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pH
1.5
Excel 2000
SAS 6.12 Duncan’s
1.6
8 PSBHS DNA

D 5 ~CCGAATTCGTCGACAACAGAGTTTGAT
CMTGGCTYAG-3 © 1P 5 “CCCGGGATCCAAGCTTACG

GHTACCTTGTTACGACTT-3" M=A CY=C
TH=A T C 16S rDNA
1460 bp Blast
PSBHS
2
2.1
NA NAC YEM 3 28
363 5
60 4
46
47 14
210
2.2
363 Ca-P
32C 5d 126
1-A 3 135
1-B DR350
DR363
Ca-P 126  PSB
32°C 200 r/min 6 d 45 >
200.0 mg/L 18.2 mg/L
PSB
45 PSB 4
— Ca-P
6d 31 PSB
4°C 14
PSB 200.0 mg/L 1 DR379
626.3 mg/L
14 PSBHS o6d Ca-P pH
3.82~4.34 pH 6.83 pH
X Y r=-0.8155

Ca-P
Fig.1 Phosphate-solubilizing capability tests for bacterial representative

strains were conducted on solid medium with tricalcium phosphate as the

sole P source.

zones surrounding  the

colonies

indicated

corresponding strains with phosphate-solubilizing activities.

1
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Table 1 ~ Amounts of phosphorus dissolved from Ca; PO, , by PSBHS
after liquid cultivation for 6 days and the resulting pH values of media®

Strain number

Amount of dissolved

pH value of

(—)ioitlll))islri’z};i:bacteﬁa phosphorus/ mg/L culture medium
DR379 626.3+8.4 a 3.82+0.08 f
DR244 532.8+44.0 b 4.03+£0.06 e
BR098 428.2+32.6 ¢ 4.05+0.02¢ B
R115 374.1+19.0 ¢ 4.01£0.03 e
BRI121 357.2+73.1 cd 4.16+0.02 cd
AR045 356.1+43.3 de 4.03+0.06e
DR172 342.1£18.5 de 4.02£0.04 e
BR119 314.0+56.9 de 4.10£0.02 de
DR304 307.0+32.7 de 4.02+0.05 e
AR066 292.1+18.6 ef 4.25+0.07 abe
CRI150 291.1+11.1 fg 4.22+0.04 be
BRI126 288.2+103.2 de 4.34+£0.05 a
DR206 238.8+21.7 fg 4.26+0.04 ab
CR142 201.0+21.8 g 4.29+0.02 ab
Noninoculated 18.243.4" 6.83+0.04

medium

* Data are showed as mean + Std. and the letters appended show the
multiple comparison results for different means. Means with the same letter
are not significantly different  Alpha = 0.05 .  Amount of dissolved
phosphorus by non-inoculated medium.
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P <0.01 Yy X Y=

1355.0-247.7X

2.3 FePO,

14 PSBHS Fe-P

32°C 200 r/min 6 d Fe-P

>19.0 mg/L 4
BR098 BR115 BR119  DR379 DR379
34.2 mg/L
16.2 mg/LL. 2
2 6d FePO,

pH *

Table 2 Amounts of phosphorus dissolved from FePO, by PSBHS after

liquid cultivation for 6 days and the resulting pH values of media®

Strain number of

e Amount of dissolved pH value of
phosphate-solubilizing .
. phosphorus/ mg/L medium
bacteria
DR379 342+5.4a 2.87+0.06 i
BR098 32.1+1.3 ab 3.05+0.09 gh
BRI119 29.1+1.0b 3.02+0.08 h
BR115 19.6+3.9¢ 2.81+0.08 i
BRI121 6.6x1.1d 3.13+£0.08 gh
DR244 6.2+1.0d 3.15£0.05 ¢
DR172 4.6+0.8 de 3.55+0.05 f
CR150 3.0£0.7 ef 4.83+0.12 ¢
DR304 2.6+0.7 ef 4.44+0.04 d
AR066 2.6+0.3 ef 4.00+£0.06 e
CR142 1.9+0.9f 3.94+0.05 e
BR126 1.7+0.6 f 5.67£0.04 a
AR045 1.6+0.5f 5.64+0.04 a
DR206 1.6+0.7 f 5.50+0.09 b
Non-inoculated 20.2+3.1" 5.82+0.04
medium
* and” . see Table 1 for annotatons.
14 PSBHS 6d Fe-P pH
2.81~5.67 pH  5.82 pH
X Y r=-0.6836
P <0.01 Yy X
Y =42.1640 - 7.9658 X 4
19.0 ~34.2 mg/L pH 2.81 ~
3.05
2.4
165 rDNA 1540 bp
16S rDNA
50
16S rDNA

16S rDNA = 1450
bp 4 16S
rDNA =1450 bp <
4

16S rDNA
1460 bp
Blast
3
= 1450 bp
4
3 4 14 6
Acinetobacter 3 Pseudomonas 3
Serratia 2 Enterobacter 9 10
Pseudomonas Serratia  Enterobacter
1
Acinetobacter
Acinetobacter
3
200
3
60% ~ 80%
80%
10
1077
1.3x107%
1077 mol/L. 107" mol/L
1L
S5¢ S5¢ 6d
pH 6.86 3.54 13.8 mg/L
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6.4 mg/LL 2 mol/L, 5.46 5.96 70.6 mg/L. 14.2 mg/L
2.7 mL 2 mol/L pH
2.0 mL 6 d
3 16S rDNA Blastn
Table 3 Blastn search results for the 16S rDNAs of different phosphate-solubilizing bacteria®

Information on submitted sequences

Sequences producing significant alignments

Information on alignments

Strain Sequence Accession Microorganism Sequence Ahgn-ment Accession . L.
length/ . length/  domain/ Score Indentities Gaps
No. No. species No.
bp bp bp
DR379 1465 b EU603505 | Serratia 1464 1-1464 dbjl AB244453.11 2864 146171465 1/1465
marcescens 99 % 0%
Serratia 1464 1-1464 dbjlAB244433.1] 2864 |AOV/1465 171465
marcescens 99 % 0%
AR4S 1460  bIEUGO3S06]  Acinctobacter sp. 1465  13-1465 bIAY273199.11  2sg0 Y143 O/1453
100% 0%
Acinetobacter 1557 47-1506 b EF432578.11 ag07 144971460 071460
calcoaceticus 99 % 0%
BRO9S 1464  gb| EUG03508| Pseudomonas 1506 24-1487 b1 DO439976. 1 2886 |A6/1464 071464
Sluorescins 99% 0%
Pseudomonas 1462/1464  0/1464
' . il AB091837.2
oresens 1506  24-1487 dbj| AB091837.21 2886 9% 0%
BRIIS 1464  gblEU603509 | Serratia 1533 20-1483 b | EF208030. 1 | 286 46271464 071464
marcescens 9% 0%
Serratia 1533 20-1483 b EF194094.11 2886 14021464 071464
marcescens 99 % 0%
BRII9 1464  gblEU603510 Pseudomonas 1506 24-1487 b1 DO439976.1 o804 14631464 071464
Sluorescins 99% 0%
Pseudomonas 1463/1464 0/1464
_ . dbjl AB091837.21
oresens 1506 24-1487 il AB09 2894 9% 0%
BRI2I 1464  ¢bl EUG03511 1 Serratia 1534 21-1484 b | EU233275.11 o894 146371464 071464
marcescens 99 % 0%
. 1462/1465  1/1465
Serratia sp. 1484 11-1475 emb | AJ846269.11 2872 99% 0%
CRI42 1459  ghlEUs03s13|  /\cinetobacter 1480 1-1459 bIAY738399.2]  oggp 4149 O/1459
baumannii 100% 0%
1457/1459  0/1459
I = . - .
Acinetobacter sp 1501 21-1479 gb | EF494199.11 2876 9% 0%
DRI72 1464  ¢bl EUS03515] Enterobacter sp. 1537 24-1487 dbj| AB114268.11 2894 146271464 071464
9% 0%
Enterobacter . 1461/1464 1/1464
- .
o 1463 1-1463 dbjl AB244457.11 2870 990, 0%
DR244 1464  ¢bl EUS03517] Pseudomonas 1506 24-1487 b1 DO439976.1 2886 146271464 071464
Sfluorescens 99 % 0%
Pseudomonas 1462/1464 0/1464
. 1hj | AB091837.21
oresoens 1506 24-1487 dbj 2886 990 0%
DR304 1464  gb|EU603518] Enterobacter 1539 39-1502 bl AY995561 .1 aopp 46471464 071464
hormaechei 100% 0%
Enterobacter 1460/1464 0/1464
P 1514 1-1464 emb|AJ853890.11 2874 990, 0%
* This table does not show the Blastn results for the 16S rDNA of AR066 gh|EU6035071  BR126 gh| EU6035121  CR150 gblEU6035141 and DR206 gb

I EU603516 |

because the 16S rDNA of AR0O66 BRI126 and DR206 share 100% identity to that of AR0O45 and CR150 showingl00% identity to CR142.
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Table 4  Possible Genus of the phosphate-solubilizing bacteria and the plant

species for the corresponding rhizosphere sampling

Possible Genus of

Species of plant growing

17-22

Strain No. phosphate-solublllzlng on sampling sizes
bacteria
ARO45 Acinobacter sp. Hevea brasiliensis
AR066 Acinobacter sp. Musa sp. @
BR098 Pseudomonas sp. Eucalyptus sp.
BR115 Serratia sp. Eucalyptus sp.
BRI119 Pseudomonas sp. FEucalyptus sp.
BRI121 Serratia sp. Eucalyptus sp.
BR126 Acinobacter sp. Phyllostachys sp.
CR142 Acinobacter sp. Festucal sp. @
CR150 Acinobacter sp. Festucal sp.
DR172 Enterobacter sp. Hibiscus tiliscus
DR206 Acinobacter sp. Hibiscus tiliscus
DR244 Pseudomonas sp. Acanthus ilicifolius
DR304 Enterobacter sp. B. s . vae . rhynchopetala
DR379 Serratia sp. Rhizophora apiculata @
pH
pH
@ 39 km’ 20 ko’
23
. 14
DR379 BR098 BRI19 BRI15 4
Ca-P  Fe-P
Ca-P Fe-P
Fe-P Ca-P
Fe-P 3
pH 7.0 Ca-P
System Sciences and Comprehensive Studies in Agriculture
pH 4.0 Ca-P ) s &
2003 19 4 260 -263.
200.0 mg/L 5
Fe-P 34.0 mg/LL . ' .
& . Chinese Journal of Tropical
pH Crops 2005 26 3 109 114.
13
3

Thomas * Asea ° Varsha ' 1998 182.

@ 1994 342 — 345.
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Screening and molecular identification of phosphate-solubilizing bacteria in
rhizosphere soils in Hainan ecosystem

Yuekun Wang Fei Yu Chaorong Tang”
Rubber Research Institute Chinese Academy of Tropical Agricultural Science Danzhou Hainan 571737 China

Abstract Objective To know the activities of dissolving Ca; PO, , and FePO, of phosphate-solubilizing bacteria PSB
isolated from acidic soil in Hainan province in China and to screen PSB with high and stable activity PSBHS . Methods Soil
samples of 21 plant species were isolated with nutrient agar crystal violet-nutrient agar and yeast extract-mantol agar with
dilution-plate method. Bacterial representative of the predominant morphologically distinct colonies present on plates were
selected randomly and purified on minimal nutrient agar. First screening was done on solid medium with tricalcium phosphate
Ca-P as the sole P source and after 5 days of cultivation the colonies with phosphate-solubilizing zones were selected for further
screening. Secondary screening was conducted by cultivating the selected colonies in Ca-P liquid medium for 6 days at 32°C with

shaking of 200 r/min and PSB capable of solubilizing phosphorus up to more than 200 mg/L were selected. The third screening—
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6-day shaking cultivation in Ca-P liquid media—was conducted after 4 successive cycles of transfer-culture plus 15 d-storage at
4°C . PSB capable of solubilizing phosphorus up to more than 200 mg/L. was selected and termed as PSByg. Then PSBHS were
cultivated in FePO, liquid media for 6 days and the activity of dissolved phosphorus was determined. The 16S rDNA gene
sequencing and blast search against the public database were used to identified PSBHS. Results In total 363 bacterial
representatives were isolated from soil samples and the following three screenings reduced the number of representatives to 126
45 and 14 respectively. The amounts of dissolved phosphorus by 14 PSBHS after 6 days of cultivation in Ca-P liquid media were
up to 201.0 mg/L ~ 623.3 mg/L. the pH values of media decreased to 3.82 ~ 4.34 from initial 7.0 and the final pH values were
found to be significantly negatively correlated to the amounts of dissolved phosphorus. After 6-day of cultivation in FePO, liquid
media only a small amount of phosphorus 1.6 mg/L ~34.2 mg/L. were solubilized by PSBHS and the final pH values of media
decreased to 2.87 ~ 5.67—also significantly negatively correlated to the amounts of dissolved phosphorus. The 16S rDNA gene
sequencing analysis identified 6 PSBHS to be Acinetobacter 3 to be Pseudomonas 3 to be Serratia 2 to be Enterobacter .

Keywords phosphate-solubilizing bacterial strains PSB  screening molecular identification rhizosphere soils
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