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Table 1 Basic properties of tested soil in the experiment
(g/kg) (g/kg) NH;-N(mg/kg) NO;-N(mg/kg) (mg/kg) pH(H,0)
9.20 0.89 6.84 2.39 9.23 6.32
(PKO ) 5g (ARA)
10g 05¢g 03¢ ARA(C,H; nmol/(h-ml))=
03 ¢g 03 g 0.03 g SFFC,H,  Blxhn x g
0.03g pH 7.0 1000 ml 121°C 30 min b I HERE < FRIR<FE
LB 10g 5¢ 1.2.3
10g 1000ml pH7.0~72 121C 30 ml
30 min 150 ml 30°C 180 r/min
208 058 4 4°C 10 000 r/min
05g 02g 0.1g 15 min
1000ml pH7.0 121C 30 min e
1.2 1.3 16S rDNA
1.2.1
10 g 90 ml 250 ml 1.3.1
30°C 150 r/min 20 min 10 min LB 30°C 24h
10°°
[16]
0.1 ml Ashby
30°C 18~24h
24 h .
4C Ashby I min
1.3.2
(M.R
1.2.2
) (VP )
24 h (
45 ml 5 ml 8 ) [17]
50 ml 107 ) 1.3.3 16S rDNA SDS-
CTAB DNA %1
16S rDNA 271(5'-AGAGTTTGATCCTG
2 ml GCTCAG-3')  1492r (5'-GGTTACCTTGTTACGACTT-
30C 18 ~24h 392 16SDNA  PCR
1.5kb PCR 94°C 5 min
0.5 ml 0.5 ml 94°C 30s 52°C 30s 72°C 10 min
C,H, 24 h 100 pl 30 PCR 0.7%
C,H, C,H, PCR
130 mg/L PCR Invitrogen
HP6890 16S rDNA GenBank
250°C Blast MEGA 5.0
H, 30 ml/min 20 kPa Neighbor-Joining
15.0m 320 um 30C N, 1.4
30 ml/min 20 kPa 250 ml/min

20 kPa

LB 28°C
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180 r/min 2
5 000 r/min
5 min ( - -
) JX14
107 cfu/ml 96.19 mg/L
20% 90.78 mg/L (P <0.05)
20 min 120 -
L a
200 g 2 mm 6 S o0l —1-
3 10° cfu/g g
@
5 % 60 -
60% 24.8% il o
% C
& 301 d d d
£
Ll | ]
(LA1600+ CK JX2 JX5 1X6 JX% *J*XIIJXMJXIS 1X20
scanner, Canada) o M2 EHARREE St
(Winrhizo2003b, Canada) Fig. 2 Phosphate solubilizing ability of bacteria
2.2 JX14 16S rDNA
2
2.1
IX14

22
8
JX2 JX5 JX6 JX8
IX11  JX14 JX15 JX20
36.4% 1 JX14

C,H,438.9 nmol/(h-ml)
(P<0.05)
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Fig.3 Morphological characteristics of strain JX14
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|_l_‘ d Table 2 Physiological and biochemical characteristics of strain JX14
10 ’—l—‘ ’—l—‘ {
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- +
( P<0.05 (MR) B N
) V-P
E1 BEREREREENEILR _
+ -

Fig. 1 Nitrogenase activity of azotobacteria
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IX14 DNA 16S rDNA 99%
PCR ( 1.5 kb) MEGA 5.0 NJ JX14
GenBank JX424612 rDNA ( 4) IX14 TJariovorax soli GH9-3
GenBank (DQ432053)
JX14 JX14 (Variovorax sp.)
76| Acidovorax avenae ICMP 3183(AF137505)
100| Ycidovorax oryzae FC-143(DQ360414)
83 Acidovorax cattleyae ICMP 2826(AF137504)
38 Pseudacidovorax intermedius CC-21(EF469609)
28 4[—Simplicispira metamorpha DSM 1837(Y18618)
99 Simplicispira limi EMB325(DQ372987)
Xvlophilus ampelinus DSM 7250(AJ420330)
Variovorax dokdonensis DS-43(DQ178978)
1007 JX14 (JX424612)
11 3] [Variovorax soli GH9-3(DQ432053)
37 4|:Variovorax paradoxus DSM 66(AJ420329)
97 Variovorax boronicumulans BAM-48(AB300597)
Xenophilus azovorans KF46F(AF285414)
10q— Hydrogenophaga atypical BSB 41.8(AJ585992)
IHya'rogenoplmga defluvii BSB 9.5(AJ585993)
45| ,7Curvibacter delicates LMG 4328(AF078756)

26 ECurvibacter lanceolatus ATCC 14669T(AB021390)
100 Curvibacter gracilis 7-1(AB109889)

Caenimonas koreensis EMB320(DQ349098)

o

100

—
0.005

( 1000

[ Ramlibacter tataouinensis TTB310(AF144383)

Ramlibacter henchirensis TMB834(AF439400)

5 )

B4 ETF IX14 FIHXHE R 16S rDNA FHIRBELEIMNRE L SH

Fig. 4 Phylogenetic tree established using the neighbor-joining method, based on 16S rDNA sequences of JX14 and related strains

2.3 JX14 35.14% 171.43% 133.33% JX14
5
IX14
211 1.61 1.28
(22] JX14 137 1.12 7.83%
IX14
NH;-N NO;-N
NH;-N NO;-N
1.08 1.18 1.16 (23]
18.14%( 3) 4 (24]
JX14
44.78% 14.10% (25301
F 3 EMEKIX4 N TIETREMNEYHSENF
Table 3  Effects of strain JX14 on soil mineral-N and available phosphorous contents
NH;-N(mg/kg) NOs-N(mg/kg) (mg/kg) (mg/kg)
CK 6.04+0.21 31.82+1.75 37.86 % 1.66 74.02 +£2.79
JX14 12.55+0.37" 69.45 + 1.24™ 82.00 +0.98" 87.45 +5.49"

ok

* P<0.05 P<0.01
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Table 4 Effects of strain JX14 on peanut plant
(2 (cm) (g/kg) (g/kg) (g/kg)
CK 2.68 £0.08 17.73 £0.12 17.93 £ 1.16 0.21 £0.05 5.37£0.50
IX14 3.88+0.15" 20.23 £0.15™ 2423 +1.447 0.57+0.10" 12.53 £ 0.68™
x5 EMEK IX14 HEERRBFNG
Table 5 Effects of strain JX14 on root architecture of peanut
(cm) (cm”) (mm) (em’”) ()
CK 129.69 £ 2.82 48.46 £0.13 1.15+£0.05 1.67 £0.42 155.67 £10.97
1X14 339.05+8.72" 110.87 +4.73" 1.24 £ 0.06 3.96+£0.30" 330.33+14.50"
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Plant Growth-promoting Bacterium Variovorax sp. JX14 from
Calcareous Alluvial Soil: Characterization and Growth
Promotion on Peanuts

JIANG Ying'?, WU Yue', WANG Guo-wen?, XU Wen-si', ZHANG Zhen',
XU Li', HU Feng', LI Hui-xin"*
(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China;

2 College of Resources and Environmental Sciences, Henan Agricultural University, Zhengzhou

450002, China)

Abstract: Plant growth-promoting bacteria (PGPB) can improve plant growth and play a major role in the development of

plants. The present study was concerned with a PGPB (defined as JX14) isolated from calcareous alluvial soil and was analyzed

for its plant growth-promoting effect on peanuts. The nitrogenase activity of JX14 was C,H, 38.9 nmol/(h-ml), the transformation

amounts of tricalcium phosphate was 96.19 mg/L. Strain JX14 was identified as Variovorax sp. (GenBank Accession No.

JX424612) based on the morphological, physiological and biochemical characteristics and 16S rRNA gene sequences analysis. In

pot experiments, compared to the non-inoculated treatment, inoculation with JX14 significantly increased soil NH;-N, NO3-N,

mineral N and available phosphorus concentrations by 1.08, 1.18, 1.16-fold and 18.14%, which led to 1.61, 1.28, 1.37, 1.12-fold

significant increases in the root length, surface area, root volumes and root tips of peanuts, respectively. In addition, plant

morphological characteristics such as wet weight and height significantly increased by 44.78% and 14.10%, and plant nutrient

content such as total N, total P and total K of peanuts significantly increased by 35.14%, 171.43% and 133.33%, respectively. The

IAA-producing bacterial strain JX14 has promising application in promoting plant growth in peanuts production.

Key words: Calcareous alluvial soil; PGPB; Nitrogen fixation; Phosphate-dissolving; Peanuts



