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HRIEBEE SRR T 7 A8, LA & ( Enterobacter) (5 48Xt L35, e B AR AT 02 1E T UG ST AR R (9 26 KRR R K
H, LIZETAT i Bacillus sp.PN-2 FIZE 2T B Paenibacillus sp.PM-1 B ARV P B35 . Ams v e ) Rk 1 rh /22
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Screening and growth-promoting characteristics of phosphorus-solubilizing
strains from the rhizosphere of Phragmites australis in saline-alkali soil

WANG Ji-lian"?,  WANG Dong-ling"*, ZHOU Qian"?, ZHANG Tian"?, LI Ming-yuan'?>
(1.The College of Life and Geographic Sciences, Kashi University, Kashi 844006, China; 2.Key Laboratory of Biological Resources and Ecology of Pamirs
Plateau in Xinjiang Uygur Autonomous Region, Kashi 844006, China)

Abstract: In order to further explore the resources of phosphorus-solubilizing bacteria and develop growth-promoting
agents suitable for crops in saline-alkali land, phosphorus-solubilizing bacteria were screened from rhizosphere soil of
dryland Phragmites australis in Xinjiang Kizilsu Kirgiz Autonomous saline-alkali soil. Strain identification was carried out by
combining restriction fragment length polymorphism and 16S rDNA sequencing, and the strains with outstanding phosphor-
us-solubilizing ability were selected for plant inoculation test. As a result, a total of 47 strains of phosphate-solubilizing bac-
teria were screened. Among them, 32 strains could dissolve inorganic phosphorus with a phosphorus solubility of 55.8—
722.3 mg/L. And 37 strains could dissolve organic phosphorus with a phosphorus solubility of 11.8—-34.4 mg/L. The 47
phosphate-solubilizing bacteria belonged to seven genera, and Enterobacter was dominant. The phosphate-solubilizing strains
could effectively promote the growth and root development of Arabidopsis thaliana, especially Bacillus sp.PN-2 and Paeniba-

cillus sp.PM-1. The above-ground part ( plant height, stem

RS B #9.2022-11-08 diameter, fresh weight and dry weight of above-ground
BE&TA S E/R B0 XK HARHEIL 4T H (2021D01A18) part) and underground part (fresh weight and dry weight
TEZ R TUEE(1986-) , 2, ILZRTT PR, B+, R 2082, B 7 1l of root) of wheat in salin-alkali soil were also positively af-

N EAEY, (E-mail) wjilian07 10@ sina.com fected by the phosphate-solubilizing strain, Enterobacter

EIEE 2R, (E-mail) mingyuan_lee@ yeah.net sp.PM-9 and Enterobacter sp.PM-2 were the most promi-
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nent. The phosphate-solubilizing strains screened in this study have certain application potential and are of great significance

for the development of microbial fertilizers suitable for saline-alkali soil.
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1.1 #HRXRE

FE R LB 8 5 A5 D0 ART 7R 545 F TR R B
(39°40'N,76°41'E) , % X &4E T 2/, +1%
pH {f8.0~8. 5, &L & & 12. 1 g/kg, HBELIFR TR
( Halocnemum  strobilaceum ) . £k B K ( Halostachys
caspica) \%iﬁ% ( Phragmites communis ) EE T R B
MY F, 2021 45 10 H R 2 SCRFEER S #Y
LR BEBEALPR U S R AP R 2 35 43 R R £,
TR R AR Ty A1/ N O P2 RS 28 K ] Bl ) 38

FEARMEIR - R AR 1B SR8 AT B DA BERN 1R
B, B2 L2 H10~30 em L2 -1
14 pH { 8. 57, I A EEL & & 0. 36% , Il ff A ik
ROER R A R B B4R A 28,64 mg/kg ., 99.57
mg/kg 18.92 mg/kg, AU &M 17. 36 g/ke,
1.2 EFxFE

K] NBRIP 55 35 35 43 55 fift TCHLBE B BR Y, 2R
FH Mongina 15 3% 5L 0% vk it A HLBE # AR, R LB
Ri RN 40% H I (R A7 B R
1.3 RS

FREL 10 g AR PR 4= 384 SO A 2 5 4 B I 2R 1
Tw K, 78408 30 min R AR, BV
MUK 10 A58 BERR RE IS, 43 W IBOAS [) e J85 46 32 1y I
TEWEAT T NBRIP F1 Mongina “F# I, 54> F6 B AS
JEHEA 3 K,28 CHHIRIEFRI~5 d, PRIBUA B
K IEEARFE N HEIELE LB A Bk kkaif, 3k
1RAlH % .
1.4 BEEBEHNE

FHARSE T LE (3t I 52 Bl 1 B, o0 S B S
mg/ LIBEFRIEAE O ml .1 ml 2 ml 3 ml 4 ml 5 ml.6
ml T 50 ml 255, SR 05 AR R L ANV W (0. 5
mol/L,pH {H 8. 5) 10 ml, FLILASHEHPTIAF 5 ml, FH
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2.1 FEBEERAY G IE K R EERE N E

A P AR PR - 38 rp L Ve 3 47 PR AR
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mg/L, ATR ¥k PM-9 i W 68 ) ek (& 1A) . A
37 BRI AT A HLIE , W i 0 11.8~ 34,4 mg/L,
PATE R PM-20 (¥ RE 0 i5com (18 1B) o AT TC
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{B5 % T W v ) s PRl O B R D S UM OC (R =
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2.2 25 %R R E#k 16S rDNA F 5 5 R R4 it
AL ifES

LT BRI PR B D) R B B 2 S R 2 B 4 28
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12% ., ZE2E KT B ( Paenibacillus ) FIAS S0 FT 5 &
(Acinetobacter) %5 2 ¥, 25 5 SVELY 8%, ZFAEFT A
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BT R I B TR AR 5 5 WO 40 B Ik v 24 T
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AR K Y Bacillus sp. PN-2, A K 1Y Enterobacter
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Enterobacter sp. PN-7 LA ¢ K & B Enterobacter
sp. PM-13 iR A4 400 7 1l b o0 ff o i 25
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T Xt (P<0.05), Mo A R K6 #Y Bacillus
sp. PN-2 B5F V0 1 10 7 I 1l 30 4 ficf o i d5 K, AH
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Fig.1 The correlation between soluble phosphorus content and pH value in fermentation broth
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PN-2: Bacillus sp.PN-2;PN-19 : Mammaliicoccus sp.PN-19 ; PM-1; Paenibacillus sp.PM-1;PN-18 : Paenibacillus sp.PN-18; PN-14 . Paeniglutamicibact-
er sp.PN-14;PN-17 ; Acinetobacter sp.PN-17 ;PM-23 ; Acinetobacter sp.PM-23; PN-15: Pseudomonas sp.PN-15;PM-22; Pseudomonas sp.PM-22;PN-1.
Pseudomonas sp.PN-1;PN-3; Enterobacter sp.PN-3;PN-4 . Enterobacter sp.PN-4;PN-9: Enterobacter sp.PN-9; PN-7. Enterobacter sp.PN-7;PM-5; En-
terobacter sp.PM-5;PM-8: Enterobacter sp.PM-8;PM-2: Enterobacter sp.PM-2;PM-12; Enterobacter sp.PM-12;PM-13: Enterobacter sp.PM-13;PM-25 .
Enterobacter sp.PM-25; PN-5; Enterobacter sp.PN-5; PN-6: Enterobacter sp.PN-6; PN-8: Enterobacter sp.PN-8; PN-12: Enterobacter sp.PN-12;PM-9.

Enterobacter sp.PM-9,,
E 2 ET 16S rDNA BEFIFIHBHREERREXER
Fig.2 Phylogenetic tree of phosphate solubilizing strains based on 16S rDNA base sequence

F(P>0.05), A 4b B ok K1 Pseudo- K FHE T IR 3 79. 9% (P<0.05)
AR KGR Pseudomonas sp. PM-1 A K i )

monas sp. PM-1 3532 ARG 7T M b3 53 T Bt it
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Fig.3 Effects of inorganic phosphorus-degrading bacteria on the growth of Arabidopsis thaliana

A HERl LB BRI MU R T A AR W 5 B A I 19 Bacillus
sp.PN-2 BE IR DL 71 AR AR 0 1 5 €2 A R K% 19 Bacillus
sp.PN-2 B5 3R (M40 B IF AR 3R 0 60180 5 D2 N2 30 45 43 50 o e b
LB }5 373 e TG 19 Bacillus sp. PN-2 35 35900 320 & K3 19
Bacillus sp.PN-2 JE 351 ML RE ST AR

B4 BBRITNBEKIIUETHEEER

Fig.4 The growth-promoting effects of inorganic phosphorus-

degrading bacteria on Arabidopsis thaliana

Enterobacter sp. PM-2 A K1 Pseudomonas sp. PN-
14 AR KIEHY Enterobacter sp. PM-5 FIK % ) Pseudo-
monas sp. PM-1 K5 F2 & 400 g o+ b~ &84 T i i i
HR TR I(P<0.05)  HABAL IR I 4t T 55+
Jo b RS REA L TIG S 25 22 5% (P>0. 05) o BTy Ak 2

HEE R R K IE Y Pseudomonas sp. PM-1 35 5% 1 i 421
FA ST HE T #8435 A K, AR T R AR
59.3%(P<0.05) . &AW A HLBE R bR ok
K Pseudomonas sp. PM-1 XU FG 37 14 A= /E FH
W BA BRI LTI,

2.3.3 &M RAUEE T kAT A T A AR A
AR A B 4R AR KT B Enterobacter
sp. PM-9 S5 A /INAZ b 1300 436 o o bk Ml |
2 WS I S N i A N T TN S PN
(K6 K 7)., R K KGN Enterobacter sp. PM-9
FEFRUR B 7N A2 b b8 0 o 0 IR R
40.3% (P<0.05) , FRg o0 I 2 25 42 i 18. 1% (P<
0.05) , Hlt 13531 ot f 0] i 25 85 57. 5% (P<
0.05) , i 34 o B A5 o) A fg & 4R 787 39. 0% (P<
0.05) , Hit T #5431 ot s J5o0T e g 2 4t 8 74. 9% ( P<
0.05) . HERIARKIEH) Bacillus sp. PN-2 B3R/
MR, B IR E R 18, 1%, BRI F,
AR ICHLTE R AR TP Enterobacter sp. PM-9 X} £ fisk iy
T NE R AR FedE

2.3.4 AR HUER T kAT A TF D R AR A
R OrA AR R R KGR Enterobacter
sp. PM-2 S5 3RV /N 22 iy 30 o0tk o it 1 B 4)
T M MR TR RO (B 8) . IR
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Fig.5 Effects of organic phosphorus-degrading bacteria on the growth of Arabidopsis thaliana
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Fig.6 Effects of inorganic phosphorus-degrading bacteria on the growth of wheat under saline-alkali stress
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Fig.7 The growth-promoting effects of inorganic phosphorus-

degrading bacteria on wheat
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Fig.8 Effects of organic phosphorus-degrading bacteria on the growth of wheat under saline-alkali stress
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