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%, @it 2R EELNBRGRARER, KA PN REE AN B kAt B Rk,
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Characters identification and sugarcane growth promotion
analysis of an endophytic nitrogen fixing bacteria GXS16
NONG Qian' LINLi* XIE Jinlan® MO Zhanghong® HUANG Xing® LI Changning

1 Plant Protection Research Institute, Guangxi Academy of Agricultural Sciences, Nanning, Guangxi 530007, China
2 Guangxi Key Laboratory of Sugarcane Genetic Improvement; Guangxi Key Laboratory of Sugarcane Biotechnology
and Genetic Improvement, Ministry of Agriculture and Rural Affairs, Nanning, Guangxi 530007, China

Abstract: [Background] The nitrogen fertilizer input for sugarcane crop production is very high in China,
which result in the high planting costs and cause the field pollution. Sugarcane can obtain high levels of
nitrogen via N,-fixation by associated N,-fixing bacteria. It is imperative to substantially reduce the
nitrogen fertilizer inputs and to substitute nitrogen fertilizers with biological nitrogen fixation to develop a
high benefit-cost ratio and environmentally benign sugarcane production in China. [Objective] The aim of
this study was to systematically identify efficient endophytic nitrogen fixing bacteria of sugarcane, as well
as demonstrate their potential for associative nitrogen fixation and plant growth promotion ability.
[Methods] An endophytic diazotroph strain GXS16 was isolated from the roots of sugarcane, and its
nitrogen fixation ability was tested by acetylene reduction assay and nifH gene sequence amplification.
Strain GXS16 species classification was identified by its culture and the microscopic observation
characters, Biolog detection and 16S rRNA gene sequence analysis together. Strain GXS16 was inoculated
with micro propagated sugarcane seedlings to detect its growth promotion ability and associative nitrogen
fixation activity with '°N isotope dilution method. [Results] Strain GXS16 showed a high acetylene
reduction activity of 2.42 umol-C,H4/(h-mL). Based on phenotypic characteristics, Biolog system test, 16S
rRNA gene, nifH and acdS gene sequence analysis, GXS16 was classified into Burkholderia sp.
Furthermore, GXS16 containing ACC deaminase activity, and other plant growth promoting traits as IAA
production and phosphate solubilization ability. GXS16 significantly promoted the growth of sugarcane
seedlings. Compared with the uninoculated controls, GXS16 increased plant height and dry weights more
than 15% and 20%, respectively. PN isotope dilution assays demonstrated that the associative nitrogen
fixation rates of GXS16 in the sugarcane roots, stems and leaves were 7.69%, 15.64% and 8.72%,
respectively, which were higher than that of model strain G. diazotrophicus PALS. [Conclusion] Strain
GXS16 has a great potential to efficiently fix N, in sugarcane and promote sugarcane growth.

Keywords: sugarcane, endophytic nitrogen fixing bacteria, characters identification, growth promotion

HEE R E TR, (A IR h R HE—FREEE S, RIY AR IR e,

I 3 it FF P, — e R % 450-750 kg/hm?, He
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GCNGA-3")HI R (5'-ADNGCCATCATYTCNCC-3");
16S rRNA J:H5[#°A F (5'-AGAGTTTGATCCTG
GCTCAG-3")#1 R (5-AAGGAGGTGATCCAGCCG
CA-3"), WIFEY BHAR R (ZUE): 1.5 mmol/L MgCl,
100 mmol/L dNTPs, 0.05 U/uL Tag DNA %41,
1 uL DNA #i#t. nifH PCR L £51F: 94°C 30s,
67 °C [&7%5%) 57°C 455, 72°C45s, 20 MEH;
94°C305s,57°C45s,72°C45s, 15 MEH; 72 °C
5min, 16S rRNA JE[K PCR JZ v 451F: 94°C 30 s,
57°C30s, 72°C30s, 35 MMFE¥H; 72 °C 5 min,
P2 I B S IE S 25 Y, 64T BLAST
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1.8 {RAEMMFABE & B &=

FEAFPAE HIE , B e £ 3 kgo HIEFRME DL
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pH 6.2, HIELMGT ALl fs, IMAFERE R 15%
(9 ("NH,),S0, FIRA 5], i+ ai i SR
120 mg/kg. B8 GBI L FEHKIEMZSF Lin
SN Tk, KRR K BIEAR — SRR A
T BEAEAD 2 BRR, BEALBE 10 7K FERE GXS16
il PALS 71k, 25 A LB Ml C, ikt 5L+
30 °C. 150 r/min 53% 48 h, 8 000xg B5.[> 10 min
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B o BEARIT LA R ) 300 mL 58 HEAR SR 4
1R, Bk 15, 30 d /5 HEERE 1 Ik, X RpedsiE
TCRIK . B Ak 90 d Gk 4k, 7 pt T-FR
PRSI UEA TR A o 2530 S B N i
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1.9 HFESH
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FkE GXS16 HATR A ARE ), LA Ashby
AR KE 77 I 5557 (ODg0o=1.0), [E A HFI 2 ik I
R TEE N 2.42 pmol-CoHy/(h'mL), 38 %)
B PR G. diazotrophicus PALS ) [ % B 1% P
1.73 pmol-C,Hy/(h-mL) (] 2A). EE# GXS16 2
FhE U R A 2 30, 15 9% 5 d R Rl
KRS 1652 mg/L, & THbE PALS 1Y
128.6 mg/L, &5 2% (Kl 2B).

PR GXS16 7ELL ACC SMfE—Z R DF K537 58
HA K RAT, 155 16 h JE Rl E0 1) ACC Rz il i 1
A 15.37 umoL-o-ketobutyrate/(mg-protein-h), [ ¥k
GXS16 HA G I TAA FIREST, RN L4
FIRAIREFRIEH (ODgo=1.0)88530 32 pg IAA/mL.
2.2 HE ¥k Biolog £

H] Biolog %7 RGN /R GXS16 HEtHEF
FHZZ 2008 . KBREE . W RS 48 FIARTE, ASBERIH
WK . JEK . BERES . GXSl16 MIRRIEICHHE 5
Burkholderia contaminans A1, SIM{EH 0.79,
DIST fH >} 2.84.

1 E#H GXS16 BB & FIE AR SHFHE
Figure 1 Morphological characteristics of strain GXS16

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4714 A

Microbiol. China

2.5+ T

2.0+ Bb

0.5

C,H, production [pmol/(h-mL)]
n

0.0

GXSle6 PALS

2 EHk GXS16 B Z RIE R T 175 1 FNFE R TTH 35 58

B 200
180 Aa
160
140 -
120
100
80}
60+
40t
20}

Phosphorus content (mg/L)

GXS16 PALS

Figure 2 The acetylene reduction activity and soluble phosphorus content of strain GXS16
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Note: Bars superscripted by a different letter are significantly different at the 0.01 and 0.05 probability level

2.3 E¥K nifH #A acdS EF R B &

P HATRIMR GXS16 nifH FEH , A3 N 353 bp
() B (Bl 3A), BLAST 455 /" H 55 Burkholderia
tropica KK R2-127 W nifH FEH 79— R
99%, FFiZFEH P H s NCBI, KIGEHERS
KU527071, ffi &350 94 15 B4R 689 bp
) ACC it B 45 ) FE X acdS Bt (] 3B), BLAST
2t B 5~ 5 Burkholderia tropica BM273 1Y acdS
JFAN—3MR 99%, iz LA 7 51$E 58 NCBI, 3K
19575 KU517660,
2.4 T[EFE 16S rRNA £EE FIIR R G FH LS

L5 R B, Hifk GXS16 16S rRNA FE[H F
BI A 1521 bp, BLAST 45 5L H 5 Z R 7 A
J& (Burkholderia) A AT e, 7 96%—100%
ZE, HIZEHE P NCBI, REERES

A p M bp B bp M bp
2 000 2000
1 000 1 (7)(5JO

353

E3 GXS16 Btk nifH (A)FN acdS (B)EE H R 184 R
Figure 3 Amplified products of nifH (A) and acdS (B)
genes of strain GXS16

Note: M: DL2000 DNA marker

KT183545. RHELKEME/R, Wk GXS16 51A
T IR TR A B R 200 R EOE (B 4). ZR6 Ta bk 7
PR . BIARIE S E . 16S IRNA LK F51 434 |
Biolog % %E 4, ¥ Mk GXS16 %% M v [C 1A
J& (Burkholderia) .
2.5 EHMEHENREMNAESERYEER
HREE S MR AE A PN L F A K 90 d,
HHEL XS RS, SRR Bk PALS Jo5 H e S LA AR L 25
BT E 4 BN 10.5%  15.9% . 21.7%F1 14.1%,
TE 5% 5K VA B2 S/ SA . 5B). M E
Pk GXS16 X H e Ay At A K A T s T 42 Bl 0 bk
PALS, HEEMREDARAR . 2. T80 5t
Fl PALS #2755 4.9%. 7.3%. 9.8%F1 6.8% (& 5A .
5B). SXTHRAHIL, MR PALS JEHREME . 2.
RS A 3N 20.4% . 39.1%F1 24.4%,
MR ME GXS16 J5 2 22U SR & it L3
PALS5 43 BI3 5 4.4%. 12.1%H1 11.4% (& 5C), 2
S, HEME GXS16 T EER T PN T
TR AN B RERT, 225978 5% EFAK- %,
R ZEFII 2 SR RIS AU 53 E A 5R 7.69%
15.64%7H1 8.72%. Wtk GXS16 A A FK BE
TR R PALS, G & EA A HEMR . 25
A Nz S ARAF A H 43 o 5.68% .
10.31%F1 6.95% (& 5D).
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Figure 4 Phylogenetic analysis of strain GXS16 based on 16S rRNA gene sequence
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Figure 5 Inoculation effects of strain GXS16 and PALS on growth promotion and nitrogen use efficiency of sugarcane
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