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Diversity and nematicidal activity of endophytic bacteria from
mangrove plants collected from Beibu Gulf coast at Xuwen
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Abstract; In order to find endophytie bacteria resources and search for new microbial insecticides from mangrove plants,
the bacteria were isolated from sixteen samples of seven mangrove plants which collected from Beibu Gulf coast at Xuwen
with designed ten kinds of isolation media. The 16S rRNA molecular biology method, dilution coating method and Cae-

norhabditis elegans screening model were used to explore the diversity and nematicidal activity of endophytic bacteria isola-
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ted from mangrove plants. The results were as follows: (1) A total of 33 endophytic bacteria were isolated by 16 organs and

tissues which could be classified into 19 families and 23 genera and the dominant genus were Bacillus, and ten potential new

species or genera were obtained. (2) Through the nematicidal activity test, two kinds of bacteria with nematicidal activity

were obtained. Two endophytic bacteria IMDGX 4725 and IMDGX 4744 had the extremely significant nematicidal activities

and the lethal concentrations of 50% were 61.58 and 100.89 mg + mL™, respectively. The research confirm that mangrove

plants collected from Xuwen are rich in endophytic bacteria. At the same time, parts of the bacteria have strong nematicidal

activity, which could be a potential source for the discovery of the new microbial insecticides.

Key words: endophytic bacteria, mangrove plants, species diversity, nematicidal activity

TR AR A 25 2R 58 ( mangrove ecosystem ) A1,
FERNE T S W e TR O R AR ) B v TN
HWIHETS (Chen et al., 2009) , ZLRPRIRSEE A
A ) RE A T e R0 R M 25 R BRI FLAE ) b | B
R AR e LB T 22257, ook
S5 (2011 ) DA VR VT 21 AR AR V6 S5 R 4 U8 A 550
Py, LB F 195 MR, Horh N =Fh 20 WA )
F i A AERE ARHE R B 3 4 B 3 110 bR
LR, VFESE (2016) N 1T 43 ) 25 FHE T 21 # AK
FEYIAE S b A5 2] 159 PRk, oA T 12 8
19NE, Hh s & W e M A w IR, Bk P4
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RN A0 TR 22 R A 5T B B S (E A FRAT
R

H I, AR 45 2t g ™ H s 3 A TR Y 2 A it
FLAEY, (R 2 B R R2 MR . Pl
SEIE A ESEAER UiE TS A AV N (7 R 3
— AP L AR (R AR ,2006) SN,
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R T ARG 2 U AE B ELTA Snef 21, fin 44 AR 2 1Ml
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RORBAF , A5 5 LR AR L T 7 2 B B A
AR UG PE Y BT L BE K (azalomycin) 216G (Xu
et al., 2014) o it A SCLARE VT AR (8] 9 Sl 21 A% A
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HOE PR TR R, S B B AR W A R e I 2E E
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1 #R 5T %

1.1 R4 #

FERLCRAE 2017 4 7 14 HAE) AR B
R R 21 R AR (Mo PR Ak AR O 109° 597 147 E
20°20'12" N) 3% 5 % i 3% ( Bruguiera sexangula) |
2L ( Rhizophora stylosa) Ml AEM ( Aegiceras cor-
niculatum) 3 ( Excoecaria agallocha) | ¥ ¥ ( Hi-
biscus tiliaceus) . & &5 28 ( Pluchea indica) . F ‘B 1
( Avicennia marina) 7 FLL R B0 AU AR 25 | RE
16 fn, BARAF B3R 1 Fros, AR o JL 3 By
fief o A P 18 R R A B — 0 0 A W AR T, IS TR
IR i R T VR VD M TR B, e AR RS R AT
HERAE, B TR IR & P S R 0 9256 % gE AT
JE AL B

2 OB R - A S 38 i {4l P 1) BB A D 5 T
FUFT 2k HL ( Caenorhabditis elegans) F1 OP50 J& W8 g
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TR -t
1.2 BESE
1.2.1 o & ALz Aotk PR HFREE R 10 Bl
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N AGG (Bl R A QG IR AL ) M4 (T B0 — KA Tk
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Table 1  Information of collected samples
= o= ) . AL A 4 R
ﬁ\ﬂﬂﬁﬁ It L ES A\%NIJI PR
Code of . Code of
Plant species .
sample collected tissue
A g A-1
Bruguiera sexangula -
A-3
B Al 4614 B-1
Aegiceras corniculatum B-2
B-3
c AR C-1
Rhizophora stylosa C-2
D iR D-1
Excoecaria agallocha D-3
E HHE E-2
Hibiscus tiliaceus E-3
F [Ekoks] F-2
Pluchea indica F-3
G SREge S G-2
Avicennia marina G-3

T 1R 20 2% 300,
Note: 1. Root; 2. Stem; 3. Leaf.

Eh-TE M BUIE B FR 3E) (R2A (R2A TR H 7 3% )
TEANIC T WARAESE (2016) o 55 37 ik v 5 0 0 5 7R
YRR o) B A AT ) R A G, VR 4y Il 25,50
mg - L' FFEE IR ERR B2 2 50 C 2247 B I A4
il 70, VR S8 5 L o) g [ A 3R 0

alifl SRR 77 3 . B B TSP2 AR 3R 3 | i
Ti AR Y 2.0 o, 2 2FEEEUY) 2.0 o, H B 2.0
g BUIEKS 15.0 g, 1Eh 30 ¢ FIZ25S 77K 1 000 mL,

KRG IR AL O R ISP2 YRS IR 3K | B FR AL
J5 [k B ISP2 [ERKE SR 56 (EA I AZERE B
122 oA S L REWMLWEY T
TR HRAE & b 26 B 5E 5 T0 s 3L B AR ZE AR
RN, S HBEFIEE(2017) FH 5% K AR
BRI I 8 min , T BR K s UEER AR AR ; 75% 475
KWL 5 min, TCEE 7K M YE 2 TCIRRS IR |

R A B B S [ 3 o £E AR AR ) RE K24 2 ¢
TR TSRS 2 mL G B /K 5 0 BE FE 72 50 TR
A0 1 mL ik BE R D RE RO, AR OR AR R
) 10°F 10 AU W, MR R, BT 4
CIKFAEAF o
1.2.3 Mt 5 BALEER B ERHASER
107 AT 10 FR BRI 0.2 mL, 435045 T 10 Fhor 5 55

Fed b BB CE T 28 CHIRRE F 4R 2~8
JE 3 B 2SS Bk BUE 25 45 53 1 PR V% ek
R ISP2 [EASRE 75 37017 70 85 glifb 38 i = X K] 4k
afifl,, ARAT Al 0 TR T IT 0 S TR B TV Y
TEZSHRAE B 4l Ab fo (0 2o B R FF A 25 ) O 5 A=
KWK, T 20% (V/V) T H A& bl &
BT -80 C AR VKAE P8
1.2.4 16S tfRNA A B 57 54 R FEN 4] DNA
(L BCR H Chelex-100 #4512 (J8 W% % ,2010) ,
BEHALAL G 1) B Bk, FH TG B AT 5 Bk PR R K /1N
IR A 24 50 wL Chelex-100 #f A5 i) /\ 3% 45
TR S A B P R AR S IR TR AT, 54T PCR
FEEEY 34

PCR B £ 9 4% 2 I8 Walsh et al. (1991) i J7
Y s S W 4 i E H 51 8 27F (50-
AGAGTTTGATCCTGGCTCAG-3") #l 1492R ( 5'-
GGTTACCTTGTTACGACTT-3') . PCR 7= ¥ #
1% By I V2 I B K AG I | Bio-RAD 8 58 1A% A W
FHLYK H bR A1 I AT Jo R AE S F B B R 41 DNA 2
BURB G, K 54 55 PCR =ik & 138
AR 25 AR A IR /M A/ HEAT I
W7 45 3 25 DNA Star #1148 3% B, F1) FH 8088 &
EzBioCloud ( https : //www. ezbiocloud. net/) ( Kim et
al., 2009) #E477E 26 b X ; X5 16S vRNA 2 A 7 77
PEATARABLE HboX 48 2%, DA v s JBORH R P ¢ v HL 2
TR A ) HL R B R A9 16S rRNA 3 K 5104 4
ELAE S
1.3 F &k RiE N
1.3.1 A A AR DGR & BHEE S
(2017) R EWEEE (2016) B9 5 15, B X B K 019
YNTE R T 200 mL 2 B ISP2 W ARK: FR 3, T
180 r - min™ 28 CHEIR A 7 d, &I & B H %
TRBLU £ B8 £ TR A B, B 2, 1R £ TR )2 1) e I 7%
RAL e s 22352 8 ARG & WO AR ) BT R A
H 4 CARRIRAT
132 WERB IO FEETR SHEFHE
(2016) By J7 ¥k, LR N 2R 41 T & B £ TR O TR
FHER P AT AR TG PRS0, 2k LR (%) = £k
HBET B/ 2k B BB x 100% K 3155, DL £kt B0aE
H>50% M BHTESS R,
1.3.2.1 LRH=BRRG SR K 75 T e b 2 e Bk &2 53
HIE I OP50 ) NGM ifﬁ_?%%( Brenner, 1974 ) 28|
HEAT = BRRGS%  BEAS 1 A% L7~ R A 22 B IR AR 4 e
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1.3.2.2 LWL K2k dUH M9 28 vpl i 47
gk, T3 000 v - min” B0 1 min 725 BRI
AN AR R, E T BUE E % 29 5 min, {f
LR, BRSO OE, LA IE k4 78 4,
F 3000 r - min" B0 1 min, 75 B MA 2 mL
MO 28 i v, W 2 A5 2 1 B =R AH K
FFR OP50 i NGM K572 3E I & T 28 C/EfbEsE
FEN KRR 36 h A2 47, RIVAT 45 B 4b F 5] — 18 101 1 £
H, T AR GRS
1.3.2.3 REMIEESLE HRIRTE 96 FLAR &AL
T B 26 Bt MO 28 Wik 29 20 pl (& 20 pl 29 20
450, NS L i ik %) 400 TR & I8 VROREL 32 ) ( Vk
JF 500 pg + mL™'), FH M9 2% mh i #b 2 & 100 pL
5, BT 20 CHREFRAA TR, 24 h R R B
BE P WLEE IR0 SRk RS T B, AR
B 30 s AR EFE ML RAET:, WHE 1 pg -
mL " B 4 T 2% BH P 4 A0 59 10 I A TR I M 4
XF IR
1.3.2.4 B P BEBUIR B (LC, () fillE - mA
75 wL M9 ZZ b 2= 96 FLAR, RIAF A 20 wL Ak
AR 20 pl 20 45) o RAMG LRGBS B 2 Bk TG
PER ¥R IMDGX 4744 FI IMDGX 4725 Y 2. R 2 ik
PEIOAR 25 1 4300 FH PR AR R B 10 AN Wk BEBR ) L
HSAUBE S wL A 96 FLAR, B F 20 °C 553524 h
JEWMELIH G54, R Probit ¥ (31 & 4, 2006) 43
A 2 RIS PE R AR LC,1H .
1.4 Zitso i

2 B A BIE R T SPSS Statistics 21.0 $E474¢
0T, B 32 R ] Excel 2013 #0F 21, 40 6 1Y
16S rRNA JE [ JF 5 F) ) DNA Star %04 3547 5 31

2 HRH A

2.1 AREM R ERE SRS

W 2 Fron , WELREAR 44 0 25 15 31 33 Bk Y
A SRR T 6 A9 13 A~ H 19 8 23 ME
Horh ZEHIFF 8 ( Bacillus) 33 Bk, 4> 55 MH 5K
i 20.38% , W UK o B DN A A e )P0 B T R
¥ 0 J& ( Enterobacter ) FIME AHY 5 J& ( Pseudomonas )
Bk 21 BRANTE, Y905 M B 13.4% ;12 W R
( Pantoea )20 ¥, 7 53 85 B R B 12.7% , A [RIFE
i LR B BEAE AR 25 5, b 3% ( Bruguiera se-
xangula ) L3 B TEN ZEA0FF R IR (15 Bk ) , M 464

(Aegiceras corniculatum ) 7355 SR M & 10 Bk,
215 ( Rhizophora stylosa) 3R 5% 6 ¥k JC (@ FT 1 )&
( Achromobacter sp.) o M B T R B =R F I
IR 27 JEAT T, T AS () A o 20 B 15 21 A9 10 3
FREAR ], Jfid 16S TRNA P51 b HEH , 5
ZRAT 33 BRINAEANA

HRAE 16S rRNA JE ] F7 51 U1 /N T 98.65%
AR TR AR J T TR A BT 0 b Y )T 38 I (Kim et al.
2014) , 113 2 AT, 33 BRIN A 4B T AETE 10 BRI
FEMHT R B B R . R R IMDGX 4649 Actinomyce-
tospora sp. IMDGX 4744 Altererythrobacter sp.,IMDGX
4908 Asaia sp. IMDGX 4645 Aurantimonas sp. IMDGX
4737 Myxococcus sp.,IMDGX 4088 Pacifictmonas sp.
IMDGX 4145 Paracoccus sp. IMDGX 4725 Pseudomonas
sp. IMDGX 4850 Swaminthania sp. 1 IMDGX 4827-1
Cedecea sp.‘ﬁﬁ e AL Actinomycetospora chiang-
maiensis | Altererythrobacter marensis . Asaia siamensis |
Sulvus |

Pacificimonas aurantium , Paracoccus aestuarii , Pseudo-

Aurantimonas coralicida ., Myxococcus

monas mendocina . Swaminthania salitolerans F1 Cedecea
lapagei ) f 1o A AL BE 43 50l 2 97. 92% . 97.76% |
97.74% ,98.03% .97.92% .97.53% .97.38% .97.82% .
98.07%F1 98.63% , I RE M TE W BT W Bl
22 ARMEYANERRFHNEHRES

A5 R A3 B 3] 1 200 TR R R T ) B o A
LTS 7 ROEIA ALY v, A AE A8 A i 0 B 38 PN A
MEIL 19 R RIE T 16 DR ISR 13 #RNAE
M, SRR T 10 A& 5 20 A R0 2 58 1 o 10
R 5 TR B RS O 7 MR B B R 6 R A
[F) 28 350 52 1 2 A BT 22 R 1 I A A 22 S ) A6 A
Hh 3 B A 2 1Y 20 R R R BRI R AR > 25> it
HRAS 3 5 b A m B i i 2, 8 KT 28 e 20
i | PR AR A 1R S AN ] A AL v g A 3 Y 4 T A
Al e B O AR > 25 5 B A M I 6 4 P T 4 1A B
B 22 S AN K, SR 9 TR R B A DR — B
1335 1 25 v R AT 1 B R D A R B e 2 AR et
BEA PR A AH W) B0 Y T AR
23 AEBFAESBHARNER

AN T )80 43 0 5 33 35 AT LA JE A (] 0 0 1
Frita oK, B A% FE 8 SR W 00 22 S 0 EL R W R W)
MR, & 2 A 3 AT, R2A (R2A Bl B 7R
) S ESARE 27 BRANER , RJm T 11 A 15 R,
HEE SRR F T SRR 1Y) R | B AR
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Table 2 Species of 33 cultivable endophytic bacteria
AIRILLA 53 B B AL A
I . - o Number of bacteria isolated s
WAk SRR ARARIE KU & from different mangroves Bt
Strain code  Reference strain species Similarity (%) Origin Genus Total
A B C D E F G
IMDGX 4143 Achromobacter denitrificans 99.87 B-1.B-2.B-3, Totarf s
C-1.C-2 Achromobacter
IMDGX 4385 A. marplatensis 99.47 G-3
IMDGX 4138  A. ruhlandii 99.74 A-3 1 1 6 1 1 10
IMDGX 4270  Acinetobacter junii 99.43 B-3 fl F-3 AT HE 2 2 4
Acinetobacter
IMDGX 4649  Actinomycetospora chiangmaiensis ~ 97.92 B-1 TR 1 1 2 4
Actinomycetospora
IMDGX 4744 Altererythrobacter marensis 91.76 A-2 Altererythrobacter 1 1
IMDGX 4908 Asaia siamensis 97.74 C-1 Asaia
IMDGX 4850 Swaminathania salitolerans 98.07 A-1 Swaminathania 1 1
IMDGX 4645  Aurantimonas coralicida 98.03 B-1.B-3 1 st Xiiof ) 6 1 7
F-1.F-3 Aurantimonas
IMDGX 4146  Bacillus altitudinis 99.74 B-2 fil G-2 AT HE
Bacillus
IMDGX 4827  B. paralicheniformis 99.83 F-2
IMDGX 4062  B. siamensis 99.87 G-1, A-1,A-2,
A-3.C-1.C-2,
C-3.D-2.D-3
IMDGX 4763  B. zhangzhouensis 100.00 A-1 A-2 A-3,
B-1.B-2 B-3,
C-1,C-2.C-3,
D-2.D-3
IMDGX 4277  B. tequilensis 99.87 A2 FIF-2 15 3 3 3 2 6 32
IMDGX 4827-1 Cedecea lapagei 98.63 C-1 G b P TR 1 1
Cedecea
IMDGX 4075  Enterobacter xiangfangensis 99.87 A-1 A2 A3, 773 NEs) 3 2 1 4 6 2 3 21
B-1.B-2.B-3. Enterobacter
C-1.C-2.C-3,
D-2.D-3.E-2,
E-3.F-2 F-3,
G-2.G-3
IMDGX 4491  Exiguobacterium profundum 99.74 B-1 AT R 2 2
Exiguobacterium
IMDGX 4787  Micromonospora sediminicola 100.00 E-3 AN 1 1
Micromonospora
IMDGX 4737 Myxococcus fulvus 97.92 A2 FIF-2 HEERER R 2 1 3
Myxococcus
IMDGX 4910  Nocardiopsis synnemataformans 99.74 A-1.A-2 0 WisRICEE 2 2 4
G-1.G-2 Nocardiopsis
IMDGX 4088  Pacificimonas aurantium 971.53 B-1 Pacificimonas 1 1
IMDGX 4776  Pantoea dispersa 100.00 B-1.B-2 B-3. ZHEE 1 4 2 1 4 2 6 20
E-1.E-2 E-3, Pantoea
G-1,G-2.G-3
IMDGX 4145  Paracoccus aestuarii 97.38 B-2 FIERE &

Paracoccus
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SRV S Es  A B A
. PN \ . Number of bacteria isolated s
Wb S SRR HIIPE R i from different mangroves it
Strain code  Reference strain species Similarity (%) Origin Genus Total
A B C D E F G
IMDGX 4756 P. homiensis 100.00 A2 A-3F0 3 1 1 5
F-2 F-3
IMDGX 4725 Pseudomonas mendocina 97.82 A-2 BN F R
Pseudomonas
IMDGX 4379  P. parafulva 100.00 A2 FF-2
IMDGX 4767  P. psychrotolerans 100.00 A-1 A-2 A-3, 4 10 1 5 1 21
B-1.B-2.B-3,
D-1.D-2.D-3,
E-1.E-2.E-3
IMDGX 4528  Pseudoxanthomonas spadix 99.10 B-1.B-2, B o A S 1 1 2 2 6
B-3.C-1,  Pseudoxanthomonas
C-2.C-3,
D-1.D-2,
D-3.F-1,
F-2 F-3
IMDGX 4651  Salinicola salarius 99.74 B-1 Salinicola 1 1
IMDGX 4664  Stakelama pacifica 98.80 B-2 Stakelama 1 1
IMDGX 4090  Staphylococcus epidermidis 100.00 B-1.B-2.B-3,  HZEKER 21 21 7
E-1.E-2.E-3,  Staphylococcus
F-1.F-2.F-3
IMDGX 4926  Stenotrophomonas maltophilia 99.61 B-1.B-2, ST A 1 1 1 3
C-1.C-2#1  Stenotrophomonas
F-1.F-2
IMDGX 4650  Thalassospira povalilytica 100.00 B-1 Thalassospira 1 1
14 4 16 ;
° = ffi Species :g 22:3;65
212' M O J§ Genus §]4
o o
s 2 =T
e g m&10
I o)
@ Mo g
o 61 o
T o w®Q
o =+ g 6
o 4] [
G«
° S 4
£ 2 -
0 22
A—1A 2A—3B 1B—ZB C-1 2D—1D E—2E F—ZF G—ZG 0
g:ﬁdﬁi#ﬁééiﬂ ; 3 | t3t, 3 63 AGG MIO M4 M5 M7 M9 P3 P4 P7 R2A
£ Mangrove plan issue b3 BT Med fum type
-G. BAERILE 1, 14 2. 2%, 3. 0f, B2 R[5S 35 3 o0 B A5 20 10 o9 A 4

A-G. Information in the Table 1. 1. Root; 2. Stem; 3. Leaf.

A RILIA R 22 00 B AR 2R N 2R 40
Fig.

K 1

HK Y

%kﬁﬁ’ﬁﬂtiﬁ%ﬁﬁ%&% @J 24 %, KB T 11 AFp
8 NE ;M7 (R ISPS, EE 0 N EEBREK F1 L-K

different mangrove tissues

b T

1 Endophytic bacteria isolated from

Fig. 2 Endophytic bacteria isolated from different media

SRR A A E) 22 ¥k, FIET 7 ANE 9 NFR P
( & AR — T A Tk e 15 5 3k

) o EARE] 16 bR SRR T

8 N@ 9 R, #23 AI A, Achromobacter J&T] M AGG .

B4 MO (K 2 1R -

M10 M4 M5 F1 M7 355 5P 4y B8 3 ARU4y 515
2 ZE fFT 8 )@ ( Bacillus ) | Pantoea dispersa , Enter-

obacter xiangfangensis # Pseudomonas psychrotolerans
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Table 3 Distribution of cultivable endophytic bacteria in different culture media

Fi 9 220 Medium type
FR 5 Z: L Al
Strain code Reference strain species

AGG  MI10 M4 M5 M7 M9 P3 P4 P7 R2A

IMDGX 4143 Achromobacter denitrificans 1 1 1 2 3
IMDGX 4385  A. marplatensis 1
IMDGX 4138  A. ruhlandii 1
IMDGX 4270  Acinetobacter junii 1
IMDGX 4649  Actinomycetospora chiangmaiensis 1
IMDGX 4744 Altererythrobacter marensis 1
IMDGX 4908  Asaia siamensis 1
IMDGX 4850  Swaminathania salitolerans 1
IMDGX 4645  Aurantimonas coralicida 1 4
IMDGX 4146  Bacillus altitudinis 2 1
IMDGX 4827  B. paralicheniformis 1
IMDGX 4062 B. siamensis 1 4 1 2 4 3 2
IMDGX 4763 B. zhangzhouensis 1 5 1 2 1 6
IMDGX 4277  B. tequilensis 1
IMDGX 4827-1 Cedecea lapagei 1
IMDGX 4075  Enterobacter xiangfangensis 3 2 2 1 1 7 3 3 1 1
IMDGX 4491  Exiguobacterium profundum 1
IMDGX 4787  Micromonospora sediminicola 1
IMDGX 4737 Myxococcus fulvus 1 2
IMDGX 4910  Nocardiopsis synnemataformans 2 1 1
IMDGX 4088  Pacificimonas aurantium 1
IMDGX 4776 Pantoea dispersa 1 2 1 2 6 2 1 3 2 1
IMDGX 4145  Paracoccus aestuarii 1
IMDGX 4756  P. homiensis 1 1 1
IMDGX 4725 Pseudomonas mendocina 2
IMDGX 4379  P. parafulva 1 1
IMDGX 4767  P. psychrotolerans 1 1 5 2 2 2 2 2
IMDGX 4528  Pseudoxanthomonas spadix 1 3 2
IMDGX 4651 Salinicola salarius 1
IMDGX 4664  Stakelama pacifica 1
IMDGX 4090  Staphylococcus epidermidis 1 1 6
IMDGX 4926  Stenotrophomonas maltophilia 1

IMDGX 4650

Thalassospira povalilytica

P PRAE K AR 73 35 37 B vh My RR B ar s AR 4, (H2AT)
SRAETEAR 2 T Pk O RB TE — Fh 855 3% 2 rh 4 9 45 3]
U B MR Actinomycetospora  chiangmaiensis . Altereryth-
robacter marensis \Asaia siamensis , Exiguobacterium pro-

Sfundum v Micromonospora sediminicola 2 L R A g

A7 20 DA 2 A el g TSLAE FH R G 1 1 4 8 s 7

24 AREMANEAR LB~ RERFESHT
VA A= G TR T ) R 4 TR PR TR 45 2R an

4 fiw . Hodr 4 A B B h 3R A S T 50%

AIBHIE A 2 Bk, 8 IMDGX 4744 IMDGX 4725,
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Nematicidal activity of the extracts from endophytic bacteria

Table 4
Wbk = AR
Strain code Fatality rate( %)
5% I (BITEXT AR) 4.50
5% methanol ( Negative control )
1 pg - mL" BUAE R 2 (BHMXT R 15.00
1 pg + mL" abamectin( Positive control )
IMDGX 4767 14.29
IMDGX 4776 9.09
IMDGX 4650 9.52
IMDGX 4744 59.09
IMDGX 4850 45.00
IMDGX 4528 30.00
IMDGX 4827 10.00

Rk~ HHFE

Strain code Fatality rate( %)
IMDGX 4725 78.95
IMDGX 4075 10.00
IMDGX 4737 4.76
IMDGX 4062 10.00
IMDGX 4146 13.64
IMDGX 4910 9.09
IMDGX 4138 4.76
IMDGX 4908 5.56
IMDGX 4143 4.76

IR 59.09% .78.95% , IMDGX 4744 F
IMDGX 4725 By EFE K fh £k anid 3 fn &l 4 Fr s,
LC., {54 %1~ 100.89 .61.58 mg + mL™",

70 1

60 1 y=0.3092x+18.803
R?=0.9778

50
40 -
30
20 -

HILE Fatality rate (%)

O T T 1
0 50 100 150

IMDGX 4744 K[E :
IMDGX 4744 concentration(mg * L")

Kl 3 IMDGX 4744 J 18 7 1) B B0 A 1 2%
Fig. 3 Fatality rate curve of the IMDGX 4744

3 W5 Ew

ZT AR Z JE B M 94 s ), LS SR AR Ak
BR, WA EF T, KRRy, 2oRpE
BEn B SR 9 AR AN B 2 AR K TR AR A 8
S (2017) A7 437 PE AL 120 PR P AR
PR HERE S B8 3 110 MR L R T T A
H 9 1Bk 15 4 )&, Hong et al. (2009) f#i H 11 4~
TE PR 43 B 85 77 3 AP ) 8 A ML IX (4 21 A K - 8
LRI T/ B3] 2 000 ZRETER T |, % & 375
237 ¥k, T S AE 7T AR 104N B, BLERSE

90 7
80 -
70 A
60 -
50 A
40 A
30 A
20 A
10 A

y=0.628 5x +11.299
R?*=0.997 8

HILE Fatality rate (%)

T T T T T 1
0 20 40 60 80 100 120
IMDGX 4725 K& .
IMDGX 4725 concentration(mg L")

Kl 4 IMDGX 4725 % 8™ 1) B EUAE A I 25
Fig. 4 Fatality rate curve of the IMDGX 4725

(2009 ) MW ALV 1 71 3 4 21 AR CR S ) 10
FhECLT AR AN 5 Foh 2 20 A8 B 91 DA v 43 85 15 3]
77 BRANTE  ASHIEGY IR PV SR 4R ) 7 b £ A
Y116 (a3 I B A5 3 32 SRR AN SRS
T 19 F 23 J@ , Horb 2R 04T 1/ 8 ML H R s | it oh
AT 10 BRAHALIE /N T98.46% 1) T 78 B Fh B3 BT J
MR EE ., B E NN A K Sk E
LIRTNAE TR RR I 2R, ARSI R B, KR4
R 43 15 45 20 1 40 B b R J 450 6 B R AR > 25 >
M, 3% 5535 24 5 15 B 0 SR — B, P9k A
SRR T AE ) (AL ES (B K 255 ,2010; Zhao et al.,
2011) , MHS /R 22 3% B vl 85 35 0 A2 A i £ R
PEAFTER K B 22 57, 1T RS2 SR AR 20 W 4 ) A s 1]
JIT Ak B 5T KA 3 i 0 B IR R R O (i
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2007) , BARJE A ik — B 0]

it SCHR R T8, 2048 AE 40 P9 A Al R 2 A RAF Y
PU (R AE2017) (B RE (2 JESF,2016) A&
B (AR ,2016) M Pi P IE (Hong et al., 2009) %
AEWTEAE . A (2016) FITI A TEE YT AR TR A O
VER =ik B AT R 4R AT P R R, LC, (5 5
B 83.2.132.138 mg - mL", PRI U TR E
VR BB 32 RN A AN R R e F 2 MR R R
2k dug v, TEPEEBR IMDGX 4744 F1 IMDGX 4725
30 DT SEE (%) 25 R v 4 25 3 43 S SRJE T Al-
tererythrobacter A% A ffL 7 J& ( Pseudomonas) , H LC,,
843 91 4 100.89 ,61.58 mg - mL', 5 iF 45
(2016) WFFE 25 5EAH L, AN [R] 15 35 %) AS [ B4 Bk AT
W M R W M H OLC, O E 2 R,
Altererythrobacter AB 5.}l 18 J& ( Pseudomonas ) F1 %%
B TR AR Y B BOR B R MU . R TR
B 2 BRI PE A0 B Y R 4R HOIE PR AR AR BIE 5T kA T
TERIRE , B #E— 2 I & B B A A
R T

ARSIV 10 Fh 43 25 55 57 B0 21 A% P9 A 41 1A
AT ZREE O 2, N R2A (R2A B KE 77 3% ) ik
P2 W R, H e MO (R &R - K 4 ke 85 77
B R M7 (B B OISPS 5 AR L), SRR SR A
R2A HI M7 ¥ & A BebEZ i, M9 il M7 45 L-
RACWERE , 0L ] WL, B 4 26 K T B2 4 A A 1
AR LR R 22 R DAL L R W oK, B ULAE A IR iR
THELREMR AR B8 3 2E W 43 B8 5 SR BE A [) Bsf, AT LGS
242 R s AN [ B IR A R, YL
TGV i 3 2T AR A P A A R R T, HL
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