A G T A
AGRICULTURAE 42 3k & 524k » 2013,28(2) : 202208
BARERLI-Simigg < 2
NX1 N
1 23 1 1 1 1
(1. 071001; 2. 071001;
3. 071001)
16S rRNA
NX41. NX41  Bacillus subtilis subsp. Subtilis
o : 5.0% 1.5% MgS0, 0.07% NaCl 0.05%;
20 h. 30 mL/250 mL N 4% -pH 8.0 37 C. 200 r/min,
1$432.4 TA 11000 -7091(2013) 02 - 0202 - 07

Screening Identification and Sporulation Conditions Optimization of NX1
Strain Having the Ability of Solubilizing Phosphorus and Potassium
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Abstract: Bacteria having the efficient activity on solubilizing phosphate and potassium have been isolated for
its utilization as a biological fertilizer. The most efficient strain named NX-1 was chosen for further study. NX-1
was identified as Bacillus subtilis after a series of physiological and biochemical experiments morphological observa—
tion and 16S rRNA gene sequence analysis. The solubilization ability of NX-1 was tested in the condition of pure cul-
ture. The results showed that the optimal medial components were composed of 5. 0% starch 1.5% soybean cake
powder 0.07% MgSO, 0.05% NaCl. The optimal culture conditions were at temperature 37 “C with initial pH 8.0
and incubation time 20 h inoculum’s volume 40 mL/L. medium volume 30 mL in 250 mL flask and 200 r/min.
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NX-1 16S rRNA 10 ¢ 1 000 mL.
28 °C 180 r/min 7 d
. 5
5
1 .
1.3
1.1 1.3.1 6 -7
. K4 - N N
ACCCI10012 ( Bacillus mucilaginosus) N N .
o N VP V65 C N
1.2 ( ) . N .
1.2.1 1.0 g 10 mL .
80 C 20 min o 1.3.2 16S rRNA 16S rRNA
1.2.2 1072 107° 16S tRNA
37 C PCR 271: 5" AGAGTTTGATCCTGGCTC
NA AGG37;1492r: 5" -ACGGCAACCTTGTTACGAGTT3 ",
37 C 4 C o PCR GenBank
1.2.3 ( ) BLAST o
3 1.4
o 1.4.1 NA 0.5%
: (NH,) ,80, 0. 5¢g MgSO, 1% NaCl 0.5% 2% o
0.3 ¢ NaCl 0.3 g Ca,(PO,), 10 ¢ 10 ¢ NA
MnSO,(1%) 1 mL. FeSO,(1%) 1 mL 20 g 115 C 30 min. o
1 000 mL pH 7.2,
: (NH,),S0, 0.5 g MgSO, 37 C 24 h.
0.3 g NaCl 0.3 ¢ KC1 0.3 g CaCO; 3.5 ¢g 1.4.2 10 ¢/L

10 ¢ MnSO,(1%) 1 mL FeSO,(1%) 1 mL
0.2 g 20 g 1 000 mL.

0.75g (NH,) ,S0,
0.15 g Na,HPO, 0.30 ¢ MgSO, 0.075 ¢

10 g 20 g 1 000 mL.
37 C 3~74d
1.2.4 ( )
3 o
: (NH,),S0, 0.5 g MgSO,
0.3 g NaCl 0.3 ¢ Ca,( PO,), 10 ¢ 10 ¢
MnSO,(1%) 1 mL. FeSO,(1%) 1 mL 1 000
mL. pH 7.2,

:(NH,),S0, 0.5 g MgSO,
0.3 g NaCl 0.3 g KC1 0.3 g CaCO;3.5 ¢
10 ¢ MnSO,(1%) 1 mL FeSO,(1%) 1 mL
0.2 ¢ 1 000 mL.
0.75 ¢ (NH,) ,S0,
0.15 g Na,HPO, 0.30 ¢ MgSO, 0.075 ¢

10 g/L Na, HPO, 4 g/L NaH, PO, 2 g/L
MgSO, » 7H,0 0.5 g/L.

250 mL 121 C 20 min,
o 250
mL 50mL 37 C 200 r/min
24 h 0
1.4.3 10 g/L
7 ¢/L 20 g/L Na,HPO, 4 ¢/L. NaH, PO,

2 g/L MgS0, 0.5 g/L (NH,) ,S0, 2 g/L.

250 mL

50 mL. 121 C
15 min.
6%
37 °C 200 r/min 72 h.
1.4.4 10 g/L
7 g/L 20 g/L Na, HPO, 4 g/L

NaH,PO, 2 ¢/L. MgSO, 0.5 ¢/L ( NH,) ,SO, 2 ¢/L,
20 g/l - .
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200
r/min 72 h o o
I( 7 g/L): . .
N N N N N MgSO, «NaCl pH.
( NH,) ,S0, - . .
I( 10 g/L): S
N N N N X 5D,
(NH,) ,S0,. o 37 C 200 r/min 1.4.6
72 h o 8 o 80 C
I( MgSO, 0.5 g/L): MgSO, - 15 min
(NH,) , SO, CaS0, . FeCl, ZnSO, » MoSO, ~ NaCl
MnSO, - .
I (( NH,),S0,2 ¢g/L): )
(NH,) ,S0,+MgS0, « NaCl. CaSO, - FeCl, » ZnSO, - MoSO,
MnSO, - 37 °C.200 r/min 72 h 2.1
o 2.1.1
1.4.5 NX41
. o 1) .
1
Tab.1 Results of efficient solution of phosphorus and potassium screening
No. ot Inorganic Organic Potassium No. ot Inorganic Organic Potassium
strain phosphorus phosphorus strain phosphorus phosphorus
NX1 + + BY-9 - - -
+ + - - -
+ + - - -
CX-21 - - - CC-34 + -
- - - + + -
- - - - + -
NX31 - - - CXH + + -
- + - + + -
- - - + - -
NX33 + - - CX-4 + + -
+ - - + + -
- - - + - -
NX43 - - - BY3 + + +
- - - + + +
- - - + + -
NX42 + - CX9 + + -
- + + -
- - - - + -
S ;-
Note: + Means a decomposition; — Means no decomposition.
2.1.2 K4 10

NX1

14%;
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10%( 2). 2.2 NXH41
2 2.2.1 NXdH1
Tab.2 Determination of the effects of shake flask
solution of phosphorus and potassium mg/L - D- D—
/(x107") . 35~37 C
No. of Organic Inorganic .
. Potassium N
strain phosphorus  phosphorus
NXA1 0.193 0.235 0.017 MR WP
0.193 0.237 0.016 S °
0.192 0.236 0.017 2.2.2 16S rRNA
BY3 0.063 0.347 0.019 NX41 Bacillus
0.063 0.348 0.019 NR_ 027552
0.063 0.347 0.015 Bacill biili b brilis DSM 10
CXd4 0.175 0.228 0.018 actlius subtilis su Sp. Sl LilLs
0.177 0.227 0.018 99.71% o NXH1
0.176 0.227 0.019 ( Do
CXT 0. 106 0.254 0.014 2.3 NX41
0. 106 0.251 0.014 2.3.1
0.105 0.246 0.015 72 h 84.30%
K4 0.088 0.214 0.015
Control 0.087 0.214 0.014
group K4 0.088 0.214 0.014 ( 2)
AJ496807 Amphibacillus xylanus
NR024693 Bacillus mojavensis
34.0 NR027552 Bacillus subtilis subsp. subtilis
37.0 . 28.0 NX11
52.0[  NR024696 Bacillus vallismortis
47.0 EU194897 Bacillus methylotrophicus
FF433406 Bacillus amyloliquefaciens
L00. O} {mzm(ﬁ Bacillus tequilensis
£l NRO24931 Bacillus subtilis subsp. sp. spizizenii
{DQQ%STI Bacillus axarquiensis
60.0 DQ993673 Bacillus malacitensis
EF433410 Bacillus licheniformis
0. 005
1 16S rRNA NX41

Fig.1 Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences showing the

relationships between strain NX-1 and related species

100

g 8

AR/ %
Spore formation rate
=y
=

(5]
=1
T

(=]

R R T

Glucose Sucrose Maltose Starch Wheat bran Corn meal Dextrin

BRIRFA

Carbon sources

2 NX41

Fig.2 Effect of different carbon sources on spore formation rate of NX-41
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Fig.3 Effect of different nitrogen sources I on spore formation rate of NX-11
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Fig. 4 Effect of different nitrogen sources II on spore formation rate of NX41
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Fig.5 Effect of different inorganic salts I on spore formation rate of NX-41
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Fig.6 Effect of different inorganic salts II on spore formation rate of NX-11
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2.3.4 o
NX41 6
6
( 3). .
3 R, >R, >R, >R; 95.35% 6
72 h A > 93.58% - :5%
C>D>B 1.5% 0.07% MgS0O, 0.05% NaCl.
o A2B3C3D2,
3
Tab.3 Orthogonal test results of medium concentration
(A) /% (B) /% (C) /% (D) /% 1%
Test No. Carbon sources Nitrogen sources MgSO, NaCl Spore formation rate
1 2 0.5 0.02 0.02 82.51 +0.33
2 2 0.7 0.05 0.05 77.52 +0.83
3 2 1.5 0.07 0.07 89.86 +0.95
4 5 0.5 0.05 0.07 76.67 £5.42
5 5 0.7 0.07 0.02 86.48 +0. 15
6 5 1.5 0.02 0.05 94.13 +0.19
7 7 0.5 0.07 0.05 85.90 +1.98
8 7 0.7 0.02 0.07 62.85+0.18
9 7 1.5 0.05 0.02 79.73 £2.37
K1 83.3 79.83 79.74 82.91
K2 85.76 83.3 77.97 85.85
K3 76.16 87.91 87.41 76.46
R Range R 9.6 8.08 9.44 9.39
Excellent combination A2 B3 C3 D2
'K R o 4
Note: K stands for average. R stands for range. The same as Tab. 4.
4
Tab.4 Orthogonal test results of culture condition
(A) /h (B) /mL (C) /% D 1%
Test No. Inoculum’s age Bottle filling Inoculum’s size pH Spore formation rate
1 16 30 4 6 91.60 £0.34
2 16 50 6 7 86.04 +0.63
3 16 100 8 8 91.49 +0.37
4 18 30 8 7 92.87 +0.35
5 18 50 4 8 79.81 £0.30
6 18 100 6 6 92.65 £0.11
7 20 30 6 8 98.31 £0.22
8 20 50 8 6 95.22 +0.18
9 20 100 4 7 96.64 +0.17
K1 89.93 94.22 93.29 89.46
K2 88.26 87.08 87.66 92.51
K3 96. 65 93.56 89.57 92.89
R Range R 8.39 7.14 5.62 3.43
Excellent combination A3 B1 Cl D3
2.3.5 A>B>C>D
NX1 NXH1
( 4. 4

R,>R; >R, >R, o



ionibusbask 205 E ek on 5%
A3BICID3. J. 2001 28(2) :26 —29.
2 . J .
7 2007 13(4) : 34 - 36.
. 97.78% 3 : M
7 97.54% 1983. J
20 h 30 mL/250 mL. 4% pH 2005 24(1) 43 45,
8.0, 5 . -
3 1999.
6 . M .
2001.
. . . 7 RE NE . M .9
. 1994: 274 —-290.
8 . M .
1986:30 —31 81 —83.
9 M .
° 1992: 104.
015 10 . M .
° 2000.
NX-1 1 . J .
2002(3) : 12 - 13.
o 12 .
NX41 J . 2011 39(1):43 -
. . 46.
13
I
’ 2010 38( 12) :37 -39 56.
14
NX41 .
I
° 2011 17( 1) :92 - 95.
15

J. 2011 39( 12) : 1334 - 1336.



