C
5d~7 d, 3,
1.6 YHE E bR BA AR SRR % E
. 70% ,
, PSB 72 h
( 18 ) PSB (
), 24 h
(10*  /mL),
, 8 4
, , 24°C~27°C
, , [3]
={[>( =< )/
( )><9) }><100
:[( —_
)/ 1><100%
1.7 EHREE
1.7.1 EHEE: [11,12]

1.7.2 16S rDNA PCR # 1#& K FFME: CTAB

DNA , F8(5'-GAGAG
TTTGATCCTGGCTCAG-3")  R1492(5'-CGGCTAC
CTTGTTACGAC-3") 16S
rDNA PCR (25 uL) 10xPCR 2.5 uL,
dNTPs(2.5 mmol) 2.5 pL, F8/R1492 (10 pmol/L)
2 uL, DNA( 50 mg/mL)2 uL, Tag 0.5 uL,

15.5 uL  PCR 94°C 5 min; 94°C
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1 min, 50°C 1 min, 72°C 2 min, 30 ; 72°C o ; ,
10 min DNA ) ; ;
«C ) , ,
Blast GenBank Clustal 8.69x10° CFU/g(FW), ,
X ,  MEGA 4.0  Neighbor-  3.65x10° CFU/g(FW) 1.99x10° CFU/g(FW)
Joining , 1000  Bootstraps R
) ERE 2.2 FERBRHE S LR N A A E 85 iE |
2.1 ARMEHAENSE 143
( ), , 40 (27.97%)
, ( 2),
4.78(0.33~23.60)x10? ,
CFU/g(FW), ,
i , ,
23.60x10° CFU/g(FW) 3.42x10° CFU/g(FW) ,  44.00%, ,
3.13x10° CFU/g(FW) 1.50x10° CFU/g(FW) 0.85x10° 8.33%
CFU/g(FW) 0.60x10° CFU/g(FW) 0.33x10° 2.3 IRAEMEFERMRERNESER
CFU/g(FW), 40 ,
1 , , 18 ,
6.0 mm~11.0 mm( 3) 18

F1 TRAMMERBEAEAFNSE

Table 1 Population of endophytic bacteria in different tissues of mangroves

Contents of the endophytic bacteria in mangroves [x10°CFU/g(FW)]

Tissues i
A. marina  A. corniculatum  A. ilicifolius K. candel  B. gymnorrhiza  R. stylosa  A. aureurm Average
Root 8.07 9.45 3.15 1.50 2.25 0.98 0.15 3.65
Stem 9.86 0.40 2.45 0.25 0.17 0.47 0.30 1.99
Leaf 52.85 0.40 3.80 2.75 0.15 0.34 0.55 8.69
23.60 3.42 3.13 1.50 0.85 0.60 0.33 4.78
Average

R2 BAMBXRHEEREHRERRNEERTRRAY LG

Table 2 The percentage of endophytic bacteria from mangroves antagonism against P. capsici

%

Resource No. of bacteria No. of antagonistic bacteria Percentage of antagonistic bacteria
A. corniculatum 25 11 44.00
A. marina 18 7 38.89
B. gymnorrhiza 14 5 35.71
K. candel 20 7 35.00
R. stylosa 12 3 25.00
Wi A. ilicifolius 42 7 16.67
A. aureurm 12 1 8.33
Total 143 40 27.97(Average)
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Table 3 Control efficacy of endophytic bacteria to the pepper Phytophthora blight of capsicum fruits

Days after inoculated P. capsici(d)

3 6 9 12
Strains zg;heisbi(trir?;) Resource . . ' .
Disease Control Disease Control Disease Control Disease Control
index  efficacy (%) index efficacy (%) index efficacy (%) index efficacy (%)
RS261 8.5 0.00 100.00a 11.11 87.50a 29.17 70.83a 41.67 58.33ab
RsS3  10.0 3.33 83.65d 63.33 28.75m 81.11 18.89i 95.56 4.441
RsR5 11.0 5.56 72.70f 25.56 71.25g 35.56 64.44b 40.00 60.00a
BgL1 7.0 10.00 50.91i 25.56 71.25g 45.56 54.44d 65.56 34.44de
BgS2 6.0 222 89.10¢ 28.89 67.50h 62.22 37.78f 91.11 8.89jk
BgS6 7.0 7.41 63.62h 51.85 41.67k 79.63 20.37i 88.89 11.11j
BgR2 6.0 3.33 83.65d 23.33 73.75fg 35.56 64.44b 41.11 58.89ab
BgR6 7.0 0.00 100.00a 13.58 84.72b 45.68 54.32d 67.90 32.10e
AmL1 10.0 1.39 93.18b 29.17 67.18h 68.06 31.94g 91.67 8.33k
AmL3 6.0 3.70 81.84d 34.57 61.11i 61.73 38.27f 70.37 29.63f
AmS1 9.0 0.00 100.00a 17.78 80.00cd 31.11 68.89a 51.11 48.89¢
AmS3 7.0 4.17 79.53e 50.00 43.75k 75.00 25.00h 83.33 16.67i
AmS5 11.0 3.70 81.84d 58.02 34.731 90.12 9.88j 97.53 2.47Im
AiL3 6.0 1.11 94.55b 21.11 76.25ef 45.56 54.44d 63.33 36.67d
AiR24 9.0 1.11 94.55b 18.89 78.75de 38.89 61.11c 43.33 56.67b
AcS3 9.0 3.33 83.65d 52.22 41.25k 88.89 11.11i 100.00 0.00
AcS7 8.0 0.00 100.00a 15.56 82.50bc 48.89 51.11e 78.89 21.11h
AaR2 7.0 0.00 100.00a 43.33 51.25j 88.89 11.11j 100.00 0.00
- - 6.67 67.26g 91.11 0.00 100.00 0.00 100.00 0.00
CK - - 20.37 - 88.89 - 100.00 - 100.00 -
( P>0.05).
Note: Values followed by the same letter within a columns are not significantly different(P>0.05, Duncan test).
¢ 3) 2.4 RS261 BH#EE
, 241 EHEE: ,RS261 NA
3d 6d 70% 9 ) ) >
RS261 BgLl RsR5 BgR2 AmS1 BgR6 ) ; 5
AiR24 AiL3 AcS7, RS261 AmS! BgR6 , ;
AcS7 6d 80%, (Bacillus
9d RS261 RsR5 BgR2 AmSI 60% sp.)
, 12 d 4, RS261
RS261 RsRS5 55% , 15°C~45°C,
, RS261 pH 5.0~9.0, 7.0%
, , 0.001% ,
( ) ; ,
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&4 RS261 AHRAIEIRE (LHHE
Table 4 Physical and Biochemical characteristics of strain RS261

Index Characteristics Index Characteristics

Oxidase = Growth at 10°C =
Peroxidase s 40°C +

Methyl red - 50°C =

V-P V-P reaction +* pH 5.7 +
H,S Production of H,S - pH 6.8 +
Indole production = NaCl 2% +

Gelatin liquefaction 4 NaCl 5% =

NaCl 7% w

Hydrolysis of cellulose

Aamylohydrolysis . Usage of citrate =
Hydrolysis of esculine A Usage of malonic acid -
Nitrate reduction a Anaerobic growth 4

Nitrite reduction = Phenylalanine deaminase =
Glucose acid production A Tryptophane deaminase =

+: ;=

>

Note: +: Positive; —: Negative.

(B. amyloliquefaciens)
2.4.2 16S rDNA HJ PCR ¥ #& R RFE A B BI 51

RS261 DNA, PCR PCR products
1.5 kb 16S tDNA( 1) (
) RS261 16S rDNA R
1435 bp, GenBank EF445123 Blast
RS261 16S rDNA
16S rDNA R 16S
rDNA, Clustal W ,
g e i
MEGA 4.0 Neighbor-Joining ( 1 ¥ RS261 16S rDNA PCR ¥ 1&
Fig.1 The 16S rDNA PCR of RS261
2) (B. amyloliquefaciens) M: Marker; 1,2: Sample.
100 [ B. licheniformis (AB354236)
B. licheniformis (X68416)
82 B amyloliquefaciens (DQ389755)
0.01 100| 8 B. amyloliquefaciens (EU709741)
79 |~ B. amyloliquefaciens (X60605)
RS261(EF445123)

B. amyloliquefaciens (AB301004)

99 [ B. amyloliquefaciens (AB300822)
B. subtilis (AB018486)

98' B. subtilis (DQ207730)

B. pumilus (AY876289)

100" B. pumilus (AY456263)
— Paenibacillus favisporus (EU798300)
100 ' Paenibacillus lautus (EU834247)

2 BEEEMIEERY RS261 16S rDNA 3 RE R B
Fig. 2 Phylogenetic tree based on 16S rDNA sequences of selected strains
Note: Numbers in parentheses represent the sequences’ accession number in GenBank.The number at each branch point is the percentage
supported by bootstrap. Bar,1% sequence divergence.
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