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168 rDNA 751X i Ve B AT 58 52 A AR AR, B A I R R B a T kG buasi vk 2. [ 45
] TRV BB 8 MRIABE B R D, SRk 1 Bk Z2X-2020 Fitk, it AEIRAL K 168 rRNA S5 ZX-2020 K
Pseudomonas sp, GenBank %5520 MT084758., T AL ARSI, RN ZX-2020 Bk 1Y £ K 5 AR 7
PACSARLL , JRATAR . S R AR A WS, AN 54.49% . 26.96% F1 36.06% , 17 TAA Hi R 6.71
mg/L, EWEEN 198.26 ug/mL, [ 4516 ] Pseudomonas sp.ZX-2020 7Ejiti FIALAE 3P BE T i 25, ARIEAeAa Y
AERBENWIRAE, I RAIETS Y H IR AREY) — R PG TR A8 S R A0 R AR TR

KW : ARBREER; FOKENE; WEER; ACC il ; MmNk

FESES: S154.3 XEFRERG: A XEHS: 1004-874X (2021 ) 05-0076-07

Isolation and Identification of a Phosphorus—solubilizing
Growth—promoting Bacterium and its Effect on
the Growth of Zea mays L. Seedlings

ZHANG Fenfen, ZHOU Xiaolun, HE Yangyang
( Department of Clinical Medicine and School of Basic Medicine, Gansu Medical College, Pingliang 744000, China )

Abstract: [ Objective ] The study was carried out to isolate growth—promoting strains with high phosphorus—
solubilizing efficiency and explore the effects of different phosphorus—solubilizing bacteria strain stresses on the growth of
Zea mays L. seedlings. [ Method ] The improved SRSM culture medium and Belimov method were used to screen out the
phosphorus—solubilizing strains from the soil of winter wheat applied with chemical fertilizer in Pingliang City. The strains
were identified by morphological characteristics and 16S rDNA sequence and their growth—promoting characteristics were
analyzed. The resistance of Z. mays L. seedlings growth under different phosphorus bacteria stresses was studied by pot
experiment. [ Result ] Among 8 preliminarily isolated phosphorus—solubilizing strains, the ZX=2020 strain was screened
out, which was identified as Pseudomonas sp. through physiological and biochemical and 16S rRNA with the GenBank
accession number was MT084758. The test results of Z. mays L. seedlings growth showed that, compared with those under
different phosphorus—solubilizing strains treatments, the root length, stem length and leaf area of Z. mays L. seedling

inoculated with ZX-2020 strain increased by 54.49%, 26.96% and 36.06%, respectively, with the IAA yield of 6.71 mg/
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L and the dissolved phosphorus content of 198.26 pg/mL. [ Conclusion ] Pseudomonas sp. ZX-2020 can colonize better in

contaminated soil and promote plant growth, which can be used as a good microbial resource for plant—microorganism in situ

remediation of chemical fertilizer contaminated soil.

Key words: plant growth—promoting rhizobacteria; Zea mays L. seedling; phosphorus—solubilizing bacteria;

I-a—minocyclopropane—1—carboxylate deaminase; indole-3—-acetic acid
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LB [E {55758 A PR 10.00 g, BEREE 5.00
g, NaCl 10.00 g, Bl 20.00 g, H,0 1 L, 475 pH
7.0, FH T WSS W o A TR TR AR

K SRSM K5 3R (40, BlE 15 g, Glucose
10 g, Ca3 ( PO4 )2 S5¢, ( NH, )2 SO4 0.5¢g, KC10.2 g,
MgSO, + 7H,0 0.3 g, MnSO, 0.004 g, FeSO, 0.002 g,
NaCl 20 g, Yeast extract 0.5 g, Bromocresol purple
0.1g, MZEW/KZE1L, MY pH H 6.8~7.0, T
RN o e . itk
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314 27f ( 5'-AGAGTTT-G-ATCCTGGCTCAG-3")
F11492r (5'-GGTTACCTTGTTACGACTT-3") #fT
PCR #"4, & PCR =13k VG &R A A w58 R
16S rDNA § 34 S 751 o $E38 R 16S rDNA
FP5E] NCBI W3, 5 2R 5 51 F X 4347 He [
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T 2019 4 5—6 H 47 A Ak 5, fitif -
Bk AR H, HSEY o Fok, Kk
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2020, ZX-30. ZX-401 K A $Fl AT 4] 6 771 %F FR 9
ANGbEE, 5 RER . PR BIE LS BT LB
RegR B PR 5 15 9% 24 b, FHICHE /KR B Bk %
A 1x10° CFU/mL, SRR 7 b7, 42
Fhe: 10 mL/ #k. ARSMH FENEEFE, MRS d
AR 1R, AR D R R R, 30
d JE R AE AR E A 2 B

12 56 B 4 >k FH SPSS13.0 one—way ANOVA i
75001, KM Fisher’s Student—Newman —Keuls*? i
GEZ a8

2 HRE5SMH

2.1 ABIEERAIIFE

400 8 Al AR I TR AR AR B LA 1 7 R4 M
MCE SRSM ARG FRIE S d 5, M5 W% EAR M
W B, ARV TR /N B 8 MR EAT
BERE T TRIPR ,  HOXT R P b 0 UL 5 21 B I 18 i
BERE . Hor, ZX-2020 7% B AR 2.3 mm,
B AR N 4.8 mm (& 1 PEkFIR) |, HHEG
SI=2.08, & 8 PRIEMRH A, PRI Z2X-2020 -
M b R B B RR A T Al A AR AR B 3%, R B bk
Sl AR 1R o

CK 7X-2020

1 E#k ZX-2020 BAREE
Fig.1 Phosporous—solubilizing halos of strain ZX-2020
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739k, 7E SRSM WA F= Wbk 2X-2020 78
pH 6.5~11.5 Z [ ¥ n[ £, 75 37 C T AR
Bl AR RIS S RRAE A AR BRA AL, B RR ZX-
2020 &y Pseudomonas spp.

=R 1 BBEEHK Pseudomonas sp. ZX-2020 B
FASYFEFNE L R KL
Table 1 Morphological characteristics and biochemical
reactions of Pseudomonas sp. strain ZX-2020

P AT H 45

Feature

JEBHEAE
Morphological

Test item Result
22 [N [
UL A FSLIRIN

LR3I BB WA
BGAFN
ROEAKIRE () 37
T R
E=Rla
FURR it
reaction g W
FRELr
VP.
MR IRER
PPN
TEAIK it
WAL
fl R R i
%
bk
LA
£ 2 R b =l
WIN AR A
Fh AR SUK fire ity

TE: + WBIPESSSR, - WBATES R,

Note: + represents positive result, — represents negative result.

characteristics

6.5~11.5
AR SR

Biochemical

+ o+ L+ T+ + 4+

+ 1+

2.3 E#k ZX-2020 16S rDNA FF5ilE

h T M R A B AR AR E, DLTR R ZX-
2020 FY .5k DNA Sy #E4k, #1) F 46 % 16S rDNA 5]
Py 4T PCR ™3, 13 38K EEZ R 1.5 kb 199
=Y. K Y 81 $E 38 2 Genbank, 3R 15 (18
5 O MT084758., #R i Genbank J5* 41 [F] I 14
o %, A NCBI ¥ 48 B 42 {1t (% Blast 2y fE
R IRILX, 45 R B, & 2X-2020 5
Pseudomonas aeruginosa strain P1 ( MK881024.1 ) |
Pseudomonas aeruginosa strain L.CS1( MK430420.1 )
M. Pseudomonas aeruginosa strain BUYA-2
( MN490066.1) ] 16S rDNA F [H F¢ 51 — £ 15
EIA 100% . HRAE 168 rDNA ZEPH 751 ML
FIH MEGAS.0 i R EFM (E12) , BRH
B ZX-2020 TERGER T I e T 2B R pR

J& ( Pseudomonas aeruginosa )
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Pseudomonas aeruginosa strain P1 ( MK881024.1 )
Pseudomonas aeruginosa strain LCS1 ( MK430420.1 )
Pseudomonas aeruginosa strain BUYA—=1 ( MN490065.1 )
Pseudomonas aeruginosa strain BUYA-2 ( MN490066.1 )
Pseudomonas aeruginosa strain BUYA-4 16S ( MN490068.1 )
7X-2020 ( MT084758 )

Pseudomonas aeruginosa strain BUYA-8 ( MN490072.1 )

Stenotrophomonas rhizophila strain e-p10 ( NR121739.1 )
?‘_E&enotmphomonas pavanii strain ICB 89 (NR116793.1)

0.02 75 Stenotrophomonas chelatiphaga strain LPM-5 ( NR116366.1 )
B2 EFEHk ZX-2020 16S rDNA EF
BRI ARG R EH
Fig. 2 Phylogenetic tree constructed based on the

16S rDNA gene sequence of strain ZX-2020
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2.4 THEH ZX-2020 ACC B BB E M7= 1AA
BE

A AR A TR AT DA A AR 0AR LA - 3%
T, FEAREA R 1- B IR BE —1- R R =
A R A B RTIAR 1- RIS —1- iR, M
MR IR FERE RN & &, (EaEm e K
AT o TAA AR AT 38 2 B2 000 S 4 440 %) A fef
oy, PRI YR A KO S A A B BB i
A4, LR BN, Pseudomonas spp. ZX-2020
VWi oh 198.26 (+10.04) pg/mL, ACC it 4 filf
TR 152,62 (£7.21) pmol/mg + h, 7= TAA &
6.71 (+£0.32) mg/L, HAKEM™ IAA BE
2.5 Ekk Z2X-2020 inHERE

VA PR WA R 1 1 48 rh 25 I Ak Ul R 40 RN
FRER, FEA KPE b S AL R BERRES, i
T P BB LG MV T e A L U 4 1T L R AR
FA R T 2 Hr R B 2X-2020 # 1+
P MER PEBE IR ER T Hools e it RE 1, K
B 5 a4 336 R 10% 09 L TR &, 3 d s
3 (A OB B IR WD 1 8.63 mg/kg TN
12.66 mg/kg. EPI) LITEAREE &R ILE LD, I8
FRRE S IEBE/KF, FEREINE K 2X-2020 )5, +
AR S R RN, ARSIt KE, IR
AT R ZX-2020 AT ARG 1= 8 A AL /K-
2.6 TEFk ZX-2020 X408 £ K B0

A 35 AN [R) S W PR AR T 4 P A TREAR AL FE 30
d J5 I AR A AR B K FE bR Ak R,
5 XF MR A Fb, 3 AP ZX-7. ZX-2020. ZX-30.
ZX-401 AR 4 AR 1 3 3 B, B2 b ZX-
40, ZX-2020. ZX-30. ZX-401 HHEI4I 22K
¥y R K, 4% Fh ZX-40, ZX-701., ZX-30.
ZX-401, ZX-2020 (1) 4y v fif w5 35 W = 14, H2hh
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ZX-10, ZX-7. ZX-2020 B BRI 4 i - i R )
EHm (F£2) o R 8 MR E KL
MR 25K B MBS A AN RRE B B3
DL ZX-2020 BRI AR B g, 2R ZX-
2020 AR E R ARKIE K 54.49%, ZEK K
26.96%, fEEIGHN 1.93%, M 36.06%.
[, 2 Vs Bl ATk 110 &0 T AR 5 6T RER B AR
AR CNRERR, REHEL, WAERK, RET
R IR
R2 SHRABEMKI EXGEEKNTIE

Table 2 Effects of 8 phosphorus—solubilizing strains on
the growth of Zea mays L. seedlings

LR i

5 %K i
Abr ks . K Fresh weight TiE
Treatment Root length Stem length Lant Leaf area
Teatmen (mm) (mm) per plan (%10~ m?)
(mg)
CK 102.12+8.41c¢ 5523 +3.31b 1501 £ 19bed  12.34 £0.12¢

7X-10 83.73+9.29d  62.81 £7.48h 1899 +2lab  15.45+0.26b

7X-3 9328 +7.58d  51.79 £2.34c 1455+ 34bed  10.57 +0.09d

7X-40 76.70 £5.18¢  73.85£6.55a 1958 +22a 11.36 £ 0.15¢d
7ZX-7 11936 +7.56b  42.17 +7.17¢ 1254 + 13d 15.09 + 0.08b
ZX-701 110.12£6.17bc 49.84 +4.20c 1774 +30ab  9.24 + 0.66de

7X-2020 157.77£8.54a 70.12+8.18a 1530+ 17bed  16.79 + 0.38a

7X-30 121.14 +4.74b  60.10 £ 5.46b 1678 + 28ab 8.83 £0.57e
7X-401 10.48 +0.18d

T FSBHEIS/ING ST R B R 285 3

Note: Different lowercase letters after data in the same column represent

123.88+9.28b  63.81 £2.33h 1700 + 18ab

significant differences.

3 itig

8 R Rt ) = A AR T DX AR
SHFEPIARBR 120 R AR FR AT 43 A T AR 2
QIR WMEMAELER, WRIRE N E T+
SR W AL NS 5 7 TR R R B R E BN AE
FH 20 KRB . 75 AR T LS S E D
AR REEEY TR BERbUR T 2, R
W B IEN FERB A 2 —, IR L
1 A B AT AT e R X X S M Wl TR R A B AT Y i
BERUR . SRASSE 12 WF 5% 3¢ WA S A1 PRI TR TML
XoT A TR 60 R 1 T2 0 1) V5 5k 2t 0 ) 3k 3] 240.63 FI
2.73mg/L, PNIATE 125 ] i 3 A — AR A1 ER N T i TR
BE CIT-1 X W IRES A1 B B B 43 (14 1 i 1 43 i) 3k
3] 224.51 F1 120.59 mg/L, XIS 12600 5 6 iy — bk
DGR BB T TW-JST X Bl 198 45 110 1 1 ot B g 1k
708.34 mg/L, AWFFETREAR RN A ZX-2020 FEHEXT
WERR ALV AR N 198.26 me/L, 1% PR N XE

PEBERREL MR AR 1 5 DR IA 125 AT, H
BRCREAM . WHEREEBLEEAER 24, Bl
VA Tl DT 3 R S T oA R A1 - 38 pHL [T 5 21
BRSO, 043P ol B A ek A ML 17 R 3
YER, oA Vs Wl v o 4 I s PR R T e, ki
JEZ PG AR B M ZEAER 7 . HAr,
KB BTN R FL IRV B (9 e ) 322 5 ) 15 57
T N TR VLRA G, il LR —
T FT ARG S 35 pH R T MES P B EE IO A
J3— 7 T AT LAGE 3 45 G R e A5 0 4 B T iR 5k
g St 129300 R AN [V R 1 R AR T
eI 22 5 T RE S 48 B T I A e I AN [A)
HA WA VLR & A . IWBEmRIME A, &
FERGINAE I g, AR TR R B
WCRI A B K EE AR 2l ki, &
+ HEAR BRI % H A8 K PGPR B Rk (CH70) X}t
SRR B S b b A AR AT — o R R, JF
FMRBR +- 3580 B RS A s vk, R R
SR HE T AR RN = (93] BREETRSE D) X
IKAEARPR 1 AT WA T e alifl, 1R 8n
AR A = SR R RE T, T R BRI St
AR, TEPRARHLIX, 2o i fiff AL ARl Al A= A5 2R
BRI REIR, 30 V)T B R A W R AR RS
fRRE, L, fE4 R, ek RO,
W E P Re e o)) - P oA B R, AT
REMYAERKET, WIED &, THikE 20
K PGPR BEARIL M ZE

4 #ig

AT 5% AT B T AR I i FH 4% /N 22 4 e vdg)
0 8 4 B AT 2 8 RV B R AR, A A A 4 AR
RIS 2] — PRI B AE S 58 (19826 mg/LL) |
Ik 2 12 (6.71 mg/lL) . ACC JB 2 B 35 M o
(152.62 pmol/mg + h) WIS AR, 1L
VA A W e RE R FH B AR RS s, AS(E AT LA fin
PAED XS WO AU, 17T LIS s 2, Rt T DA
PRI AR, ACC BB T DL B e dk ek
AYRE S, EAE . T5. mh%, ¥
P, Y ZX-2020 BEkkiEA g g hl
THYRARE, FAERBENIR ., ACC Bia M
iR COLBE R A EAE R, R AR, 1R
FRAE I A, TR o AR R e A 5
AP T BRI



S0k ( References ) :

(1]

[11]

AMI R A. Alleviating the adverse effects of NaCl stress in maize
seedings by pretreating seeds with salicylic acid and 24—epibrassinolide
[J]. South African Journal of Botany, 2013, 88: 171-177. DOI:
10.1016/j.sajb.2013.07.019.
ILLMER P, SCHINNER F. Solubilization of inorganic phosphates
by microorganisms isolated from forest soil [J]. Soil Biology and
Biochemistry, 1992, 24: 389-395. DOI: 10.1016/0038-0717 (92)
90199-8.
TEWARI S K, DAS B, MEHROTRA S. Cultivation of medicinal plants—
tool for rural development [ J]. Rural Technology, 2004, 3: 147-150.
DOI1:10.1007/1-4020-5449-1-3.
BAERIE, XVHURT, GLas . 7 & P W i O L o R b il 3%
M ASAERITSE ()] . RALIRETRL A 244], 2005, 24 (2) :384-386. DOL:
10.3321/j.issn:1672-2043.2005.02.039.
ZHAO S F, LIU J X, NI M D. Dynamic phosphorus contents during
aerobic and rmophilic composting of livestock wastes [ J]. Journal of
Agro-Environment Science, 2005, 24 (2) : 384-386. DOI: 10.3321/
j-issn:1672-2043.2005.02.039.
AHMAD F, AHMAD I, KHAN M S. Screening of freeliving rhizospheric
bacteria for their multiple plant growth promoting activities [ J].
Microbiological Research, 2008, 163 (2): 173-181. DOI: 10.1016/
j-micres.200604001.
FIREAR, AU, SRR SC . HOR R SN A L BOR K&
J xE HELIT. B R Ak B 2, 2007 (8) : 36-38. DOI: 10.3969/
J.issn.1001-1463.2007.08.016.
LUBL,LIJ, GUO T W. Application status and development strategies of
microbic fertilizers in Gansu Province| J . Gansu Agricultural Science
and Technology, 2007 (8) : 36-38. DOI: 10.3969/j.issn.1001-1463.
2007.08.016.
OMAR S. The role of rock-phosphate—solubilizing fungi and vesicular -
arbusular-mycorrhiza (VAM) in growth of wheat plants fertilized with
rock phosphate[ J]. World Journal of Microbiology and Biotechnology,
1997 (14) : 211-218. DOI: 10.1023/A:1008830129262.
NARULA N, KUMAR V, BEHL R K, DUEBEL A A, GRANSEE A,
MERBACH W. Effect of P solubilizing Azotobacter chroococcum
on N, P, K uptake in P responsive wheat genotypes grown under green
house conditions [ J]. Soil Science and Plant Nutrition, 2000, 163:
393-398. DOI: 10.1002/1522-2624 (200008) 163:4<393::AID-
JPLN393>3.0.CO;2-W.
WHITELAW M A. Growth promotion of plants inoculated with
phosphate solubilizing fungi [ J]. Advances in Agronomy, 2000, 69:
99-151. DOI: 10.1016/S0065-2113 (08) 60948-7.
DEY R, PALK K, BHATT D M, CHAUHAN S M. Growth promotion and
yield enhancement of peanut (Arachis hypogaea L.) by application of
plant growth—promoting rhizobacteria [ ]]. Microbiological Research,
2004, 59: 371-394. DOI:10.1016/j.micres.2004.08.004.
MITTAL V, SINGH O, NAYYAR H, KAUR J, TEWARI R. Stimulatory

[14]

[15]

[17]

81

effect of phosphatesolubilizing fungal strains ( Aspergillus awamori
and Penicillium citrinum) on the yield of chickpea ( Cicer arietinum 1..
cv. GPF2) [J]. Soil Biology and Biochemistry, 2008, 40: 718=727.
DOI: 10.1016/j.s0ilbi0.2007.10.008.

GULATI A, VYAS P, RAHI P, KASANA R C. Plant growth promoting
and rhizosphere competent acinetobacter rhizosphere strain BIHB 723
from the cold desert of Himalayas [ J]. Current Microbiology, 2009,
58:371-377. DOI: 10.1007/s00284-008-9339—x.

KOHLER J, CARAVACA F, ROLDAN A. Effect of drought on the
stability of rhizosphere soil aggregates of Lactuca sativa grown in a
degraded soil inoculated with PGPR and AM fungi [ J]. Applied Soil
Ecology, 2009, 42 (2) :160-165. DOI: 10.1016/j.aps0il.2009.03.007.
VAZQUEZ P, HOLGUIN G, PUENTE M, LOPEZ-CORTES
A, BASHAN Y. Phosphate-solubilizing microorganisms associated
with the rhizosphere of mangroves in a semiarid coastal lagooni [ J].
Biology and Fertility of Soils, 2000, 30:460 -468. DOI: 10.1007/
s003740050024.

OLIVEIRA C A, ALVES VM C, MARRIELTE, GOMES E A, SCOTTI
M R, CARNEIRO N P, GUIMARAES C T, SCHAFFERT R E, Sa N
M H. Phosphate solubilizing microorganisms isolated from rhizosphere
of maize cultivated in an oxisol of the Brazilian Cerrado Biome [J].
Soil Biology and Biochemistry, 2009, 41:1782-1787. DOI: 10.1016/
j-s0ilbio.2008.01.012.

PENROSE D M, GLICK B R. Methods for isolating and characterizing
ACC deaminase containing plant growth—promoting rhizobacteria [ J].
Physiologia Plantarum, 2003, 118 (1) : 10-15. DOI: 10.1034/j.1399-
3054.2003.00086.x.

BRADFORD M M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein—dye
binding [ J]. Analytical Biochemistry, 1976, 72 (1) : 248-254. DOI:
10.1006/ahi0.1976.9999.

GLICKMANN E, DESSAUX Y A. Critical examination of the specificity
of the salkowski reagent for compounds produced by phytopathogenic
bacteria[ J . Applied and Environmental Microbiology, 1995, 61 (2):
793-796. DOLI: 10.1128/AEM.61.2.793-796.1995.

TRAHE X, SB, FIRSC, iR | S2BE . AEAEMRPRT TAA WY
0t i 2 MU ST ). iR % 2016, 38(1):104-110.
DOI: 10.7505/j.issn.1007-9084.2016.01.016.

ZHANG D Y, LIU Y, WU Y, WANG G W, WAN B B, JIANG Y.
Isolation and identification of IA A—producing strains from peanut
rhizosphere and its promoting effects on peanut growth [ J]. Chinese
Journal of Oil Crop Sciences, 2016, 38 (1) :104-110. DOI: 10.7505/
j-1ssn.1007-9084.2016.01.016.

VIEHE, FRUETC . SR AE Y i r i T IM D AEat : el Hhipi:,
1986:187-189.

XU G H, ZHENG H Y. Manual of soil microbial analysis methods [M].
Beijing: Agricultural Press of China, 1986: 187-189.

TRAVIS S W, HARSH P B, ERICH G, JORGE M V. Rootexudation and
rhizosphere biology [ J1. Plant Physiology, 2003, 132 (1) :44-51. DOI:



82

(22

[23

[t

]

[}

=

[}

10.1104/pp.102.019661.
SARKAR J, CHAKRABORTY B, CHAKRABORTY U. Plant growth
promoting rhizobacteria protect wheat plants against temperature stress
through antioxidant signalling and reducing chloroplast and membrane
injury [J]. Journal of Plant Growth Regulation, 2018, 37 (4) :1396—
1412. DOI: 10.1007/s00344-018-9789-8.
HYRM, TKIE, INTIE, XULE, WhAR . AR B A A T R AR
ety fe A ] . HPE IR SRR, 2016, 22 (4) : 1039-
1048. DOI: 10.11674/zwyf.15449.
MA C Y, ZHANG Y, SUN G Z, LIU T, YAO T. ldentification of plant
growth promoting rhizobacteria Elymus dahuricus and their effectives
[J]. Plant Nutrition and Fertilizer Science, 2016, 22 (4) : 1039—
1048. DOI: 10.11674/zwyf.15449.
IREE, MR, ZBEE, WRSE, R, R RS R Y
VEBERAIE BRI Ph (9 REE AL [T, AR 244 (2R
2016, 54 (6) : 276-282. DOI: 10.13413/j.cnki.jdxblxb.2016.06.49.
GUO Y,JUTC, QINY Y, LENG S, WU D, LI M T. Characteristics
of phosphate solubilization of Pseudomonas aeruginosa and its
immobilization of Pb in sediment [ J]. Journal of Jilin University
(Science Edition) , 2016, 54 (6) : 276-282. DOI: 10.13413/j.cnki.
jdxblxb.2016.06.49.
IV, B, T, TR, A sy, ARG . — RV BN R 43
AL NOE SR B PERTIE 1], 322l 2010, 42 (1) :119-124.
DOI: 10.13758/j.cnki.tr.2010.01.004.
SUN S, HUANG X, FAN N J, FENG Z Z, L1 H H, LI S P. Studies
on phosphorus solubilizing activity of a strain isolated from corp
rhizosphere [ J]. Acta Pedologica Sinica, 2010, 42 (1) : 119-124.
DOI: 10.13758/j.cnki.tr.2010.01.004.
XUME, AN, ATFREL, BRh . — R 52 IR M0 TR Y 77 Bl 1 %
FOU A f A OR [1] . Mol B2, 2013, 49 (9) :112-118. DOL:
10.11707/j.1001-7488.20130916.
LIU H, WU X Q, REN J H, CHEN D. Phosphate-dissolving
characteristics and growth promoting effect of Pseudomonads
fluorescent JW=JSI on poplar seedlings [J]. Scientia Silvae Sinicae,
2013, 49 (9) : 112-118. DOI: 10.11707/j.1001-7488.20130916.
SR, G ORTE, YOVEMR.MISAE, SNRITH, X 220 R R 2 AT
Wi (Bacillus megaterium) PR BEAL R (0] ARl R
., 2014 (2) :171-175. DOI:10.13327/.jjlau.2014.1713.
WUHY,JINRD,FANZ W, HUHJ,SUNTT, ZHAO L P. Mechanism
of solubilizing phosphate by Bacillus megaterium [ J] . Journal of Jilin
Agricultural University, 2014 (2) :171-175. DOI: 10.13327/j.jjlau.
2014.1713.
by, w0, e, RR%E, TRE. REHEEm i (1],
TR T, 2016, 44 (8) : 8-9,23. DOI: 10.3969/1.issn1001-9677.
2016.08.003.
ZHAN Y, HAN X, XTAO L Z, CUIJ T, WANG C Y. Research progress

[30]

[31]

[32]

on phosphate—solubilizing actinomycetes [ ]] . Guangzhou Chemical,
2016, 44 (8) : 8-9, 23. DOI: 10.3969/j.issn1001-9677.2016.08.003.
Tk, S, T, R, B R TR ML B R
YRR AN [T]. Al R BB 52 41, 2004, 23 (1) : 80-84. DOT:
10.3321/}.1ssn:1672-2043.2004.01.019.

WANG G H, ZHOU D R, YANG Q, ZHOU K Q, ZHAO Y. Effects of
low—molecular—weightorganic acids on release of phosphorus from rock
phosphate [ J1. Journal of Agro-Environment Science, 2004, 23 (1) :
80-84. DOI: 10.3321/j.issn:1672-2043.2004.01.019.

TR, BOLIR, B, SR, M A LR SRS
AP AL R A A S ()] AR 25712, 2000, 29 (8) :4061-4069.
DOI: 10.3321/j.issn:1000-0933.2009.08.006.

ZHANG A Q, HE L' Y, ZHAO H E, GUO Z H, CUI X M. Effect of
organic acids on inorganic phosphorus transformation in soils and its
readily available phosphate [J]. Acta Ecologica Sinica, 2009, 29
(8):4061-4069. DOI: 10.3321/1.issn:1000-0933.2009.08.006.
JIMENEZ B, REBOLEIRO RIVAS P, GONZALEZ L J, PESCIAROLI
C. Immobilization of Delftia tsuruhatensis in macro—porous cellulose
and biodegra—dation of phenolic compounds in repeated batch
processe [ J] . Journal of Biotechnology, 2012,157 (1) : 148-153.
DOI: 10.1016/j‘jhintec‘2011‘09.026.
K, Fi, UL O, RSCHR, XD R ORAR PR m OE
R0 075 1 L M MR A ORI S ()] AR R 41, 2020,36
(5):98-103. DOI: 10.13560/j.cnki.biotech.bull.1985.2019-0678.
WAN S X, WANG J, LI F, JIANG G Y, XU W J, LIU Z J. Screening and
identification of phosphate solubilizing bacteria from maize rhizosphere
soil and its growth promoting effect [ J]. Biotechnology Bulletin, 2020,
36 (5):98-103. DOI: 10.13560/j.cnki.biotech.bull.1985.2019-0678.
TroRH, ERAI, EA2E, XUM, ms, 25RO R A Ok
AR ROMATIE [T] . A RS 2441, 2017 (4) : 664-670. DOL:
10.7685/jnau.201606030.
QIAO C C, WANG T T, WANG R F, LIU C, GAO Q, LI R. Screening
phosphate solubilizing bacterial strains from maize rhizosphere and
research on their plant growth promotion effect[ J . Journal of Nanjing
Agricultural University, 2017,40 (4) :664-670. DOI: 10.7685/
jnau.201606030.
WREdh, TRaR 75, PRSP, WRIBURL, i, Jr 58 . bk b
BRI T 1 A AN AR ) L Bl Bl22,2020, 37010 X1979-1985.
CHEN J Y, XU J X, CHEN ZY, CHEN M W, XU Y A, FANG Y.

Gyeas

Screening, identification, and characteristics of two phosphate—
solubilizing bacteria in the rhizosphere [J]. Pratacultural Science,
2020, 37 (10) :
2020-0158.

1979-1985. DOI: 10.11829/j.issn.1001-0629.

(R SFA55E)



