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Screening of phosphorus-solubilizing bacteria in the rhizosphere of saline-
alkali plants and their effects on maize growth

GU Ming, LI Mingyuan, LI Yunxia, WANG Jilian
(1.The College of Life and Geographic Sciences, Kashi University/Key Laboratory of Biological Resources and Ecology of Pamirs Plateau in Xinjiang
Uygur Autonomous Region, Kashi 844000, China)

Abstract:  To further explore sali-tolerant and growth-promoting microbial resources and develop plant growth-
promoting bacterial inoculants suitable for saline-alkali environments, this study employed selective media to isolate and
screen phosphate-solubilizing bacteria from the rhizosphere soil of plants growing in saline-alkali grasslands in Kashi,

Xinjiang. The taxonomic status of the strains was identified through 716S rRNA gene sequencing, and their growth-promoting

effects on plants were evaluated using semi-solid tube
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BB A 15(1999-) , 4 7R B WF5ed: £ M screened, with the amounts of solubilized phosphorus
: 5 =), 2, 2R H B, A -,
PEIRUE Do R AR AR B 58 . (E-mail ) 17863325627 ranging from 7. 67 pg/mL to 43. 08 pwg/mL. The strains
@163.com ¢3-9, {1-8, b1-8 and ¢3-1 ranked among the top four in

BIEE : TEE, (E-mail) wjilian0710@ sina.com terms of phosphate-solubilizing amounts and exhibited a

plantlets and pot experiments with saline-alkali soil. A

total of 19 phosphate-solubilizing bacterial strains were
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certain tolerance to saline-alkali stress. The 19 phosphate-solubilizing bacterial strains belonged to six genera, including
Enterobacter, Acinetobacter, Pseudomonas, Bacillus, Chryseomonas, and Leclercia. Inoculation with Pseudomonas strain
1-8, Acinetobacter strain b1-8, Enterobacter hormaechei strain ¢3-1, and Leclercia strain ¢3-9 all promoted the growth of
maize plantlets under non-saline-alkali stress to varying degrees. Pot experiments with saline-alkali soil showed that,
compared with the control, strain f1-8 significantly increased maize plant height and above-ground fresh weight ( P<0.05) ;
strain ¢3-9 significantly promoted maize root dry weight (P<0.05) ; strains f1-8 and ¢3-1 significantly affected total root
volume (P<0.05); and strains f1-8, b1-8, and ¢3-9 significantly influenced total root length ( P<0.05). Additionally,
the physicochemical property analysis of the potting soil indicated that the available phosphorus content increased by
16.03% to 66.79% after inoculation with phosphate-solubilizing bacterial strains. The principal component analysis (PCA)
results for maize growth indices and soil available phosphorus content indicated that the ¢3-9 treatment exhibited the best

overall effect. These findings expand the germplasm resource library of phosphate-solubilizing bacteria for saline-alkali soils

and provide a theoretical basis for the development of microbial fertilizers for saline-alkali soil improvement.
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Fig.1 Phosphate-solubilizing capacity of 19 strains

22 THHBEYRETIEIAMEEREEER

T EzBioCloud s A H X, A I8 X 1 i oA
PRI 16S rRNA FEK P AT RGE LT 404, 45
7R 19 Btk E T 6 E (K 2)  adE T i s
( Enterobacter ) 6 1k , AT 1 J& ( Acinetobacter ) Fl{i
HWEE ( Pseudomonas ) £ 58 , FHAEE ( Bacil-
lus) 405 M & ( Chryseomonas ) F1 ) v [ 15 J&
(Leclercia) %5 1 %, VEWERE S8R 1Y) 4 FRBEAE ¢3-9.,
f1-8 b1-8 c3-1 73 5l ¢ J& T o0 FC Bl s | M1 2 M 1
B AT EE E KRBT 5 & ( Enterobacter hormae-
chei) , LLIX 4 BRI A BFFERT R, 04T 5 B2t £5 5
ARG ER /K E R AW v
2.3 RBEEE KT ST AE

W 4 R VA 0 TR AR 0 ) TR [ R A
pH {1 LB AR Fedkrp 251 (1) R, &
N 19 3% 4 BREFRIIREIE R A K, FHhE s T
3%, K £1-8 A1 b1-8 2 K Z B B AN, 1 ¢3-1

Fl ¢3-9 76 & Eh i 7% WA BE IE B AR, 100 T bR
¢3-1F1 ¢3-9 Wit £k e 7 B 5k, it Al g 45 R
pH H8~10 I} 4 FREAMRIYBEIE R 4K pH Jy 1112
BF, BT AR 25 1,4 BRI RIS B AT — 2 it
LTI 1 e
24 BHEEENEXIEEEKNZME

RS TR TR R P 22 TR Al S5 R (3R 2 &
3) SR, AR B AR K L5840 AN ) AR B e 0t
VERT, 2500 M M b Rt o b b3l e 17
45.13% ~70. 45% . 25.07% ~ 37. 80% . 92.25% ~ 134. 69% .
82.35% ~164. T1% , 5% REAH L 22 5 33k 1 27K (P<
0.05), MBRFE HFhG FAMEE RTE MREKH
TR S 42 8 T 41.10% ~ 92.23% | 54.55% ~
72.73% 40.73% ~53. 85% .62.84% ~ 104. 03% , 5 %} FEAH
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Pseudomonas rhizosphaerae (CP009533)
Pseuﬁiomonas baltica(MW377590)
®h3-4

Pseudomonas aegrilactucae(LC621167)
Pseudomonas bananamidigenes (LRUN01000115)
Pseudomonas iridis sLR79 554)
-Pseudomonas anatoliensis(LR797545)
Chryseomonas duriflava (EU046271)
Chryseomonas asuensis(AJ871471)

®cl-10
Chryseomonas luteola(BDAE01000066)
Pseudomonas putida (AP013070)

® c3-2
-Pseudomonas hunanensis (JX545210)
Pseudomonas promysalinigenes (JABWRQ010000026)
r—Pseudomonas viassakiae (JABWRP010000055)
“—Pseudomonas juntendi(MK680061)
Pseudomonas plecoglossicida(BBIV01000080)
-Pseudomonas oryzicola(JABWRZ010000026)
Pseudomonas wayambapalatensis(AM911665)
-Pseudomonas anuradhapurensis(AM911640)
Pseufilogonas kurunegalensis (AM911650)

L -

Pseudomonas alloputida (LT718459)
-Acinetobacter equi(CP012808)

93 -Acinetobacter oleivorans(CP002080)
-Acinetobacter pittii (APQP01000001)

-Acinetobacter geminorum (MT380471
-Acinetobacter calcoaceticus (AIEC010001 70%
Acinetobacter nosocomialis (APOP01000014
Acinetobacter seifertii(KB851199)
-Acinetobacter lactucae (LRPE01000019)

® h3-2

® j3-]

®bHl-8

00 79 ® -
1,_‘__|:Enter0bacter bugandensis (FYB101000003)

Klebsiella michiganensis(JQ070300)
L Buacillus arachicﬁs(OM06259l
100 ,9_9|:Silvania hatchlandensiséOM9 7253)
Phytobacter ursingii(F1611881)
L— @ ¢39

® cl-9
Enterobacter chuandaensis(MK049966)
-Enterobacter hormaechei subsp. xiangfangensis (FYBF01000083)
-Enterobacter quasihormaechei (MK567958)
-Enterobacter hormaechei subsp. hoffimannii(CP0171 86_;
-Enterobacter hormaechei subsp. steigerwaltii(CP017179)
Ente}jgbgzcter hormaechei subsp. oharae (CP017180)

® 2-

® c3-6

® g2-4

® c3-1

Leclercia pneumoniae (OK161083)
Enterobacter pseudo;i{)fgenkampii (OP930963)
Leclercia tamurae (OM987255)
Enterolbgcter huaxiensis (MK049964)

® cl-
-Pseudomonas mosselii (AF072688)

60

59 ® 2-4
Pseudomonas pharyngis (BQID01000053)

Pseudomonas soli 81/-1 930598)
Bacillus paranthracis (MACE01000012)
100 Bacillus nitratireducens(KJ812430)

Bacillus cereus (AE016877)

-Bacillus albus(MAOE01000087)

68 -Bacillus luti(MACI01000041)
68 Bacillus sanguinis (MW 674727)
81—Bacillus basilensis(GCA 921008455)

-Acinetobacter halotolerans(KT032155)

® 2.2
98 ) Pseudomonas oleovorans subs;). lubricantis(DQ842018)
100 -Pseudomonas rhizoryzae (MK'759856)
Pseudomonas oryzihabitans(BBIT01000012)

Pseudomonas psychrotolerans(FMWB01000061)
Pseudomonas tianjinensis(MF083697)
-Azotobacter chroococcum subsp. chroococcum(AB175653)

97 ® 2-6
Pseudomonas daroniae (MK 159357)

B2 BT I16S rRNA BEENABEEKRARZLER
Fig.2 Phylogenetic tree of phosphate-solubilizing bacterial strains based on the 16S rRNA gene
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Table 1 Salt tolerance and alkali tolerance of the phospate-solubilizing bacterial strains

) NaCl & (%) pH &
Bk
1 3 5 7 9 12 8 9 10 11 12
f1-8 ++ ++ + + + + ++ +++ ++ - -
c3-1 +++ +++ ++ ++ + + ++ +++ ++ - -
b1-8 ++ ++ + + - - ++ ++ ++ - -
c3-9 +++ +++ ++ ++ + - ++ ++ ++ - -

++t: 0Dy = 1.0, R IEAE ; ++:0.5 < 0Dgoo < 1.0, AR K BAF 5 +:0< 0D <0.5, FIRRA R ZBNH] s - R EA A K

F2 ABEEANERREEEROBM

Table 2 Effects of phosphate-solubilizing bacterial strains on the growth of maize test-tube seedlings
AbEE 25 (mm) R (em) ML EEREEE (o) ML EWTE(g) MREFHE(g) WTHE(g) MEREH(em®)  REHSH
XHE 3.08+0.08c 43.47+3.04b 2.71£0.10¢ 0.34+0.03¢ 3.09+0.25d 0.33+0.06b  255.27+16.99b 1 595.00+236.02b
f1-8 4.58+0.07ab  59.90+1.02a 6.36+0.27a 0.90+0.05a 4.36+0.19¢ 0.51+0.03a  392.74+19.33a 3 254.33+306.14a
¢3-1 4.64+0.36ab  55.70+2.60a 5.21+0.26b 0.69+0.04b 4.98+0.27bc 0.54+0.03a  359.24+6.77a 2 597.33+31.26a
b1-8  4.47+0.18b 54.37+2.73a 5.87+0.52ab 0.83+0.06a 5.33+0.35ab  0.53+0.06a  375.89+5.27a 2 919.33+£140.17a

€3-9  5.25:£033a  57.03:0.19a  5.49£0.30ab  0.62£0.05b  5.94+0.34a  0.57x0.03a  379.72+23.14a 3 136.00+273.8%a
FPRAR RS . RIFVEORIE ARG PR A LRI 22 5% B 2 (P<0.05) .

a A LB Ei R (IR b c.d. e 4 BN ARE £1-8 TE#E 3-1, Ak b1-8 Fkk c3-9 HFh b B TR T
B3 REEEETERRESENEEER

Fig.3 Growth-promoting effects of phosphate-solubilizing bacterial strains on maize test-tube seedlings

2.5 BABEERkAESETEISEERERKNOTMW ¢3-9 FRRXT FKAR T H 52 2 3 (P<0.05) ,f1-8 B
YVl P PR PRI TR Bl - I R P, &5 PR e3-1 BT TR SRR A 52 w56t 27K (P<

(£ 3 K 4) B/R,f1-8 WM BB IR BT 0.05) ,f1-8 FEAK . b1-8 B #k . ¢3-9 F kX E K B K

T E KRR = M LA (P<0.05) , B MR xSk RS A KT (P<0.05) o Z5 b, BORIEFN ) 5

25. 87%H136. 2%, MRAMFISHTEEREH, SXE [KEE 3-9 Bk B EEE (1-8 BRI 4350 R

HALE AR ERMR GRS 25 (P>0.05), B4, A #E—LIRR BRI

F3 EMEEMT AR EROEEERER

Table 3 Growth-promoting effects of phosphate-solubilizing bacterial strains on potted maize

Ak PR (em) o - FREEH () MU (g) BT (g) BHUAR (em®) AR (em)
X g 46.20+0.76h 2.610.06b 1.5120.17ab 0.08+0.006bc 4.65+0.27c 16.15+0.28b
f1-8 58.15+4.65a 3.55x0.31a 1.5520.07ab 0.10+0.007ab 9.79:0.24a 30.92+2.25a
c3-1 52.40+3.13ab 2.95:0.25ab 1.63+0.28ab 0.10+0.012ab 6.800.43b 23.05+1.48ab
b1-8 50.67+2.77abh 2.89:0.34ab 1.23+0.17h 0.06+0.007h 4.57x0.12¢ 24.50+3.12a
39 53.50x1.32ab 3.2920.10ab 1.90+0.04a 0.11+0.006a 5.02+0.08¢ 28.03+3.93a

F PR A RS RSB E A [R)/NE FRER R A BRI 25 57 {25 (P<0. 05) .
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a B b WA B0 LB #5353 (R HR) (3-1 TRFE \b1-8 BA% (3-9 TRk [1-8 B A2 A AL AN F KT .
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Fig.4 Effects of phosphate-solubilizing bacterial strains on the growth of potted maize
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Table 4 Effects of inoculation with phosphate-solubilizing bacterial

strains on soil available phosphorus content

b7 A (me/ k)
X 10.48+0.09d
f1-8 15.55+0.01h
c3-1 15.35+0.14h
b1-8 12.16+0.03¢
39 17.48+0.05a

RTE N B bR iEE . B JR AR/ NG FRER 7R b B ) 22 57
W3 (P<0.05)
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Table 5 Principal component loadings of maize growth indicators

and soil available phosphorus content after inoculation

with different phosphate-solubilizing bacterial strains

EiFL7N 81 F %2 gy
Phis 0.935 -0.351
My | AR bt T 0.953 -0.233
AR it T 0.609 0.787
T 0.804 0.543
SRR 0.723 -0.448
SR 0.887 -0.334
TS 0.917 0.278
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Table 6 Eigenvalues, contribution rates and cumulative contribu-

tion rates of principal components

Si it 51 2R 552 FASY
FROEAE 4.949 1.480
IR (%) 70.699 21.149
ZI TR (%) 70.699 91.848

RT EWNARABMAEKEERERKRIBERELBEENEAT
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Table 7 Comprehensive evaluation results of maize growth and soil

available phosphorus content after inoculation with differ-

ent phosphate-solubilizing bacterial strains

bS] F1 2 F Eil350
Xif iR -2.700 0.610 -1.940 5
f1-8 2.490 -1.270 1.630 2
¢3-1 0.300 0.500 0.350 3
b1-8 -1.790 -1.290 -1.670 4
¢3-9 1.700 1.440 1.640 1
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