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Abstract: [ Objective] The low available phos-

phorus content in soil is one of the limiting fac-

the high efficiency phosphate solubilizing bacte-
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rial strains can speed up the restoration of rocky desertification ecological environment. [Meth-
ods)In this study,the phosphate solubilizing bacterial strains of the common plant rhizosphere
soil in the rocky desertification area were investigated and screened,the phosphate solubilizing
ability of phosphate solubilizing bacteria was detected,and the excellent strains were inoculated
to the Acrocarpus fraxinifolius seedlings, and the effect of phosphate solubilizing bacterial
strains on plant growth was detected. [Results] The results showed that phosphate solubilizing
microorganisms were abundant in the rocky desertification area,and 20 strains of organophos-
phorus and 24 inorganic phosphate solubilizing bacterial strains were screened out, which be-
longed to 11 groups,respectively. Among them, Pseudomonas was the dominant group in the
rhizosphere soil of rocky desertification plants. The phosphate solubilizing ability of organo-
phosphorus bacteria was 35.4~79. 2 g/mL and the phosphate solubilizing ability of inorganic
phosphorus bacteria was 112~253. 2 g/mL. The inoculation of phosphate solubilizing bacteria
significantly promoted the growth and nutrient absorption of the A. fraxinifolius seedlings.
Compared to the control seedlings,the aboveground biomass increased by 14. 5% ~30. 5% ,and
the root biomass increased by 27. 6% ~45.7%. The nitrogen and phosphorus contents of the
plants treated with IP-HLG1 and IP-CTM11 were significantly higher than those of the control
treatments,which were 9. 3%,19. 7%, 24. 6% ,and 20. 3% higher than those of the control
treatment,respectively. Compared to the control treatments,the soil effective phosphorus con-
tent in IP-HLG1 and IP-CTM11 treatments increased most significantly. [Conclusion]Prelimi-
nary studies showed that Pseudomonas was the dominant group of phosphate solubilizing bacte-
ria in rocky desertification soil. The screened phosphate solubilizing bacterial strains IP-HLG1
and IP-CTMI11 played a significant role in promoting the growth of A. fraxinifolius seedlings.
These two strains had strong ability to activate available phosphorus in soil and could be used
as potential functional strains for developing microbial fertilizers.

Key words: karst, phosphate solubilizing bacterial strains, plant rhizosphere bacteria, vegetation

restoration

0 35

[(FARE IR E R AT HITR, L h ok
JLR BB HAE WA R AR KR . PE e, 3R
[l 74 %0 B Bk 0 S Sl L B8 v 95 D0 B B DA X VA S
B s A RERA D WSRO A R P A B IIE R
bR Ca®t JFet T AL ZR A5G OME
B 2L . 24 4F B FH AL 1096~ 2500 il AR
VEH X 0 T0 3R 5 5K L ARl A= 7 i e v o i I e 2
SRR IRIG AR . PRI A o] A3 A0OR) I 358 v
W] 7 114 JC A% A Wi 5 I 482 vy W A ) ok T 200 0 i A A
ol A= 7 A I B P R R B4 A S A S DR AP A A R
B RA HE R P A A DX B,
Hh T R BT W) T B A T B PR
FE P A A A BRI DR A7 A S v A Rl ) ik = 5
M 25 3t A A R S AN Ak A 7 o DL F S 4 v £ AL
e U R A A X AR BB B B U
(BT A B 53 2 BR MR 4 AR Pn A7 7 — R R BR 19 R A= 9 J
FEAE 20184 10 A % 25 K% 5 M

i

AR 802 5 AR S5 SO BE R 33 rhoE s v
W2 Al Sy B B B A WSO P i) R P Wl X 2R AR IR 1Y
TR REFR DV BT . I 0 B T A 0 I 3 Sl T
2 — IR BB g bR e DLW A T Y T ML R
e A g T LR W WSR2 8 A AR T R A i
TCALBE TR s ) — 2 RE A DL AL & W 9 I A W) FR
HIRANBEE . RO Y A T A Y
RER b, i THEY R 8 ok &9 2 5 R
Ye bk RAFYT, AR BRI W) B AR T R Y AR
5, R AR B DXl 19 A 0 i o 23 D R AR 3
T v T AR AR B DX, PR LG A 0 AR s 1 S8 7 i
20 DA R AR SRS . H O R A R iR R TR A
FLE AL o R 2, 29 20 D&, 4R,
WEFEN G AEA [] 3 DX AE ) R B 4 328 v 0 328t 22 b g
R W T AR A0 AR o N AR B AL W ( Eucaly ptus
robusta )R Br + 3 i B T 26 AR Al B R 282N
SELS T B M ( Ziziphus jujuba DR PRTEIE T 4
PR B R b e AR GBS T R 2R B Camellia
591



sinensis )M LG Uk H A 40 B 36 Bk iR AR
M RTFEE A ( Dalbergia odorifera )R Pn 13
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FRBR - S0 SRR 1) 7 2R B R A Ak
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glauca ) EF W AT T ( Zenia insignis ) ¥ M
(Acer cinnamomifolium ). 7 k B (Malania
oleifera ) TR AR 55 &K ( Delavaya toxocarpa ) .
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foridulus YRPr 3, RE 10~20 cm IR HIEFHE
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Ca; (PO,), 5. 0 g. MgClL 6H, O 5. 0 g.
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g.NaCl 0. 2 g,MnSO, 0. 03 g.FeSO, »« 7TH,O 0. 03
g, NZEMW/KZE 1000 mL,pH (K 7. 0. HI1ETCHLBE
[P R 5 R B B, I AT IE B 18 g

A PLBE W D A By % . A A B 10, 0 g,
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FeSO, « 7H,O 0. 03 g, MnSO, «+ 4H,O 0. 03 g,
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7.2, AR U [ AR R IE I AR B 18 g
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1.2 A&
L2.1 Makmiayiny ks ik

PRI 10 g TSR & AR 90 mL TR K Y
=M ,28°C 170 r/min $E¥ 10 min, 5 2] Fr -

592

BRI W SR PR B A R L AR MR S 107 (10 7
109,10 °F 10 °g/mL M+ HERW . IR AR %
$ 10 1.10 CH 10 S g/mL Y - 9 B 0 A A 7E
i i AR R 3 L AR R 3 YKL 28°C BB 8
7 3 d. Bk A 0B B B Y B T IR AT Sl Ak O DR A . H Al
AR B H7) T TR R 2 A ) AR RS SRR B L 28°C R SR 7 d
J5 5 43 B SE A v VBl AR (D) MBI HLAR (D It
B ER MR E RN ILE D/ D .,
1.2.2 H#® 16SDNA AR I A>T LT

PLAH B 1 A DNA B, 16S rDNA 3 ] 5]
Y 27F/1492R # 47 PCR ¥ H¢, iF m 5l 9. 5' -
AGAGTTTGATCCTGGCTCAG-3", I [0 5 #: 5" -
GGTTACCTTGTTACGACTT-3', PCR Wik % :
DNA ##z 1 pL, 514 (10 pmol/1) 4 1 pul,2 X ES
Taq MasterMix 12. 5 plL, fil # 4l /K % 2= 25 pl,
PCR JZ B 414 : 94°C 28 % 2 min, 94°C 28 30 5,55°C
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ai b5 i) PCR =9 R AE T AR W) TR (L) B0y A5 PR
ZyEVHEAT I OF . W E T 5 A GenBank Hh A
Blast % {F 5 841 16S rDNA K& 21 3547 7] I 74
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THEAWRE RN 5. 2%, A E RN 1.8 g/ke,
f# AN 72 mg/kg, WA 0. 60 g/kg, BB N 4.9
mg/kg, =N 6.2 g/kg. HAH N 47. 8 mg/kg.
PE AR TR A, B 7 3 96 Wk SR #3321 3
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Table 1
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LD A A4 BE A B DA I R O T R IR TS AL
T 200 TR Tl T T A A DL A TR . 24 AR A LB
AT DL BRI PN T 100 pg/mL; Hodr, g w5
PERTF 50 pg/mL WA 11 Bk 20 B TCHLBE 40 4 #
B PEE L 100 pg/mL, HoH, >200 pg/mL #YA
5 Bk IP-HLG1.IP-HLG23.IP-CTM11.IP-STG12,
IP-JXHT15.3% 5 #F fift B 40 5 4 51 2 R 4 [ ok e 3t
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Phosphorus solubilizing activity of phosphate solubilizing bacteria in rhizosphere soil of rocky desertification area

s \ 5 et of Phosghte

Slrlf]ii*rf}fr;jber (?:n;fs ((;:;i?(f:}f d(_lolony phosphate D/d solubilizing pH
number lameter dlssolvmg activity

(mm) ring(mm) (pg/mL)
OP-HLG2 Pseudomonas sp. KC756421 6.0 18.0 3.0 48.5 4.77
OP-HLG3 Pseudomonas sp. KY440054 4.5 15.8 3.5 55.6 4. 60
OP-HLG4 Bacillus sp. MF062964 4.9 9.5 1.9 45.3 4.61
OP-HLG5 Pseudomonas sp. MH236683 5.5 14. 8 2.7 62.3 4.78
OP-HLG6 Pseudomonas sp. MG819237 3.4 12.0 3.9 45.0 5.46
OP-HLGS Pseudomonas sp. KY324839 4.5 11.8 2.6 39.6 6.02
OP-HLGY Burkholderia sp. MG062739 5.0 16. 6 3.3 60. 2 4.71
OP-HLG10 Staphylococcus sp. KY622234 9.7 13.6 1.4 48.6 4.10
OP-JXHT2 Pseudomonas sp. FJ605430 3.3 9.8 3.0 35.4 5. 80
OP-JXHT3 Pseudomonas sp. KF011704 5.6 14.8 2.6 48.8 4.62
OP-HLG21 Enterobacter sp. CP028950 4.9 8.5 1.7 19. 6 4. 67
OP-HLG23 Enterobacter sp. MGT754444 1.9 7.1 3.7 63.2 4.72
OP-HLG24 Enterobacter sp. JF494822 2.9 8.4 2.9 55.2 4. 67
OP-HLG26 Bacillus sp. KU983803 7.2 9.2 1.3 39.3 6.52
OP-HLG27 Pseudomonas sp. MG859608 8.8 19.0 2.1 42.5 4.56
OP-QGL2 Pseudomonas sp. JN615766 4.7 12.1 2.6 49. 8 5.09
OP-RD1 Pseudomonas sp. LK391528 6.0 12.7 2.1 79.2 4. 87
OP-RD2 Bacillus sp. MF681975 4.8 7.3 1.5 62.6 4,48
OP-RD3 Arthrobacter sp. MF077117 7.0 10. 3 1.5 45.2 5.91
OP-ZYQ2 Acinetobacter sp. MH211299 4.6 7.1 1.5 66. 3 4. 64
OP-ZYQ3 Paenibacillus sp. JQ357213 7.0 12.0 1.7 51.3 5. 20
OP-ZYQ4 Enterobacter sp. JX485634 10.0 23.1 2.3 70.5 4.72
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Continue table 1

s ) ks B ter of Phorghte

Slrlf]ii*rfr;jber (fzfis (r;:cl?ss}:?grlf d(_lolony phosphate D/d solubilizing pH
number lameter dlssolvmg activity

(mm) ring(mm) (pg/mL)
OP-HLG28 Bacillus sp. MF540532 15.0 20.0 1.3 47.5 4. 68
OP-CTM11 Streptom yces sp. KF999723 6.0 12.0 2.0 52.5 4. 96
IP-HLG1 Pseudomonas sp. HG794312 6.7 20. 6 3.1 224.9 4. 84
IP-CTM10 Burkholderia sp. LC070196 11.0 21.0 1.9 117.1 6. 60
IP-CTM11 Pseudomonas sp. KX258470 10.0 28.2 2.8 253.2 4,40
1P-STG12 Streptomyces sp. MF197388 7.9 24.7 3.1 233.4 4. 36
IP-JXHT14 Sphingomonas sp. DQ139343 8.0 14.0 1.8 149. 4 5.90
IP-JXHT15 Streptom yces sp. KC245102 5.0 12.0 2.4 214.7 4. 86
IP-STG16 Streptom yces sp. KP986569 12.0 15.0 1.3 197.1 5.62
1IP-QGL20 Streptom yces sp. KU901722 7.0 13.0 1.9 151.7 5.92
IP-HLG23 Pantoea sp. KY127412 6.0 16.0 2.7 212.7 5.13
IP-CTM1 Pseudomonas sp. KX348463 8.0 12.3 1.5 178.2 5.65
IP-GZC1 Pseudomonas sp. KU647216 6.0 7.0 1.2 125.6 5.88
1P-GZC2 Pseudomonas sp. KM253123 7.0 8.7 1.2 143.5 5. 60
IP-JXHT?2 Pseudomonas sp. EU680973 6.0 11.0 1.8 128.3 6. 50
IP-KJT1 Enterobacter sp. LC186020 2.3 7.3 3.2 112.0 5.90
IP-QLG4 Pseudomonas sp. KJ184894 3.7 4.7 1.3 131.4 6. 47
IP-QLG6 Pseudomonas sp. KY819006 5.7 13.0 2.3 187.5 5.53
IP-QLG7 Pseudomonas sp. KJ806463 8.0 14.3 1.8 156. 3 5.87
1P-WJM1 Pseudomonas sp. HQ220023 5.0 6.0 1.2 177.2 5.41
IP-WJM3 Pseudomonas sp. KY817593 9.0 11.7 1.3 150. 4 5.50
IP-WJM10 Pseudomonas sp. KT758848 8.7 10.0 1.2 120.5 5.66
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P HH X BE AR BRI 14, 5% ~56. 2% . AR b
A SRR A Y A, R AL Y R T
HEAL L, My | A 9 i G BRI 14, 590 ~30. 5%, 48
RAY R LRI 27. 6% ~45. 7%, 4 IP-
HLG1 fil IP-CTM11 2B AR R AL B & i B &
TR R Ak B, 4300 L BE AR B 9. 396,19, 7% M
24.6%.20. 3%, [FAIEF,#Fp IP-HLG1 A1 IP-CTM11
*2 BBEANARAEKNFESRKLER

Ab B AR R 4 R L A A i R T A 3 b
AEF L 550k RE AL B AH L, 4 A b 35 A PR 4 40 i C
FHEIN . R B A R AL PR - R RO
T, 5 5% FR A BERE L, 2 o Ak B A MR A KO 1 3G
34.5%~69. 1% (& 3), Hf,IP-CTMI11 Al IP-
HLG1 &b 3 4 A7 3508 & i 5 i, /3 ik 3 9. 3 mg/
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Table 2 Effects of phosphate solubilizing bacteria on growth and nutrient uptake of Acrocarpus fraxinifolius seedlings

35 BiRES

I e AL T Py
b7 Plant Stem - 1 N MR TH A W A Gl
) . Leaf Shoot Root N content P content K content
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IP-HLG1 40. 5a 4. 8a 41.01a 7.11a 1.53a 41. 46a 2.33a 11.21a
IP-CTM11 41. 8a 5. 2a 43.52a 6.82a 1. 49a 45. 40a 2.25a 10. 87a
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IP-HLG23 36.9b 4. 3b 31.89b 6.37b 1. 34b 39. 39b 1. 84b 10. 93a
Control 35.8b 4.5b 27. 86¢ 5.45¢ 1. 05¢ 37.92b 1. 87b 10. 48a

TE < [ SR 5 B ) /NG 52 B 7R 22 5 3 (P <20, 05)

Note: The same column data followed by different lowercase letters indicate significant difference (P <Z0. 05)
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