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Isolation, identification and phosphate solubilization analysis of
phosphate-solubilizing bacteria derived from banana
rhizosphere soil
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Abstract: [Objective] In this study, ground phosphaterock was used as the undissolved phosphorus to
select the high-efficient phosphate-solubilizing bacteria from the banana rhizosphere soil.
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[Methods] The methods of halo ring and Mo-Sb colorimetry were applied to isolate the
phosphate-solubilizing bacteria. And a combination of morphologic alcharacteristics identification,
physiological and biochemical test, 16S rRNA gene sequences analysis and phylogenic trees were
employed to determine the genus of the phosphate-solubilizing bacteria. Various sources of carbon or
nitrogen, the C/N value (40:1, 20:1, 8:1) and the pH value of culture medium which may affect the
bacteria’s ability to dissolve the ground phosphate rock were studied with the single factor experimental
method. [Results] Eight strains of phosphate-solubilizing bacteria (PSB) were isolated from the root
soil, and three of them, B3-5-6, M-3-01, T1-4-01, were taken as representatives. The B3-5-6 was
identified to be Bacillus aerophilus, M-3-01 Serratia nematodiphila and T1-4-01 Enterobacter
asburiae. The phosphate-solubilizing ability of B3-5-6 and the pH of the culture medium was found to
be linear negative correlated (Jr|=0.949 66>0.735) and reached the extremely significant level. For
strain B3-5-6, the phosphate-solubilizing ability was better when the carbon source was sucrose,
nitrogen source was (NH4),SO, and C/N was 40:1. For strain T1-4-01, the phosphate-solubilizing
ability was better when the carbon source was glucose, nitrogen source was (NH4),SO4 and C/N was
20:1. For strain M-3-01, the phosphate-solubilizing ability was better when the carbon source was
glucose, nitrogen source was (NH;),SO; and C/N was 20:1 for strain T1-4-01, the
phosphate-solubilizing ability was better when the carbon source was lactose, nitrogen source was
peptone and C/N was 20:1. The phosphate-solubilizing ability was raised 1.12 fold, 1.17 fold and 2.55
fold, respectively. [Conclusion] Various sources of carbon or nitrogen, and C/N could affect the
phosphate-solubilizing ability of different strains. The phosphate-solubilizing ability of B3-5-6 and the
pH of the culture medium was found to be linear negative correlated (|r|=0.949 66>0.735) and reached
the extremely significant level. The phosphate-solubilizing mechanism of this strain needs to be
furtherly investigated.

Keywords: Rhizosphere soil, Phosphate-solubilizing bacteria, Phosphaterock, Identification,
P-solubility
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Hr, WAV REERE T AT RE S B WA HLERZE ) T
A5, WRTBEAEAE L LI,

ABFSE B AT FEAR PR 1 18 v 2 1 32 e 2
BET RO OL R ARE, PRITHRTE . ZEFN C/N LLfE XS
BRI AR A I W RE D s i B L S5 153740 it pHL (B
ARG R, DU A ISR A P TR R B
FE A A 7 5 e v R 1 5 WA BIUE Y 2 A 4
HEFSARAE
1 RS %

1.1 EZENEEME

ST16R 4 HA R .01, 5[E Thermo A Hl
HepE ;s TC-96/7/(a)f PCR AY, BUMITH H A4 AR
AT BG-gds Auto BISERE BAGAY, dbE f
EVHEARARR AR UVI000 4001 043tk
JETE, il R SRR AT A Rl A7 5 FE20K
RISEG % pH it, FIEMRE 4R 24088 (HiE)
ABRA R,

DNA $EGRH & B ALt B R B YRR R
B

B Ky 7 BVLIRNERGE, ATIEIRIZ IR ) A AL
BEP)E RN 2.3 gkg, 11 RERINE R4 #EEP) N
237.5 g/kg.

1.2 iR EERE

K H W E A A E MR (19%47'1N
109°51'17"E). A4 (19°49'58"N, 109°50'58"E)H
AT AEF A SRR PR 58, R S OR AR
K, AEBEMBEEER 30 cm AN, HEH 5-30 cm
PORRBR T4, IR AR AR S B TIOR3 D 48,
HERARIE, VKB RAT

TR AT RIS E R, BIBRAE IR . Bk
ERY), FEMTEIREI S 2, T4 °CIRIE, &
SR T 0 37 43 28 BN S R L S A B A R 1Y
=

HAERFI(L): HAW 10, 4AE 3, NaCl

B FE WG RO# & B (mg/L) — W B R0 & B (mg/L)

5, ZRIRKESR, pH 7.1-7.5,

THUBEERERG TR L A (gL): FERSSH X
BRI7IH A BE TR 0E A, BEUER Cas(PO4), 3 5 HAhZY
i K R TR A

TeHLBEEERTES SR AL B (¢/L): S5 ICHLBEEEA:
IRk A, FHBED B Cas(POy),, Wil 5 H A2y
iR IR A

Fp¥- 35 7B (g/L) : AR R 10, FEEEH) 5, NaCl
10, pH 7.0,

R 3 ARG FREINAMTR 29550 B A A
Bk,

1.3 MEFE

1.3.1 TEFSEFERNE: LTIR[ISTHE, R
P BRI RAE 3% pH . A
BB, 4 N. AR P FEA K,

1.3.2 #00F: HOCHR[16] 775, BUAHRE S g, BFEEAY
Frk T8 S g b B Rt 0, KRR 1070,
107, 107, 107, 107 1 mL, %A T EATHL
BESLRR R FRIE A PR L, BB TR 3 A, 37 °C
TEIRE] B 57 72 ho PRBCPAR EEA I 8 XA
FEMETRVE s T A TCH U SE R B 7R 0 A PR I,
37 °C }i% 3—4 d Jo WSS B ™ A 1 O, I e figp
Bl HA2 (D) V& HA(d), JFiTHR ke B m
% HAZH HUAE(D/d)

1.3.3 S0 PRI R SR TR A SR 57 5
B I, 37°C. 200 r/min ¥#K$55% 7d, W EIEW],
DA S50 & i, R A 10 000 r/min 5.0 5 min, B
WA 0.45 pm JERELIUE . DEMRAERBRBULL G
HEUTIRE e LIRS R O 2s (xR, oA T
PR S S . JrikSE KR KW 43 Hr
Tk ) [RIBHMASTERIST IR, S2I0 3 AN EAR, R
R AR RE ]

1.3.4 pHENE: R pH i,

135 MBETEAN:

X 100% o

TR (%) =
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14 FRBHEENEE
1.4.1 FEBEEES. FIBEMISFE: 21 (Fi
M RIS T AR % T ) ik
AT
1.4.2 16S rRNA EEFFI5#7: 3 #RAFEHEE
DNA #2HUF1 168 rRNA L ¥ 4115347k F DNA ##
UK S B FE DNA, ZEHU TR 16S rRNA 3#
514 27F (5'-AGAGTTTGATCCTGGCTCAG-3")#l
1492R (5-GGTTACCTTGTTACGACTT-3") %} i bk
HE1T PCR 918, J2 WiAA & : 2xTag master-mix 25 pL .
10 mmol/L Forward primer 1 pL. 10 mmol/L Reverse
primer 1 uL 4 1 uL, %78 RNase-free 7K £ 50 uL.
PCR W A2 : 94 °C 3 min; 94 °C 1 min, 55 °C
1 min, 72 °C 1 min, 35 ME#; 72 °C 10 min; 4 °C
PRAF . Y AN E fS W0 B Ay 4 3 2ok
EzTaxon 7E2k F XTIk 55 (http://www.ezbiocloud.net)#f
TTAHSCA RIS 2, TR AR L3R A AR Y
16S rRNA JE[K 741 ] BioEdit 2 FEF 741 FL X,
b5 H MEGA 5.0 IR G L FW, TR
YE .
1.5 3 BRERESMNEAVAREAGE D, pH ERVNE
W3y 3 AR TIUARD R SR AL gt
W, FelE 1% B NSRRI B, A
R, MR 3 NES, 37 °CL 200 r/min
Bt 13 d, BEBE 3 d BURE 10 mL, K55 3579 pH {H,
FERERE LA TRl B S R, kDL 1.3.3,

1.6 FEIEFREHX R E AR IR0
1.6.1 FRIEXTERFRBAE DRI . 8 ad PR
5, VEFJCHUBEIEahEESRIE B, 20 I ans . e
B HEERE. JERy . Hh . FUBEE BRI, 250 mL
AW 100 mL, BHEHEEA 1% TR IR IR R
() 3 BRAEBEANTA, PRI AEEREXTI, 37 °C.
200 r/min ¥53% 7 do & EERIEAT R PERE S I A .
D 1.3.3, SEEIT 3 AN, SLIEERN 3 Ik
R,
1.6.2 SR EMRAERAEE ORI : 3 1 PRI L
5, VEFHJCHLBEIEAhEESRIE B, EOLiEminy 3L a
b, RILACIR R . FHIRER . IRER . A, EE
. BIREAE N AR . IESIE 161,
1.6.3 C/N IS ERPKRREEEE IRV « 3 1 PRS0,
P45 R SR LR EIR LA C/N IR 40:1,
20:1. 81 BBEE. riEZM 16.1,
1.7 HIEAE

FH SAS 6.12 FA R e Fic 251 722 S0k ARG
P58, % Microsoft Excel 2010 ZA4AER o

2 GRS
2.1 TIRETFHAE

FEHL I I E SR AR 1. AR 1
ATLVE Y, SUA PR IE T B, AR P
ALK, APUSURST b, SRR B T A,
ZESEVEN R s pH (A4 N &, PIERIZESA
Wi, e N SR, 2R R SR .

*1 AEREREZRMMR

Table 1 Physical and chemical characteristics of different soil samples

GRS oH AL g AR AL

Sample No. Organic matter (g/kg) Total N (g/kg) Available P (mg/kg) Available K (mg/kg)
HT 4.30+0.28a 1.69+0.11b 0.15+0a 42.80+8.15b 146.70+12.08b
NB 4.80+0.36a 2.39+0.07a 0.10+0.01b 298.17+19.76a 299.10+11.69a

TF: HT: 2H0-L3E; NB: B, R B P gietriiz. RISIEARIE AR/ NFRIERIR 4 Duncan [OHT &R 22 26501 P<0.05

K2R T IH.

Note: HT: Huangtong disease-infected soil; NB: Nanbao disease-infected soil. Data in the table is X +S. Different lowercase letters in the

same column show the significantly different at P<0.05 level by Duncan’s new multiple range test, respectively. The same below.
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22 HIFHEER

FIFTCHIBE IR R A, W AEMRPR -1
VI E 8 MEEATRBERE ST DARK, BRI 1
FiR. fRBERE ST B MEIE D/d (ELE RN 2 FiR.
M-3-01, B3-5-6, M-4-20, B2-4-4 () D {E¥#d

23 EiFER

FRRARTCHLIE 7 25 5555 358 B XTI 4R 15 1) 8 4
FRRE TR SR, ARPEEE 1.3.3 IASRmE R R/,
Hog 5 e aifb 2 R ik f e, g
BRI O iR Mk, AL 3 MRARBERE J1Fe e i

B W, R BE AR 1 T 43 0 A M-3-01>
B3-5-6>T1-4-01 . " M-3-01 fi# B &t i5 %
37.84 mg/L, M-3-01 fi#ffiEA 37.85 mg/L, MIELS
R 3 .

2.4 Htk B3-5-6. M-3-01. T1-4-01 F9EE
24.1 FSFHERIEFEHE: fEMFEL, |
¥k B3-5-6, M-3-01, T1-4-01 A K R#f, 37 °C fEif
B38 2 d IS EARAA 3-7 mm, B3-5-6 HIEIES
AF, HEARER . REAOGH . RO6HAE
B A0 R 24 TR M L BRARAPIR | 4540 M-3-01
WKL . NG5 REDEHERE . 2R
o AP EER FERPIME . HrERA . AR,
AHEE; T1-4-01 FREVEEBIE . skt Kim
JEINE . BELAMA . A EE . FL R
T4

10.0 mm, H B3-5-6 B9 D {Hf K, 4 20.7 mm,
D/d{H 1k 2.59; M-3-01 11 T1-4-01 1) D/ (B Z W& /)N

1 fRE RV

Figure 1 Observations of the halo ring

2 IBRRRENEE KR RREE

Table 2 The measurement of P-solubilizing ability of the bacterial strain by transparency circle method

173 K BAR B AR b/d LS WK EAR B R Did
Strain d (mm) D (mm) Strain d (mm) D (mm)
M-3-01 12.3+0.44a 18.8+1.04b 1.5+0.07b B2-4 8.3+0.61c 9.0+0.10d 1.1+0.07e
B3-5-6 8.0+0.46¢ 20.7+1.31a 2.6+£0.31a ; B2-4-1 5.4+0.10e 6.3+0.20f 1.240.03cd
T1-4-01 6.5+0.20d 9.1+0.70e 1.440.13bc B2-4-4 12.1£0.20ab 15.8+0.17¢ 1.3+0.01bcd
M-16 3.7+0.30f 4.0+0.20g 1.140.14d | M-4-20 11.6+0.30b 12.3+0.30d 1.1+0.05d

*3 B0 3 HRERIEERE

Table 3 The P-solubilizing ability of the bacterial strain after second screening

LIS oH f WA 7R

Strain P-solubilizing valve (mg/L) Phosphate-solubilizing rate (%)
M-3-01 3.3940.16¢ 37.85+2.07a 3.18+0.21a
B3-5-6 3.66+0.06b 21.22+0.64b 1.78+0.06b
T1-4-01 5.71+0.11a 4.56+0.47¢c 0.38+0.05¢

http://journals.im.ac.cn/wswxtbcn
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2.4.2 HIBAEWHFE: FBEERE B3-5-6. M-3-01,

T1-4-01 A= FRA AL E 5 SR an gk 4 Frs .

243 SFEVFLE: % PCRZYITFHINE,
3 BRISEA PCR 7)) 741K B3-5-6 2 1350 bp,
M-3-01 7 1 344 bp, T1-4-01 A FFHIH EE 2 1 354 bp;
BATRIEAY B3-5-6, M-3-01, T1-4-01 HHERH) 16S

=4

rRNA J:[K #4133 EzTaxon 5 GenBank HF{F 41|
HATRHFFHIT . K5 B3-5-6, M-3-01, T1-4-01
AR e . HE 2 R 1 AE L

W3t MEGA 5.0 iyt 2R 2

LA E R, E 2 fos,

EiFk B3-5-6 J¥%15 Bacillus aerophilus, Bacillus

stratosphericus P AR AR IR B R , $43

Bk B3-5-6. M-3-01. T1-4-01 B4 TR4 (K I84R

£ 100%;

Table 4 Physiological and biochemical characteristics of strain B3-5-6, M-3-01, T1-4-01

MWETTH

58 25 R

The determination results

Determination of the project

T1-4-01

MESH

Determination of the project

MELER

The determination results

B3-5-6 M-3-01 B3-5-6 M-3-01 T1-4-01
H,S = = = ﬁéﬁfiﬁ Cellulase = = -
TEN KR Amylolysis = = = e = + =
+ Gelatin liquefaction
AL R JE !

Iiffiszction ’ ’ B Tween 20 N i N
NaCl 6% + + + Tween 80 - 4 -

o SR et N

10% - - ~ WM CHNaO; + - -
MR - - - The optimal pH 6.0
V-P - + - 7.0 + +

W
I(i?;')%sdjufii)jjutilization 8.0 i
D-AKE D-xylose + + = ’Edﬁ?ﬁ]ﬁﬁ
' N source utilization

‘H'#% Mannitol + + + iL-%’ﬁﬁﬁ L-arginine + + +
o-FLB o-Lactose + + + :L-ﬁ%ﬂﬁﬁﬁf{ L-hydroxyproline + + +
FLBE Lactose + = + iL-%Eﬁﬁﬁﬁ L-phenylalanine + = +
JLEE Inositol = + + éﬁﬁ%ﬁﬁ Valine + - +
AEHE Xylan - - - L%ﬁﬁﬁ L-serine + + +
D-1 3% D-trehalose + + + L-#fﬂy'ﬁ’f\ﬁa? L(+)-cysteine + + =
H¥f Raffinose 4 < = H"ﬁm Glycine — 4 =
FZ=FE Rhamnose + + + %’f&ﬂa’{ Methionine + + +

1134/ D-sorbitol + + + ﬁ}ﬁ@ﬁ%ﬁ (NH,4),S0,4 + + -
L-BiHi{F## L-arabinose + - + IE"%’E%& (NHy),C204 + + +
D-2[-3HE D-galactose + + + i%{t’f‘&’ NH,CI + + +
PA=WE Melezitose 4 - = fﬁﬁﬁ%}’ (NH4)NOs — 4 4
D-54# D-fructose + + + T#k?% Sucrose + + +

Note: +: Positive (growth or reaction); —: Negative (unavailable no growth or no reaction).

http://journals.im.ac.cn/wswxtbcn
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62 [ Enterobacter ludwigii DSM 16688" (AJ853891)
171~ Enterobacter mori LMG 25706" (GL890774)

4[ Enterobacter cancerogenus LMG 2693" (296078)
T1-4-01

44Enterobacter asburiae JCM 6051" (AB004744)

Enterobacter xiangfangensis 10-17" (HF679035)

gEnterobacter hormaechei ATCC 49162" (AFHR01000079)

Escherichia vulneris ATCC 33821" (AF530476)

Enterobacter kobei CIP 105566" (AJ508301)

Klebsiella michiganensis W14" (JQ070300)

o8 Klebsiella oxytoca JCM 1665" (AB004754)

96— Kosakonia sacchari SP1" (JQ001784)

Kosakonia arachidis Ah-143" (EU672801)

Enterobacter cloacae subsp. cloacae ATCC 13047" (CP001918)

Klebsiella pneumoniae subsp. Pneumonia DSM 30104 (AJJ101000018)
Klebsiella pneumoniae subsp. rhinoscleromatis ATCC 13884" (ACZD01000038)
Klebsiella pneumoniae subsp. ozaenae ATCC 11296" (Y 17654)

Klebsiella quasipneumoniae subsp. Quasipneumoniae 01A030" (HG933296)
100/ — Serratia ureilytica NiVa 5 1T (AJ854062)

Pectobacterium carotovorum subsp. carotovorum ATCC 157131 (U80197)
Serratia marcescens subsp. marcescens DSM 30121" (AJ233431)

18

52

36 55
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62

Serratia marcescens subsp. sakuensis KRED' (AB061685)

Sermz:a nematodiphila DZ0503SBS1' (EU036987)
L Plesiomonas shigelloides ATCC 14029" (X74688)
Bacillus sonorensis NBRC 101234" (AYTNO01000016)
100 Bacillus aerius 24K" (AJ831843)
Baczllus licheniformis ATCC 14580" (AE017333)
Bacillus safensis FO-36b" (ASJID01000027)

1000 3 Baciius pumilus ATCC 70617 (ABRX01000007)

B3-5-6

Bacillus aerophilus 28K" (AJ831 844)
Baczllus stratosphericus 41KF2a" (AJ831841)

Baczllus xiamenensis HYC-10" (AMSHO01000114)

—
0.02

2 ET 16S rRNA EEFFIMEME T1-4-01, M-3-1, B3-5-6 SHXEHNRFEL BN
Figure 2 Phylogenetic tree based on 16S rRNA gene sequences of strain T1-4-01, M-3-1, B3-5-6 and other related strains
Note: The sequences used in the analysis were obtained from the GenBank database (accession numbers is given pare- ntheses). The number
at branch nodes are the percentage bootstrap support based on Neighbor-Joining analysis of 1 000 resample data sets. The scale bar

corresponds to 0.02 substitutions per nucleotide position.

B #k M-3-01 ¥4 55 Serratia nematodi philabr bk i)
FRAPE SRR, 35 100%, HALFR-—433; T1-4-01
J¥%1) 5 Enterobacter asburiae ARk AR LI 5
ik 99.54%, HALTFRl—4r3 . i R 50k F AL

Mo, BEIEA . EHARE X, FHRHESC
BROISIA LA MR T4 , TE Pk B3-5-6 g
faFT % (Bacillus aerophilus), M-3-01 Sk HL A A VR
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[C# (Serratia nematodiphila), T1-4-01 i {#iR %
FF & (Enterobacter asburiae), 437l % % B3-5-6 I
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R S AT A
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251 3 BREREAMAEIFEEE A 13 d MAVESRAN TR pH
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REFRET, 3 BRARE A Bl A BRI R AE K, pH R [H]
FEEEHSE TR A BT AR b, Ho, M-3-01 9 pH
H FFEIREERA ., 12 h i pH HE 2 FREF) 4.39,
FEFEIEE] ) 72 h B, M-3-01 (%) pH {8 255 AL
3.57; T1-4-01 763535 60 h I, pH a5 FRAILE 5.81;
B3-5-6 7EREFRIFIAI, 120 h B, pH A AFIHRARE
3.64, F—HEHAEFRFEIAIKF .

252 3 HREEMARELESE 13 d NN
K 4 BIOR 3 BRIEBEIRTE 0-312 h KRRy Lk
THWRA S BRSO, TR R, 3 MR
e B TR TRE .. 55375
60-216 h 2 [AI4 %8 & E AR LB R . K55 ]
60 h B, M-3-01 A 2 & H BB, 7€ 72 h 1),
IREKMH 42.71 mg/L, MJEFUR TR fERSFRET

38‘ —@— B3-5-6 —— M-3-01 - T1-4-01

7.0
6.01
= 5.0f
S40f
3.0}
2.0}
10}

OO 12 24 36 48 60 72 120 168 216 264 312
Incubation time (h)

B3 FAEXABLRIFETRE LER pH 9L
Figure 3 The changes of the culture pH in the inorganic
phosphorus liquid

_ —@ B3-5-6 —— M-3-01 » T1-4-01
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