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Abstract: [Background] Fusarium wilt of banana is a devastating disease in banana production.
Biological control is an effective means to prevent the occurrence of this disease. In previous studies,
Streptomyces misionensis TF78, a biocontrol strain, was isolated from the rhizosphere soil of healthy
bananas, which showed good control effect on fusarium wilt of potted bananas. However, the biocontrol
potential of S. misionensis TF78 against fusarium wilt of banana in the field and its impact on soil
microbial environment are still unclear. [Objective] The paper was designed to evaluate the control
effect of S. misionensis TF78 on fusarium wilt of banana in the field and determine its influence on the
microbial communities in the rhizosphere soil of bananas. [Methods] The control effect of the
biocontrol strain on fusarium wilt of banana was measured in two banana plantations. Microbial
diversity and abundance of 12 rhizosphere soil samples from the inoculation group and the blank control
group were analyzed by amplicon sequencing. [Results] The field control efficiency of S. misionensis
TF78 on the two banana plantations were 55.30% and 45.32%. The slope for rarefaction curve of the
inoculation group was larger than that of the blank control group, and Kickxellomycota was significantly
enriched, while the abundances of Chloroflexi, Acidobacteria and Bryobacter were reduced. The
biocontrol strain had no marked effect on the relative abundances of the dominant Proteobacteria,
Firmicutes, Actinobacteria, Gemmatimonadetes, Trichoderma, Sphingomonas, Senotrophomonas and
Bacillus in the soil. [Conclusion] S. misionensis TF78 shaped the unfavorable soil environment to the
survival of Fusarium oxysporum f. sp. cubense, and reduced the occurrence of fusarium wilt of banana
in the field. Additionally, the strain failed to affect most of the dominant microbial populations with
important ecological and bacteriostatic functions in the soil. The results lay a foundation for further
development and application of S. misionensis TF78.

K eywor ds. Sreptomyces; fusarium wilt of banana; field control; soil microbial community structure

KRERER ERPAEFENERXZ —, & W& B % {4k 8 (Fusarium oxysporum f. sp.
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HAT R e P AP 3e . pFsc R, s
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5 0 25 VA - R i e 43 B R AT — Mo A
Z20 o EL A e R PUTE M R B R I WLU 2210, H
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111 i H
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(N22°55'12.30", E108°02'42.33") Fl Iz i FH R A
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KABHERE B TF78 43 B B B HEARPR 3, i
PR A G AR R 2= AR P PR AP 0 Y BT AR
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Table 1l Physical and chemical properties of soil in two experimental lands

AR 5T G R B B A SRR A

Physical and chemical properties Jinling town Jinling village Tuanluo town Qunnan village
KfRPES Hydrolytic nitrogen (mg/kg) 94.20 101.3

%W Available phosphorus (mg/kg) 252.4 64.60

BALH Available potassium (mg/kg) 436.6 406.50

HHLFE Organic matter (g/kg) 19.20 30.30

45 Exchangeable calcium (g/kg) 1.98 3.25

e Exchangeable magnesium (mg/kg) 249.60 88.80

pH 6.38 4.82

114 FERFMUFRIERE

FEHZH DNA 2 HUA 7 4 DP180427 Al
Universal DNA Ziifk [a1 iR & DP214, KA
bR A RS 7l 3 PCR Master Mix with GC
Buffer Fil DNA Polymerase, New England Biolabs
o) SCFEREERA ] A lon Plus Fragment Library
Kit 48 rxns, Thermo Scientific 23 ] .

KA, s —AERH A IR A\l 5 B
PCR 1%, Bio-Rad = F ; #2434 , PerkinElmer
oywls R A, Thermo Fisher 23+ .

ISPL W IASE IR JREE IR 5.0 g, BERER
Ky 3.0g, ZEMK 1L, pH7.0-7.2; ISP2 5555
FPHR . BERHR K 409, EEFRTK 1004,
%R 4.0 g, BiIER 18.09, Z&IEK 1L, pH 7.3,
1.2 KIEEEE TF78 M FIHI&

121 KIEBESHE TF78 MTFi&H&

W PR-A7F 80 °CUKFE M KB 5 BE 1 TF78 %=
TCE 2 h, W50 ub PRAFIR AN 1SP2 55 5% ik
i, IRATISS), 28 °C ¥ 5R 4 d, A E K TF78
FIRATE VR . PRBUE AR TF78 BYSARE R ISPL i)
B FR3E, 28°C, 180 r/min #ki%1%3% 3d, 715
H Rk TF78 Bl 7 .

122 KEESEE TF78 Bl % B

2 B e L A U 1 O o A KB B R

TF78 AL FERE FR 55, DL 10% )R -Eob K &

HERETH TE78 Fh IR H A 21 [ 7k R Bk 7= 3L
30 °C &M% 4 d. FpREFRIEP AT KB RER R A K
J&, AR TEICT, FKHE 0 2200 A s
1, 30°C4k&iki 5d, R kBEEETE R TF78
TR o BRI RORIEBE R T TF78 A
B2 A SR S B AR, 4 °C vkgE
TRAEe o
1.3 KEHEBE TF78 MEEHERNMA
BIfF A REBESENE

2018 4F 2 H, ¥ &R BT IS
T ] TR e A Pl e L SRR 5T, R 22
Ja, ¥ 10-15cm %, HEZ 30 cm 1<, FEX
JEG 15V ] B0 A B T R OK 8 B B TFT8
(7.0x10° CFUI/q)jiti Ff 84 20 g/7¢, X B L AN it
AR, B CRIE — Atk 25-30 em = 1 A AR 4
BiH, PRI AR 3ANER, BIMEE
10 R ALY, I E BEALIX 4 HES

FHEMME 10 H (FHERLE ), #
A MG Z I R R I B A%

RN 2R (%0) =T FE A 220 KM MR R 2 B A
FERRBx100;5

75 978 R (Vo) =(XoF HE & o %6 — Ak B % 0 R )/
Xof B 5 %% 100,

FER AR G RN 0 8™ 1, IF T
SRR FE 7 (P R — PP A AR 120 #R5RD) o
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141 BHEMRRITIEARE

KRB MR F AP L5, o2k
FRER1A 5 om (- 58, H4 2T 10 om A4 A
BRI, PHER 8, WEENBEAERR LI
IR AR 4, R EH AR A, B E
HAEMRIR - GHR G — A RN T 1R
VAP e R 2 B W C S S - LN
B RE e, 5 2 mm BiJS . H-80 °C 45 .
1.4.2 LI3EEFELH DNA BY$RBLFLN F

F A6 AR SO R Iy A BR 2 B 58 A+
HESLDN 2 DNA $EHL ., SE A3 Fniy 1A,
FAREREIT . i I RER T E e fn 2 LR 24
DNA $&HURF SRR AEFE AT DNA #E1THEHL,
225 I PR B 5 i FL K A T DINA 1) 4 38 v
B, BUE R IAEA DNA TR0, iRl
JKFEFE DNA FEAZR 1 ng/pl. DIAIE W it
(K2 DNA S, AR ERE I X, >R
AT R 5 1 1> ] PCR Master Mix
with GC Buffer Fl i %L = - F. i DNA Polymerase
PEFT PCR ™14 0 4 X IR S 5 1 40 0L 3% 2.
i 2% BB BHEE KT PCR Pyt 4T s Ik AS:
W AKHE PCR y= 4k JE EA T35 iR, SRJE (8
2% BRNEBEBENS L UK (IXTAE) 4l PCR 7~
Y, sy)Elk H RS o 8 Universal DNA 4
fE RN & DP214 [Elatifk =4, /] lon
Plus Fragment Library Kit 48 rxns & 237 &tk
15 SCHE R 3, SR 5 23k Quibit X 2 RN SCZEAGIN

®2 WEVNFXEREERFS4

fdi F 1on S5 XL #:47 EALINF
143 MFEHIELE

fd FHEfE Cutadapt V1.9.18%7 2% %o I 7 4 )
SR T B 43 AT BY U, PR S50 H R WG
BT iR o A RS B B SRR
ARG Y7 500128 ¥ Ja AR s a5 . 40
DA b 4 2 5 A5 20 00 55 7 50 R4 T B i A AT 51
fIALRE, %4 T VSEARCH (https:/github.
com/torognes/vsearch/) ™8 5 Wy i B 7 HEA T
FXT, Al & A7 51, I LR A
PRSI, A5 S5 2 AT RO

FIH UPARSE %1 4:(V 7.0.1001)2%% fir 45 K
a2 TR RO T TR IS, BOALL 97% 0 —
MR A BT 5 RS M — A o A 0T
(operational taxonomic unit, OTU), ¥EHL OTU
FIAREMEFS], X OTU S £ 7 5 kAT i
F&, F Mothur J71%5 SILVA132 (http://www.arb-
silva.de/)! 2 SSUrRNA % 2 P2 E4 T e B
I3 Hr GRE BB 0.8-1.0), FRI54r2824 15 B IT
53 MIAE A FOK - Go vt 25 FEAS I B V5 4 A o
fdi ] MUSCLE® (v3.8.31, http://www.drive5.com/
musclel) 3 4 AT PR 2 17 91 L, 45 2] T A
OTU ARG A ERR . o X &R AL
PEIEA T — AR AR B, DI S B & 45 19 i b
HESEA T — LA B, JRZEM o ZFEMESHTRT B
AT BT R S T3 — A A B B

i QIME T3 #EV% F )% (Chaol 15
¥, Shannon $5 %) M 75 Z 4% (Simpson $5 %%,

Table2 Sequencing region and specific primers of microorganism

Il e X3 GlEZE2 S 19151
Sequencing region Primer name Primer sequence (5—3)
16SV3-v4 341F CCTAYGGGRBGCASCAG
806R GGACTACNNGGGTATCTAAT
ITS1-5F ITS5-1737F GGAAGTAAAAGTCGTAACAAGG
ITS2-2043R GCTGCGTTCTTCATCGATGC
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ACE $5%0); i Fl R 3 F(V2.15.3) 4 il i il 2k
A REMEEAT o ZFEMETE LA 22 550 .
HSPE IRl RSS2, SRR R AR B A 2 A
B KRR 10 R, A b
FEXT = BEATE 2
1.5 Sitoth
FIH DPS i3 Az B B R X A R AL 22
R B RN - SRR W o R
Z AR B - IE . bR TR 25 TN 2 5 i 2k
A3 AT s R ORI b 7 4 [1A] 22 5 {8 3% (P<0.05)
EOE7/EE

2 BREAM

21 KEEEE TF78 MEEMERAHE
EIREEES

FH 2 3 AT AT, 78 4 B A AR T 4 2 5L 06 b
KA 4 B T TF78 &b B ) % 955 R 35 Fb 25 1 % 8
20 1) & FAR (P<0.05), B &1 43 51°A 55.30%
Ml 45.32%. £ 2 Yl i, KIBHER I TF78
LB R N RS T i i E PO E R
R, KB E TF78 NYAE B & K
R ER LR, mHERFRAEEFEN
H ™

22 MEFHEFESTE OTU BAER

SR IR 2 PO Y A T R
(3-CK F1 T-CK)FIKAEEE R T TF78 AbFH(I-TF78
N T-TF78) W I s, ARG 515 H
£ 63 146-80 230 Z [i], f5HAE 94.33%-97.77%
ZIW], ARBCEEKT 90%. 405 2 i A
KI5 5 5 H 76 80 046-83 852 i), A A HRAE
90.21%-97.04% [, A A F KT 90%.

JCK . JTF78, T-CK #il T-TF78 iX 4 ZHHEA
) -3 H I OTU Aty [FI7E 3 407-4 892, 4l
OTU $ =i FI{E 5 0076 262, 1+ A F# F5H,
JCK. JTF78, T-CK Fl T-TF78 AbHHZHREIERE
OTU 4 Fe 1514351k 56.95% . 56.01%. 64.57%F
62.92%; +IEANEFSF, FCK . FTF78. T-CK
Ml T-TF78 AbFRLREH R OTU M LUl 43 51
49.17%. 44.03%. 49.29%#/1 51.36%.
2.3 IMZHEMHRERZ S

i T I 2 2 S WA A R AR I 7 R B
AN . IR, LI Z e
FE o N L 0T U Y, 2 T AN R )
HIKCE 35 # 1 40 000 AT 20 000 A, B4R T
SIABI OTU L, (HEMhZns 2l B,
T T2, 328 2 Hul g b i A S IBURE SEAS

®x3 KEHEE TF8MNEEMERWAEGAHR
Table 3 Effects of S. misionensis TF78 on Fusarium wilt of field-grown banana

LB A IRI%H
Treatment Jinling town Tanluo town
VRES Bk ke V3RS B &L Cidis
Incidencerate Control effect Yield per mu Incidencerate Control effect Yield per mu
(%) (%) (kg) (%) (%) (kg)
25 % R 55.56+10.18a — 1600.00+366.61b  64.44+8.39a - 1 280.00+301.99b
Blank control
group
KIEHER T TF78  24.4445.090  55.30+10.74 2720.00+183.30a 35.56+8.39b  45.32+6.63 2 320.00+£301.99a

S. misionensis
TF78

T Bl A EEARER , R — 8N [R) /NG Fh) 3R b 3R] A7 7E i 357 22 57+ (P<0.05)
Note: Data were presented as meantSE, different lowercase letters in the same column indicate that there is a significant

difference between treatments (P<0.05).
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Sequence number

1 AREILEHEERRTIRHE IR
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=
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Sequence number

A TP LIEIE YRR B: &

MBS M E R Y MR Il SRES AX A B SREKEHESR TF78 AR ;
T1: RIEHZS AXTIRYL; T3: IRIKEUK B 1 TF78 A Hi4l

Figure 1 Rarefaction curve of banana rhizosphere soil microorganisms under different treatments. A:
Rarefaction curve of soil fungi in rhizosphere of banana; B: Rarefaction curve of soil bacteria in rhizosphere
of banana; J1: Control treatment in Jinling town; J3: S. misionensis TF78 treatment in Jinling town; T1:
Control treatment in Tanluo town; T3: S. misionensis TF78 treatment in Tanluo town.

B, YIRS St 2 B b ) R AR
AP AL & A RV 2R . B 1A FIE 1B
B HOKIE B R T TF78 Ab 3 4H 1 45 FL I A
2 P ) S R 1 R 31 8 KT A B A IR R
(R TR R B, S 8 BURB B 55 1 TF78 b 3
2 198 T RN A0 A 1 R B R 3 R X R TR
s U IR RO B R LR D B, S5 IR R IR B
FERE A TE78 BN T & AR PR R i) Z AR
24 BERBRIEREDSHEMESHR

FIF o MBI IR TP RUE D RE R
& M ZEENE, Cheol $8%0F1 ACE f5%i3
/N - EEREV% FF B, Shannon $5%5F1 Simpson f&
R R Z4PE, Chaol $5%0f1 ACE 4§
BRI 50 B LR 7 == 5 FE B =y, Shannon $&
$OR Simpson 5 5I0E I R BB VR 1) 241
KV 1 o

MR 4 WA, e BT, il KRB 5E
516 TF78 1 T3 (3 TF78) ELTH 1Y Chaol $5%K .
ACE #8% . Shannon $5 % Fll Simpson #8425 1

X HRAL(FCK) A3 T 1.57%. 0.86%. 5.34%
Ml 2.37%; IR GEH, EFKRIBEERE R TF78
f) 13 (T-TF78) EL & 1Y Chaol #5%(. ACE 5%,
Shannon #5 %0 F1 Simpson 8 % b 25 [ %) B8 41
(T-CK)/3 93 T 22.31%. 22.08%. 17.54%7F1
6.36%. &7 T-TF78 f) Simpson 54525 Xt
I8 T-CK 1y Simpson #5%47E 0.05 7K |22 5% i
=, HihzS A RE,

H 3R 5 A1, TE4 B aAmH, it KRB HE
5 TF78 3 (J- TF78) 41 1% ) Chaol 5% .ACE
$5%k. Shannon F5%F1 Simpson 5%k b Xt BR4H
(FCK)J3 3T 10.65%. 10.75%. 9.11%7
0.95%; txigEUAKHL, i KBEEE R TF78
{1 (T-TF78)4H & 1Y) Chaol #5%(. ACE #5%4.
Shannon $5 %41 Simpson 5 %k He % B2 (T-CK) 43
FHEN T 7.39%. 7.52%. 1.06%fi1 0.21%, {HJ&
ZRANEE,

ZE bRl UL, RIBRERE I TF78 X EMR P+
A W T B 2R A S e N 2
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Table4 Richness and diversity index of fungi in rhizosphere soil samples of banana

FE 5 45 Chaol 5%} ACE f5% Shannon $5§ %k Simpson $5%k
Sample No. Chaol index ACE index Shannon index Simpson index
JCK 1 480.57+61.07ab 1450.23+59.13a 7.20+0.32 &b 0.96+0.01ab
JTF78 1504.12+48.04a 1 462.79+35.98a 7.61+0.18a 0.98+0a

T-CK 1 037.14+208.21b 1 009.07+196.91b 6.01+0.76b 0.91+0.03b
T-TF78 1334.92+161.4ab 1 295.02+156.09 ab 7.29+0.18ab 0.97+0.01a

VE: B A bR, 7] — SR R /NG B3RO A BRIRIAATE 25 M 22 5+ (P<0.05), T[]
Note: Data were presented as mean+SE, different lowercase letters in the same column indicate that there is a significant
difference between treatments (P<0.05), the same below.

*5 BERMFIDREFEATHENFEEMSHMLIEY

Table5 Richness and diversity index of bacterial in rhizosphere soil samples of banana

FE S 45 Chaol 5% ACE f5%k Shannon $§%k Simpson $§%%
Sample No. Chaol index ACE index Shannon index Simpson index
J-CK 1590.95+156.31a 1620.3+149.63a 8.36+0.59a 0.99+0.01a
JTF78 1780.67+28.38a 1815.53+28.91a 9.19+0.09a 1.00+0.00a
T-CK 1424.48+95.4a 1457.03+98.32a 8.15+0.32a 0.97+0.02a
T-TF78 1538.11+161.75a 1575.53+157.42a 8.24+0.49 a 0.97+0.02a

25 KEHEEE TF78 WEEMMEME L
F IR I EE B RS2

BG4 Fp AR S R BT T
Y, BB 2A °JHL, RN B, K IBdEsE R
TF78 Fias [0 B 1) 7 A AR PR 338 FLRRTAR DG 32 3
HI 20 /N14r e F2E R ] (Ascomycota) . FHFTA
I J(Basidiomycota) . #71%:[ |(Mortierellomycota) |
E%5[ J(Mucoromycota) . BRkHER | |(Glomeromycota) .
PR ECEE] ] (Rozellomycota) . 4% Bl J(Chytridiomycota) |
Azl J(Kickxellomycota) . fifi 1% ] (Zoopagomycota)
il Aphelidiomycota, i 10 4N T EIAHXT = B BRI
d7 T YRR AR X 2 1 60%L I . B & 2B AT,
TEE/KE b, KIBHER TR TF78 Flzs FIxt BN 7
FER PR 13 H A X T EET 10 A8 43l a2
Vanrija, H3k %)@ (Agrocybe) . # )1 & (Fusarium) .
</ (Conocybe) . fillH-J& (Pleurotus) . Cercophora.,
J& i 2% J& (Humicola) . 7 2 & J& (Penicillium) . /)
B A& (Marasmius) F1 A % J& (Trichoderma) .

I 2C wJH, ETTKE B, RIEHEERE
TF78 F2S [0 BRI 7 L AR s 38 400 e A X = 3
HII 10 143228 JE i1 ] (Proteobacteria) . JERE
P T(Firmicutes) . $UFF R ](Bacteroidetes) . FRAT
[ J(Acidobacteria) . ik i1 ] (Actinobacteria)
S| J(Chlorofled) . &7 Bl ](Thaumarchaeota) |
2F PR B[] (Gemmatimonadetes) . s W [
(Cyanobacteria) FIJE R IR [ ] (Verrucomicrobia),
B 10 AT A ARE XS = BE R B A7 1 b A S
FHERY 90%LL F . i 2D "R, TEJE K-
b KRB EE R TR TF78 FZS [ 6 B A A AR B
- 4 TR A X T BERT 10 A48 43 ) R i 2
B B JE (Sphingomonas) . ZE 7% Bl 7 &
(Senotrophomonas) . Unidentified Prevotellaceae.
KT (Bacteroides) . 254117 & (Faecalibacterium) |
#E VU # & (Chujaibacter) . Blautia, Bryobacter .
Unidentified Lachnospiraceae #1 %f 7 #T & J&
(Bacillus).
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2 BERBRIFEMEDPOMEER 10NIFME A KBEERE TF78 4bFAIZS [0 I8 1 77 48
HEBR L rh AR FRERT 10 DEIETT; B: KBHER T TF78 AL BN [0 R A A5 A AR B L 38 rhAH X
FEWT 10 M ILE R ; C: KAEHETRE I TF78 AL JHUAIZS [0 HE Y 75 AR AR B -3 b X = BE I 10 4T 5
D: ORMEHERE A TF78 Ab3ANZS O B Y B A AR B - S b A X F BE Wi 10 4G JE s B9 Others oK
B T 10 SOUF PR A B0 AL BT AT WA A AR X B 22

Figure 2 Top 10 phyla and genera of species abundance in soil microorganisms of banana rhizosphere. A:
The top 10 phyla of fungi in relative abundance in the rhizosphere soil of banana treated with biocontrol
agent TF78 and blank control; B: The top 10 genera of fungi in relative abundance in the rhizosphere soil of
banana treated with biocontrol agent TF78 and blank control; C: The top 10 phyla of bacteria in relative
abundance in the rhizosphere soil of banana treated with biocontrol agent TF78 and blank control; D: The top
10 genera of bacteria in relative abundance in the rhizosphere soil of banana treated with biocontrol agent

TF78 and blank control; “Others” in the figure represents the sum of relative abundance of all species except
10 dominant species.
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¥ 2 U5 b i KB BEFR B TF78 Fl28 (4T
HE) A R AR s -1 48 0 R R 20 O AR X S AT
R Y3 ISR B ¢ A 5%, 721 TFE KF
AR BKAE AR T TF78 Ao (A0 R A A AR P
ST W A R B 22 SR I 35 (P<0.05) 1Y ) i
(3% 6 IR 7)o AT FJEHT 10 H 22 5 1 25 M0 EL A
H i % ] (Kickxellomycota) , 41 1 A B2 #T 12 ]
(Acidobacteria) . £xZ5 | ] (Chloroflexi) il & #E T
)& (Bryobacter) . KI&EEEH TF78 jifi H 3%
&, WERM T BRI (Kickxellomycota) i
FEE, WEWD T AL R ] (Chloroflexi) |
FR AT 1] (Acidobacteria) Fl1 Bryobacter [ 3 .
SRIMARXT FEERT 10 BFPrp, EEAZEE]
(Proteobacteria) . JERERH | J(Firmicutes), A& &
(Trichoder ma) Fl 4 TR i £& 7 | ] (Actinobacteria) |
ZEHUEH ] (Gemmatimonadetes) . 2B IR R
(Sphingomonas) . 55+ HLJifl 14 & (Senotrophomonas)
I ZE LT 6 J (Bacil lus) I AR X = B 76 K A8 5 25
PR TF78 Fl7%s [ X A o 22 S AN W

H1 6 MR 7 a1, RBHER # TF78 jiti ]
Jo, WEW T ERE LANERT. 5 ERE
F A3 A Jw A R, WE S TR
5E S 2 A4E ] 8 4B & A
J o 4 i BRI 0G0 i A X = B A7 2 ) () 0 5 AR
ARG A X = A7 2 e ) ) R A R R TR 10 B
KBRS 1R TF78 Y81 A 7 AEAR PRisct W e v &%
P A H IR 2% Sk o FE R X = B 27 25 5 )
1) 3ANTTAI 334 @ rh, 1AM TR 20 @ e
YA RS0, T 2 A4S 12 AR A
R BERRAIG , (R XS 3 3 14 im (S A i B o
FXH R R R £
26 KISHEE TF78 MEEMRLTIEN
F. oxysporum fH¥t EE E F 74

Al 3 AT, 3 E AT R 10 b
H, F. oxysporum B X = FBEAE 4 B A g 1
25 P REZH P ode iy, 32 I8 AR B i) 2 o0 RE A
A5 2 0, UEBHTE R AEA 20 R 1 4
o, 7EE A K | F. oxysporum S22

x6 KEHEETFBS5ZEAXRAMEMELENFEREEEZRNEERIRTIRER(P<0.05)
Table 6 Banana rhizosphere soil fungi with a significant difference in relative abundance between S

misionensis TF78 and blank control group (P<0.05)

W YA YIRS SRR ORBEERRTE TR b REER WyRRAR XS 2
Testsite  Species Level of RS = B BRI R RIS EE K PE T
species Relative abundance Relative abundance Significant Therise/fall of
classification  of speciesin of species treated difference relative
blank controls with biocontrol level P value abundance of
agent TF78 species
SR Kickxellomycota ~ Phylum 0.003 3+0.004 1 0.030 1+0.009 3 0.0235 1
Jinling Cladosporium Genus 0.330 2+0.154 2 0.759 1+0.034 0 0.0353 1
town Mycoarthris Genus 0.011 1+0.003 0 0.029 4+0.006 8 0.028 0 1
Brevistachys Genus 0.119 0+£0.025 2 0.026 2+0.023 4 0.009 6 1
Peroneutypa Genus 0.002 6+0.004 5 0.024 2+0.009 3 0.038 2 i
Hydropisphaera Genus 0.008 5+0.002 3 0.000 7+0.001 1 0.0133 l
Ixi%4  Diaporthe Genus 0.007 2+0.012 5 0.084 3+0.034 4 0.047 1 1
Tanluo Albifimbria Genus 0.003 9+0.006 8 0.032 7+0.006 3 0.0059 1
town Metacordyceps Genus 0.002 0+0.003 4 0.017 0+0.003 0 0.004 8 1
Cystofilobasidium  Genus 0.000 0+0.000 0 0.004 6+0.001 1 0.0198 1
Corynascus Genus 0.010 5+0.003 0 0.000 7+0.001 1 0.019 3 l
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x7 KEHEE TF78 5EAXRAEMELLAXNFEAEEERNEEMRIR LTI 4 (P<0.05)
Table 7 Banana rhizosphere soil bacteria with a significant difference in relative abundance between S.
misionensis TF78 and blank control group (P<0.05)

IR b R PiFh a2k S ERYR S misionensisTF78 BE2EF  WFlHAXE
TestsSite  Species K- AR X = 2 Ab B Y KFPAE EERTHIE
Level of Relative RS Significant  The rise/fall

species abundance Relative abundance difference  of relative

classification of speciesin of species treated level P value abundance

blank controls with S. misionensis of species

TF78

4 W4 Candidatus Solibacter Genus 1.286 5£0.767 8 2.903 9+0.468 5 0.046 2 1
Jinling Gaiella Genus 0.2713+0.0154 0.490 5+0.053 2 0.0136 1
town Solirubrobacter Genus 0.200 3+0.0693 0.418 3+0.049 7 0.014 2 1
Unidentified_Rhizobiaceae Genus 0.2256x0.0244 0.161 0+0.031 0 0.0499 !
Kribbella Genus 0.083 7£0.0137 0.134 4+0.019 1 0.024 2 1
Massilia Genus 0.046 9£0.0229 0.1331+0.023 1 0.0102 )
Amycolatopsis Genus 0.024 1+0.0191 0.087 5+0.010 1 0.0144 )
Flaviaesturariibacter Genus 0.005 1+0.008 8 0.069 7+0.018 8 0.014 3 1
Polycyclovorans Genus 0.0152+0.006 6 0.050 7+0.004 4 0.002 6 T
Dietzia Genus 0.0139+0.0110 0.040 6+0.007 9 0.0314 1
Sandaracinus Genus 0.007 6£0.007 6  0.030 4+0.010 1 0.038 7 1
Serratia Genus 0.020 3+0.0058 0.003 8+0.003 8 0.0199 !
Cutibacterium Genus 0.008 9£0.002 2 0.002 5+0.002 2 0.024 1 !
IZ{KEL Acidobacteria Phylum 19.926 7+1.9755 13.0884+1.5631 0.0105 !
Tanluo  Chloroflexi Phylum 10.412 7+0.811 0 4.4059+0.783 3 0.000 8 !
town Bryobacter Genus 4,720 3+0.6233 3.144 7+0.657 6 0.039 6 l
Candidatus_Solibacter Genus 2.2625+0.3047 1.3816+0.3627 0.0336 !
Acidibacter Genus 1.076 1+0.1091 0.600 8+0.066 3 0.005 6 !
Methylobacterium Genus 0.005 1+0.0058 0.076 1+0.019 8 0.018 3 1
Luteimonas Genus 0.007 6£0.006 6  0.024 1+0.005 8 0.0321 1
Gemmatirosa Genus 0.007 6£0.0038 0.020 3+0.005 8 0.0419 1
Desemzia Genus 0.000 0£0.000 0  0.008 9+0.002 2 0.0198 1
Unidentified Sphingobacteriales Genus 0.008 9+0.002 2  0.002 5+0.002 2 0.024 1 !

IEHAFIRE, K558 1 TF78 4bFEJS , F. oxysporum
FARR X S B B SR /L, A 4 B RN I 1 L S
ik T 73.99%7F1 68.94%, 74 b R H ik 5] g
F 2 RIKF(P<0.05) (R 8), VLK R
TF78jiti 5 /b 1 138 F. oxysporum i %5 &,
I 59 T F. oxysporum 7& - 3 i RO 3

3 wikEE#®

R B R M AL R,
IRZ @ AT LA™ A 7R SR A ARG R T, J2 &

e B A B R PR, R R X
A PGSR T U AT RIS TR (A2
REBITAUT LRI B B AR 2 4F
A H A — R RS AR AR, i b b Y
PeS s R E R E M SRR B R P, S8t
SERUEY R B IATRENE 18 BRI E 5 AW
VSR SR BRI, A ) T 1) 589 B T RS D o 1
SRR TR LS, A RBE R, KN
TIEBUEDI R A, B AR T R A S
(SR . WEIE R BUAE LI P 5 AR A 22
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Figure3 Top 10 fungal speciesin relative abundance in rhizosphere soil of banana.

x8 KEWERE TF78 LIBAEMT A RAMNFTEMRIRLIRSD F. oxysporum KIHEXTFE
Table 8 Relative abundance of F. oxysporum in banana rhizosphere soil of S. misionensis TF78 and blank

control
R4 B b F. oxysporum FH %} 3
Samples Test site Relative abundance of F. oxysporum (%)
25 AT IR AT 23.22+0.12a
CK Jinling town
IRk 18.03+11.04ab
Tanluo town
KEHEE R TF78 A 6.04+0.62b
S misionensis F78 Jinling town
IRI%H 5.60+0.78b
Tanluo town

I3 TR IR AE P IE , 0] A O R 2R i A 2R
o5 Y 2 P52 bRt e 39 v it P A B T e
AP L, JE A TE B3 5] AR B K
— BRI W 2 R N A PR T A
Spr AP e B T SRR MR
(R S PR AR A e i R R, I,
AR B 25 TR FH [R] B ¥ 75 A A 22 O 38O I B 5
AT P18 it FH 6T - S G A AR U R S ), %o 52 B A 7
EBia A ARG e EAA A

P43t , Bacillus 11 Pseudomonas fluorescens
“ 1 15 4 22 Trichoderma 25 4: by 21 712
XA R AL 2 HAT R F RN B VA RCR , HGTF

A TR HH [R5 v 7 RE R 2208 (1) I i DL i 3 o A
SR EE R, Rt KB FE 2 T TF78 W] i
EREARA R ZE 0 KRR, BiRAT i 55.30%,
5O B r A% Trichoderma sp. NRCB3 il
Trichoderma asperellum Prr2 (14 F [l B30 24129
AR R, FERIEMAEMRPR g,
F. oxysporum j& /5 3= S Hu 057 (A A= W f
AR 3 B AR 2 Yo g Hh i D8 S5 b 43 i HE SR
LALAEE 2 0. AKRIBHER T TF78 1545 AP
+HEM F. oxysporum A XT3 4> G AR T
73.99%711 68.94%. Fu 25O Se Lk I, L
H & Bacillus amyloliquefaciens NIN-6 {4 ¥)H
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MUAEREAR T A FEAR PR3 F. oxysporum (1)
B, ST ARG ZR B & A 5 Shen HUHE R
R A S 0 3, B A A L
JIE, BT A G /b F. oxysporum (%5 31 ek 4% 7
AR & RV EPIR 4 2 B, &
AR EAEBORTERR I IR EUF H AT
Jite FH 4. 2 0k T A AEAR PR 3 . oxysporum 1
B, nIOL, KAEEER R TF78 K HAth A= Bl 14 5
BBt FH AT DL 55 B FEAR PR 38R F. oxysporum
AIFPFEOCE, S ARG 220 10 A

T HERLA W) Z A KT - HE T RE 1Y T R
FNAit 2 X o Fu SRR B 5y
RIS NS B. amyloliquefaciens
AR YR AE RN A2 5 R CIESOR TE SR T L IR 5
AT B FARE), eI A AR B - e i M
VEIE BRI 2R . Shen Z&BpFs R B0, )
] 7 BE A 2205 TR 109 - S AR A ) B R 2 AR K
V- BH S LA ) T SR R A T Y 3 AR Y
Yih Z R B Z o P 45 R R I, KB B A
TF78 ¥4 | A AR R 240, (BT
B o ZAEPEFR BN LB, KIBHERE T TF78 Ab3E
+3#/Y Chaol. ACE. Shannon FiI Simpson $& %%
PRI, (R R B 3 22 oK. TRE K
EHERE TR TF78 it ] B ORI [ AN, %t
- BRI ) B RN A B e AN B B

AR RIKG W TFI8 BB HE T &
v 7 i R Sl S W A T
(Kickxellomycota), & 25 TH 8 T A0 AT & TR AT 8
I'] (Acidobacteria) . g %5 B [] (Chloroflexi) Al
Bryobacter 1) FJ% . #ii% 1] (Kickxellomycota)H?
) — 28 Jg Fhon] DL i 36 £ TR 22 4% A At L TR Y
PAVEFHEAN, B—REREFARET, gE
£ (RS 1] (Ki ckocel | omycota) % 75 25 it 22 1 7]
REARFHEHUMEH . AT ] (Chloroflexi) 2 —2&
AT, TR, Ao R LS

[ J(Chloroflexi) /& A RPRILH T, Wik &5k
R TE78 R T H AT B, B KB HE R
[ TF78 18 o 5 i) - 3 v oAb (ol A= W 4 7% Bl
MR B R (g PR 1 L RS . AR R B
JNERFT I 1] (Acidobacteria) Fil Bryobacter J& 77 £
RERLFETIFE , MR FF BT ] (Acidobacteria)
(A 22850 Rl 1 g RR 4N Y, Bryobacter J&:
M2 AT 1% ] (Acidobacteria) i) — @ , 2% & 7E R M
FHEpB ) OKIBHER T TF78 it R B AT E 1)
(Acidobacteria) il Bryobacter (1A%} i i %
%, 150 BH A AEAR PR (i R 11%) - S PR BE mT A2 21 T
W Yol , A A2 1G5 70w R 1 P18 rh
FEE AR T WL, RIBBEFE T TF78
I3 T — AR T3 R 2 A T Y
GBS

R ARG SE R BN, KIEBE & TF78 X
Fr FEAR PR HAT E A A I TR T Re i A
Wy 7& W25 I T8 1] (Proteobacteria) . J5 BE T | ]
(Firmicutes) . JiXZk [ ] (Actinobacteria) . =i ¥
I ] (Gemmatimonadetes) . K%z J& (Trichoderma)
Y A ¥ 11 J (Sphingomonas) . B 75 B4 14 &
(Senotrophomonas) Fl 2 14 #+ [+ J& (Bacil lus) (1) AH
X RESEmAN K . A5 B 1] (Proteobacteria) % 4%
ARSI e R R G PR R 2
PR AU JERE BT (Firmicutes) HLA i 5211
X BB i A R R, X Bl R A X EE 4 S s
4 3 LA A I8 A2 R TS T REL0) il T 1)
(Actinobacteria) . ZFHiU [ J(Gemmatimonadetes) |
K % J& (Trichoderma) . i 24 B B 0 4 )&
(Sphingomonas) 1 2 ff 1 [ J& (Bacillus) GE #1 1l
HOE R FE M K R ZE R ]
(Gemmatimonadetes) %) 3= 22 J& Flif H. A i A2
PrtgErh g R qE R AR R | S A LR
B AL BEAR PRIV 9 [ R S
UL, KBTS TF78 X IR 25 ik
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i BRIk, KEHEEw TF78 B 1
HA %A B W Y RE M ] (Kickxellomycota)
FYARRT = B, BEARR 1™ IR IV T2 4 T o 25 T |
(Chloroflexi) . & #F B ] (Acidobacteria) i
Bryobacter fAHXS 1, ¥ T AR FHHEHZE
I3 DRAT 3 A FE AR PR 1 3R WA BRI T &
FERZI & RIS BEAR PR 2 HoA 2
A= A D BE R B AE I B DL IAFI R S e AN %, AT
DU KAB 5 B3 T TF78 1A T & i b il 510K B i
T AN IR T T AP AR A 4 AR SR 25
TR T RIBHEE T TF78 M 8] B I6 & AE AL 250
() - SFEIAE W2EAIL R A At A= 977 5 U ) - 3l
PRI R T 5%
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