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Isolation, identification, and antimicrobial activity of
culturable Actinomycetes from banana plantation soil

CHEN Juanjuan#l, ZHANG Yuefeng#l, HUANG Wenjing', WANG Xiumin', LI Fengmei',
LIU Kunbao', LU Lingling*

1 Agriculture and Food Engineering College, Baise University, Baise 533000, Guangxi, China
2 Industrial College of Subtropical Characteristic Agriculture, Baise University, Baise 533000, Guangxi, China

Abstract: [Background] Panama disease of banana, an intractable disease in banana, restricts
the development of banana industry. Therefore, it is of great significance to screen out strains
with inhibitory activity against Fusarium oxysporum f. sp. cubense tropical race 4 (Foc4).
[Objective] To isolate Actinomycetes from samples of banana plantation soil and preliminarily
identify species, and subsequently determine the antagonistic activities of the isolated
Actinomycetes against seven pathogens including Foc4, so as to acquire strains with high
activity and biological control strategies to solve Panama disease of banana. [Methods] Soil
samples of banana plantation soil in Guangxi were collected and pretreated by ultrasonic wave
and other means. Actinomycetes were separated using a variety of specific media and identified
based on their 16S rRNA gene sequences. Seven pathogenic bacteria were used as targets to
screen out the bacteriostatic strains by the plate confrontation method, and the bacteriostatic rate
against Foc4 was determined by the mycelial growth rate method. [Results] A total of 138
strains of Actinomycetes were isolated from the samples of banana plantation soil, all of which
were Streptomyces. Among them, five strains numbered X1085, X1052, X2052, X3059, and
X4046 were potential new species. Seventy-seven strains with antimicrobial activities were
screened out, with the positive rate of 55.8%. Twenty strains exhibited inhibitory activity
against Foc4, among which four strains manifested obvious antagonistic effects, and their
inhibitory rates were greater than 80%. The inhibitory rate of the strain X4050 was 93.76%.
[Conclusion] The species information of culturable Actinomycetes in banana plantation soil was
preliminarily clarified, and some of them were unknown species. Results of activity analysis
showed that more than half of Actinomycetes had antimicrobial activity, and some of them
exhibited good antagonistic activity against Foc4. These results provide a theoretical basis for the
research on the isolation, identification, and biological activity of culturable Actinomycetes in the
banana plantation soil, and provide a new idea for biological control of Panama disease of banana.
Keywords: Panama disease of banana; Actinomycetes; isolation and identification; antimicrobial
activity
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22— AR A A L R SR, H 2
T B FH AR AR e, o
BRI 7t A Al A B AN AT RS K e .
FEAH 2205 PR & g 3 i g, R R AR
eI m o BB A 4 5 WONF (Fusarium
oxysporum f. sp. cubense race 4, Foc4)5 | iz (1] —Fh
ALY R R, S T B R T DL e i
V) NCRERETE TS rh A Ay, S — Ak A A A
HA RS AAERE 7, HAT DATE 138 P AE s
10 AL B IF PRI s i AR 00 1, Xt 2R
B )RR IR IR N 22— Har, EPAs
5 AT B 8 0 36 4R A5 R 41 T A5 AR R4 ) 4 4t
BRART™, R AN AR A R A ep A i AR
153 93 FRANTA AN 133 BRI R, XF Focd HAG
FEPUER, Hp T3-G-59 FER#EE N2
5 7% 1 (Streptomyces  polychromogenes), X4
FENG 229 S 0 R T DA TR 22 A K RN ARL - 1 R 1A
W53 0 86%H1 81%; Jing UM fek e (1) 7
PR ES 1 BRI R JBSS-6, X A A Al 2
TG RAF] 64.94%; B3R IR TP 5 1 4
3 A BRRIIX LIy B RIS 4 BRAE
B S 30 Focd 181 & MO TR 18 5 ok St 1)
TE QU0 1] S8 ARAR N Bl i g AR 3R 458 v 4 12545
PR EA W AR B BRI TRGG-11,
JfiE st 168 rRNA K&K 41 43t 4 HoW Bk 25
P SR H DT AR I i 2 e M A
VG R RGEPE R B A

ABEFERT VA AT A AR L O R
HEAT o B8 S, A BT O 7 A D T A A T
TG, U 328 HH XA A, 229 TR (Focd) HA TG
PEBY BRI A A, DUBIRTS & AR+
BRI GEUR , Tk G PR s A5 P Focd 1Y
T, NARRFEAEZER . REFE R
fat B & e FR A R SO 4

1 AR5

1.1 #ra
1.1.1  TiEHS

HHERESL AT 2020 4 10 HR AT H
TR R T A A AR 2020 4F 12 FISR AT
PO A S AA R A ml Z R, R
BN 64, GBI 4 ke, HhTTESE
A S B A BR AR S AR AR R AR - 481 2 17
FES G IR 3 SR, 8 AFIEMEAMREIEN 2
FEd B I 4 SREM, TEAfEE L& 1.
112 AEHEEE

7 W 4 A BR W IR IR B (Staphylococcus
epidermidis) 8-26-A F1 F b7 &% BR I Im K
(Streptococcus uberis) B-1 & B 3& BLR K 2E2BR
WF 5% A BN o R B 5 % 3R I8 (Staphylococcus
epidermidis) ATCC 35984 . 4 & {f % % BR &
(Staphylococcus aureus) ATCC 25923 | N/ LSl
(Escherichia coli) ATCC 25922, KAt 2%
(Fusarium oxysporum) ACCC 372587 iX 4 £ [ 14
ST P A T R RS B G o A
5955 B AR TR U0 T (Focd) ok H 1 & Al 4
A IR 2 w) A LI 58 AT BA o
1.1.3 EFRE

1) ek

GA ¥i7iH(g/L): RIEPETER 20.00, KCI
1.00, FeSO,4-7H,O0 0.01, K,HPO,4 2.00,
MgS0,-7H,0 0.05, NaCl 5.00, 3ifg 18.00, pH
7.2-7.4; C1 i3 (g/L): MR 0.50, CaCOs
0.50, K,HPO, 1.00, KAWERE 1.00, FeSO,-7H,0
0.01,MgS0,-7H,0 0.05, 35 fig 18.00,pH 7.2-7.4;
B7 Hifrdk(g/L): MGBENE 5.00, MEEM 1.50,
K,HPO,4 1.00, MgS0O,-7H,0 1.00, CaCO; 0.50,
NaCl 2.00, F5ifl§ 18.00, pH 7.2-7.4; F6 1575 5(g/L):
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Table 1  Soil sample information
FEbg S RRR AR R b i (27 Hb FRA
Sample No. Sample description Sampling sites Altitude (m) Geographical
position
1 W g e AE R A 1 T8 AT Ak R GE 170.95 23°98'16.86"N
Soil sample from an uncultivated banana Yongle Town, Baise City, Guangxi 106°60'84.29"E
plantations
2 W 1 T AE M A JVE AT Ak R GE 162.82 23°98'17.78"N
Soil sample from an uncultivated banana Yongle Town, Baise City, Guangxi 106°60'84.19"E
plantations
3 5 AR R FE AR SR TR 69.74 23°0521.21"N
Soil sample from five-year continuous Long’an County, Nanning City, 107°90'29.18E
cropping banana plantations Guangxi
65.61 23°05'20.95"N
107°89'87.6"E
4 8 A A A bR L 0 JPE R T T R 2 73.78 23°01'96.4"N
Soil sample from eight-year continuous  Long’an County, Nanning City, 107°85'92.81"E
cropping banana plantations Guangxi
77.27 23°01'96.8"N

107°85'93.77"E

M R 2000, TmEE 1.00, CaCl, 1.00,
MgS0,4-7H,0 2.50, E&4E4 K 1.00 mL, fiE

£ 1.00 mL, 33§ 18.00, pH 7.2,
2) dfifbii Rt

ISP4 3538 (g/L): RIVEPETEN 10.00,
(NH),SO4 4.00, CaCO; 2.00, K,HPO4 2.00,
MgSO,4-7H,0 2.00, Bjifig 18.00, pH 7.2-7.4.

3) WK K IR A Ak

TR RS IR AL (/L) FoKH 15.00, 25k
5.00, IR 5.00, BE2FS 1.00, pH 7.2-7.4,

4) il Jat Bl 5 7 2k

RAEBRAF; 5197, £ TAY TR BN A
BRNEL; ArMraidh B 216 . oK I &
SEE, Rt Eo AR A R A F . HL A
BT HRAE, Rt R A R A F . A=
FERESFRAR , TR R 2 BT AT PR w5 el
R, PR
1.2 A&
121 EMHE

1) #F i A B

W BIERE A RT, BFEE AR, FREL 10 g
F 90 mL A=#EE/KH, 37 °C. 200 r/min ZbFE
30 min, >R F#AE 28 °C 100 Hz 4L HH 30 min

LB 5 3d, FI TR, WAk
e, TR R AR IR . R A2k
W AT OEAERE . FLEREERIIG IR ; IR
H5 % W B Bg B 9% 2L (sabouraud dextrose agar
medium, SDA) (g/L): £ 1 fk 10.00, Zf5 20.00,
HIAGHE 40.00, FTHFARIERT Z W E N Focd.
1.1.4  FERFFLEE

Taq DNA R4 . ANTPs, 4wl

(TAES s, [EIFE 3 s), RS EIFGRE 10 fi5H0 13
BRI RS EERR R T AHIE 1071071 1Y
T R

2) R AMRE SR Ko7 B

Sy G 107107 He BB B 9 1 B VR T
0.1 mL fiITA 4 Fh oy g3 g2 5l IR A5,
28 °CIHIREEFF 7-10 d, 0 SRR B B Fh 2R %L
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o RPN LR R 75 T ISP4 S5 37 2
b, 28 °CHEFE 7-10d, 25 R R AS 4 U] R i A [+]
Tk R B TR il E R
PN 30%H B D, LR 20%, &
F—20 °CUKH H PR -
1.2.2 &K DNA B9#2E

SR /N U U 14 DNA
1.2.3  E#k 16S rRNA EE 2

BUBZ # 20 L DNA A1 7 16S rRNA 2
(K% PCR 3 My . 38514 PA (5'-C
AGAGTTTGATCCTGGCT-3")#1 PB (5-AGGAG
GTGATCCAGCCGCA-3"). M 545 51E EzBioCloud
Bds e b AT AR &R, 75 B A A v Y
J#51
1.2.4 16SrRNA EFERFA B

B R AR5 16S rRNA JE [N 471 3 1o
SeqMan 3 HEF T DF4E , PRESE BTSN HRAC 2
https://www.ezbiocloud.net/, ¥ B ¥k 1 16S rRNA
LR 7515 EzBioCloud U 2 w14 7 51 B A7
R e R X, 32 ] ClustalW #1712 & ¥
G X, 35 A1 Kimura #8855 00 B AR B, Gl
MEGA 11.0 % & 4t & & W (neighbor-joining
method, NI V%), AR 1 000, SR HEH 2
) 3R G0 T T 2 R 2 00 3R ) A AR &
AR R
1.2.5 HIEEMERTE

K FH P AR X8 0 3 R A 40 RO MR O B
100w 5 J5 B (3 B2 4 26 BR P I R 7 L 9 2 4
2 R DA 4 VR 00 2 BR A L B R A I R T
KIGFH . MEAERZ W . Focd) 4 (41 T8
1x10° 4~/mL, EFAMFHN 13107 4~/mL)ZEFf
TXIREPAR , 57U 2R, AR HAR 7 mm
TR TR P v (B8 TP b, — TR T B R
— 2 B[] U8 22 D T 7 T 7% B ) A 1 L o
0 SR IO 0 R B AR

1.2.6 #1% Focd HHxHDE X BRI ZE

SR FH B 22 A o A U2 0T 2 i e T e ot
Focd [WINTEERESS, BARMTR: 23 5PRmil Focd
PR P PR AR B b R T R 5 S b (WU R B R
%£),28 °C 180 r/min fHlA}EFE 7 d, H it .6 000 r/min
B0 10 min, EBREMA, B 10 mL FFRIMA
SDA RBiFRFEEHE A, HUEE N 7 mm [ Focd
VAR T R BE IR e, 28 eClIEREE AR
Bt o UAINEPUE W SDA Bigs e R
PEXTRE . EWIWEL, YXFREE Focd MK AR
BF, 28 SO I S g 2 Hh i B ) AR K
e, THRAMERN, R (%)= B EAR A
PR EAR)/ O BT BT D BLA%)]> 100,

2 HERE5M

21 TERZEMSBEER

RF GA. Cl. B7. F6iX 4 Fisig%E, M
FrREAR 4 £y 1SR S v 4 B AR 3 179 MRk
W o, 15 RS ERS 78 tk, SRR
1) 43.58%; 2 5 P EHRAS 21 tk, G RE
FREL 11.73%; 3 5 EAE BR1S 44 #k, A E
BFIRRELY) 24.58%; 4 5 HFEA 3545 36 Bk, &
BEREEY 20.11%0 1 51 2 5 R R i A= 7Y
FHEM LI, 3 5H 4 5 R iEMERIF AR,
S A R 1 A A PR - g v o0 B A 3 A il 2k R 3
99 #k, i 55.31%; HAERIAYF AR Lo
RBNRTL A 80 K, i 44.69%. X453 B R1
1) 179 PRI R HE— 20 R R VR 55 SRR 2 &
MR ki T T AEE, RFEE R HEREGE
138 Kk, X EEEE R AR B 5T BT R A AR
- R B R B TRU

B B RS SRR LI 1
2.2 7% E 16S rRNA EE FFI o

ST 138 BRITZE R 16S rRNA FEFF
Hr 55 B R A He Xt 43 #r 25 50 0L 3% 2.
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M 2 R, 138 BRI R Y Jm T HEE A H
(Streptomycetales)fi % W FH(Streptomycetaceaes)
575 JE (Streptomyces), AT 61 Fh,
6 PR 48 B AR, o X4051 ., X1023-2,

X1023-3 i Streptomyces griseus subsp. griseus,
Wk X1125, X1119, X1080 & Streptomyces

cinereoruber subsp. fructofermentans., 132 PR%
SE FIRIOKF-. ARtk X2052, X3059 5

1 EOELRAIISFETE A-D XSS5 2 X1026. X1062. X2048 F1 X2066, K HJ PhK %k
FEFF FEAR A SR N BT B R T T MR 45 X4038 . X3051. X4036. X4043 . X3027 fl X3039, 3k
H 7 PH 24 4R A AR 3R

Figure 1 Culture characteristics of some strains. The corresponding strain numbers for A—D are X1026,
X1062, X2048, and X2066, isolated from soil samples from banana plantations in Yongle Town, Guangxi.
Strain numbers for E—J are X4038, X3051, X4036, X4043, X3027, and X3039, isolated from soil samples of
continuous cropping banana plantations in Guangxi.

F2 BSHMEENFER

Table 2 138 Actinomycetes sequencing results

FFo WS AR BRS R RARLE
Serial Strain No. Most closely related species Accession No. Maximum

No. similarity (%)
1 X1023-2  Streptomyces griseus subsp. griseus KCTC 90807 M76388 100.00
2 X3066 Streptomyces setonii NRRL ISP-5322" MUNBO01000146  100.00
3 X3047 Streptomyces racemochromogenes NRRL B-5430" DQ026656 99.78
4 X1098 Streptomyces setonii NRRL ISP-53227 MUNBO01000146  100.00
5 X4032 Streptomyces coelicoflavus NBRC 153997 AB184650 100.00
6 X4018 Streptomyces panaciradicis 1MR-8" KF971876 99.93
7 X3065 Streptomyces thermocarboxydus DSM 442937 U94490 99.93
8 X3056 Streptomyces diastatochromogenes NRRL B-1698" LIQL01000147 100.00
9 X1023-3  Streptomyces griseus subsp. griseus KCTC 9080" M76388 100.00
10 X4042 Streptomyces deccanensis DAS-1397 EF219459 99.64
11 X4041 Streptomyces griseorubiginosus DSM 404697 KQ948757 99.93
12 X4038 Streptomyces coelicoflavus NBRC 153997 AB184650 100.00
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% 2)
FFe EWRGT RAEE RS T RARABUEE
Serial Strain No. Most closely related species Accession No. Maximum
No. similarity (%)
13 X4036 Streptomyces globisporus NBRC 128677 AB184203 100.00
14 X4031 Streptomyces broussonetiae T44T MT849770 99.64
15 X4025 Streptomyces scabiei NRRL B-16523" LBNJ01000196 99.86
16 X4019 Streptomyces malachitospinus NBRC 1010047 AB249954 99.86
17 X4011 Streptomyces scabiei NRRL B-16523" LBNJ01000196 99.86
18 X4010 Streptomyces griseorubiginosus DSM 40469" KQ948757 100.00
19 X4005 Streptomyces roietensis WES2T KX394336 99.21
20 X3052 Streptomyces qaidamensis S107 CP015098 99.50
21 X3050 Streptomyces zhihengii YIM T102" KU936048 99.78
22 X3049 Streptomyces canus DSM 400177 KQ948708 99.64
23 X3043 Streptomyces pulveraceus LMG 203227 AJ781377 99.78
24 X3039 Streptomyces iakyrus NRRL ISP-5482" JNXI01000062 100.00
25 X3027 Streptomyces chartreusis NBRC 127537 AB184839 100.00
26 X3025 Streptomyces thermocarboxydus DSM 442937 U94490 99.93
27 X3020 Streptomyces chartreusis NBRC 127537 AB184839 100.00
28 X3019 Streptomyces canus DSM 400177 KQ948708 99.50
29 X3018 Streptomyces chartreusis NBRC 127537 AB184839 100.00
30 X3016 Streptomyces racemochromogenes NRRL B-5430" DQ026656 99.93
31 X2057 Streptomyces badius NRRL B-2567" AY 999783 100.00
32 X3012 Streptomyces anulatus NRRL B-2000" DQ026637 100.00
33 X3008 Streptomyces chartreusis NBRC 127537 AB184839 99.36
34 X2052 Streptomyces cerasinus SR3-134" LC128347 98.64
35 X2051 Streptomyces canus DSM 400177 KQ948708 99.64
36 X2049 Streptomyces neopeptinius KNF 20477 EU258679 99.20
37 X2047 Streptomyces chartreusis NBRC 127537 AB184839 99.35
38 X2040 Streptomyces pseudovenezuelae DSM 402127 KQ948163 99.15
39 X2029 Streptomyces krungchingensis KC-0357 LC008304 99.93
40 X2012 Streptomyces neopeptinius KNF 20477 EU258679 99.21
41 X2003 Streptomyces badius NRRL B-2567" AY 999783 100.00
42 X2002 Streptomyces bacillaris NBRC 134877 AB184439 99.86
43 X1127 Streptomyces chartreusis NBRC 127537 AB184839 99.36
44 X1125 Streptomyces cinereoruber subsp. fructofermentans NBRC 153967 AB184647 99.21
45 X1121 Streptomyces chartreusis NBRC 127537 AB184839 99.15
46 X1119 Streptomyces cinereoruber subsp. fructofermentans NBRC 153967 AB184647 99.20
47 X1118 Streptomyces xanthophaeus NRRL B-5414T JOFTO01000080 99.93
48 X1115 Streptomyces neopeptinius KNF 20477 EU258679 99.21
49 X1112 Streptomyces xanthophaeus NRRL B-5414" JOFT01000080 99.93
50 X1101 Streptomyces xanthophaeus NRRL B-5414T JOFTO01000080 99.93
51 X1094 Streptomyces chartreusis NBRC 127537 AB184839 99.36
52 X1093 Streptomyces cyaneochromogenes MK-457 MG324360 99.15
53 X1092 Streptomyces katrae NRRL ISP-5550" JZWV01000648  99.58
(5%)
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(8% 2)
P9 BitkSS mAHITME RS R RAHBAEE
Serial Strain No. Most closely related species Accession No. Maximum
No. similarity (%)
54 X1091 Streptomyces deccanensis DAS-139" EF219459 99.64
55 X1088 Streptomyces wuyuanensis CGMCC 4.70427 jgi.1085054 100.00
56 X1087 Streptomyces acidicola K1PN6" MN319555 98.92
57 X1082 Streptomyces neopeptinius KNF 20477 EU258679 99.21
58 X1083 Streptomyces alboflavus NRRL B2373" JNXTO01000131 99.86
59 X1080 Streptomyces cinereoruber subsp. fructofermentans NBRC 153967 AB184647 99.21
60 X1070 Streptomyces canus DSM 400177 KQ948708 99.50
61 X1067 Streptomyces wuyuanensis CGMCC 4.70427 jgi.1085054 100.00
62 X1066 Streptomyces chartreusis NBRC 127537 AB184839 99.36
63 X1065 Streptomyces hydrogenans JCM 47717 BNBS01000241 99.93
64 X1063 Streptomyces deccanensis DAS-139" EF219459 99.57
65 X1056 Streptomyces albiflavescens n20" KC771426 99.79
66 X1054 Streptomyces aquilus GGCR-6" MH718844 99.50
67 X1048 Streptomyces chartreusis NBRC 127537 AB184839 100.00
68 X1039 Streptomyces tanashiensis LMG 20274" AJ781362 99.93
69 X1042 Streptomyces rosealbus YIM 316347 AY222322 99.78
70 X1013 Streptomyces broussonetiae T44" MT849770 99.65
71 X1032 Streptomyces roseofulvus NBRC 13194" AB184327 99.72
72 X1030 Streptomyces chartreusis NBRC 127537 AB184839 99.36
73 X1036 Streptomyces chartreusis NBRC 127537 AB184839 99.22
74 X1021 Streptomyces chartreusis NBRC 127537 AB184839 99.36
75 X1018 Streptomyces candidus NRRL ISP-51417 DQ026663 99.22
76 X1015 Streptomyces chartreusis NBRC 127537 AB184839 99.36
77 X1023-1 Streptomyces rishiriensis NBRC 134077 AB184383 99.79
78 X1012 Streptomyces badius NRRL B-2567" AY 999783 99.93
79 X4049 Streptomyces setonii NRRL ISP-53227 MUNBO01000146  100.00
80 X4051 Streptomyces griseus subsp. griseus KCTC 90807 M76388 100.00
81 X1008 Streptomyces chartreusis NBRC 127537 AB184839 99.16
82 X4048 Streptomyces humi MUSC 1197 LBMU02000042  99.14
83 X4045 Streptomyces griseorubiginosus DSM 40469" KQ948757 100.00
84 X4044 Streptomyces cavourensis NBRC 130267 AB184264 99.93
85 X4035 treptomyces badius NRRL B-2567" AY 999783 99.93
86 X4016 Streptomyces griseorubiginosus DSM 40469" KQ948757 100.00
87 X4015 Streptomyces scabiei NRRL B-16523" LBNJ01000196 99.86
88 X4012 Streptomyces scabiei NRRL B-16523" LBNJ01000196 99.29
89 X4009 Streptomyces ardesiacus NRRL B-1773" DQ026631 100.00
90 X4004 Streptomyces scabiei NRRL B-16523T LBNJ01000196 99.86
91 X4001 Streptomyces parvulus NBRC 131937 AB184326 100.00
92 X3064 Streptomyces gardneri NBRC 128657 AB249908 99.72
93 X3062 Streptomyces nigrescens NBRC 128947 AB184225 100.00
94 X3059 Streptomyces cerasinus SR3-134" LC128347 98.58
(F54E)
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Serial Strain No. Most closely related species Accession No. Maximum

No. similarity (%)

95 X3058 Streptomyces parvulus NBRC 131937 AB184326 100.00

96 X3054 Streptomyces thermocarboxydus DSM 442937 U94490 99.93

97 X3037 Streptomyces nigra 4527 MG572975 99.50

98 X3051 Streptomyces chartreusis NBRC 127537 AB184839 100.00

99 X3035 Streptomyces cellulosae NBRC 130277 AB184265 99.01

100  X3033 Streptomyces deccanensis DAS-139" EF219459 99.64

101 X3032 Streptomyces luteogriseus NBRC 134027 AB184379 99.64

102 X3031 Streptomyces albogriseolus NRRL B-13057 AJ494865 100.00

103 X3028 Streptomyces badius NRRL B-2567" AY 999783 99.93

104 X3017-1 Streptomyces chartreusis NBRC 127537 AB184839 100.00

105 X3010 Streptomyces virginiae NRRL ISP-5094" JOAK01000082 100.00

106  X3013 Streptomyces setonii NRRL ISP-53227 MUNBO01000146  100.00

107 X3003 Streptomyces diastatochromogenes NRRL B-1698" LIQL01000147 100.00

108 X3001 Streptomyces thermocarboxydus DSM 442937 U94490 99.79

109 X2063 Streptomyces shaanxiensis CCNWHQ 00317 FJ465151 99.50

110 X2055 Streptomyces roseicoloratus TRM 444577 MH974279 99.86

111 X2048 Streptomyces iakyrus NRRL ISP-5482" INXI101000062 100.00

112 X2043 Streptomyces mauvecolor LMG 201007 AJ781358 99.07

113 X2041 Streptomyces exfoliatus NRRL B-2924" JNZP01000081 99.86

114 X1085 Streptomyces pratensis ch24” JQ806215 96.09

115 X1122 Streptomyces albiflavescens n20" KC771426 99.79

116 X1100 Streptomyces cavourensis NBRC 130267 AB184264 99.27

117 X1095 Streptomyces neopeptinius KNF 20477 EU258679 99.27

118 X1089 Streptomyces cyaneochromogenes MK-45" MG324360 98.91

119 X1079 Streptomyces lateritius LMG 193727 AJ781326 99.86

120 X1077 Streptomyces bacillaris NBRC 134877 AB184439 99.86

121 X1051 Streptomyces aquilus GGCR-67 MH718844 99.49

122 X1058 Streptomyces wuyuanensis CGMCC 4.70427 jgi.1085054 100.00

123 X1052 Streptomyces griseocarneus JCM 45807 MT760576 98.61

124 X1055 Streptomyces racemochromogenes NRRL B-5430" DQ026656 99.93

125 X1075 Streptomyces luteogriseus NBRC 134027 AB184379 99.63

126 X1047 Streptomyces wuyuanensis CGMCC 4.70427 jgi.1085054 100.00

127 X1041 Streptomyces badius NRRL B-2567" AY 999783 99.93

128 X1028 Streptomyces daghestanicus NRRL B-5418T DQ442497 100.00

129  X1027 Streptomyces daghestanicus NRRL B-54187 DQ442497 100.00

130 X1022 Streptomyces badius NRRL B-2567" AY999783 100.00

131 X1062 NISY_s SAJ15 NISY01000001 99.10

133 X1006 Streptomyces virginiae NRRL ISP-5094" JOAKO01000082 100.00

134 X4046 Streptomyces alboflavus NRRL B-2373" INXTO01000131 98.43

135 X4047 Streptomyces diastatochromogenes NRRL B-1698" LIQL01000147 99.86

136 X1009 Streptomyces candidus NRRL ISP-5141" DQ026663 99.16

137  X1016 Streptomyces daghestanicus NRRL B-54187 DQ442497 99.86

138 X1026 Streptomyces cavourensis NBRC 13026 AB184264 99.30
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AT R E I Streptomyces cerasinus ¥ 5 LI 43 DA E 5 BRI TR TR TE 8T AP, o 2en] it Z 41
Gl 98.64% . 98.58%; TR X1052 HHIRAMIE AR TFERUE—DUE . RER DR F R LI
Streptomyces griseocarneus J¥FAE R 98.61%:; F 28 5 R R Y AT B SRR R R
IR X4046 5 HAAMIUT Streptomyces alboflavus 16S rRNA ARG A ERINER

138 BRIZ B LT 16S rRNA [ 551 1) &

FEBUARMLTE Sy 98.43%; Bk X1085 5 Hf AL
Streptomyces pratensis JT I AHRIYE R 96.09%, GRE R ILE 2,
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Figure 2 Phylogenetic tree of soil actinomycetes in banana forest based on 16S rRNA gene sequence. The
GenBank accession number of aligned sequences are shown in the parenthesis; Values at branch nodes
represent bootstrap value; The length of branch represents the evolutionary distance and the superscript T

represents the type strain.
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MRS R EW(E 2) FF, 138 #Rlt&wE
B 8 A~ FE 43, Hirp X1083 1 X1089 , X2052
Ml X3059 B ZHERIK 100%, DLHREZ KRR
i, HARWERZ M ZRERER 3%-99%. AN
Ay B AR B R AR R B W B A It
ANBEPL, TR EAREREN, LR
TR AR b o B RS DR R, R A
FEK 1 M43 B I A5 B 2k o B A/ NYE R Y B A
— B R BAORTL, FAEM R
PRI —E AL Z AR
24 MEEINEEMEHFIES R

138 PR AT 7 Pl I o 0 P 0 i 45
RWIR, 138 PRI 2= /006 1 s I &
WA 77 ¥k, SR 55.8%. o, XfEREZ
HATERBIR R 8-26-A A 436 M A TR kA7
32 Bk, PAMEZE N 23.2%, HIEBCRBLFHAE
9 Bk, MEHEERLE 10-15 mm Z[E A 7
(X1125, X3049, X3039, X4016, X4042, X3016
1 X3062), 5B EA87E 15-20 mm Z B A
2 FR(X4045 1 X3058); X7 G4 R I R # B-1
AIGVERTERA 38 Bk, VRN 27.5%, ME
BOREIFHA 8 ¥k, M EAAE 10-15 mm
ZIAAA 5 FR(X3047. X1119, X3049, X4001
1 X3062), IR EA27E 15-20 mm AYAG 3 B
(X3010. X3016 1 X3058); X3 F % Bk &
ATCC 35984 HMEEIEVERA 50 #k, FHMESRN
36.2%, MBERCRAFA 9 #k, TR P BARTE
10-15 mm Z [i], 2351247 X3033,X1062,X4042 .
X1119.X3049 .X4001.X3062.X3016 F1 X3058;
Xof 4x B0 A BRI ATCC 25923 A TH VLR 49 4k
B R 35.5%, MBERCREGF A 12 8, M
i P EARTE 10—15 mm Z 8] A 11 #7(X1023-3 .
X2057.X3059.X1023-2.X1062,X4045 . X1119 .,

X4001., X3062. X3010 H1 X3016), 45 E H&
fE 15-20 mm A 1 #R(X3058); X KImFFHE
ATCC 25922 HIVHE GG 37 ¥k, FHEERN
26.8%, MEABCREIFA 8 tk, MBI
10-15 mm Z[EHA 3 #R(X4010, X1119 FI
X3062), MEEERTE 15-20 mm WA 4
(X1125, CO015. X4001 F1 X3010), #15EE EHAiE
16 20-25 mm HA 1 #R(X3058); X AR AEAL 2505
W ACCC 372587 A IAIGERIA 24 Bk, BHME
BN 17.4%, MEEBCRBIFA 5 vk, MEE
HARTE 10-15 mm Z A, 535128 X3027,X1119,
X1062. CO15 F1 X3058; X Focd A LAY
A 20 Bk, PHIEFR 14.5%, MESCRRIFA
5 Fk, MEEERTE 10-15 mm ZHENHE 4 b
(X1009, X2002. X4011 Fil X2048), I E H5Z
£ 15-20 mm HJA 1 PR(X3010),

A BRI AT, A AR R AR IR AR
R BEAE S T o o 20 AR R T X B A A 25
P ——R TRk I 7 Focd ELAT AS[A) R 4 1 1%
PE, AR RBIG & B E W AP Rk,
AAZ AR TG PE R A AU W, W] O R T A
Zh PRt . WM SO ULE 3, 20 Bk
X2 F A T T E AT 4 TR 37 1 1) 0 e T 0 T
T BT L 3,

M3 ATIEH, X1062, X2048, X3016,
X3027. X3047 Xf 7 Fivig It o 2 E A i e
B 0 W A0 T PR X1009.X2002 .
X2048 . X3010, X3047. X4011. X4050 X%}
Focd HAHER &R MIHITE T, S M o A
F5 5 1) BHAEL AR B TR Rk o 138 R I £ 1 Ho0 i 4R A5
20 BRXF Focd HAEHUEM LA, ik —
ARAILFEBIROR , SEGX 20 FRUEFT IR 5
I E o
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B3 MOEKMEEEER O-UH v E 254 8-26-A, ATCC 25923, ATCC 35984, B-1,
ATCC 25922, M-1 #1 Foc4

Figure 3 Results of antagonistic activity of some strains. The pathogenic microorganisms of O—U are
8-26-A, ATCC 25923, ATCC 35984, B-1, ATCC 25922, M-1 and Foc4, respectively.

x3 20 MR EX 7 MRREEMOINTERR

Table 3  Antagonistic effects of 20 strains of Actinomycetes against seven pathogens

e RS 8-26-A  ATCC 25923 ATCC 35984 B-1 ATCC 25922  M-1 Foc4
Serial No.  Strain No.

1 X1009 + ++ + - + + St
2 X1018 + - + + + _ +

3 X1026 - - + + + — +

4 X1036 - - - — _ _ i

5 X1062 ++ +++ +++ ++ ++ ot ++
6 X1080 + + + + - — +

7 X1125 +++ + + + ++++ - ++
8 X2002 - + - - - _ Tt
9 X2043 - - - - - — +
10 X2048 ++ + + ++ + + +++
11 X3010 - +++ ++ 4+ 4+ ++ ++++
12 X3016 ++4+ +++ +++ bt ++ ++ +
13 X3018 - - - - - T+ T+
14 X3027 + + + + + +4+ 4+
15 X3047 ++ + ++ -+ + + 4t
16 X3066 - - - - - — +

17 X4011 ++ ++ ++ — ++ — +++
18 X4016 +++ ++ ++ ++ ++ - ++
19 X4048 - + - - + — +
20 X4050 +++ ++++ - ++ + ++

I B BRI NFRRINEE N &AL, 0 mm BPTRIETE PR id -, EHE R/ 0<d<5 mm B+, 5<d<10 mm Hy++,
10<d< 15 mm M+++, 15<d<20 mm H++++, 20<d<25 mm N+++++, 25<d<30 mm H++++++

The length of inhibition zone diameter indicates the level of the antagonistic activity, 0, 0<d<5 mm, 5<d<10 mm, 10<d<15 mm,
15<d<20 mm, 20<d<25 mm, 25<d<30 mm are represented by —, +, ++, +++, ++++, ++++++, respectively.
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2.5 H% Focd HHKHDE Z AN ZE 25 R

XF Focd 3 it T A4 B 3 0 7 25 R DL 3% 4,
A LUE BRI E S bieE ke, B
X1018 & i Joih . Horf X4050 X Focd BI04
R, BET 93.76%; MINE R 50%1)
A 10 BRE, 258 X3010, X1009, X2002 .
X1062, X1036, X4011, X3047 . X2043 ., X3016,
X4050, 5 B 50%. Ui AR AT, X
S PRI AR AT AT i O A e PR AF S 3 S
LN, X1018 AUMIERR B R R 0, HEMHAN S
PEVI AT REAEARI P, R AT ILE IS

P 4 SR o R B i 60% ) S IR 4 S A,
DL A K AR 77 mm (995 R Focd X HR

F4 HEMBEEI Focd IEENEL R
Table 4 Results of inhibition rate of antagonistic
Actinomycetes against Foc4

o Btkgi'S  Focd WkHFHER  HIEE

Serial Strain No. The mean diameter of the Inhibitory

No. Foc4 colony (mm) rates (%)
1 X1125 53.78+0.79 33.17
2 X2048 45.87+0.05 44.47
3 X3010 31.28+1.70 65.31
4 X1009 16.77+0.18 86.04
5 X1062 33.77+0.69 61.76
6 X2002 20.97+0.28 80.04
7 X2043 41.75+1.00 50.36
8 X1026 42.254+0.10 49.64
9 X1036 37.12+0.10 57.15
10 X4011 20.33+1.00 80.96
11 X3016 34.63+1.13 60.53
12 X3066 57.03+0.05 28.53
13 X3047 30.75+0.58 66.07
14 X3027 28.05+0.50 38.91
15 X3018 49.25+3.37 39.64
16 X1080 49.75+0.05 38.93
17 X4016 43.50+0.37 47.86
18 X4050 11.37+1.45 93.76
19 X1018 77.00+£0.52 0

20 X4048 47.73+0.05 41.81

4 HREETELEKERININEESE
Figure 4 Antimicrobial activity of antagonistic
bacteria by the mycelial growth rate method.

3 WwE5E&®

HAET, 770 A A i Rl TE AR A 1 34 47 41
KEE =, JTEMETET . A6, W&,
B O ) P E SRR AL KR ),
WRERMN S M AT, R ARE M EZE™
MUY, SR E 2006 AEFE)T T S L R A A A
ZIRLIK, HFEMZBRESXAMY R, HIE
2016 4 EEUR KA, SO E R T Y
@t & JE . W5 &P Focd HjE H 40K IR A
W, A RECE R BUSGL R K, R, 3R
159 2400 R AS PO L B T LA 16 B ARG 22 1
b H TR ZE G 3 A R s PO

K 4 PGSR BT PG A AR A rh
HIP BTG 138 PR TR, X SE TR XS N 61 #k
AEARLEE B e R AP SO A, X SR R A AR A5 X T
I ST & T AR - R TR PR IR A R
X, fH 16S rRNA FEH 71 /R ik St 2 1 44
NEERE T, KBRIER—, A LI o B 7
BRAAE— AR, AR — k. Wtk
X1085, X1052., X2052, X3059. X4046 Y 16S
rRNA B 791 FE X452 B, 5 2 RF AR L
BAK, FTHEN M IEFER R, X S Rl
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WEBE T AR

138 BRI TR 77 MR A IR TE 2, BB
PEFN 55.8%. Horr, X 3R Bz 5 4G BRI I K 1A
8-26-A A TR A 32 Bk, 9 MRIMERCR B
U5 X FLEERRE IR R TE B-1 A1 PR wk N
38 Bk, 8 PRINEBOR RUF; X3 B 4 Bk 1A
ATCC 35984 FMIRTE RN 50 ¥k, 9 BRIME
BORRAF; XMW OHWKRE ATCC 25923 A
TEPERI 49 Bk, 12 BRINEERCR REF; XK
FFR ATCC 25922 ARG TER S 37 ¥k, 8 #k
MRERCR R4F; WHRAER 220K 1E ACCC 372587
AINTEIEVER A 24 R, 5 BRIDTARCR R4F; X
FFEMZEN I Focd AMETEMER R 20 £k, 4
RSO 5tk FrA w6 BRXS 7 Fh
T IR XA, BT R AR S AR L R B
Streptomyces chartreusis NBRC 127537 (X3027,
ML 100%) . Streptomyces iakyrus NRRL
ISP-5482" (X2048, HH{LUE K 100%) ., Streptomyces
deccanensis DAS-139" (X3033, FHLUE N 99.64%).
NISY s SAJ15 (X1062, MMEIEH 99.10%).

Streptomyces racemochromogenes NRRL B-5430"
(X3047, FLEN 99.35%)F1 Streptomyces

racemochromogenes NRRL B-5430" (X3016, #H
U K 99.35%), Horh X3016 1 X3047 AHRIYE
B, FIRBEARIIN T I A A A S A
F| TIAE, 40 Liv P\ Streptomyces chartreusis
AR 7 W b 43 2 3 — A 1Y A ) 0 X 25 7
PEAT T f##r, fw44 N chartrenoline, FEIN XS
W O AR . AR . RIIRA
) 2 11 B M T EL AT I A T T A TR A Y
LA 5 85 T e M VS Eh i b A ) 9 4 5 T
Streptomyces iakyrus , “F-H X IRFSZ 56 7R HXF AR
/ﬁi’fﬁﬂ (Fusarium graminearum) . 7’}?%%5‘@
(Botrytis cinerea) JAT B R AN IR, L B
WX 7 AR I B A —E IR TG S

FEPUNH A FE I b — ok s s 5] T
Streptomyces deccanensis, 1§ FH/INK K BERE 57 5E
WA R AR AR B, e BN 10 i WA )
o J R ELR R AR OR . PUEE T B
RE R, BEA A I A8 A% JE TR (Colletotrichum
gloeosporioides) i 53" F 1 K MR 224K 5
SRR AT B Y By, ARAS 2 TR E
&9, 57 5~ anthranilic acid Fl sangivamycin,
T YN IR A6 B L TR B B ) AR AR
ECso 53914 9.85 pg/mL Hl1 7.68 pg/mL . Sivakala
SERINHR T VN TR AR SATLS MEAT T LR
WY, A5 6972 N, Hirp 3097 AT gufithi
WM, A HBEY) G LR % (biosynthetic
gene cluster, BGC), fRiffy=#s#7 & B Al ;=4
FHEL . R RMKIANER A whER)
PN R A 1 2 L D 0 AR IX A 3 o O Y — bk
XA FERGZERTIE 4 5 A /NP (Focd) HAT 3R A0
HITEME L B DL-28, %5E N Streptomyces
racemochromogenes, H: /% e FEALZE 95 1)
BARBTIE RO IL 83.65%, H AR AN E 2
PR R o AT UL AR AV AR L b 2
KRR TN R A A YT P T T
AT 1A BN i 43 85 0 TR AR B AR 8 B AR BB R e
T A R A ORISR MR A —E 1Y
NI e Ko FH A5 -
HAMEEEERDA 20 PR A
FR T — R R 4 ST
Fli(Focd) B A RIFIHEHIEN , SIEHEREARD
26% , BRI 2 45 3 R K iU A
PreE ikae, HA X1018 & i & mem Joid ik,
S PR 5T BEAE M A o He P X4050,X2002
X1009., X4011 IR IE 80%LA |, X4050
Xt Focd HIMITA KR, K5 T 93.76%; il
TR A 50%H9AT 10 BRI, i EEUY 50%.
AT L, 35X 20 BRESPLET 1Y L BN B i B Fa A 22
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ARt TR A B R, YR TSR S Y
i AR Bt T R B

ASHIFFEAE R X A AR - S TR 1 20

WERME T 2%, RIS TR A 0 4k
WFFESRME TR, A ] 42 40 A= I 7 R A
P AR 22 R T e ) P A Al ) PR
e S HAT BUR A/
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