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Table 1  Basic properties of tested soil
(g/ kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) pH(H,0)
9.20 0.89 6.84 2.39 9.23 6.32
(PKO ! 5g 16StDNA  PCR PCR 94°C
10g 05¢g 03¢g 5 min 94°C 30s 52C 30s
03¢g 03¢g 0.03 g 72°C 10 min 30 PCR
0.03g pH7.0 1 000 ml 0.7% PCR
20¢g 05¢g (
05¢g 02¢g 0.lg ) 16S rDNA GenBank
1000 ml pH7.0 Blast MEGA 4. 0
1.2 TAA (Neighbour-Joining)
10 g 100 ml 1.4 TAA
250 ml 30°C 150 r/min 14.1 IAA
20 min 10 min L- (100 mg/L) LB 50 ml
LB 30C 24 h 250 ml 1%(v/v)
4°C (30°C 180 r/min)
LB 10 15 20 32 44 56h
IAA IAA
L- (100 mg/L) LB 14.2 pH IAA
(30°C 180 r/min)1 50 ul L- (100 mg/L) LB
pH4 5 6 7 8 9 10) 50 ml
Salkowski (50 ml 35% HCIO4+ 1 ml 0.5 mol/L 250 ml 1%(v/v)
FeCl;)!' 50 ul LB 24 h(30°C 180 r/min)
IAA
30 min 143 IAA
IAA L- (100 mg/L) LB 25
IAA 50 75 100 150 ml 250 ml
IAA 1%(v/v) 30C
OD600 180 r/min 24 h
10 000 r/min 10 min IAA
Salkowski 30 min 0OD530 1.4.4 1AA
(7 IAA L- (100 mg/L)
IAA 1%(w/)
1.3 16S rDNA 50 ml 250 ml
1%(v/v)
1.3.1 30°C 180 r/min 24 h
( 8 ) IAA
(18-19] 1.4.5 TIAA
1.3.2 LB L- (100 mg/L) ( )
SDS- 0.1%(w/v)
CTAB™ DNA 168 rDNA
27f (5'-AGAGTTTGATCCTGGCTCAG-3") 50 ml 250 ml 1%(v/v)
1492r (5'-GGTTACCTTGTTACGACTT-3') 2! 30C



16S rDNA

180 r/min 24 h
TAA 3
1.5
2
250 ml 50 ml 2.1 TIAA JX15
121°C 30 min 4%
30°C 200 r/min 22
72 h IAA 5 1AA
72h 20 ml 6 000 r/min JX1 JX6 JX8 JX15 JX21
20 min JX15 IAA 24 h IAA
(221 22.55 pg/ml 8 IAA
1.6
200 g JX15
60% 30
(LA1600+scanner Canada) 2
(Winrhizo 16S rDNA GenBank
2003b Canada) (1
IAA Bacillus megaterium 1AM 13418(D16273)
20% 2 XIS EHREYEIRAE (LASM
20 min 2 Table 2 Physiological characteristics of strain JX15
JX15 LB - -
30°C 180 r/min X i
10 OOO r/min 10 min (MR) _ +
3 10° CFU/g V-P _
ceins e s
-Bacillus drentensis LMG 21831(AJ542506)
5‘317— Bacillus vireti LMG 21834(AJ542509)
) Bacillus soli LMG 21838(AJ542513)
36 -Bacillus bataviensis LMG 21833 (AJ542508)
99 Bacillus TFO 15566(AB021194)
0l Bacillus pocheonensis Gsoil 420(AB245377)
Bacillus infantis SMC -1(AY904032)
83 Bacillus siralis 171544(AF071856)
461‘—':Bacillus circulans (AY043084)
[40] 99 Bacillus nealsonii DSM 15077(EU656111)
Bacillus koreensis BRO30(AY667496)

68 Bacillus flexus IFO 15715(AB021185)
1 100 |: JX15
98|

-Bacillus megaterium 1AM 13418(D16273)

-Bacillus herber

sis D 15a(AJ781029)

-Bacillus cohnii DSM 6307(X76437)

43]
‘64‘_{
52

-Bacillus niabensis 4T19(AY998119)

-Bacillus idriensis SMC 4352-2(AY904033)

—

-Bacillus humi LMG 22167(AJ627210)

[ Bacillus acidicola 105-2(AF547209)

100 —Bacillus shackletonii LMG 1843 5(AJ250318)

0.005

1 JXI15 EHE 16S rRNA EFFIRZLBERMATRARE 1000 MxEHH 5 MEEER)

Fig. 1

Phylogenetic tree established using the neighbor-joining method, based on 16S rRNA sequences of JX15 and the related strains
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98% MEGA4.0 NJ JX15  16S 300 TATIAA —RODE0 30
rDNA
JX15 (Bacillus megaterium) g
2.2 JX15 IAA 2 S
i ]
4z o
221 JX15 IAA é
2 10~15h JX15
15h
1AA 10 h '
P
20 h 22.55 pg/ml T1AA . o N
23] [24] 3 TR pH HEHKEKFS 1AA HE
Fig. 3 Effects of different initial pH values on the growth and IAA
IAA secretion of strain JX15
20 h —A—IAA —%— OD600
IAA 32 h #r 1%
60.12% 2+ 120
€ 20 -
E 415 S
18 a2
4o 410 ©
S 16f
IAA 14} 103
IAA = > l l L 0
0 50 100 150 200
25, —&—JAA —=—0D600 24 S R ()
€ 20l 123 4 FREZHEHEHERKNE AL HEI
3 § Fig. 4 Effects of different liquid volumes on the growth and IAA
Eﬂ 15+ 122 8 secretion of strain JX15
< 10 121 IAA
T S SR b N )\
50 5 10 15 20 25 30 35 40 45 50 55 60 0,
SREERTTH] (h) 250 ml
2 AREHEFEMERE KT IAA B9F 00 50 ml IX15
Fig. 2 Effects of different time on the growth and IAA secretion of
strain JX15 IAA
222 pH IX15 IAA IX15
3 pH 4 10  JXIS IAA 50 ml
IAA IAA IAA
pH pH 8 JX15
pH 7 IAA
pH 8 2.2.4 JX15 IAA
JX15 IAA pH 8 5 6
pH (P<0.01) > > > > > >
261 IAA pH 8
[24] pH 5-~6 (P<0.01) IAA
6 JX15 IAA
2.2.3 JX15 IAA > > > > > >
4 250 ml IAA
25 ml JX15 (P<0.01)
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T1AA
IAA -IAA 6 14
BIAA E0D600
1AA 5L 12
IAA 7] IX15 £ af 10
s, 08 g
IAA Eﬁ I 106 8
10 105 < 2r 104
oIAA @0D600 <l o2
% 8t 04 0 §5§5555 g [ e 0
2 6f 103 8 THEREE TiPREE WM AR JRE B NER
g a R
& 4t 102 ©
<, 3 Lo 6 RRMBEHEHKE KA 1AL
.; .Q ’ Fig. 6 Effects of different nitrogen sources on the growth and IAA
0 L= P ¥ 0 secretion of strain JX15
HENE KB TR O SRR I EIN
IR 2.4 JX15
B 5 FEREREATE IAA B0 IAA (7 291
Fig. 5 Effects of different carbon sources on the growth and IAA
secretion of strain JX15 IAA
2.2.5 JX15 IAA
6 1 82.5%
> >NH4NO3> >(NH4)2804> 475% 5 ( 3)
(241 IAA
> KNO; IJX15 T1AA
> > >NH,NO;> >KNO; > JX15
(NH4)2S0,4
JX15 IAA
OD600 0.014 0.03 TAA 3.93
pg/ml  3.56 pg/ml
(P<0.05) JX15 IAA
19.4% 6.7% 24.6%
2.3 TIAA JX15 61.9%  118.5%( 4)
JX15 7 JX15
41.86 mg/L 36.45 mg/L IAA
7 JX15 2.94 40.47%
JX15
(28] JX15
3 EMEKIXIS FEEREANEZMW
Table 3  Effects of strain JX15 on root architecture of peanut
(cm) (cm®) (em®) (G
CK 129.68 +2.82 48.46 £ 0.13 1.60 £ 0.31 155.67 £ 10.97
IX15 262.34 £5.39" 88.27+5.39" 236+0.11° 877.33 £45.35"
* (P<0.05) ** (P<0.01)
x4 EMEK IXIS W EEEKB TN
Table 4 Effects of strain JX15 on peanut plant
(® (cm) (g/kg) (g/kg) (g/kg)
CK 2.68 £0.08 1.73 £0.12 17.93 £ 1.16 0.21 £0.05 5.37+£0.50
JX15 32+0.13" 18.93£0.15™ 22.27 £1.34" 0.34 +£0.07" 11.80 +£0.20™
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(1]
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(3]
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Fig. 7 Effects of strain JX15 on soil available P and IAA
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Isolation, Identification of Plant Growth-promoting Bacteria
and Its Promoting Effects on Peanuts

XU Wen-si, JIANG Ying, LI Yin, ZHANG Zhen, XU Li, HU Feng, LI Hui-xin"
(College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: IAA-producing strains were isolated from fluvo-aquic soil, out of which the strain JX15 showed the highest and
most stable IAA excreting ability (22.55 pg/ml in 20h cultivation), combining additional phosphate-dissolving capability as well.
Based on morphological, part of the physiological and biochemical characteristics and 16S rRNA sequences analysis, it was
identified as Bacillus megaterium (GenBank Accession No. JX424613). Single factor tests were designed for preliminary study of
the optimized conditions for the strain growth and fermentation. Results showed that the optimum condition for growth was
consistent with that for excretion. The optimal culturing conditions for both growth and IAA secretion were pH 7 — 8 filling
volume 50 ml/250 ml flask, incubation at 30°C for 24 h, the best carbon and nitrogen sources were mannit and yeast extract.
These results provided the experimental basis about the strains for the development of bio-organic fertilizer in the future.

Key words: Fluvo-aquic soil, PGPB, Indole-3-acetic acid (IAA), Phosphate-dissolving, Optimization
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