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Isolation and identification of phosphate-solubilizing bacteria from halophytic rhizosphere
in Qaidam Basin and their growth-promoting ability under salt stress

GUO Siyu, LI Qinghui, REN Qingcuo, SHEN Cairui, YE Guisheng, MA Yuhua
(College of Agriculture and Animal Science, Qinghai University, Xining, Qinghai 810016, China)

Abstract: [ Objective ] Microorganisms with salt-tolerant and growth-promoting capacity were isolated from the rhizospheric soils of
halophytic plants grown in the saline-alkali land of Qaidam Basin, and assessed on growth-promoting characteristics, to provide effi-
cient phosphate-solubilizing and growth-promoting bacteria accommodating to saline-alkali environments. [ Method ] Salt-tolerant bac-
teria were screened with LB solid medium containing 100 g + L™' NaCl, purified by streak plate method, and then identified via mor-
phological observation, physiological and biochemical tests and 16S rDNA sequence alignment. The phosphate-solubilizing ability of
these strains were assessed, and their effect on seed germination and plant growth under salt stress were verified with Brassica napus

seeds inoculated with the bacterial reagents. [ Result]Six phosphate-solubilizing strains with excellent salt tolerance and growth-pro-
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moting ability were screened, including 1 Vreelandella zhaodongensis strain (P1), 1 Zhihengliuella halotolerans strain (P2), 2
Staphylococcus epidermidis strains (P3 and P5) , and 2 Staphylococcus saprophyticus strains (P4 and P6). After 5 d cultivation with
the 6 strains, the zone diameters of dissolved organic phosphorus and inorganic phosphorus reached 6.70-14.81 mm and 5.95-11.96
mm, respectively, and the contents of solubilized organic phosphorus and inorganic phosphorus yielded at 2.81-3.61 g - mL™" and
4.05-12.04 pg - mL™" | respectively, among which strain P3 significantly outperformed the other strains. Germination promotion ex-
periment showed that the phosphate-solubilizing bacteria can enhance the germination rate of B.napus. After 5 d cultivation under
non-stress and salt stress conditions, strain P3 demonstrated the best promotive effect on B.napus germination, with germination
rates of 90.67% and 74.67%, respectively, up by 29.34% and 30.00% compared to the CK1 ( sterile water soaked for 20 h and
sprayed with sterile water) and CK2 (sterile water containing 100 g - L' NaCl after 20 h soaked in sterile water). At the same
time, these phosphate-solubilizing strains significantly enhanced the growth and development of B.napus plants, particularly notable
effects from P3 and P5. The plants treated with strain P3 had the greatest fresh weight at 28.48 g, a significant increase of 120.85%
compared to CK; strain P5 exhibited the most pronounced effect on plant height (104.21 mm) and root length (64.89 mm) , up by
42.42% and 80.67%. [ Conclusion]The 6 phosphate-solubilizing strains obtained from Qaidam Basin exhibited excellent salt toler-
ance and growth-promoting characteristics ; they enhanced the germination and growth of B.napus under salt stress conditions, indica-

ting high potential for the abatement of soil salinization in arid regions, particularly strains P3 and P5 with the most prominent effects.

Key words: Qaidam Basin; salinization; species identification; phosphate-solubilizing bacteria; growth-promoting ability
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Fig.1 Colony morphology of phosphate-solubilizing strains
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Fig.2 Gram staining of phosphate-solubilizing strains (100x)
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Table 1 Physiological and biochemical identification of 6 phosphate-solubilizing strains
AR S EZER TIdentification result
Physiological and biochemical test P1 P2 P3 P4 P5 P6
LA TR RUKfEEE L-arginine dihydrolase - - - -
HHRMA Lysine - - _ _
3% AL S 3% hydrogen peroxide - - - - - -
HWZEIFE Glucose - - - _ + n
L-FiT R BE 1-arabinose + - - - - -
VN Xylose - - - - - +
YENIKf# Starch hydrolysis - - - - - -
7% BAH 7% Sodium chloride + + + + + +
Fifb & Hydrogen sulfide - - - - - -
JRZ M Urease + _ i N + N
AN Phenylalanine - - - - - -
LR V-P Modified Voges-Proskauer - - + - + -
%4 OF Glucose OF K KB K K K KT
Fermentative Fermentative ~ Fermentative Fermentative Fermentative ~ Fermentative
D FORMAYE, < - FRRBIE,
"+" indicates positive, and " =" indicates negative.
P5(PQ285379)
Staphylococcus epidermidis strain FL27 (K'Y818945.1)
100 Staphylococcus epidermidis strain NLG15 (MZ749719.1)
Staphylococcus epidermidis strain Sh9 (OK393658.1)
P3(PQ285375)
100 |! Staphylococcus epidermidis strain BB0419 (PP087468.1)
P4(PQ285380)
Staphylococcus saprophyticus strain RCB148 (KT260360.1)
Staphylococcus saprophyticus strain ESK6 (MN173448.1)
97| 100 p6(PQ285388)
Staphylococcus saprophyticus strain T11 (MW228159.1)
Zhihengliuella halotolerans strain G4 (KX389574.1)

100

100 | P2(PQ285367)

86 Zhihengliuella halotolerans strain NG-15 (PP758181.1)

P1(PQ285360)
100 | Vreelandella zhaodongensis strain CKF201 (MK418354.1)

100 Vreelandella zhaodongensis strain F2 (MKO070081.1)

0.35 0.30 0.25 020 0.15 0.10 0.05 0.00

Bacillus pseudomycoides strain AFS043018 (NUKW01000010.1)
Bacillus cereus strain FSL R5-860 (ASPZ01000002.1)

B3 MEEERNRERER

Fig.3 Phylogenetic tree of phosphate-solubilizing strains
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6 PRI R AL IS4 1 25 4R T SRR 1 R A
(K 4), Wil 100 g - L' NaCl P2 A0 h3a J5 , il
NRGERIE TR, K98 3 d i, 5T RE4 CKI1 Y&
ZEFN 52.00% , fifk i B Ak B N 53.00% ~ 66.00%

B CKL 427 1.00% ~ 14.00% ; CK2 1) K& 2 R Ky
39.30% ,Ab B 2H g 42.00% ~ 61.33% , 8 CK2 #2755
2.70%~22.03%, ¥ 3% 5 d i, CK1 By Kk 2R N
65.33% Ab B K 70.67% ~ 90.67% , %% CK1 42 &
5.34% ~29.34% ; CK2 1 K 2R H 44.67% , b B4 Ny
47.33% ~74.61% , %% CK2 #5 2.66% ~30.00% .,
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Table 2 Qualitative determination of phosphate solubilization capacity of phosphate-solubilizing strains
VB B A2/ mm Diameter of turbid zone BB B A2/ mm Diameter of transparent zone
itk SHBRIRHETIE S 0 REBRHIAES d THUBHA IR 3 d THUBHRRSE AL S d
Strain Cultivation in egg yolk Cultivation in egg yolk Cultivation in inorganic phosphate Cultivation in inorganic phosphate
agar medium for 3 d agar medium for 5 d solid medium for 3 d solid medium for 5 d
Pl 8.23+0.52cd 8.67+0.48bc 7.00+1.10ab 8.02+0.76bc
P2 12.71£4.48¢c 14.71+3.94a 5.63+0.89b 5.95+1.29¢
P3 13.20+1.54¢ 14.81+3.47a 8.50+0.88a 9.71x1.06ab
P4 8.57+1.06cd 11.17+1.64ab 8.88+0.68a 11.12+0.56a
P5 9.30+0.81cd 10.83+1.42abc 9.06+1.45a 11.96+1.12a
P6 4.27+0.55d 6.70+0.27¢ 7.90+2.31ab 8.17+2.12bc

D [EFVEHR IR AR NG FEEFRIRAE 0.05 AP 25 B3

Different lowercase letters in the same column indicate significant differences at a significance level of 0.05.
*3 MBEBBREINEENESR"

Table 3 Quantitative determination of phosphate solubilization capacity of phosphate-solubilizing strains

i/ (wg - mL™") Content of phosphate solubilized

Tk Strain

HHUERTFEHE Organic phosphate medium

TeHLBEEE SR Inorganic phosphate medium

P1 3.61+0.86a 4.61+0.51d
P2 3.18+0.30ac 4.05+0.41d
P3 3.53+0.21a 12.04+0.13a
P4 3.51+0.25a 6.88+0.30c
P5 2.81+0.25b 7.09+0.53¢
P6 2.85+0.20b 7.90+0.58b
D [FFVEBARE AR NG SRR AE 0.05 KOF 25 B2
Different lowercase letters in the same column indicate significant differences at a significance level of 0.05.
A O CK1 &Pl P2 ® P3 B O CK2 P1 P2 ® P3
= P4 @P5 OP6 = P4 @P5s OP6
100 a 100
ab
2 k. b g 90 |
Eos0 t d S E g0 t a
= d ik < cd = b
4 a 24 S= & g 70 t 3
E ENHE R\ S E .
g 60 ;} :?3 s 60 c ¢ b
3 = S & 50 NGE
S — oo <
S oo = N £ =
* = ) o0 ¢ :
i = R
® 2 ® 20
5= 10 | 2
XA B0
] o
0 o= 0 o
3 5 3 5

BrgEmfa]/d Cultivation time

BrgEmfa]/d Cultivation time

NEVNG FhERR AR E] 22 5 B3 (P<0.05) ; A ASHNA ;B AR HNA
Different lowercase letters indicate significant differences among treatments ( P<0.05) ; A.Control; B.Salt stress.
E 4 fREEBERERNE TXHHRLF RN

Fig.4 Effect of phosphate-solubilizing strains on B.napus germination rate under salt stress

AR i AT AL SRR 2 T SRR AE CK 2544
THRZER IFEER A 4T (CK2) R A A
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IR REERMRAZAE T, P3 AL BE (e i U Y ok
F L HR ZER A F] 90.67% Nl 74.67% , 53 ) 45
CK1 1 CK2 $2£15 T 29.34%7F1 30.00% .,

26 REEREKESRDE ThRYEEKLERN
=A!

5 S, it FF i v B R e R T ISR Y
AR AT, Hbf o bR AR R K Rt
TEIR IR ZH o 2 e i, R S T, B R A B
(AR R 6.67% ~ 120.85% . Hort P3 bR
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Bk B B IR B 120.85%, P6 IR Z, 42
44.57% ., TERRISHIC DT I, PS Ak BIASCR i 2, R
B9 10421 mm (B CK K25 42.42% ) , LK 6489
mm (45 785 80.67%) ; T bk 4b BB B 1 bk 75 B 0
11.41% ~80.67% , A I N 1.81% ~42.42% , Hrf
P3 X b AR TC i e AR, e TREO TH
TRV Ab PR (A Ay 28.76% ~ 114.60% , Ho it P2 4%
SR (N 114.60% ) , P3 U2 (4471 100.43%)

e 5 5y T, 3G R SE B2 B oh 12.95% ~
41.26% 1 24.68% ~58.17% . P3 b PRSI g .38
K 6.98 mm (255 41.26%) , M98 9.93 mm (425
58.17%) ;P4 XfHRAZHEVE IR B 3, 25 b it 1 i
WA BA PRI 77 P S A T SR A R, Horp P3O
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Fig.5 Effect of different phosphate-solubilizing strains on the growth and development of B.napus
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