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Table | Basic properties of tested soil
PH (H,0)
(gkg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
5.03 10.780 0.246 0.690 24.585 1.06 11.87
1.2 TTTGATCCTGGCTCAG-3") 1492r (5'-GGTTACC-
LB 10g 5g TTGTTACGACTT-3")!""] 16S tDNA  PCR
10 g 20¢g 1000ml pH7.0~7.2
(NH4),S042.0 g NaH,PO40.5¢g 16S rDNA NCBI
K,HPO,0.5 g MgS0O47H,0 0.2 g CaCl,2H,00.1 g GenBank Blast
H,O1000ml pH7.0 MEGA 4.0
(PKO ) Ca3(POy),5¢g (Neighbour-Joining)
CeH 120610 g (NH,),S040.5 g NaCl0.3 g MgSO4+7H,0 1.6 TIAA
03g KCl03g MnS0,0.03g FeSO47H,0 0.03 g 1.6.1 IAA
H,0 1000 ml pH7.0~72 L- (100 mg/L)LB
1.3 IAA 50 ml 250 ml 1%(v/v)
10 g 30 180 r/min
100 ml 250 ml 30°C 150 r/min 10 15 20 24 32 44 56h
20 min 10 min IAA
LB 3
30C 24 h L- OD600
4C LB
1AA 1.6.2 pH 1AA
L- (100 mg/L) LB L- (100 mg/L) LB
30°C 180 r/min 1 50 wl pH4 5 6 7 8 9 10 11 12)
50 pl Salkowski 24 h IAA
(50 ml 35% HClO,+ 1ml 0.5 mol/L FeCl;)™ 0D600
50 ul 50 mg/L IAA 1.6.3 IAA
30 min L- (100 mg/L) LB 25 50
IAA 75 100 150 ml 250 ml
IAA 24 h IAA
1AA 0OD600
OD 600 1.6.4 1AA
10 000 r/min 10 min L- (100 mg/L)
Salkowski 30 min 1%(W/v)
0D530 IAA ol 50 ml 250 ml
0OD600 1 IAA 1%(v/v)
IAA 30 180 r/min 24 h
1.4 TIAA IAA
1.6.5 IAA
[11-12] L- (100 mg/L) (
1.5 IAA 16S rDNA ) 0.1%(W/v)
LB
SDS-CTAB!"! 50 ml 250 ml
DNA 16S rDNA 271(5'-AGAG-  1%(v/V)
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30 180 r/min 24 h
IAA
1.7 TAA
50 ml 3 (
)
250 ml 4%
30 180 r/min 96 h
96 h 4 10 000 r/min
15 min (3]
1.8
2012
PGPR
LB
30 180 r/min
4
3 0OD600
10* CFU/g
5 2 000 g
60% 30
1.9
SPASS 19.0
2
2.1 TAA
7 IAA
3 ZH2 ZHS5 ZH6 IAA
ZHS5 1AA 24 h IAA
43.18 pg/ml ZHS 8 IAA
ZHS5
ZHS

FT2 ZHS ERRRUEIEA (LiFtE

Table 2 Physiological characteristics of strain ZHS

V-P .

ZHS5 16S rDNA 1.4 kb
ZH5 16S rDNA GenBank
ZH5
(GenBank KJ801523)  Bacillus megaterium
IAM 13418(D16273) 100%
ZHS5 (Bacillus megaterium)
2.2 ZHS TAA
2.2.1 ZH5 IAA
2 ZHS5 10 ~
15h 15h
24 h ZH5
(TAA) 10 h
24 h
43.18 pg/ml IAA
[16]
IAA
IAA
24 h 32 h
24 h 48.82%
1AA Datta
Basu!'”!
IAA
2.2.2 pH ZHS IAA
3 pH 4 12
ZH5
IAA pH 5~7
pH 7 pH 7~ 10
IAA pH
pH 7 pH 7 TIAA
pH 11 TIAA
ZHS5 IAA
pH 6 ~ 8 pH
(P<0.05) [18] [19]
IAA pH [18]
1AA pH
[1e) pH 5~6

ZH5
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32 Bacillus drentensisLMG21831(AJ542506)
31 Bacillus viretiLMG21834(AJ542509)

48 Bacillus bataviensisLMG21833 (AJ542508)

82 Bacillus soliLMG21838(AJ542513)
83 Bacillus niacinlFO15566(AB021194)

Bacillus pocheonensisGsoil420(AB245377)
Bacillus siralis171544(AF071856)

35 ——Bacillus nealsoniiDSM15077(EU656111)
7 r Bacillus circulans ATCC4513NCTC2610NCDO1775(AY 724690)

|\O

83
49 Bacillus circulans(AY043084)

‘Bacillus herbersteinensisD-15a(AJ781029)

1 s {Baciﬂus infantisSMC4352-1(AY904032)
Bacillus oceanisediminisH2(GQ292772)

75

Bacillus koreensisBRO30(AY 667496)

| ZH5 (KJ801523)

61
100 |
Bacillus megateriumlAM13418(D16273)
Falsibacillus pallidusCW _7(EU364818)
Bacillus acidicolal05-2(AF547209)
Bacillus cohniiDSM6307(T_X76437
32 —| (T )
50 Bacillus_niabensis4T19(AY998119)
A
0.002

Bl 1 ZH5 & 16S rDNA EFFI R R L BEMAETRKRE 1000 MxEFH 2 MEEER)

Fig. 1 Phylogenetic tree established using the neighbor-joining method, based on 16S rDNA sequences of ZHS and the related strains
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Fig. 2 Effects of different time on the growth and IAA secretion of secretion of strain ZH5
strain ZHS
2.2.3 ZH5 1AA
16
el 4 250 ml
25 ml
18
18] ZH5 ZH5 IAA
pH ZH5 pH 0,
50 ml ZH5

IAA oD



2 365
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Fig. 4 Effects of different liquid volumes on the growth and IAA
secretion of strain ZH5 TIAA 16.03 pg/ml
(P<0.05)
248 TAA 17.53 pg/ml
16 18 Hem IAA
e " ZH3 Patten Glick?"
IAA ZH5
1AA IAA
IAA
ZH5 IAA IAA
50 ml (P<0.05) [18]
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el IAA
(WRV.V.Nog 0D600
18 920
16 - N\ 1.8
ERvls § \\\
: -
Z10F § ‘%
& 8r N\ \
; .
ol -
=z \ §
! m
\ \
qil I I
0 1 1 k | k 1 1
IR Ak S HERm FLpH A
Tl
5 AREBEMERERI™ 1AA BRI
Fig. 5 Effects of different carbon sources on the growth and IAA secretion of strain ZHS
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Fig. 6 Effects of different nitrogen sources on the growth and IAA secretion of strain ZH5
2.4 ZHS
el 4 ZH5
IAA (18] CK
2.3 IAA ZH5 64.2% 34.4% 68.7%  28.2%
« 3 ZHS5 (18] [16]
ZH5
CK 164.73 5426 8239 mg/L (18] 7HS5
ZH5 [16]
ZH5
ZH5
[18]
- 41.86 mg/L 49.8%  54.0%
21.8%(  4) 7
ZH5
ZH5
k3 BEMEK ZHS ERPAHENFN IAA
Table 3  Effects of strain ZH5 on phosphate dissolution rate in the
solution TAA 3.71
(mg/L) (mg/L) (mg/L) 88.71% ZH5
CK 21.42 17.31 18.01
ZH5 186.14 71.57 101.40
R4 EMENR ZHS MEERAMERZ M
Table 4 Effects of strain ZHS on root architecture and plant of peanut
(cm) (cm®) (cm®) (g ) (em/ ) (g/kg)
CK 346.31+337B 60.78+0.35B 0.83+£0.03B 3478.01 +26.02b 2.05+0.10B 11.99+035B 5.54+0.04b
ZH5 568.65+10.05A 81.66+2.13A 140+0.12A 4458.67+35.50a 3.07+0.11A 18.47£0.27 A 6.75+0.07 a
P<0.05 P<0.01
3 24 h IAA 43.18 pg/ml 16S
rRNA
ZH5 (Bacillus megaterium)
(IAA) ZH5 IAA 50 ml/250 ml
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Isolation and Identification of the IAA-producing and
Phosphate-dissolving Bacteria and Its Promoting Effects on Red Soil

ZHENG Wen-bo'?, SHEN Fei', YAN Xiao-mei', ZHANG Shu-xuan', SUN Bo?, HU Feng', LI Hui-xin""

(1 College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China; 2 National
Engineering Research and Technology Center for Red Soil Improvement, Ecological Experiment Station of Red Soil, Chinese
Academy of Sciences, Yingtan, Jiangxi 335211, China)

Abstract: Three IAA-producing strains were isolated from the peanuts growing in red soil. Among the three strains,
ZHS5 showed the highest and most stable IAA excreting ability (43.18 pg/ml in 24 h 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. Single factor tests were designed to explore conditions
optimal to growth and fermentation of the strain. 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 6-8, filling volume 50 m1/250
ml flask, incubation at 30  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: Red soil; PGPB; Indole-3-acetic acid (IAA); Phosphate-dissolving; Growth-promoting



