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HHEE: ANIF] L3S BB 40 3 R A0 V1 0 U U R v RS E R L (A A TR I O R S A ) T R R U M R
RARANF) 040 55 R AN LA SR T A AL S5 o 4 SR DU A A i — B0 R R R P A TR 8 3,
AL 25 AN 7] - S RIAN R R AR s = 33 e 2 B 4k, 1 23 R 2L 38 R BB ) o R A v, S i A T AR
WIAAFIERE A, BEFTILF= A0 A fe s, TR0 07 S AR B B4R, R 16S rDNAPBRHI B 1] 2 4
P43 Hr (amplified rDNA restriction analysis, ARDRA)J7VEWI T T B0 1) 70 il 4l 18 1152 4% 2 #E0E, FR 35 16S rDNAJFH
PEPEXT S RO BB RIEAT T 5 . SRR, SR BRI P Wk SRR EILAT AR, 43.5% 10043 B B RR A R
. ARDRAZE J L WA B RAE60% AR IE K1 LRI 73 A 11N A, (5] — 2828 358 B AR AR o sl AN ) 28 73
A8 b RV B R 40 53 il A B A B R AL 2 o SRR 25 R IR bR A R R BT R
PITERE 1717%, 39%MHERBERETCREANRE 77 o Ik BI20K = ORI B ARAFM2. AC2, 23 iV b 8 & g n 7
29.8%H125.4%. 16S rDNA [FRIJ5E & B FRAC2. AHZ15Bacillus mucilaginosus2E g —#, %8568 Ak
AZH4[f1Paenibacillus sp. TN — KK T 932, %0 XN E 5 HAL LS & T Firmicutes; BAKAFM2 5
Rhizobium sp. F1 Agrobacterium tumefaciens & 24 73 — KK & 7 3, %/ XA 4 W 7 K Bk g T
Alphaproteobacteria.
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Isolation of mineral potassium-solubilizing bacterial strains from agri-
cultural soils in Shandong Province
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Abstract: In the search for mineral potassium-solubilizing bacterial strains with multiple activities that may
be relevant for a beneficial plant-microbe interaction—potassium solubilization, indoleacetic acids (IAA)
and siderophore production, a total of 23 heterotrophic eugenic strains were isolated from rhizospheric soil in
Shandong Province using a medium with feldspar as the sole K source. All strains produced IAA or their de-
rivatives, and 43.5% of the strains displayed a very high level of siderophores. Seventeen percent of the
strains showed better growth on feldspar and effects on solubilization of K in liquid cultures, suggesting that
they were a valuable pool for discovering plant growth-promoting bacteria. Two bacterial strains, AFM2 and
AC2, exhibited greater K release efficiency than other isolates. Amplified rDNA restriction analysis
(ARDRA) revealed that all isolates could be divided into 11 groups at the similarity level of 60%. Most
strains exhibited a unique 16S rDNA restriction pattern even when strains were isolated from the same soil
type or plant species. Strains AC2 and AHZ1 of group XI were highly related to Bacillus mucilaginosus,
strain AFM2 of group IV shared 99% sequence homology with Agrobacterium tumefaciens.
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fik 1R R AT ) 1) XA e A M 3 A ) o T L)
WA PR —, S, B IR n Rt
B B BL B 4 BRI RN A 58 AR AR B A R
(Hiebert & Bennett, 1992; Barker et al., 1998; Ban-
field et al., 1999). WAL R AR AR AL 3L R A
MR WA L2 07 20msE XA/, A
fedt HIEwA, I IR A RE. B, RESRE RO
F(H RO, 2002; Buss et al., 2007,
Hameeda et al., 2008). %5 44> fi# 41 B (mineral
potassium-solubilizing bacteria)gft /& —ZE e/ fR LR
AL Sh ), IR RE TG R A . ST
R HA RS AR 5 B REY i pe
B RIEST RS DIRE, 1R 1B, BUEWIEE
VR Mb b BT [ 0 N S (R 2 4%, 2002;
ZA55E 1, 2003; Sheng, 2005; Z=¥5%4%, 2006). ULk
WE5T 8 B BLAT & 73 S AT 00 ) R e A7 AE W (B 22 5,
O3 5 B PR P AN 15% A0 A7 FL AT e 1R RS B
(Sheng et al., 2002), K73 BRAR AT HH g Ak B
#10.66-10.15% (B FHBRAE, 2003; T HkHESE, 2004).
RE R BRRR B8 7 2 R HE T W D ) R BT,
DRI, A5 06 B 126 H 1 2880 RS 20l 2 BT ) ) BT o
BB R AR LU 4% 5 12 B 4 1) AR R T 2%
Ao 1L AR 3R I RN AR S, B
TIERAI R, 2% DX BT A 4 il 4 R T R 5
AT B MBI, A AT RS A A
RN R E D ) A LI A Al

DAAT S AT 40 93 fiff 4 vl 22 5 0 A0 23 2R I 0T 5
KA NLAR LA AL B A SR IR BE A (R
&, 2006), BEADACEECRIR E, CLor £
o EETB AR AR AL 2 28 FEAl ) &R
e H o3 T R N B0 R S i AR R 2 R
PERFGT P (BMESE, 2007; 225, 2007). 16S rDNA
PRSI 1) 22 43 FT (amplified tDNA restriction
analysis, ARDRA)RJ DL HURE K541 18 70 BE,
A PTRER TR, AN BRI A 2 R
Iy RIRIEFE T2 N o i Bz 4l 1R B A 1 Y
VIl, 7 ARDRAZMHT45 R 55168 tDNA% Y417}
M4 AR EF (1) — 3Pk (Laguerre et al., 1994).

AWFFOCRAE T IAREEIN . it 408 . TR
e 7 55 117 B AN ) 2R - RE S50y, 23y T T
Yoy fRanE, s S B R ) R D) RE

F116S rDNA PR HHERED) 2 25, it T 8or 4
AR LRSI R B R R, NRIEIEE BRI H
W90 f 40 v we PR HEEE S s

1 MRFTTE

11 $RE YIS BEE D B bk

FRA Ll 2R R IR G 1L BRI W B
G/ T N ] e w272 w1 ) W73 31| 25 0 A I
AREW) A WETE R WA R . EiE
moRmE . SCFBAERAE K. KT, MR, i)
Tt A6 RN 2% RAE AN TR A AR B 1 3R AR s 33,
KAL) 432005459 7 1020 H o SR i HURETE R
££5-10 iR A YIAR br 1A S 355540, R A7 T
TE R ACAS R HF [RS8 5 . SR 0 R R PR SR 4l B 1%
FREL(HE TR, 2004) 73 B Al B0 ) o i v, I
(1) 3 4 FH A5 1R B K B K A AR . BRI
Bk, O3S, . . i s
HAH R IR TR, 2 ka0 G e T R
TR, 4 CIRAE AT b o
1.2 R YIS RREE R IIRED T

R 5|k 2,1 (indoleacetic acid, TAA)FI
5E: ZHECHR(Dell” Amico et al., 2005)Salkowski /i
DO AEE B ES IR SR A RO AR R 7R 3
(B N BCRI 3 4 —, 2001), 28°C, 150 r/mPe% 15754 d
JE AT o

Bk 34 (siderophore) 75 f Ml 72« TR A4 EE 77 K H
HRMBAAREFEHE, 28°C, 150 r/miE IR d, K
12,000 r/m&E0010 min, B EWEW, 5% £ F4%
(1994)CASVEIEAT .

B BRI LRE T S SCHR(Sheng &
He, 2006t AT R R e, FHANOE 4 et . 5150
mL = AR TR GBI A 0.5 g Flh 5%
FRHE50 mL, 121°C - 25 min K ;285 BN fER H kK
FhFi2.5 mL, XSS KRR . BB K
TER AL PR 3R, 28°CHR T4 d, IS mLk
FERIN6% HyOy B T3l 7K 1 28 28 R B T 1S,
ik, B TKERES0 mLARME, Bk
I IR I B
1.3 R 5 MRAERY16S rDNAMREIMESTIS 7S5
P57

AR AR 0 3L K 41 DNASEE S 168 rDNAK) Y
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14 I Sambrook %5 (1989), A H 514127f: 5-AGAGT-
TTGATCCTGGCTCAG-3’F11492r: 5-TACGGCTA-
CCTTGTTACGACTT-3" H KiEE AW TR AR &
o ¥HESAE Ny 95°C FiAZ PES min; 95°CAE Y1 min,
55°CiE-K30 s, 72°CHEMH90 s, 30MEH; He)r72°C
ZEMF10 mine 0.8%L IhH B VKA I PCRY ™ 3
Y, —20°C KA W A7 4% o 3% FH 20 BR 1 P 1) il
Mspl FilHae II(TaKaRaZ\ wil)53 il % 230 ik 1 Ak
ff116S rDNAY SG =Wy AT B ) . W) S WK H 10
LAk Z: 025 pLN YIRS, 1 pLBFY) I N 220, 0.5
uL PCRy™ W), $5cJa MK RHEAEK 410 plo ViR
HYT37C, 4 hKitr, RJEM1 pL 10xLoading
Buffer& [ Je Vo JEELS wLEE) 7= ) 4E 3% 5 e B et
JBEFEIK(150V, 1 h), Gethy o Bk B 45 20 o o 4 Ak 3
Ji, PER—AL BRI HIC A1, WA e 0", K
FAE I35 (UPGMA)BEAT 58 28 40 #1540 7 4
KK

K1 FHRBYSRIRE R AR 7406 R 2 BR (A A)FAER F R B 2 5 E

14 SYUBRHEEHNS FEE

B IhY A1 16S rDNAK H Bt R B Ji [ i
X7 & (TianGen 2 w) ) 2l 4L Ji5 1% #2pMD19-T 48 /&
(TaKaRaZy ), 14 ™ W) A0 K 1 i i DHS o 52
UM, {554 X-gal(40 pg/mL). IPTG(40 pg/mL).
Amp(100 pg/mL)¥) LA PR 5 % PR ase ki &
AEATIIAOEE . PRISHPE b L aig A4
P ARATBR A W) 581168 tDNA [FAI e . KT
M%) H BLAST #fF %5 GenBank ' 41
16S tDNA J7HIHEAT L o041, BT A A
Fil 2 LR R 16S rDNAJE S, £ ClustalX1.83%fF
X Hokk 448 )5 HIMEGA 4.0%44-49,(Tamura et al.,
2007)F4E R G0 R B W UHE T AIARAE .

2 R

21 WYY RAENS BiRL
SR DU AT Ay M — AR R e R B SR, A

Table 1 Indoleacetic acid (IAA) and sidersphore production of isolates obtained from the rhizosphere of various plants in different

soils types, Shandong Province

LSS KA AT s Sy GEL/L BN MR
Strains Sampling sites Soil type Plants Metabolism products
LG L3 R
IAA Sidersphore

AC2 784 Dezhou City 1= Fluvo-aquic soil J& Bulk ++ ++
ACY2 f#J1 Dezhou City #]+ Fluvo-aquic soil EK Maize ++ ++
ACM2 781 Dezhou City 1 Fluvo-aquic soil i1t Cotton + +
ACG2 4| Dezhou City 1 Fluvo-aquic soil 3 Sorghum ++ —
ACD2 4| Dezhou City 1= Fluvo-aquic soil K. Soybean + ++
ACZ2 78| Dezhou City #] 1 Fluvo-aquic soil J4E Weeds ++ ++
ACY3 # L Caoxian County 1= Fluvo-aquic soil T2k Maize ++ —
ACZ3 WL Caoxian County 1 Fluvo-aquic soil J4E Weeds +

AZ74 ¥R Linshu County EiE Brown earth R Weeds ++ ++
AZHA4 7K Linshu County ¥R Brown earth 212 Sweet potato + +
AZZ5 Jii#F Weihai City £4 Brown earth JLE Weeds ++ ++
AHY1 J71% Guangrao County #31- Cinnamon soil Tk Maize ++ —
AHZI1 J"5% Guangrao County #1- Cinnamon soil Z4H. Weeds + ++
ASY1 J" % Guangrao County ibZ® + Lime concretion black soil KK Maize + ++
ASG1 J"1% Guangrao County b# B+ Lime concretion black soil =% Sorghum + ++
ASZ1 ] Guangrao County fibZ# 1 Lime concretion black soil ~ Z4%. Weeds ++ —
AZY2 # | Dezhou City Eifi) £+ Meadow solonchak K Maize ++ +
AZ72 4| Dezhou City Hf 1 Meadow solonchak J&HE Weeds + +
AF2 784 Dezhou City KP4 Aeolian soil J& Bulk + —
AFM2 ##J1 Dezhou City Kb+ Aeolian soil kift Cotton ++ —
AFY2 4| Dezhou City AP+ Aeolian soil EK Maize + +
AY3 W Il Caoxian County k1= Solontz J& Bulk + ++
AYM3 WL Caoxian County #i%+ Solontz it Cotton + +

“+AFRIRGR PP < RIRBHTE; <— K IRBIPE  + + Strong positive; + Positive; — Negative
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SSOr PR IR A P 3 B dlifk, RAFAERKBR
LTy R W O3 AR AN A 238K, IRk S 0
AR WAL . oy & 081 5 fift 40 b e A
KA PR TR L IE 3 N Y, RN, 3% Ek
FIEW, A,
22 HIXEHRINBED I

F 2 L AT A, R B R 34 = g W & 1 e LA 2
Wy, o SERRBHPE SO A R R R R 1) 47.8% o it
IR A 16 W kB R (R A/Ar<13, ARIATS)
Sl Ay AR R B A L R NV AE 630 nmit KAk 1)
WOGAE, A/ATEUARER /N R P~ A I i 2 ), JL
A 10MK MR IR A/ATE0.029-0.125 2 8], 35 FIH &
HACT, R BER R 43.5%.  30.4% [0 {5 R Bk
AR

a4, R BERAC2. AZH4. AHZI.
AFM2 I TR A 35 I b i 8 13 A o0 B
SRR, BN T 16.8-29.8%. H P EEEAFM2 A
AC2P BB ) i, 422 o1 A IR IR0 R B0 85 1
TR NIEF52.9 mg/LAS6.7 mg/L, B4 K H
Xof FE A3 SN T 29.8%M125.4% . 6RRAIAR B Rk R
BREE ) A, o AL B R R B T RO TR
HAN5.3-13.8%; 4ERBEEGE 5, JLhACZ3RE
BIRE S 59, 2 AL B R TR R A A A L

90.00 r
2000 L B 215 Bacteria treated
70.00
60.00 F.
50.00
40.00
30.00
20.00

10.00

BESF 7 i Water-soluble K (mg/L)

0.00

S S N o S A A %
P Y

Rl o

XFIEHEIN T0.9%. 38 39% Ik b PR TR A e
T30 HUEnT L, BEEIET 2 A AR TR R PRORE AT

HFAEZES
2.3 A LM E H916S rDNAR I ST 2 75
%

M TR AR 23K BT 4 73 i Al BT 2R AT T 16S
rDNA R 1 B ) 2 &1 708 o LA27EF11492r5 | )%}
PR R PR 16S TDNAKER v BLEATY 1, Ffs b B
KANZH1.5 kb, Ja R BRI N DIEHae TIT,
Msp I XPCR™ )53 nliEATEEY) . Hae TIIRGD) K
2 KB R AR 320 bp. 280 bpAii220 bphh 4%
LR 4, ol B AR E AR I57% . 61%F
61%, DREAT DL E X = 451 il A Ay Hae TITEGD) 1)
FEAEA; T FHMsp T 3BT B U) B4 11 1385 o 22 it
IRFEMRAE297 bpAl140 bphbAT — 4 SLFIKI &, 4
5l b B AR 5 7%A183%, AT LA E297 bpAl
140 bpyMsp T BEUIHRFAE o X5 P9l PR Al 1 A D)
Wit It V) 4% 5 2 o0 BT T A EUPGMARDIR 8], 1) A
AR R 22% AP AP ESRAE—i, 78
60%AH A 7K1 7T 43 24 117 ARDRA TS A4 74 (£]2),
70% 1) PR B AR h 7R AL YTV L VI VIDRIXT 3
PREXITP S R, BEVIlIRZ . ASY 14574
BRI A B T 7R, TERGERE XA L

O %} ¥ Control

N A N AN AN YA 0D SO
VA B AR AL
SFEEFFP I SE S

I# F Strains

Bl RIEEFRFHETAREKRSBEKABREMEELR, ENEEAXR.

Fig. 1 Amount of potassium (K) released by bacterial strains after four days inoculation in liquid cultures. Controls were inoculated

by autoclaved inocula.
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A B 25T
24 BSUBHBEMHNRAZLESN

BRI RER ML I H FRAHZ 1. AC2. AFM2AI
AZH4A5 58 Aty w4 b B REE. &
16S tDNA 91 e B 05 J5 T 43 (1) /7 41 55 GenBank
O SR HEAT AR 73 A, AFM2. AHZ1. AC2.

AZH47EGenBank L1 & X5 K KN
EU592041-EU592044 . #EBUEZ RN
Bacillus, Paebacillus, Rhizobium#fl1Agrobacterium/s
(PP 5 AFM2 35 4K R R IN-VE R R AR E
B, SRR (E3), RPRAFM2 5 - 84T i JE i)
R g2 A% AT 1% (Agrobacterium  tumefaciens) ALl

ASY1l —1

ACY3 —1I

AYM3 —1II

ACD2

AFM2
ASZ1 —V

T

AZY2 — VI

T

v
AFY2 —
ACZ3
AF2
ACZ2
ACG2

VIII

AY3
ACM2

AZH4
ASG1
AHZ1
AZ74
ACY2

iAIi‘(I

Xl

4

20

36

T

52

AC2
T 1

68 84 100

El2 1R#E16S rONAFRSIHEEY] i R A TS 2 M AR R LR E
Fig. 2 A UPGMA dendrogram of 23 potassium-releasing bacterial strains based on amplified rDNA restriction analysis (ARDRA)

patterns from Hae Il and Msp [ digestion.

46

4]|j Paenibacillus alkaliterrae (AY960748)
P

agarexedens (AJ345020)

AZH4 (EU592044)

P. agaridevorans (AJ345023)
P. granivorans (AF237682)

P. mendelii (AF537343)
P. phyllosphaerae (AY598818)

P. larvae (DQ079621)
100 [ Bacillus ehimensis (AB021184)
P. elgii (AY090110)
B. mucilaginosus (AF006077)
AHZ1 (EU592042)

95‘ AC2 (EU592043)

100
o

54

98

100

Rhizobium sp. (AM231056)
AFM2 (EU592041)
Agrobacterium tumefaciens (EF217305)

P
0.02

B3 EF2NSHRHEERAC2. AFM2FRA hERMHREERAHZL, AZHALURK R4 X RBILH B #K(5 5 /8 FBacillus,
Paebacillus, Rhizobium#1Agrobacterium/@)A716S IDNAFFIMEMN R FABRH, IRRARAKHLIES.

Fig. 3 The phylogenetic tree based on the 16S rDNA sequences of four potassium-bearing mineral-dissolved bacteria strains and
those of related species in the genus Bacillus, Paebacillus, Rhizobium, and Agrobacterium. Scale bar indicates evolutionary distance.
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w1, AHBLREIL99%; WIEAC2. AHZ1E R 4 i
¥ (Bacillus mucilaginosus) ) [R5 M f i, AHALLYE
AHE100%; 1 HRAC2 5 AHZ B AEH HIL,
UPE R BK99% o 1R Ik AZHA 5 2K ZF 4 16 8
(Paenibacillus) ] & B LS A — AN 4332, (R Al
IS, )2 % 2K 2 f 4T 1 )& (Paenibacillus
sp.)e MN-IERJEE IR G G L (EI3) AT LLA H s
FRAC2. AHZ15B. mucilaginosus kB¢, %8t
554045 W Mk AZHA4 ) Paenibacillus 7 1) 45 1 Fl 5 Oy
KRB 3L, &I AN o3 KA S s T )%
HE 1% [] (Firmicutes) 2 Jfl #T B 24X (Bacilli); 17 B4 bk
AFM25jRhizobium sp. FlIA. tumefaciens2 Jj %5 — K
RE L, &5 AL o3 KA S TR TEAT
"] (Proteobacteria) o-7% JE 1 1% 24 (Alpha-proteob-

acteria).
3 it

31 R YN RMREERIEN S

RIZZ A Al HBIRAEPR 258, 1L AR X
Ao BRI FE, LR, BIE. B EAFEK
WE A, 1999) ABFFEA AR HIDCH] +. BRI, #
o B Kb R A AR 2 R
b o B SV o A, UL AT O3 A 4
W LE AN [R] 82 - SRR AR B )iz 0 A Hohfy
56.5% I W o itk B T L BRIEENIE £,
13X =R R+ S pH R E, 5 F J%(2004) 1A
FE U s HpHE IR i v i) 3 i ™1 23
A B 2 ARl MAE 2B A Kb
o e A A TR R A 3 R RE S )
IR R g i PR 5 7 (T 1K T e/ 7 N 1
[ HHUTMIC RSB AEASP A S R —
AT

Padi, mIh LR — M I S R A KAt
W, XN A B A — 8 2 A2 RV (Glick,
1995)0 SR RBEY AL FoFe® BAT 5
G NHR TRAVE Y, BEk B w1
HE B 41 TR B 0% 310 1 A 5 Sl E A AR B ) AR A
S5 R I AEBAE H (E P4, 1994; Compant
et al., 2005), M40 B ™ LBk BAR AL A 72 58
PR G E T R R AR R W I i — A i
(Kainowski et al., 2000; Rogers & Bennett, 2004;

Buss et al., 2007). Pt ASCHFSET #0090 5) fil 41
PR WA TA AR A8 AR B o0 Fl A A R BT 22 A 1) 2
fiE, 45 FRIW o> BRI REE P AR TAA, 43.5% 15
PR AR B e R AR, TRIARAFM2 FIAC2 B AT =l
BEEIRE ). X —45 B 517 AHRIE (Sheng et al., 2002;
PURARAE, 2003; T HAHESE, 2004)HEA— S,

HHT, TP nass A, et AL
PRAERIYE FEC E N FEAA LN = a1
9 T AR K I AR BIG Ay T A LR K s A
(Banfield et al., 1999); (2) 4l = E Bk B AR &
WEAE, . DAE 2 P R AR )2 TR il (1) T
FSCITT DI ER AL R ) 7 fi# (Buss et al., 2007); (3) 4
BRI B T A 22 0 0, LR Py Ok, e ok 4 o AR A
PR ZAER RIS UL A LR . SRR SN 2
B (00 285 5 4 FH S RS AT 1D ks &5 4 (e S TS
T, 2002) ABFTURIBAART FREAE T 7 B
PR R 8 B 280 1 AR 4 Ak 80 A4 1) B 0 186 A 3 D) AH O
PE, BERIHLEEANHA E . B4 2 A A0 1A 11X S8 1)
B B T3 2R i R R A KRR B R
NEFH, AR A RN S A A ) A B AT ) T R T
(A 0 G 32 T B 1 1 — A8 7 R K& R RRR
A58 1) FBUIS 5 LI — 0 (W) 2 R B [R) N FH R

BT IR R BT, A . AU DL SR
AFAEANIE], B LA B 1) it A P et A% 22 RV
PSR T . ARETUES AR, 23R bR AR
1E60%AHBZK P b AT 4 PR3 43 4 1Rl st A% 8, 70%
PR AR SE TP AR AL IV, VI, VDRI XT . B
WAL IR ARAC2. AHZ1. AZH4YZRAEREXTH,
J& T 2E AT 1 B (Bacillaceae) . FHARAFM2 )& T o-78
JEHT B 44 (Alphaproteobacteria), J:FT7EFEIV 5 VI
VILZ A 2T . k] WL, 4547168 rDNA
275053 #T, ARDRAREHR LT 1 S il H AR 3 gy A% )
Rtk Z R RGE KT KR MASYL. ACY3,
AY3. ACM2%E B A M FER A . 43 85 [ ks 135
MIBERE, S52EAAT R o TEAF R0 Rz, 1
RAR B RAZF BT AWFFTR, BEXTHT
PRBER B IR 7 25 B A R 148, s 4\ 4 1
PR Z R, A AR AR BR SRR br
IR o 11120 125 ] 1 AC2 45 8 R AR B FR 72 60 %6 A1
UK BRI 43 A SPRRE DRI R, SR T FORAR B £
B ACY 255 6 bk i 1T 73 R SFREL R R, BR SRR S
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HoBORYE . PR RA W B IECR, TSR
AT 40 53 il 20 B T AL R T PR ) G 5 2 — 2R
3.2 SR 5 MR E R TR IE

S SCERTRIE PR ) o R Al A R IR 2, &
F5 A8 B4 M T4 J& (Pseudomonas) 11 70 £E K 4 G T &
(Burkholderia) ft] — £ 5 DL & W 1R S0 A0 0 A% B A 181
(Acidithiobacillus ferrooxidans). Ji J5t f # #T 14 (B.
mucilaginosus). 3% 2 {1k 1% (B. edaphicus). iR
EAUFF B (B. circulans)®(Barker et al., 1998; Sheng,
2005; ZE75%, 2006; Calvaruso et al., 2006), {H/ZHR
P ANV I TR R B0 A0 B 2B 77 B AR HE IR 223K, i
BHRE 1 =>20% 1 5 BR Ay e 50w ik, BN F R R
JBE 5t 2 F T 1 (B. mucilaginosus) A+ 338 4 ft 1 14 (B.
edaphicus)(4< 2 HEAE, 2005; 2424, 2006), Fi,
AHIFFUN A 22 55 56 570l Jeg T MR AR AT 1R (A tumefa-
ciens) A1 1 5T 2F i #F 1 (B. mucilaginosus) 1] # £
AFM2., AC2 BB S KR, BB/ MATAAFIER B 14
KJ5t, FATEAL IR AL AN A R G Y FH i
S0, Fw T AU 53 1 A8 TR IR B U A R DR
i, JE— PSR RAE T — ) RS AT N
AT B TR A S BR A

2230k

Banfield JF, Barker WW, Welch SA, Taunton A (1999) Bio-
logical impact on mineral dissolution: application of the
lichen model to understanding mineral weathering in the
rhizosphere. Proceedings of the National Academy of Sci-
ences, USA, 96, 3404-3411.

Barker WW, Welch SA, Chu S, Banfield JF (1998) Experi-
mental observations of the effects of bacteria on alumi-
nosilicate weathering. American Mineralogist, 83, 1551—
1563.

Buss HL, Liittge A, Brantley SL (2007) Etch pit formation on
iron silicate surfaces during siderophore-promoted disso-
lution. Chemical Geology, 240, 326-342.

Calvaruso C, Turpault MP, Frey-Klett P (2006)
Root-associated bacteria contribute to mineral weathering
and to mineral nutrition in trees: a budgeting analysis. Ap-
plied and Environmental Microbiology, 72, 1258-1266.

Compant S, Duffy B, Nowak J, Clément C, Barka E (2005) Use
of plant growth-promoting bacteria for biocontrol of plant
diseases: principles, mechanisms of action, and future
prospects. Applied and Environmental Microbiology, 71,
4951-4959.

Dell’Amico E, Cavalca L, Andreoni V (2005) Analysis of
rhizobacterial communities in perennial Graminaceae
from polluted water meadow soil, and screening of
metal-resistant, potentially plant growth-promoting bacte-

ria. FEMS Microbiology Ecology, 52, 153-162.

Glick BR (1995) The enhancement of plant growth by free
living bacteria. Canadian Journal of Microbiology, 41,
109-114.

Guan Y (%), Li DY (Z=%4&), Chen Q (43#), Zhou JC ()&
1£4]), Zhang WT (#KkH5%), Jing G GRJEZE) (2007) Ge-
netic diversity of silicate bacteria isolated from sa-
line-alkali soils in northern China by RAPD and BOXAIR
PCR analysis. Journal of Agro-Environment Science (¢
M FRE R 224), 26, 2043-2047. (in Chinese with Eng-
lish abstract)

Hameeda B, Harini G, Rupela OP, Wani SP, Reddy G (2008)
Growth promotion of maize by phosphate-solubilizing
bacteria isolated from composts and macrofauna. Micro-
biological Research, 163, 234-242.

He JQ (Bi#5H), Li DY (4= & &), Zhang XP (5k/°F), Chen Q
(MRam), Liang RY (Z2117E) (2003) Phenotypic aspects and
phosphorus-releasing and potassium-releasing ability of
silicate bacteria isolated from purple soils. Chinese Jour-
nal of Applied and Environmental Biology (3 ] 5 ¥R 354
P2£4R), 9, 71-77. (in Chinese with English abstract)

He LY (fil#f#€), Sheng XF (& FJ)), Lu GX (FiJ:4f), Huang
WY (3~ —) (2004) Physiological and biochemical
characteristics of silicate-dissolving bacteria in different
soils and their capacities of releasing potassium. Soils (1
1), 36, 434-437. (in Chinese with English abstract)

Hiebert FK, Bennett PC (1992) Microbial control of silicate
weathering in organic-rich ground water. Science, 258,
278-281.

Hu H (#1#E), Chen Q (4:31), Li DY (Z58&), Wu SS (R
1), Xie ZL (M 5.5%), He JQ (B{F3E), Zhou JC (1B H))
(2007) Genetic diversity of silicate bacteria isolated from
purple soils. Acta Pedologica Sinica (tiJE%%4R), 44,
379-383. (in Chinese with English abstract)

Kalinowski BE, Liermann LJ, Brantley SL, Barnes A, Pantano
CG (2000) X-ray photoelectron evidence for bacte-
ria-enhanced dissolution of hornblende. Geochimica et
Cosmochimica Acta, 64, 1331-1343.

Laguerre G, Allard M, Revoy F (1994) Rapid identification of
rhizobia by restriction fragment length polymorphism
analysis of PCR-amplified 16S rRNA genes. Applied and
Environmental Microbiology, 60, 56-63.

Li DX (&) (2003) Study on the effects of silicate bacteria
on the growth and fruit quality of apples. Journal of Fruit
Science (RB3R), 20, 64-66. (in Chinese with English
abstract)

Li J (%R), Jiang X (Z£91), Li L (%)), Shen DL (JL %)
(2006) Development of microbial fertilizer and maintain-
ing of soil biological fertility. Soil and Fertilizer Sciences
in China ("hE 35k, (4), 1-5. (in Chinese with
English abstract)

Li S (#=¢b), Li FC (Z4#), Cheng LJ (F£ K 1H) (2006) Re-
cent development in bio-weathering research. Mineral



600 £ ¥ % F M Biodiversity Science

16 %

Resources and Geology (5”7 51l i), 20, 577-582.

Li Y (##), Li DY (%%4%), Huang MY (35H]5), Chen Q
(%5i%), Zhang XP (5k/MF), Liu X (XJE) (2006) Study
on biological characteristics of several silicate bacteria
isolated from saline soil. Chinese Journal of Soil Science
(LHEER), 37, 206-208. (in Chinese with English ab-
stract)

Lian B ((£7%), Fu PQ (ff>F#K), Mo DM (&4 1), Liu CQ (X1
M) (2002) A comprehensive review of the mechanism
of potassium releasing by silicate bacteria. Acta Miner-
alogic Sinica (" ¥)2%4R), 22, 179-183. (in Chinese with
English abstract)

Rogers JR, Bennett PC (2004) Mineral stimulation of subsur-
face microorganisms: release of limiting nutrients from
silicates. Chemical Geology, 203, 91-108.

Sambrook J, Maniatis T, Fritsch EF (1989) Molecular Cloning:
A Laboratory Manual, 2nd edn. Cold Spring Harbor
Laboratory, New York.

Sheng XF (2005) Growth promotion and increased potassium
uptake of cotton and rape by a potassium releasing strain
of Bacillus edaphicus. Soil Biology and Biochemistry, 37,
1918-1922.

Sheng XF, He LY (2006) Solubilization of potassium-bearing
minerals by a wild-type strain of Bacillus edaphicus and
its mutants and increased potassium uptake by wheat.
Canadian Journal of Microbiology, 52, 66-72.

Sheng XF (M F/i%) (2004) Distribution of silicate-dissolving
bacteria in soils of China. Soils (1), 36, 81-84. (in
Chinese with English abstract)

Sheng XF (4% T /i), Huang WY (¥ 5 —) (2001) Physiological
characteristics of strain NBT of silicate bacterium. Acta
Pedologica Sinica (1-32%4f), 38, 569-574. (in Chinese
with English abstract)

Sheng XF (Ji& /%), Huang WY (3 °J—) (2002) Mechanism
of potassium release from feldspar affected by the strain
NBT of silicate bacterium. Acta Pedologica Sinica (13
2F4k), 39, 863-871. (in Chinese with English abstract)

Sheng XF, He LY, Huang WY (2002) The conditions of re-
leasing potassium by a silicate-dissolving bacterial strain
NBT. Agricultural Sciences in China, 1, 662—666.

Tamura K, Dudley J, Nei M, Kumar S (2007) MEGA4: mo-
lecular evolutionary genetics analysis (MEGA) software
version 4.0. Molecular Biology and Evolution, 24, 1596—
1599.

Wang P (£°F), Dong B (GE#), Li FD (Z=5-4f), Hu ZJ (1F
5%) (1994) Detection and determination of the sideropho-
res produced by wheat rhizobacteria. Microbiology (T4
Py2FiE ), 21, 323-326. (in Chinese with English ab-
stract)

Zhang SM (iK##), Yan H (IH48), Liu GD (X3E#5), Liu ZH
(XJRHE) (1999) Soil potassium supplying capacity and
release of non-exchangeable potassium in Shandong soils.
Plant Nutrition and Fertilizer Science (Mi¥)% 7% 5 A0k
224R), 5(1), 26-31. (in Chinese with English abstract)

Zhu CX (K Efft), Li T (Z51%), Shen DL (JL{# %), Jiang X (3
WT) (2005) Research progress of bio-fertilizer standardiza-
tion in China and some suggestions. Phosphate and Com-
pound Fertilizer (B%/E5%E), 20(4), 5-7, 22. (in Chi-
nese with English abstract)

GiiEHRZ: K755 SUEwmM: WEL)



