(DGR

Acta Microbiologica Snica

2020, 60(8): 1672-1682
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20190521

et
Research Article RIESEiSE=:

—RE SRR AR 7 BEE RIGIER
kR, HEEY, EEXT, B#EEY, I’

YRR R A ARl B, BEVT AR 154007
AR N A S B, BT AR 154007

FE: [ B ] DAt FE bR A9 AR R ARV E AR B 358 v 3 B8 S5O O AN T, R sl i 390 i AR g
TERPEAE TACHL DX AP R Ba RN . [ ik ] St o Fn s i AN 26 B AR B TR rb i R A5 — bk o 8 il 4
B, T T A A AR A e S, R SR R A B H i D 2 AR RE 0 o SR FH S AROR IR 325 0 2 4
PR IR R S [ S50 ] alad i e 5 FR A3 O B Rk B51-7 255 WA v B /R TR R . BRRAE & B b
AUV PERE & R = A B 832.74 mo/L, [RIEF EATAR SR M) SR/ . PR3 A S 89.71%, Al DL
KRR [ 4518 ] Witk B51-7 22—k HA LW Ba/E I S R0 s i, v T A R IEFAE

By il 5
KRR TEML, fRREE, RMPDRDIRE, PO

WA E RA BT OLER, TR 15
HOPRI, R R N AR 2 B ARG W B 2 R
gy, ZHaEmEAE . RN, [Fohid
A, JRAR A I Y AR T g
WA A 8 3 A, R B AE ) R T R AR
%, KRB HEAE Dy JC RS (ME 25) 72 L P R
2, 1R PR A RN RO TEE 1
MR . RN, R — S
AW, REAE A AR X ARSI T 4 B A DA T i

ORI AR L SRS AR R 13
HRBEE AUAETE, RERS I i L 3ENE Ty, 1
S T IRALHERE /7, 4R W AR W A IR AR R
W71, BCEMEY A YR AR geAh,
T 3 T LIS R S, A N 24
XFERBE I T3/ o A 537 S B AR L2 P S
A5, DR 32 22 I RE B 00 R A 0 e R AR AT )
] 14 % J iy

[l PN 22238 S AR AR B - 3 vp 23

BB : AL ER KA AN (XZYF2019-29); Jb25 5URE R AR (LA R BITH (2017); SRIEVLA A ARBR A R4

(C2017064)

"BIS{EE. fHM, TelFax: +86-454-8603986, E-mail: dcm 037@163.com; #4553, Tel/Fax: +86-454-8617776, E-mail:

dongxiwen@126.com

IS HER: 2019-11-05; {&[EIHHA: 2020-01-06; MI%& Lk HEA: 2020-05-29



RPERESE | A 92#R, 2020, 60(8)

1673

R BA W WERE ) RO, T AL AR RE 1 9
SE  SEREHLIE LU R A I TR 5 1T U — 5 R o
RAB WL FEE 73 B AT R R0 T K BA — iR
BEIIRE, 0 Mamta SRR 3 - HERAG— 1k
KRR, AT XA, (e AR B
AT o AEEESE BA e 1 P A e o T b
Dipak S CO7E B ] K h 3R A — bR A% 7 A T
WV R, DR I R B SE BR, R
AEJ V2 N T I A 4t o S0 26 S
141 22 S E itk W TR AT B A SEBR IV S AT
FEA M TE AR PR P - 358 v i U 2R A5 — PR BE A
AR SR 114 o AR R A BT, AU OA T M -
o FH] 6 At 2R T R A S R0 IR TR o

1 AR %

11 e

111 BERSRIR: HYARPR SRR B AL FE
(A4 130°49'30.26", Jt4i 46°55'16.60"), R4
ARRE RIFKRT . FARFR TR 3%, B
LY ARIZZ 5em L3, HERRER
5-15 cm (UARPR 3, BN IBORE SURAE 3 AR,
WEFE AR G52 T A BIRAE T, A Bl E

112 HEA Y m IR E B & i N
(Phytophthora infestans) . 7+ #% 20 i [ Phomopsis
vexans (Sacc.Et Syd.) Harter] . i HI sk JH 9 B
(Colletotrichum capsici) . AU JA F# [ Phytophthora
capsici Leonian], HIfEARHTRFIKERAEZ IR L
T K K B % i (Setosphaeria turcica) . K &
(Phytophthora sojae) . 7K#% £ 14 (Rhizoctonia
solani), HAEARBIRA=E BT 2 ImH .

113 BREE: FRFEAGEREY, D
WAL (PDA)M, WIS APV, &2

i IRIEINBRIP)M, iR FREL P AIA 1.8%(1 35
R R AR F5 3, 7x10% Pa K& 30 min,
114 FERFIFALEE: Q) 7. 3 mol/mL B
PRVSUL , 2.5%FHBRELIN WL, SYbTIR MR WL, 4
7 DNA eidii$ii & . SpanPrep 120 PCR 7
Ytk £ . Tag DNA AW ANTPs I T 4=
TAY TR R ABRAE, 51 W ETAEY
AR ) By A BR A R A

(2) HHIEL ARG 3 mol/L BiERIE W -
B K - B%PUIR IR I K ¢+ 2.5%%H IR S 1 T =
1:2:1:1, % BRI ERINA . JRA5IRD
R RS, BT

(3) XA : HC-2517 AUl .00 L, LB F}
HEERE AR A R A ] 22PC05299 W] L 43
R, RHBOCHARAIRA A s PHS-2C BURS %
MRIEt, BN TR A A Al s ZHWY-2102 #Y
TR SRR G, IR o T A i A PR A
Fl; Toradient BURLE PCR 1%, Biometra /AT ;
DYY-6C BUHLIKAX, Jbmis—iXAR)
1.2 fRBE I
1.2.1 . FRELC 10 g BEAE, BT 90 mL 4 P55
BRIGTCHK R, PR 30 min, il 107107 4
R R L, B 107°, 107, 107° L3RR
B 100 pL %4 2 PVK WIEAR b, 80
HE 3R, 28 °ClHIRKESR 7 d. HRE™ L5 ] ]
(TR 4K 4k 22 NBRIP & i F-Ale I, ;e 2 4lifk 3Kk,
PRBCRTRVE e B PN S R -, BT 4°CH
VAR A o
1.22 Eif: Holifb)s i sRER T 100 mL 4
BRI FRF, 37 °C. 140 r/min #KHE 12 h
Je, VAT E WO E R F] 10° CFUImML, il 4
T
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1.2.3 W& : H 20 pb FI-FITH N2 NBRIP P-4
Hge, 28°C, fEIEREIR 7d, B 3K, MIERFHA
HAR(d) . #EYIE H4R(D)IFHE D,
1.3 Btk B51-7 %5E
131 WWESKAEBEMRR: WESWNEE
FIMREE AR5 bR A KRS (B WEE A 8
O B MR IMAAF); R Rk,
FEIMBE T B4
1.3.2 Hkk 16S rRNA ZEFFHIHHT: + B
DNA el il @45 /E T2 K DNA,
16S rRNA J:[H ) PCR ¥ 14 1E [0 51 4 27F
(5-AGAGTTTGATCCTGGCTCAG-3), [l 5|¥)
1492R(5'-TACGGTTACCTTGTTACGACTT-3) .
PCR J Wi 1A % : DNA 54 0.1 uL, 10xPCR Buffer
2 ul, Mg®(25 mmol/L) 1.2 uL, dNTPs (each
10 mmol/L) 0.4 L, 5% 27F (10 umol/L) 0.5 pL,
5] % 1492R (10 pmol/L) 0.5 uL, Tag DNA
Polymerase (5 U/uL) 0.4 uL, ddH,O 149 uL, PCR
FLi A% : 94°C5min; 94°C30s, 55°C30s,
72°C 1 min, 30 ME¥; 72°C5min, PCR ™)
22 BrNERR BB I v DK A /5 >R ] SpanPrep #1: 2 PCR
P aifR R S el A TAEY) TR (HIE) R
A BRA R HEA TR IIY . DNAMAN #4447
FERPFEE, PRI IRA3 ) 16S rRNA JE[R 541 5
NCBI %# i BLAST ELxt 4347, FilHl MEGA 7.0
B ERGELEW
1.4 Bk B51-7 fEERE 1 M &

il # Bk B51-7 b o B 1 mL Fh i i 42
F 100 mL NBRIP {41557 51, 30 °C., 140 r/min
FEIREESE 8 d, [RIFLUARIEERY NBRIP IALR: 775
s FIVIR, A 3 YK B 1 mL &K 12000 r/min
B0 5 min, FIE H ke b T e
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S, BREETTHINE pH.
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XA 28 °C K%, Fpxd RO g Jat o 4 T 1 i
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AR 1T HE ZEL A 90 it TR EL A2 ) x 100%
16 #ZRIAK:

(1) XFREZH(CK): a5 TR R IR 5
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PAT AR, WA 2 %k, BT AGRE N 2cm,
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A R,
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2 SRR
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XS RE R 19 B, 753515 B AR 65 6E
Hr A KB B RERE 70, 58S 2 AR
WRECT . 5 MROVMERRANGE ; ARBEANG A S IR
SERVIRBAMER B, BAR T LR AT RR R, 4
fE A BRIEA S, YIARBE A HoS, 40
TERFIRG 2R o W) b S i HAT M 0325 W B 1) o
B BS1-7 WA 1 F7R , KR RAE S 0 (P-4 b A=
HIARE EAR N 1.28 cm, FEEAA N 0.71cm, HiB
WPE B4R S VK AR HUE(DId) R ik 1.8, DL HAEY
T IHA TR R, SO ARE N EH S IR
2.2 bk B51-7 %5E

221 BWHHWESRAEMEALIRK. FHik B51-7 @

AR N R A PR DEASHN, 2EE,
FKmOBWE, ILOGEAREH, AEaR; H2K
Yo g RO BAERT R, TOZEM AR A e 2
RN 1 PR,

2.2.2 WKk 16S rRNA ZEEFFFHIHHT: Kl i
FY 16S rRNA HE:KJFHI7E NCBI %l kA 7
BLAST Xy, AR4RE[EIIEF 5247 R 5K E W
. NE 27 F H Witk B51-7 5 1 #k (Burkhol deria
vietnamiensis LMG 10929)4k T[] —4r 37, R4k
REGE, PIHEPHAIRIE R 99%, H B51-7 7Rk
O F A 10 v BB AR A X Ak S 22 ), L
PRk B51-7 7 % WA s R R

A 3

B 1. E#k B51-7 7£ PVK F47(A)#1 NBRIP 1R (B)_L#)ERRE
Figurel. Clear zones of strain B51-7 on PVK plate (A) and NBRIP plate (B).

& 1. E¥kB51-7 WEREHIKELER
Tablel. Physiological and biochemical test results of strain B51-7

Test items Results Test items Results
Utilization of glucose +N Hydrogen sulfide test -
Utilization of lactose -N Liquefaction test of gelatin -
Utilization of sucrose -N Starch hydrolysis test -
Utilization of maltose -N Decomposition oil test
Utilization of mannose -N Arginine double hydrolysis test -
Indole test + Ornithine decarboxylase test
Methyl red test - Malonate test -
Acetylmethyl methanol test - Oxidase test -
Citrate test Contact enzyme Test -
Nitrate reduction test - Gram stain -

+: positive (growth or reaction); — negative (no growth or no reaction); N: no gas.
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B51-7 (MIN480490)

Burkholderia vietnamiensis LMG 109297 (CPO0963 1)
Burkholderia latens R-5630T (AM747628)
Burkholderia cepacic ATCC 234167 (AXBO01000009)
Burkholderia contaminans LMG 233617 (LASDO01000006)
\—— Buriholderia diffusa R-13930T (AM747629)

0.005

Caballeronia arvi LMG 293177 (FCOMO1000208)

2. EHBSL7THARZGABN
Figure2. The phylogenetic tree of strain B51-7.

2.3 TPk B51-7 fEwERE T HINE

XFER ik BS1-7 A TARMERE 1 X pH M€ o % TH
PRIESE A BN R 8 d, HRBERE T Bl A2 b 52
THEREREH(E 3). | 4 dHigkdh, f#EeE &
WA, PR E A ER  E Y] {2. (P<0.05), 7E5E 4
RIF, e b3 b Al ik 832.74 mglL,
W6 R wERE S T e SIn pH (EAREL, AR
pH {2 Jek)n T s A RERSRET 2 K pH {HRE

200l /1 {45

P (It 4.12 (P<0.05), 5Wjts pHE 7.0 M, T

T 2.88; kEERiFE 4dJE, pHEZEET . ¥

AHERNZ AR B B A KA A — Rl 2

FlERPEY T, W META R (B R — A5 Tk b m] v

B, EARFE AL # R oR

2.4 MR B51-7 FEHUAEYNRE IR BE ST W 2
PR IRE IR G I 5 PR B51-7 HEPL b

FEI R I BE T . 45 R BRE#E B51-7 X 7 Ff
- 6.0
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A
3t ‘f 155
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[ 3. E¥k B5l-7 XBER RN ELR pH Tt
Figure 3. Soluble phosphorus content and pH in the fermentation broth of the strain B51-7. Different lowercase
letters above the bars represent significant difference (P<0.05).
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YR IR HRIER], gk 2 FE 4 Pos,
XF R ELPERH . K IR BRI BRA S JEL s T 141
PR e B, AR R T % D 1 1A P LA b
3.76 cm, H5HAh 6 Fp i A LR, W
PRIRE T 89.71%; F KRR BEN R P AR I 95
BAUR TR GREBE , e B AR50 51k 3.30 cm FiI
333 cm, LWEER, MEFETHN 76.92%F
76.47%; PARXTAE Y9 I PR K RS SRR T . 7t
W T . RABUIEE s T 3t~ o S0 T 340 7 A W

A BT, R KRR SRS B P B AR R
197 cm, HHABERIA BEZER, MEER
47.62%. [Hitt, Witk B51-7 HAMRE I AYIBG
NDie
2.5 TEHR B51-7 MK FEMR R 138 B AR KR
3 2ok 0 e K R AR B 3 (Y BRA AR R T A
Kok, RITHEE B51-7 XK REH R LS A0 .
ZERNE 3 P, SXTREAAELL, AbFRL IR
FOKEFABE R ET S, pH R SREET

%* 2. E¥k B51-7 NEMIRIREE M
Table 2. Antibacterial activity of B51-7 strain on plant pathogens

Plant pathogens

Diameter of inhibition zone/cm

Antibacteria rate/%

Rhizoctonia solani

Phomopsis vexans (Sacc.Et Syd.) Harter
Phytophthora infestans

Setosphaeria turcica

Phytophthora capsici Leonian
Phytophthora sojae

Colletotrichum capsici

1.97+0.08d 47.62
2.74+0.12c 68.57
2.65+0.14c 65.67
3.30+£0.11b 76.92
2.80+0.08c 64.62
3.76+0.07a 89.71
3.33£0.17b 76.47

The data are “mean+SD”. Different |etters in the same column show significant difference (P<0.05). The same as follows.

& 4. E#k B51-7 Xf 6 MiEYIREE A HIFIER
Figure 4. Inhibiting effects of strain B51-7 on six kinds of plant pathogens. A: Rhizoctonia solani; B:
Phytophthora infestans; C: Phytophthora capsici Leonian; D: Colletotrichum capsici; E: Setosphaeria turcica; F:
Phytophthora sojae.
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7 3. Bk B51-7 7K FER PR L IR ARG
Table 3. Effects of strain B51-7 on rhizosphere soil of rice

Soil Moisture Electrical Available Bacteria/ Fungi/ Actinomyces/
content/% conductivity/(uS/cm) phosphorus/(mg/kg) (x10° CFU/g)  (x10° CFU/g) (x10° CFU/g)

CK 19.26+0.53b 8.31+0.07a 420.00+8.16a 58.45+0.49b 11.5+0.76a 2.01+0.06a 9.77+£0.12a

B51-7 21.09+0.85a 7.46+0.01b 376.67+9.43b 69.59+0.78a 11.64+0.33a 1.15+0.02b 0.96+0.04b

Wit s [R)ERE A FLZH A S v A R AR I, ECTRRI R
LRTHECR B . BOEINTAE B51-7 R LIRS
PR B 3 Al 2 o, BRAIK pH, o0 R B
3,

PR B51-7 XT/KAFAE K ming 4 iR,
A FRAT KRR AT EER . M Rk . R ARK AT
A TR IR s Hoh B AR RSN 21.7%,
R ARG N 61.3%, THRIEIGM 9.2%, HIYE
BFE2ES WOE T E b B51-7 AT LAMEEAE R K
g KRR

3 Zwhitd

H I N AN 1 22 56 TR AR o ik 98 7T ) 4
B, HAE A AT R (Bacillus) . R4
P J& (Pseudolnonas) . 77 [T J& (Serratia) . [A1%
1 J& (Azoto-baeter) . 111 5¢ X 14 J& (Burkholderia) .
738 A R HF i & (Klebsiella) . 12 1# J& (Pantoea)
29201 Hani 212071 Mehta 252373 1| A [A] 4 1
PIRRLBR 53 2 BN A A Y . K RHFBUR R IR
7] Je8 4 i W TR bR A e A i 25 5% 0 ABFFEMN 3
FIE AR 2 + 5803 BRI MR TE 26 tk, &0 12k
Wy S e FEA AR R TR B FZ W s S,

fRmERE S 4 A, MR RE IR 4444 F bk B51-7
B RE ) R B T HA R AR . R RE 0
AT RE SR SE N W BB A 6, ZWkkA &
(s 15 s B

AR 04 A R L AR B ) S AN .
Pl S P YT G 2T 39 KRS HH v 3 B A5 A B 7T
R E SRR, BB RN Cag(POs)2e £
e 2 25 LS G RE AR ot 398 v 4 8 AR AR — Rk AT
SO RTER, IV Cag(POs)z, /KIA MR fifix
155 305.85 mg/L . [tk B51-7 j& IR VT IEH:
Ay RS RO R R TE T, RIER
Cag(POs),, AIIAMERE & iy iy 832.74 mg/L . K
[P TR AR %) B8 B ) 32 A B A s

[l — B R AE A [ 25 AF T H il e 1 oA TR
[l TR EPI R R — w2 e % T ol RE A
ZFIEBELE, s RO R S R R A
PURRZL BB A G, MO AT, Btk
B51-7 HAEBERE I B R ARG P 22 5, FEOE
TR E B A A A D LIR AL AT 32 5 1) R
[ s A BLIR 5 e AR R S R T, B L R 5 1
LB AT el s, — e pH (B AT PEmE &
AR, X5 Zheng P44 i A LS ARTR]

4. Btk B51-7 MKFEE KT
Table4. Effects of strain B51-7 on rice growth

Treatment Tiller number Aboveground plant height/cm Underground root length/cm 1000-grain weight/g
CK 3.3310.94a 63.13+2.15b 10.23+0.87b 23.26+1.31b
B51-7 3.67+0.94a 76.83+1.35a 16.50+0.70a 25.40+0.19a
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1A 7 8 SR 14 (Burkhol deria) J& X 479 i
B i6 55y TR A AR K VS g o 78 [ A — 2e 3
AR C O AR S bR A rp, H IR SC T
Burkholderia cepacia complex(Bce)fE 4115 ia
B AR ARE RPN Ui B PR A0 v A SR A
W HATHRANIGE, RINZF R A B 1Y)
B G . B G AR P e AR A — BRAA v B /R 1
M WY6-5, HeREBENANEIER . NI, AExt
P 1 R 3 5 4 1 P %) 22 2 B i 5 TR e A UE SR
MYE A, TR B51-7 VEAA e /RIS & iy
— b, HAMSRM T IEMEERCR, RN RAR
HIFRWERE ), E—tkZIREM AR, nIh 2
REGIZE Pl 3R 0 A R AR 1R Tk

FEYIAR B a2 — AR ] B Bl X, 5% 2 T
LT AE W A A B A AR, TR AR PR AE
25 52 W AR ) 0 A KR E DL A W) AR B g
AR R RS PRk B51-7 £ A4 Ko A v AT
DAREAR & R ) pH, 7 f# Cag(POa)2, AL
AR 4 38 ok Ak T, W5 AHOK A AR PR 11 Y
FRALFE AR AR W 85 AOK R A AR A S5 45 A
AT R F M, ARRW, Wbk B51-7 ARSI S
TP RS R, SCERE - E (EERE A
K, deskREm R, S REFI el R
TR PR B51-7 7 fiff i 1 N 4 40 it B R A0 &
A3 [a]

A58 AL T FEM I3 B A i W T vk B51-7
TR SE B RTER . I MO & AL 7 H F A+ R
M, HABORMABERES), Al TR S s
Jy 832.74 mg/L, []EsF AT LA Z2 Ao i I o
BA RIFAYIBGIhEE, e SRR AR K
KB KL, HEtk B51-7 784 YRR 4k 2
SIS HA RIF K JERT5
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|dentification and antagonism activity of an inorganic
phosphorus-dissolving bacterial strain isolated from cold region

Dexuan Zhu', Chunmei Du*?", Xiwen Dong"*", Chunmei Xue*?, Rui Wang'

! College of Life Sciences, Jiamusi University, Jiamusi 154007, Heilongjiang Province, China
?Institute of Applied Microbiology, Jiamusi University, Jiamusi 154007, Heilongjiang Province, China

Abstract: [Objective] In order to find strains suitable for the development of biocontrol agents and biophosphate
fertilizer, bacteria with high phosphorus-dissolving efficiency were isolated from the rhizosphere soils of different
crops planted in the cold region of north China. [Methods] A highly effective phosphorous-dissolving bacterium
was obtained from 26 bacterial strains with phosphorous-dissolving activity through preliminary and second
screening. The bacterial strain was identified through physiological, biochemical and molecular biological methods,
and its phosphorus-dissolving activity was tested by molybdenum blue colorimetry method. Meanwhile, the
antagonism activity to several plant pathogens was determined by plate confrontation method. [Results] Strain
B51-7 was obtained by the screening and identified as Burkholderia sp.. The soluble phosphorus content of the
strain B51-7 in the fermentation broth reached 832.7 mg/L. Meanwhile, this strain had a broad-spectrum antifungal
activity with the highest antagonism rate of 89.71%. A pot experiment showed that the growth of rice was
significantly promoted by inoculation of strain B51-7. [Conclusion] Strain B51-7 was a highly effective
phosphate-dissolving bacterium with biological control effect, and could be applied for making biological fertilizers
and biocontrol agents.

Keywords: cold region, phosphorus bacteria, plant pathogens, antagonism activity

(KX KT %Hh: =45&)

Supported by the Jiamusi University President Innovation and Entrepreneurship Fund Project (XZY F2019-29), by the Northern
Medicine and Functional Food Specialty Discipline Construction Project (2017) and by the Heilongjiang Provincial Natural
Science Foundation Project (C2017064)

"Corresponding authors. Chunmei Du, Tel/Fax: +86-454-8603986, E-mail: dcm_037@163.com; Xiwen Dong, Tel/Fax:
+86-454-8617776, E-mail: dongxiwen@126.com

Received: 5 November 2019; Revised: 6 January 2020; Published online: 29 May 2020

actamicro@im.ac.cn



