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Abstract

selective medium in the root soil of citrus.The solubilization activity of strains were further compared by liquid culture method, then the strain

In order to obtain a strain of bacteria with efficient activity on solubilizing phosphate and potassium, strains were isolated by using

with the strongest ability to dissolve phosphorus and potassium will be identified by the characteristics of morphological , physiological and bio-
chemical tests and the homology analysis of 16S rDNA and gyrB genes.The results showed that there were four strains of LW-1,LW-2,LW-3
and LW-4 having the activity on solubilizing phosphorus and potassium on which the LW-3 had the best performance.The strain of LW-3 had
inorganic phosphate-solubilizing content of 19.06 wg/mL, organic phosphate-solubilizing content of 17.06 wg/mL and potassium-solubilizing
content of 33.59 pg/mL,which relatively increased by 38.64% ,28.57% and 15.96% respectively.The strain of LW-3 was identified as Lysini-

bacllus fusiformis LW-3 after a series of tests,which had most potentiality as fertilizer-producing bacteria.
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112 EgRdk, Wt B 5 (NA) 3k LB Ki 3Rk,
FhF- R 5L FOKTER 3.00 g, JEME 1.20 g, iR %% 0.48 g, il
BAEE 1.20 g, BSR4 1.20 g, ZUfb/ik 0.12 ¢, BRER%E 1.20 g,
BEEEHS 0.60 g, INZEMRIKEZLZ 1 000 mL,pH 7.0~7.5,
AR 0 : O TCHLIE A5 77 5L A B 10.00 g, i iR
7050 g, Ak 0.30 g, BRREE 0.30 g, B2k 0.03 g, Kz
% 0.03 g, RIRES 5.00 g, SALH 0.30 g, BifiR =45 5.00 g, il
¥ 15.00 g, NZEME/KEZ S 1000 mL ,pH 7.0~7.5; @A L
o 1 A 5% 7 5 ) G A L [ PR SR 5 (EDKE iR — 45 5.00 g %
e R IR 0.30 g AR A IR 3L : A 10.00 g, IR A —
i 1.00 g, BifR%E 0.50 g, HREREE 1.00 g, BEREFT 0.20 g, BRI
25 0.03 g, IIRES 2.50 g, B A H) 10.00 g, lgH) 15.00 g, il
FIKAEZEZE 1000 mL,pH 7.0~7.5, @B A 723 . Dfi
TCHUBRR AR S S 1 A A2 10.00 g, IR =515 5.00 g, B R Bk
0.50 g, S fkAH 0.20 g, EALHN 0.20 g, L/KERFREE 0.30 g, Bz
Hifi 0.03 g, L/KBRARIE 0.03 g, IFEEERY 0.50 g, Nzt K E &
%1000 mL,pH 7.0~7.5; Qfft A HLBER A4S 7755 R TCH LB
PRERFRIE (DR EIR =45 5.00 g BB A BRwNE 0.30 g, Ik
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FR55 5.00 g, MRER IR KE 75 20 RS 10.00 g, L 7K Bt iR ¢
0.50 g, Bl 0.20 g, SAALHH0.10 g, BRIRES 0.10 g, FH AT Ky
5.00 g, MZEMKELZZE 1 000 mL,pH 7.0~7.5, EFRILTE
JEZERK AR 121 °C KB 20 min,
1.2 KAk
1.2.1 WP TR AR I 23 B Tk . N ARTL T Ty JEoR AN
TR 4 - 438 1 SR T RS iR 45 3R T . FRII
5.0 g 3R SR TR 45 mL RRK FIBEER G =M,
150 r/min, 30 C#RE3% 20 min, 753 107" i) - He 80 % 1 1
WET 80 Tk 7K 30 min, SR f5 FIFS AR L] mL
A 9 mL IR T, TR 107 R, H 0 1A
BAEARYR B AL 107 F B . MBI 100 oL 7 B8040 590 1k A
TRETCHLBE SfA DUBE R ARSI 0L |, T 35 CHE R4
Kt A=A s P A BB 9 TR AR , PRI NA B 373k
b2 alifh A R A B AR . RS
UEFERARTE A 25% HIE HARAET 4 CUkF.
1.2.2 AR SRR K PR 0 R R T8 IR Bl (NA) 5
LB #5775 FIiEAL3E IR 24 b PRE—FRIE A0 1Y 45 T AR 43 0l 42
A 50 mL FpF455 3 150 r/min 30 CHEIRKE IR A,
T RE 2 FE TR 0Dy , I TC IR 7K G 4 BE TR OD oo Hi BB 2
A S AR R Bl 95 3 5% 32 R i 0 B W A 0 B2 R =
100 mL EKEA I fif JC AL/ A AL/ B AR b5 35 3k v, DO B2
ATAR GV ) i TR A L/ BB S 3 5 X R (CK) L3
AEE, T 30 C 150 o/min 54 557 7 d, §l45 65 ToHL#E
FRAT DB R R R B AL B AP e DU E o
1.2.3  FRBEREIIE . WFRICHLBEFIARA DL I FR IR B
G1INEE ANZE AR LA TE K AR vk 4 22 10 mL 245, A 2.0
mL 20% H,0, ¥, AREi25 & H AW o), B 2 Z6 Y T4
A AR 22 25048 3 500 o/min 25,0 10 min K |
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A B 0 A B R A K LB AR A DL RE )

fif Wi (mg/L) = B0 21 SR A 19 % & (mg/L) =X B4
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TS AR T H 0 = [ g 4 R AL 19 7% i (mg/L) — X}
TR SR 5 i (mg/L) 7 5
2H B & (mg/ L) x100%

1.2.4  fRERBESIINGE o R B i 0 A B e A28 R L
TEAKIRHS 4R 2 10 mL 247, A 2.0 mLL 20% H,0, ¥,
YRS K TFAWI SN, Qe e S B R/ BT 5 4T Ak, K
WAL 2 R0 T 3 500 v/ min B0 10 min K F IR 2
50 mL ZE i, AR /K€ 25, LA KCL by e, H s 1
WAL 73D B0 5 Vi T v R AP % B, AR R R B AR X
S8 T A TR T A

i (mg/ 1) = 100 2H UK 1Y 3% i (mg/ L) =X BREH

HAE Y 7 f (mg/L)
AR i = [ 300 4 AL Y 5 & (mg/L) =%t
PRZ A 1) 75 i (mg/L) 1/
L AR ) it (mg/ 1) X 100%
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BTN LW=1~LW—4, JF 5 52 AR o e B s, 005 v ol
B (D) fEeiE R (D) K Fve A (d) , LL D/d fkoh
P IR R AR AT RE 1 SR L 1, iR 1 AT,
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EWIRE A LW =3 JE R JCALBE A HLEE R AR 41 7 A 1
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Table 1 Phosphate-solubilizing and potassium-solubilizing test of strain in the plate

Witk JEHLE Inorganic phosphorus 3 ML Organic phosphorus 4 Potassium

Strain number D //mm d//mm D/d D //mm d//mm D/d D //mm d//mm D/d
LW-1 — — — 10.57 4.85 2.18 8.29 4.69 1.77
LW-2 11.25 6.28 1.79 12.62 6.17 2.05 — — —
LW-3 15.49 3.11 4.98 20.56 4.38 4.69 21.25 7.64 2.78
LW-4 14.52 5.78 2.51 12.37 8.02 1.54 15.32 6.75 2.27

LW =3 TR A RRRGH O 3 ki 15 49.33 pg/mL, i oIl
WA 19.06 g/ mL, A X3 i fe K, W] 4 bR R
LW=3 (i JCHLIE BE 1 i 5t , 5 7 A i O AL 6 25 2R —

o TEAFAYLIBETT I, 25 AR BA B A A HLBERCR
Hrp, LW-1 5 LW-2 fip A HLERE 1 0 3% 22 5%, LW -3 1
BR e W AW AR SR X NG R dR ok, g i
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59.71 wg/mLFN28.57% , it A7 MLw il 17.06 pg/mlL, g AT
PLBERE iR, 5T R A DL 25 R — 3. EME T
i, 4 BRIAPRAY A BEWGEC & R AFE R E 22 5 Hm T CK
BRI S i, {H LW =2 7 i S AL TG I ek o5 1 el = A
Jr PR AT Rl B B DR (A LW -2 R s IR o1

B4 AR , BN R R E LW-3 bR
T, 15210.41 pg/mL, R ERRE ) Be il o £ AT, 4 BRI IR
Hh LW =3 A 8 R g 490 T 49 2 B S 5 AR e ke A
RE I I , 22 E W T N B P B R B U8
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Table 2 Capacity of flask shaking strain with ability of phosphate-solubilizing and potassium-solubilizing ability of strain in the shabe flask

JEHL#E Inorganic phosphorus A HL#E Organophosphorus #J! Potassium

TATPRE 5 AL AR A8 0 AL AR 8 0 AL AR 8 0
Strain Available Relative Available Relative Available Relative
number phosphorus increment phosphorus Increment phosphorus Increment

content // wg/mL % content // wg/mL % content // wg/mL %
LW-1 32.06+0.84 d 4.60 52.03+0.27 b 18.03 197.25+0.72 ¢ 10.36
LW-2 37.69+0.69 ¢ 19.69 50.92+0.97 b 16.24 183.26+1.66 d 3.51
LW-3 49.33+0.83 a 38.64 59.71+0.55 a 28.57 210.41+1.35 a 15.96
LW-4 40.12+0.45 b 24.55 48.57+0.91 ¢ 12.19 202.32+0.80 b 12.60
CK 30.27+0.18 d — 42.65+0.38 d — 176.82+1.34 e —

T [RFUA [RNG 5B R R RR I] 22 5 B35 (P<0.05)

Note ; Different lowercase letters in the same column indicate significant differences between strains at 0.05 level
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Bl &tk LW-3 BEES
Fig.1 Colony morphology of LW-3 strain
2.3.2 kR LW-3 AR ACREAE . BBk LW-3 ARl A
AR VP OB FARRRAE IS B K figp 1 52 BH P, s e
7 H,S G 2 AP (3£ 3) o
2.33 Gk LW-3 e it

2.3.3.1 16S rDNA 535047, Btk LW-3 1 16S tDNA &%
KERULE 4, I 4 WL R LW-3 FIRZREW LS
SCRIAT BRI 2 AT B R VB A SE 57 B B ) 16S rDNA ()
IRk 80% LA L=, — A, 2 AN Bz (] £ 16S tDNA (4[]
PAVERS T 97.5% JUPKE 2 A3 F [/ —AF0 L AR
P BRLW=3(416S tDNAFES JEAREE LEBIAEALERE 5307
SH(AR K RGBT TR bk LW-3 10260

B2 LW-3EERS
Fig.2 Bacterial morphology of LW-3

B3 LW-3Fmms
Fig.3 Spore morphology of LW-3
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Table 3 Physiological and biochemical characteristics of LW-3 strain
G A G| G5 RHE G| S RHE AR G
No. Trait Result|| No. Trait Result|| No. Trait Result|| No. Trait Result
1 FE At + 09 B2 FLA I - |17 S AL + |l 25 Jig g +
2 VP )i + || 10 AR RRIBUR G - |18 PR tE K + || 26 IS K fie +
3 JrHE (v - | u 7 H,S - |19 5 IR IR - |27 R A BRUUK fi +
4 a=D-Hj A1 - 12 il + | 20 p—FEER LR - || 28 Wik w
5 D-1 # bk -3 HER-L-lEm, + || 21 AT g + |29 D-Z 2 H -
6 D-2LHk - | 14 L-NZEIR + | 22 D-ZLiR i - | 30 D-ifg et -
7 DL - |15 L-K5 &R + | 23 L-#LiR + | 31 D-2F 4 — Al -
8 3-HE-D-T%E - 16 L-RAH R + | 24 FriER - | 32 Je Rk -

VE o+ BT BT

Note:" +" is positive;

is negative

2332 gyrB HHIFHN W, 456 gyrB HH T E 5B e
PR LW=3 #E—25afiA , H gyrB FER R G L FMILE S, H&
5 T, ERE LW =3 55 27 EE T 1 20 R 2F /04T 187 ( Lysinibacillus
Susiformis RB=21, #5225 CP010820. 1) i) [F] Y5t ik 99%

9%

V-3

I, 5 TR R 1O TR 7 S A IR 25 2R B AR AR AR (168 TRNA
SIS \gyrB FENFP B 50087, B 5 Wbk LW -3 Z Y
TR R AT LW -3,

KF956626. 1 Acetobacter sp. S12909
KC887936. 1 Firmicutes bacterium K17

MK208518. 1 Lysinibacil lus macroides (CS4

CP031730. 1 Stenotrophomonas rhizophila GA1

MG755243.1 Lysinibacillus fusiformi VITVB2s
GQ927149. 1 Lysinibacil lus fusiformis G1-1

KY565423.1 Lysinibacillus sphaericus Endo Ya6
AY161044. 1 Bacillus sphaericus PLC-5
IN874276.1 Azospirillum brasilense

KU172701. 1 Mycobacterium sp. DWMJI-1066A3

99 L CPO4609.1 Sblibacillus silvestris DSM 12223

99 | IW-3
CP010820. 1 Lysinibacillus fusiformis RB-21

JF833091. 2 Rummeliibacillus pycnus Gx4

KF818653. 1 Aucil lus megaterium 266XG10

CP015224.1 Lysinibacil lus sphaericus 2362

KM090847. 1 Lysinibacil lus parviboronicapiens K13154

100 | CP019980. 1 Zysinibacil lus sphaericus DSM 28

CP006837. 1 Lysinibacil lus varians GY32

94 4|
100
— KF453779.1 Caryophanon sp. JAN-3
|

0. 01

B4 Eik LW-3 ) 16S rDNA R4%%& Bt

Fig.4 Phylogenetic tree of strain LW-3 16S rDNA
100
65
71
I
86 AB243838.1 Bicillus sp. 3B1332
—

0. 02

B 5 Bk LW-3 1 gyB EERRGEEER

Fig.5 Phylogenetic tree of strain LW-3 gyrB gene

M670912. 1 Kurthia populi 6-3

LT174525.1 Caryophanon latum DSM14151
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