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Abstract In this study, the multi-functional strains were isolated and screened by selective medium from
rhizosphere soil of mangrove in Guangxi. The classification status of biocontrol bacteria was identified based on
colony phenotype, physiological and biochemical characteristics and 16S rRNA gene sequence. And the
antagonistic effect of the screened strains against variety plant pathogenic fungi were evaluated by plate
confrontation method, and the growth-promoting effect on tomato seedlings and seeds were studied by pot
experiment and germination experiment, so as to excavate plant growth-promoting rhizobacteria with the function
of promoting growth and preventing disease. A bacterial strain S2 that can dissolve phosphorus and secrete IAA
(indole-3-acetic acid) was screened and identified as Klebsiella. It displayed antagonistic activity on three plant
pathogenic fungi, including Fusarium graminearum , Bipolaris maydis and so on. In addition, the fermentation
broth concentration of the strain S2 was 1 X 10" c¢fu/mL and 2 X 10" cfu/mL, respectively, which had the best

growth promotion effect on tomato seedlings and seeds. In conclusion, strain S2 is a new multi-functional PGPR
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strain with both growth promotion and disease prevention, which provides a high-quality reference for the

development of soil microbial fertilizer and plant growth regulators in green modern agriculture.
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DF ¥ B35 3. MnSO, - 7H,0 0. 2 g, KH,PO,
4.0 g,Na, HPO, 6.0 g, ¥/#£l& 2. 0 g, #i%ikF 2. 0 g,
HIABEIREN 2. 0 g, 0 — S5 WA H0. 1 mlL,
H.O 1 000 mL, pH 7.2, (443 —: CuSO, « 5H,O
78. 2 mg, MoO; 10.0 mg, H;BO; 10.0 mg, ZnSO, -
7TH,0O 124.6 mg, MnSO, « H,O 11.9 mg, & fi# T
100 mL K I Z& 48 K . 414 —: FeSO, » 7TH,O
100 mg T 10 mL KEZIEK . 70 08%)
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FHT ACC JI3 S 1 TR (4 7 2

AR T T O R R R (R2A) . B BBy
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7H.0 0.05 g, NEAER 0.3 g, 27K 1 000 mL,pH
7.2, A4 100 mL R2A #iAREFR3ES 100 uL
50 mg/mL AR IRIR S T HHR I .

54 8 o L WE B R Bk W A OB 10.0 g,
(NH,),SO, 0.5 g, NaCl 0.3 g, KC1 0.3 g, FeSO,
« 7TH,O 0.03 g, MnSO, * 4H,0 0.03 g, IP#ENG
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10" cfu/mlLL ) 7 20 PR 2 77 W TR A T 52 4 0 T ML
e, BT 34 CHEIRIEFRAA hRE e 5724 h, i
TVEA EBERCR B TR . 5 BT 7% ) [ L i
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FEELPE 5 2 R ] MEGA-X #R4: #4) g 5 T 16S
rRNA JFHI M REREW .
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Table 1 Screening of bacterial strain with phosphorus
solubilization and IAA production capacity from

rhizosphere soil of mangrove in Guangxi

(k7S F W H AR/ cm TAA YRS/ g « mL™!
Strain  Diameter of soluble phosphorus circle  TAA concentration
Gx-[V 14 3.1440. 16 6.81340. 635
Gx-IV 10 1.02+0. 17 5.77240. 273
Gx-[lI 2 6.2340. 88 13.31140. 151
Gx-1[ 14 2.14=0. 36 5.73140.119
Gx-V8 5.70%0. 75 9.19640.512
Gx-IV9 0.9840. 55 1. 902+0. 668
Gx-IV 16 2.3140. 36 4.567%0. 149
Gx-1[10 1.2040.76 2. 23740. 809
Gx-1[17 2.30=%0. 86 2.77240. 273
Gx-[l[ 15 6.13+0. 23 5.63540. 327

2.2 HEHRS2HLTE
2.2.1 BARKEIEEMEIE
BRE S2 7F LB 533 F s LIl A A,

T FMDGHT i, 552 QYL g5 S R B TR
AR AP A AL 5 R I 45 SR R (3R 2) Tk
S2 X W\ Wi | FH 2T | BT L H e R
FEWE PG IR SR a0 52 BHE , X048 6 ) 4 35 A6
LB AN LA P A B
2.2.2 16S rRNA JF 7| 4 #r

F TP 40 TR DNA S BAR § H 2Z TE Bk
1) 16S rRNA R B, 453 7K 1 300 bp B H Y
A B D Y Je 7 NCBI Hrifif T BLSAT AE{RUT:
R 2%, 45 3 [FIEE B R R B PR B A A 16S rRNA
HHEFINRGE R EW (B 2) KW, 0B EkS M1
ey AR R P S TR A IRAF IR Klebsiella aero-
genes ATCC13048 (MW322925) Bl — %, SE 4 %
R, — 8RR 99% . WK EE S2 HEF
TLEIAKEE Klebsiella,

F2 NITELRWIRER DS B AEE G S2 B ER £

Table 2 Physiological and biochemical characteristics of bacterial strain S2 isolated from rhizosphere soil of mangrove in Guangxi

A AL AL RHAE

5 T
e H Physiological and

Testing item . . ..
3 biochemical characteristics

A PR A RHAE

52 T
eI H Physiological and

Testing item . . ..
3 biochemical characteristics

H2EY @ Gram’s stain
iIVEikE:  Indole

H 54T Methyl red
H#mE Mannitol

FZ=B  Rhamnose

HEME  Sucrose

+

PRI 8% Arabinose 1
WZBE  Glucose _
FLBE  Lactose _
14 Sorbitol —
i 4x 2488 Adonitol =
FrigiREh  Citrate +

D R s A

“+4” represents positive; “—” represents negative.

1 2 M

1300 bp g

——
—
e

M: DL 2000 DNA ladder; 1~2: 4HEDNA%" 8} Bt
M: DL 2000 DNA ladder; 1-2: Amplification fragment of bacterial
stain DNA
1 AT ERLTRBRAR LU 5 B METBI B S2 165 rRNA
EERBERY S
Fig. 1 Amplification of 16S rRNA gene fragment of bacterial strain
S2 isolated from rhizosphere soil of mangrove in Guangxi

NRO041749 Kiebsiella oxytoca ATCC 13182
NR118335 Klebsiella michiganensis W14
NRO028993 Enterobacter kobei CIP 105566
Strain S2

MW322925 Kiebsiella aerogenes ATCC 13048
KY285194 Enterobacter asburiae ATCC 35953
NRO042154 Enterobacter hormaechei 0992-77
NR102794 Enterobacter cloacae ATCC 13047
NRO025635 Klebsiella variicola F2R9

NR114506 Klebsiella pneumoniae ATCC 13883

NR133023 Pseudomonas oryzae WM-3

B2 BT AINMKRELEFIBHAETEK S2 K
THXYH 16S rRNA FIIH ARG LT
Fig. 2 The phylogenetic tree based on 16S rRNA sequences
of bacterial strain S2 isolated from rhizosphere soil of

mangrove in Guangxi and related bacteria strains
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2.3 B S2 il EREG

T PR IRE 1 TR . S2 PR 19 i
Yyvs I EL R RS HURCR - 45 5 (8] 3) KB, S2 TR #R T
v 3 v I I T 5 A AN [F) R B A S5 T ROCR X R
B Fusarium graminearum F4EEE-T-H etz 11

Neo fusicoccum ribis WIHEHUAE 55 » 100 347 92 JBE
435K E] 0.57 em fil 0. 55 cm, X} K %) 28 i 0% 4
Bipolaris maydis BIFEHUNE FIA XRS5 300 34 52
B 0.36 cm, X HAt 16 B J5UE B A H A5 i

MRV RIS T EZ PR AR - B re iR 1

From left to right: Fusarium graminearum, Bipolaris maydis and Neofusicoccum ribis

B3 IEIHWRERTEPSEHAEEKE S2 3 3 MREERNEINR
Fig. 3 Antagonistic effects of bacterial strain S2 isolated from rhizosphere soil of mangrove in Guangxi against three pathogenic fungi

2.4 BEHS2WEFEMMFHEZHZM

S2 PR Tt A1 s i R R 25 R (3% 3)
FH T KR AL 38 S T iR R SRR Ay
W1k 71.33% Fl 60.00% . 4 S2 B Bk K R R
1000 % CBP 1 X 10" cfu/mL) &b 3 J5 4% 51 ik F|
90. 67 %l 74. 00% , = T & BERE TR IEA BE 2 000 5

RULALFRS Y 80. 67 % F1 62. 67% . MK ZEHE B
B IHRHCRE A 110" cfu/mL # bR E BER R
LS T AP 10 R ZEFE EORE 1 F8 50 2  FIE K
XTHR DRI 2 P PR & MR BE AE 1< 10" efu/mLL
AR A A5CR B e B VAR B2 %) T % e R
MR —E i HIE

R3 TEAMKRIRLEFSBEHAEENR S2 REBRXEHM FHLAZm

Table 3 Effects of fermentation broth of bacterial strain S2 isolated from rhizosphere soil of mangrove

in Guangxi on germination of tomato seeds

T i Satmgn /0 TS S
i Lt e
Treatments multiple rate potential index Vigor index

1X107 cfu/mL Btk & FEw 10 (60.0040.70)d  (51.33£0.19)c  (20.620.35)c  (89.08%3.15)d
1X107 cfu/mL fermentation broth 100 (74.6741. 21)c (57.67=£0. 23)c (25.2240.25)b (115.01£5. 32)¢
500 (81.33£0.14)b (67.33£1.03)ab  (29.16+0.75)ab  (159.21+£6.74)b

1 000 (90. 67+1.07)a (74.00%1. 24)a (35.5940. 26)a (218.52+7.12)a

2 000 (80. 67£0.98)b (62.67£0.13)b (28.21+1.23)b (168. 77=+5. 44)b

LB 10 (57.33%1.32)d (52.67=£0.87)c (17.7240. 63)d (65.2145. 36)d
100 (70.67=0.32)c (60. 67£0.76)b (26.54=+1.06)b (126.86747.13)c

500 (71.33%1.85)¢ (61.33+0.76)b (28.21£1.72)b (163.05+8.36)b

1 000 (79.33%1.37)b (64.67+1.12)b (32.1441.04)ab  (131.77=£3.99)c

2 000 (80. 6740.95)b (68.00£1.42)ab  (32.59+0.85)ab  (164.25+6.15)b

wAK CK — (71.332£0.94)c (60. 00£0.56)b (25.46=+0.63)b (164.39£7.19b

D) Fp B P hRifE2E . R LSD &4y RBP4 ARVING FHBORFE S ERAE 0. 05 K P25 8. TR,

The data are mean®=SD. Different lowercase letters in the same column indicate significant differences at 0. 05 level based on L.SD test. The

same applies below.

2.5 EHk S2 MERBEML EEKHIFIT

XoF R RR A IR TRCFN LB B SR KR Ak LS 4 3 i 4l

B R e B S R T R AR A R A A
TELR R (R 4) . S2 TR BRI W0W B 500 5 Al
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1 000 f£(RI 2X10" 1 X 10" cfu/mL) 5 [F &R B A
B LB R 3R R RS B B An A e FEAR K Rk e L e
e AT AR 22 . Ho R bR ki

WA E Ry 2 X 10" cfu/mL B X6 2 0 1) 42 A %5008
U, HAR K L MR R L B TR AT BT 4 gl 7. 25 em,
7.19 cm.0.58 g 1 0. 05 g,

R4 TTEAHMRELEFSBENAE S2 AREBRX EHEE KNI

Table 4 The effect of fermentation broth of strain S2 isolated from rhizosphere soil of mangrove in Guangxi on tomato growth

Qb P T R AR5/ 1% K/ em PR /cm e J5T i /g Tt /g

Treatment Dilution multiple Root length Plant height Fresh weight Dry weight
1X 107 cfu/mL Fitk R 500 (7.25%1.200a  (7.19£0.97a  (0.5820.14)a (0.050. 0Da
1X107 cfu/mL fermentation broth 1 000 (6. 40+1. 64)b (6.82+0. 94)ab (0.5740.13)a (0.04%0.01)a
LB 500 (6. 74=£1. 40)ab (5. 76=0. 86)c (0.384+0.10)b (0.03£0.01)b

1 000 (7.21%1.72)a
(5.44740.92)c

Bk CK =

(6.64+1.12)b
(5.090. 79)d

(0.424-0.09)b
(0.29740. 06)¢c

(0.03%0.01)b
(0.02+0. 0D)c

3 SZit5itie

PGPR 1E 2 1 ) H2 B A2 25 22 0 1 62 4 AR
O3 AEUGERY) B IR AR HEE D) A PR m IR B
Tt A I A 24 55 )y i R 4 MR . R,
MBI R B LR — B E N SMEHIE TAE 5 B
F o) WK % ) A2 B 2 IR P 9 3 S 3N NN 1 P D 9
IS S5 T T

H A AR IE W AE AR PR 2 A o K 22 8 T 2 AT
W)@ Bacillus FURBAMIEE J& Pseudomonas s JAb . 16
£ FE OBy J& Xanthomonas. 77 ¥F &
Arthrobacter AA 7L EE IR J& Burkholderia . 3 2% 78
KB Frankia . [H A & JE Azotobacter 21, ZHF
FE LI ARAR PR 33 b 43 B ARG — bR HL B e A=
AR AR S2. ZTE A A BAAL S oy T2 5
BN AR J& T # H Enterobactera-
les, I H % Bl Enterobacteriaceae, 73 55 1A K 7 /&
Klebsiella, &% % [RIME W fE R R B 577
S EAKE K. aerogenes ATCC13048 354 5% 5
Bk, K. aerogenes I ¥] # X 43 T 7= SAT W )&
Aerogenes , HF| 1960 4, " S @ =B v 44 0
T B Enterobacter, it . T 42 3 K 410 i
(whole genome sequencing) 43 #7285 5 , ¥ H 5
HNFER TR K K. aerogenes™ ™, H i,
AN AAT K7 o TR A ER TR AR D — M AT B A A=
10 2 e YA PRAe AL TR 1 AR DG HiR 1A

PGPR (4 FHBIL ] 32 240 45 3% 1k - 557 oy (AR
YA TG A LA ES R SE) A Bk
WARKHER ERR FER AR RR BRI,
SRR Oy WA R AR DA A B S A A o S
¢ - S b X TCHLE M A AL 1b I R A R

J& PGPR B ZAE AN Z —, AW E L™
SOETRARTA S2 e BB TAA RE D), Wi R
ABIF R RO . DFIE R B, P R A Ly-
sobacter enzymogenes 1LE16 g% 4L+ e vp g HLEE It
PRFERE ) A KT B M AR R IR /N 2 R TR
Bacillus pumilus SGM7 [HEF= TAA 81 %1 R 4)
R K B B n AR EE RS . PGPR ) 4R B
e A R EE R —, k2%
FRpLGI R 4R . DF9E ], PGPR 3 %251 i)
PEPUA R A W 1. 3 bR (B, 3-glu-
canase) \JL T Jiifif§ (chitinase) % — R I /K it g . 175 5
Z itk (induced systemic resistance, ISR) LI M5
3 SRR W B A B IR S S A R AT N
ARSI R A Y . Odhiambo %5 & 3L 7™ 55
FFE L. enzymogenes OH11 G843 h—Fh H A #fa E
YRR YA AR ™ W) RE W 70 i R A W8 Fusarium
graminearum PH1 [ 221, W KF)E Serra-
tia FVZFHOAT T a8 40 1 AE 70 b 22 Fh 2B ) JL T o g »
A FH T D L TR 40 B v LT T ) B DA T
Tl B T A A B AR R LR
AR T PR S2 X 2 FiAE 16 Jit B0 18 1A — 2 i
TR  AES HBARGTR ML R TR . 25 1 At
FAE T PGPR RS ik — BT AR 8 5
R B IE SR AL T BRI | X 8 328 & 8, P 47 22
A= HA BRI E X .
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