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Identification of an efficient phosphorus solubilizing bacteria from
saline-alkali soil in the Hexi Corridor and optimization of its condition

HU Shan NIU Shi-Quan” LONG Yang LI Wei-Juan ZHAO Dan DOU Jian-Tao
(College of Life Science, Northwest Normal University, Lanzhou, Gansu 730070, China)

Abstract: [Objective] In order to study the taxonomic status and characteristic of a highly effective
phosphate-solubilizing strain Y3-35 which was isolated from the saline-alkali soil. [Methods] The
morphological characteristics, physiological and biochemical characteristics, and 16S rRNA gene
sequence of strain Y3-35 were analyzed. The method of halo ring was applied to isolate the
phosphate-solubilizing bacteria, the method of Mo-Sb colorimetry was applied to measure
phosphorus-dissolving ability. The single factor experiment and the orthogonal experiment were
applied to find optimal phosphorus-dissolving condition of strain Y3-35. [Results] The result of
identification revealed that phosphate-solubilizing strain Y3-35 can be classified as Pantoea aff.
theicola. The phosphorus-dissolving ability of strain Y3-35 showed a negative correlation with pH. The
result of the orthogonal experiment indicated that the optimal phosphorus-dissolving condition of
phosphor bacteria Y3-35 was as follows: glucose 20.0 g/L, peptone 15.0 g/L, NaCl 2.5 g/L, 24 °C. The
maximum phosphorus-dissolving ability could be up to 723.34 mg/L and the phosphorus-dissolving
ability increased 251% than before. [Conclusion] The result indicates that Y3-35, a highly efficient
phosphate-solubilizing bacteria, might act as a potential candidate for the application.
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Table 1 The basic information of soil

Plot No. Site Longitude Latitude Altitude (m) pH Remarks column
3 Guangzhi village 95.578 0° 40.367 2° 1069.7 8.6 Primary
4 Guangzhi village 95.576 3° 40.439 1° 1073.9 8.5 Secondary
6 Heiquan village 99.643 9° 39.508 3° 1273.2 9.0 Primary
7 Heiquan village 99.933 5° 39.262 5° 1272.8 9.0 Primary
8 Luocheng village 99.577 7° 39.653 5° 1252.8 8.8 Secondary
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Table 2 Screening results of Mengjin Na inorganic

medium

Strain D/mm d/mm brd
C9-41 5.84+0.23a 3.6+0.21b 1.61+0.64a
Y3-35 18.941.99¢ 6.7+0.37d 2.79+0.15¢
C5-411 9.9+0.57b 4.9+0.21c 2.03+0.04b
C5-410 4.8+0.32a 2.2+0.18a 2.14+0.03b
Y5-31 6.2+0.41a 3.6+0.23b 1.74+0.04a
Duncan
P<0.05

Note: Different lowercase letters in the same column show the
significantly different at P<0.05 level by Duncan’s new multiple
range test, respectively.

Bl 1 Bk Y3-35 FEE AR IR
Figure 1 Phosphorus solubilizing circle generated by stain
Y3-35
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Figure 2 Dynamic change of dissolved phosphorus content
and pH based on different strains
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Figure 3 Phosphate solubilizing content associated with
PH analysis of the strain Y3-35

B4 Bk Y3-35 EERS
Figure 4 The Colonial morphology of stain Y3-35
A 5d B 10d

Note: The picture A show colony was cultured for 5 days; The
picture B show colony was cultured for 10 days.
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Figure 5 Phylogenetic tree of stain Y3-35 constructed based on sequences of 16S rRNA gene
Bootstrap 1 000 Bootstrap GenBank
0.005

Note: The number at branch nodes are the percentage bootstrap support based on Neighbor-Joining analysis of 1 000 resample data sets. The
numbers in each branch points denote the percentages supported by bootstrap. The numbers in parentheses represent the sequence accession
numbers in GenBank. The scale bar corresponds to 0.005 substitutions per nucleotide position.
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Figure 6 Effects of different carbon sources on phosphate Figure 7 Effects of different nitrogen carbon sources on
solubilizing content and pH of Y3-35 strain phosphate solubilizing content and pH of Y3-35 strain

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



363

243 EXRLE: Y3-35 4 5 144 h 723.34 mg/L  pH 72 h
( 3 4 4.0 192 h
> > > 497.65 mg/L
15.0 g/L NaCl 2.5 g/L 24 °C

[15]

£3 LG HERKWER

Table 3 The result of L25(5A4) orthogonal test

A B C D
Number CsH 1,06 Peptone NaCl Temperature Ui e Cuma off 450 ves
phosphorus (mg/L)
1 2 2 4 2 287.20
2 5 1 2 2 435.80
3 4 1 3 3 369.86
4 1 2 5 3 255.75
5 3 1 4 4 50.62
6 2 3 3 4 53.89
7 4 2 2 5 190.03
8 5 2 1 4 189.25
9 5 4 4 3 195.81
10 4 4 5 4 289.50
11 3 4 1 5 100.31
12 2 4 2 1 94.01
13 2 1 5 5 50.74
14 4 3 1 2 364.83
15 1 3 4 5 51.51
16 1 1 1 1 40.83
17 3 2 3 1 291.77
18 5 5 3 5 240.76
19 1 4 3 2 64.71
20 3 5 5 2 68.87
21 2 5 1 3 47.83
22 4 5 4 1 276.50
23 5 3 5 1 163.72
24 1 5 2 4 69.78
25 3 3 2 3 128.32
K 96.51 189.57 148.61 173.36
K 106.73 242.80 183.59 244.28
K 127.98 152.45 204.20 199.51
Ky 298.14 148.87 172.33 130.61
Ks 245.07 140.75 165.72 126.67
R 201.63 102.05 55.59 117.61
Optimal level 4 2 3 2
A>D>B>C

The important order

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



364 WA 2# i@ Microbiol. China 2017, Vol.44, No.2
1)
[16] pH 21 ()
NH," pH
Y3-35 16S rRNA (221 (3) (23] 7
Pantoea theicola
Y3-35
Y3-35 pH Pearson’s r
i) -0.834 241
(3]
T4
193.1 mg/L (18] NOP3 NOP4
68.83 mg/L 21 4
4.50 mg/L Y3-35
72 h 206.06 mg/L
I-B-14 300% pH
0.34 (2]
] = B3-5-6 4
33.26 mg/L 68.9%
22.23 mg/L Y3-35
CsH1206
120 h 224.05 mg/L
144 h
370.65 mg/L Reyes !
& & X Mk
Ke CL, Chen YF, Zhou DB, et al. Isolation, identification and
M s CHO I L
200 gL 150 gL NaCl China, 2015, 42(6): 1032-1042 (in Chinese)
2.5 g/L 24 °C , ’[J]. o ,2015, 42(6): 1032-1042
Li HY, Niu SQ, Kong WB, et al. Screening and identification of a
144 h phosphate solubilizing strain isolated from pig manure compost
72334 mglL 251% ST o ey e

[10]

. , 2015, 35(5):
1464-1470

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



365

(31

(4]

(3]

(6]

(7]

(8]

[9]

[10

=

[12]

[13

[t}

[14]

[15]

[16]

Dai SY, Shen WS, He YJ, et al. Screening of efficient
phosphate-solubilizing bacterial strain and its application in red
paddy soil to rice cultivation[J]. Chinese Journal of Applied and
Environmental Biology, 2011, 17(5): 678-683 (in Chinese)
1. , 2011,
17(5): 678-683
Acevedo E, Galindo-Castafieda T, Prada F, et al
Phosphate-solubilizing microorganisms associated with the
rhizosphere of oil palm (Elaeis guineensis Jacq.) in Colombia[J].
Applied Soil Ecology, 2014, 80: 26-33
Delgado M, Mendez J, Rodriguez-Herrera R, et al.
Characterization of phosphate-solubilizing bacteria isolated from
the arid soils of a semi-desert region of north-east Mexico[J].
Biological Agriculture & Horticulture, 2014, 30(3): 211-217
Babu-Khan S, Yeo TC, Martin WL, et al. Cloning of a mineral
phosphate-solubilizing gene from Pseudomonas cepacia[l].
Applied and Environmental Microbiology, 1995, 61(3): 972-978
Peix A, Rivas R, Santa-Regina I, et al. Pseudomonas lutea sp.
nov., a novel phosphate-solubilizing bacterium isolated from the
rhizosphere of grasses[J]. International Journal of Systematic and
Evolutionary Microbiology, 2004, 54(3): 847-850
Wu PF, Zhang DM, Hao LH, et al. Status guo and prospects of
phosphate-soluble microorganisms[J]. Journal of Agricultural
Science and Technology, 2008, 10(3): 40-46 (In Chinese)
, , .. 7.
,2008, 10(3): 40-46

Khan MS, Zaidi A, Ahmad E. Mechanism of phosphate
solubilization and physiological functions of
phosphate-solubilizing microorganisms[A]/Khan MS, Zaidi A,
Musarrat J. Phosphate  Solubilizing Microorganisms[M].
Switzerland: Springer International Publishing, 2014: 31-62
Park JH, Bolan N, Megharaj M, et al. Isolation of phosphate
solubilizing bacteria and their potential for lead immobilization in
soil[J]. Journal of Hazardous Materials, 2011, 185(2/3): 829-836
Laheurte F, Berthelin J. Effect of a phosphate solubilizing bacteria
on maize growth and root exudation over four levels of labile
phosphorus[J]. Plant and Soil, 1988, 105(1): 11-17
Li ZG, Luo YM, Teng Y. The Research Method of Soil and
Environmental Microorganism[M]. Beijing: Science Press, 2008:
52-61 (in Chinese)

,2008: 52-61
Xiao KB, Wu PT, Lei JY, et al. Bio-reclamation of different
halophytes on saline-alkali soil[J]. Journal of Agro-Environment
Science, 2012, 31(12): 2433-2440 (in Chinese)

[J]. ,2012, 31(12): 2433-2440
He MX, Gao Y, Hu ZX, et al. Screening, identification, and
phosphate-solubilizing capability of phosphate-solubilizing
bacterial strain B25[J]. Chinese Journal of Applied Ecology,
2012, 23(1): 235-239 (in Chinese)

> > >

[M].

B25

[71. ,2012,23(1): 235-239
Shi GY, Mo YM, Cen ZL, et al. Identification of an inorganic
phosphorus-dissolving bacterial strain BS06 and analysis on its

phosphate solubilization ability[J]. Microbiology China, 2015,
42(7): 1271-1278 (in Chinese)

s s , . BS06
[3]. , 2015, 42(7):
1271-1278

Li HY, Kong WB, Da WY, et al. Research progress of
phosphate-solubilizing microorganisms[J]. Bulletin of Biology,

[17]

[18]

[19]

[20]

[21]

(22]

[23]

[24]

(25]

[26]

2013, 48(7): 1-5 (in Chinese)
) , ;- [J]-
,2013,48(7): 1-5
Xiang WL, Feng W, Guo JH, et al. Identification of a moderate

Halophilic phosphate-dissolving bacterium and its
phosphate-solubility[J]. Microbiology China, 2009, 36(3):
320-327 (in Chinese)

[J]. ,2009, 36(3): 320-327

Zhao XR, Lin QM, Li BG The relationship between rock
phosphate solubilization and pH and organic acid production of
microorganisms[J]. Journal of Microbiology, 2003, 23(3): 5-7 (in
Chinese)
, ; : pH
[J]. ,2003, 23(3): 5-7
Ahuja A, Ghosh SB, D'Souza SF. Isolation of a starch utilizing,
phosphate solubilizing fungus on buffered medium and its
characterization.[J]. Bioresource Technology, 2007, 98(17):
3408-3411
Hao J, Hong JP, Liu B, et al. Isolation, screening and combination
of highly-effective phosphorus solubilizing bacterial strains in
calcareous soil[J]. Chinese Journal of Applied and Environmental
Biology, 2006, 12(3): 404-408 (in Chinese)
[J]. , 2006, 12(3):
404-408
Xi LQ, Wang JF, Ma JP, et al. Determination for solubilizing
phosphate ability and organic acids secretion of phosphobacteria
in the cotton rhizosphere[J]. Journal of Microbiology, 2007,
27(5): 70-74 (in Chinese)
[J1. ,2007, 27(5): 70-74
Li WH, Shi JY. Isolation, purification, and phosphate-solubilizing
capability of phosphorous bacteria in West lake sediment[J].
Chinese Journal of Applied Ecology, 2006, 17(11): 2112-2116 (in
Chinese)
[1. ,2006, 17(11): 21122116
Reyes 1, Valery A, Valduz Z. Phosphate-solubilizing
microorganisms isolated from rhizospheric and bulk soils of
colonizer plants at an abandoned rock phosphate mine[J]. Plant
and Soil, 2006, 287(1/2): 69-75
Zeng QW, Wen XY, Wu XQ. Phosphate solubilizing traits and
conditions of a Pseudomonas frederiksbergensis  strain
JW-SD2[J]. Journal of Microbiology, 2016, 36(1): 11-16 (in
Chinese)

, , . 1 Pseudomonas frederiksbergensis
JW-SD2 [J1. , 2016,
36(1): 11-16
Zhao GJ, Niu SQ, Da WY, et al. Assessment of soil quality and

physicochemical properties of the alkaline soil amended with four
inorganic phosphate-dissolving microbial inoculants[J]. Chinese
Journal of Soil Science, 2014, 45(4): 996-1002 (in Chinese)

[9]. ,2014, 45(4): 996-1002
Mei XL, Shan AQ, Jiang Y, et al. Screening of
phosphate-solubilizing bacteria adaptable to corn and effects of
the bacteria on the growth of corn[J]. Acta Pedologica Sinica,
2016, 53(2): 502-509 (in Chinese)

. ,2016, 53(2): 502-509

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



