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Screening and identification of associative nitrogen fixation bacteria in

rhizosphere of sugarcane in Guangxi
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Abstract; Sugarcane is one of the most important crops for sugar and energy production, and the Guangxi region is the
major sugarcane and sugar producing area in China, producing about 60% of China’s sugarcane and sugar. Nitrogen
fertilizer input for sugarcane production in China is very high. It is essential to reduce nitrogen fertilizer input and thus
cultivation cost while achieving a high yield for sustainable and environmentally friendly sugarcane production. Research on
biological nitrogen fixation has increased significantly because of its potential importance to the economy and the
environment. Sugarcane plants can obtain nitrogen from biological nitrogen fixation via diazotrophs, and "N isotope assays
have demonstrated that some Brazilian sugarcane varieties are able to obtain considerable nitrogen from biological nitrogen
fixation. The aim of this work was to screen and identify nitrogen-fixing bacteria from the rhizosphere of sugarcane cultivated
in the diverse geographical region of Guangxi, investigate their diversity and predominant affiliation, and to demonstrate
their potential for associative nitrogen fixation with sugarcane as well as plant growth promotion. One hundred and forty eight
bacterial isolates associated with sugarcane were isolated from 20 soil samples collected from 10 major production areas over
the Guangxi region using Ashby nitrogen deficient minimal media. Thirty six of these isolates were found to have N, fixing

ability as demonstrated by the acetylene reduction assay. All 36 isolates also yielded a polymerase chain reaction product
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with primers targeting the nifH gene, which encodes a key enzyme in the nitrogen fixation process. Further screening and
selection indicated that five efficient isolates ( GX0703, GX0798, GX07104, GX08125, and GX0797) were obtained
which possessed multiple plant growth promoting traits such as higher N, fixing, phosphate solubilization and [AA
production, and all of the isolates with these attributes may well be valuable for agriculture. To demonstrate their potential
for associative nitrogen fixation with sugarcane and growth promotion activities, the five isolates were inoculated into
micropropagated sugarcane seedlings, and the seedlings were then incubated in a growth cabinet for 50 d at 28°C. The
results indicated that all five isolates significantly promoted the growth of the micropropagated sugarcane seedlings. They
also increased the dry weight and nitrogen contents by 29. 15 to 57.61% and 29. 35 to 45.04% , respectively, compared
with the uninoculated controls. Based on phenotypic tests, biolog microplate tests and 16S rRNA gene sequence analysis,
the five efficient isolates, GX0703, GX0798, GX07104, GX08125, and GX0797 were identified as Klebsiella sp. ,
Bacillus megaterium, Pseudomonas sp. , Pantoea sp. and Burkholderia sp. , respectively. These promising associative
nitrogen fixation bacteria isolates from the rhizosphere of micropropagated sugarcane showed potential to promote sugarcane
production via nitrogen fixation and other plant growth promoting functions. This will improve sugar production efficiency in
China and reduce the environmental pollution that results from sugarcane production.

The nifH and 16S rDNA sequences of the N fixing bacterial isolates GX0703, GX0798, GX07104, GX08125 and
GX0797 were deposited in the GenBank, and the accession numbers were FJ822998, FJ823001, EU938523, FJ822992
and EU938522 for nifH, and FJ823041, FJ823003, FJ823047, FJ823045 and FJ823002 for 16S rDNA sequences,

respectively.
Key Words: sugarcane; associative nitrogen fixation bacteria; screening; identification
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S AN T 1 R0 1 43 A RV AR 2 R 225907 RS B U R 1 AR i AR LR LI i Rl B 43
WA KR B B SRAE AR TR M BT A5 2 Ty I AR B A R RO PE T XIS B i T A 2 HE
R A AL 3R B A b B BRI D BRI T S ) S5 — ZR RS A M w] HF 8 A e f) T R 0 AR
S PR IR G I8 U0 P RS TS 0 Al T 5582 i B HRFIR A 355

IV ST E R M AR 7 7 DX R B i S 42 609% DL b (R — B LIORTR B HREAR 7 R
5, Rz RS TT A8 H AR A TR BT R A IE TR R T o HEEE R R, X H R AR i
Bl W3 A, TR T 3 XRE M 90% LA bk R, H3EARK ARAERE ) 22 AR A ARARAR
U, FEI A AR R AR 25 2R G B T R PR 1 ] SRR R TR T, X v e I H R A 2B 7 BB T, DR R HRERY A=
AFEE, PEHEF EHRE P L A T Hr2l & R oA I A Tk 20 0. AT B A7 3 0 e HoA e dE A ) A
KA B H REAR BRIBE S 181 0B, A R AR 0 ] 27 H A ™ b S B R RAE in ot H 7 A 25 R GE 19 AR 36
b R e I E 5 N
1 #EFFTE
1.1 HEgRk

ARSI I B B 7% k2 25 AR 56 SCHRTRC 11 : Ashby J6 20 BE M B 35 25100 LB 5 3R LD ; Pikovaskaia’ s 15 37
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1.2 ARFREES R R 55

FRIR - HERR A [ 08 20 R EUE 7 H R LA+ 5 g iltA 45 mL JoR 7K 77,28 °C fHIE 180 r/min #i%
¥ 30 min 2 ECHUZED AR, B E 10 min, BI15 107" FRE, FHICTRIZK 10 £ R 90H6 B, 40 100 wL ¥R 7E Ashby
AR I, 7R 28 CHiFR 2—3 d RS, HIERETBRIBOR R SRR V% , 76 Ashby VA28 4tk 3 s 5]
— T, KLl S B TS RN T LB PR 4 C A, B I A 5 o5 BRAAK i B D P R0 T LB YA 37
FXEE R, I A RS MR A, -80 CUKAE K IIRAE
1.3 HE B nifH 5k PG

YA SEH AL DNA (9] 5% . BARTE AL UG DA LB K7 FR3ERTFE 1 d, IERIAR T DNA S5, FIFH 40 5 5 A
2 DNA $EBOAF G (A TAY TR MRS A RA ML) | #e™  Ul B P2 B0 bR i SE R 4 DNA
AETF-20 CHH.

nifH LY B8R FHT 1408 PolyF (TGCGAYCCSAARGCBGACTC ) Fil PolyR ( ATSGCCATCATYTCRCCGGA ) ' |
PCR AR EATL 20 pL, 43 %14 10x PCR buffer 2.0 wL,25 mmol/L MgCL, 0.8 wL,10 mmol/L dNTP 0.5
pL, 10 wmol/L PolyF 0.6 wL,10 pmol/L PolyR 0.6 pL,Taq i (5 U/wl. ) 0.2 wL,20 ng/wL A&z 1.0 pL, i
JE M ddH20 #h 2 20 pL, BT A 94 C 3 min FUAEM:, 285 #4794 °C 1 min,55 °C 1 min,72 °C 1 min,30
AMEER BR 72 °C 10 min, PCR 4" 88 5% P 15 1. 5% 3500 0 68 I o VIR VU0, LA T 607 0 I R 4T 76
Gluconacetobacter diazotrophicus PALS BERE"" Ay FHEXT B8 | LAKIAFT B Escherichia coli DHS o B i A B PEXT &
W nifH P3G = I DL S FERE R T 400K b, 3 5B TR (K% ) A FRZA &) (A ARk TaKaRa) (% pMDTM18-T
Vector 5Pl & Ui RARAE . 4 PCR B i FHE So % B AR T A9 TR AR iS5 A3 IR w1 s
25 BAE GenBank B 5% I EEXT /04 .
1.4 DARE UM I 1 A [ R T il e

K CHEAR TR 20757 (ARA) W5 [ UG 4 . 4 7E Ashby VRARKRFRIEH A K 48 h I FAR, B 1 mL H2F
TR 10 mL Ashby ARG FRIEN 60 mL B /N, 1555 24 h 5 DRI S mL SR SR FEA
5 mL ZHYSR, QB8RSR 24 b, AR G (ORI R 2T 1S

SR FH i 1 PG 20T I 7 R 1) T 2R PR RRS A5 7 TC R AR B 35 8 A AR AR R AR 1 A K B A
PR IUE S BRI AR 50 mL TEEORAARER =L 0 =MD, & F 28 °C,180 v/min $EIR L1557 7 d, 05 LA
A i O AR TC R 7K B BE SR xt BR 5592 45 o R o L G Rk e 5 A i 2 A S i, &
AL T AR R

EA2=[ (VI-V2)x14x1000]V (mg/L)

Ao, VI A RE SR E B TS 0. 005 mol/ L s HERR BV W 2& 1+ 455 V2 23 1 € I 2519 0. 005 mol/ L 5 i
TRIRI IR Z T 14 B2 B IR R 2 5a 88 V o PR RG FR IR i 22 THE
1.5 TERRE R ICALBE R A e

PR R MR SR T Pikovaskaia's 3578 56 5 IR ML — Rk EE 4 K, B T 28 C FH53E3
do NS HEFP B R JE A JC A5 B Y A, 0 225 BH VB B4 (D) S5 HETE BAR (d) RN RIS B D/d 19 H A
R/INF Vi 4 T i e i T R 555
1.6 FRSIHY AR IER (TAA) 45

K Salkowski H I 5E B AR I AR K IR (TAA) (O PERE . %5 100 L SR AR I BRI (1x107
A/mL) BEFPE] 5 mL 1Y L-EZRA KB 55, F 28 CHERGFE 2 d; B 1 mL BT 10000 r/min Z5.0> 5 min,
VERAE N IURE, B 1 o/L i TAA BERFGFE N 0,20,40,60,80 F1 100 pg/mL ) TAA R AVFRUERE , BUbRTE
FEFIFEIIAE 150 pl 23 HINA Costar 96 FLAK , 8% 5 57 RIFE Fr A AR FL A 100 L Salkowski’s 37 (0. 5
mmol/L FeCl;,35% HCIO, ) , 7£ 30 °C T {4 30 min , WA (4 [ W 4558 , ] SpectraMax 4366 BT 5 1 S (E
0Dy, , FRAEFRIE A5 2] 55 B AR TAA 15
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1.7.1 ¥k 16S rDNA 55047

PCR ¥ AR 1) 455 1. 3 AHIH

A4 16S 359 27F (AGAGTTTGATCCTGGCTCAG) Fl 1492R ( GGTTACCTTGTTACGACTT) #7444
JAIY 16S rRNA JEP1 2 PCR W AR R EAAFL 20 WL, 435024 10x PCR buffer 2.0 pL,25 mmol/L MgCl, 0. 8
pL,10 mmol/L dNTP 0.5 wL, 10 pwmol/L 27F 0.6 pL,10 wmol/L 1492R 0.6 pL,Taq #§ (5 U/pL) 0.2 pL,20
ng/pL B 1.0 pL, 500 ddH20 #6220 pL, KWFEF N 94 C 3 min TASPE SR #1794 °C 55 5,50 C
50 5,72 °C 1 min,35 MER, )5 72 °C 10 min, PCR ¥ 8447 1. 2% FRs BEEE RS LUK A I . PCR 724
WIStk B % A T AR TR AR IR S5 A BR 2wl i P 45 R 7E GenBank 2SR AL X 7347
1.7.2 A Biolog %2

ZHESCER | FH Biolog 1A A 3h % 5E 245 (36 [ Biolog 28 1)) HEAT %58 78 LB SEAGH AL B Bk , BEEX
T 7% 2 BUG g 15 F53E ( Biolog fH/ZE W% i & FIEE IR 3L ) 4,30 CHEFR 16—24 h, HICHMZHR BUG B
P3G FRITAR L A IR BIE T 0.85% NaCl i, I8 19 TR 0Dy, 4 0.2, B 150 wL W i A Biolog-GN2
Ml 96 £L,30 CH5FR, 0 5IHE 4—6 h Fil 16—24 h FH BIOLOG {44 A a0 % & AU i 2 52 1, 17 FH Biolog
Microstation 4. 20. 05 #EAT53E 737 .
1.8 A [ AU A RE 2 85 AR K B A AR

BT R 0E A JS TE LB AR F 2 Eai i i, B DR A, FH CRK B I B 2 g 2 7t 10°—
2x10° AR, BT TS A — B0 T TR 2555 v RS Ak 2 DA R o B L T A R R AR S AR, B AL
P4 . BT EEEA FIREHR R R 100 mL, B T 28 °C DG 14 h )t—10 h BHOEIEEE IR 46 B
F%, 10 d JEFLL 100 mL [RIREHR BE A0 B B R EAR FE Pl | AR SEAE PR B 45 1F T 8535 DAREAh 255 AR I 8 1 B 7
TR A A B TR R . diazotrophicus PALS TEKR I B A BHM XS R, 25 (0 B4Rl 45 5 JE TR K . 50 d
Je R H REAL R 1 B A ARG LA TIE 58, WO KA R I Ve ok B T, v VR T M I e AP ) T o B R
2 HRESW
2.1 HREARBRIBE A [ DA 1 4 25 i 1t

TP 10 A H R DXUSCEE Y 20 (3 AR B - R RN RREARAE 5t v 23 B AR5 BB 7E Ashby 355838 I AE K A TE
STESY) 148 tR . L PCR 97318 nifH BEK DL S ARA 43 [ UGS 1, de 2 AR A5 2 B [ 0 7% 1 ) ) M g
PGB RN R 360 bp nifH HEE AR 53 2590 36 A, EW R AP . 18 ZUR PR B nafH 3 PR 4 25 58 LK
1 X ARG nifH 338 B Betb AT 1 s B | 2B 235 SR R WA IR B vk 19 nifHL 9388 1 BEW N 358—342 bp
B9 nifH LR FF 550 AR nifH B2 R 5 E7E GenBank 5% B RS LK 1,

M E G 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

M 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

E1 36 MEIREK nifH BEEY B R KE
Fig.1  Agarose gel electrophoresis for nifH PCR products of 36 nitrogen-fixing isolates
VKt E W IR BRE B E. coli DHSo, YKt G MW IR bR G, diazotrophicus PALS VK3 1—36 43 51% 36 A~ H 1 AR [ 0 B Bk 1 4710
T
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N [ R ] I SRR AT AR R 22 57 (R 2) o PO B IR RE S804 BE M T 4 B R 1 11 7 R, 9 20 B
PR BRI B 2R ), 1597 7 d 2 AR iR 3 50 mg/L DAL TR A B BB A E R 25 5 (R 2)

®1 BAEREKRNDTREEHER

Table 1 Identification and Classification of the tested isolates

BT BRI nifH J¥ 5% 55 16S rRNA [T 5%
Isolates Genus affiliation nifH sequence accession No. 16S rRNA sequence accession No.
GX0703 Klebsiella sp. FJ822998 F]823041
GX0798 Bacillus megaterium FJ823001 FJ823003
GX07104 Erwinia sp. EU938523 11823047
GX08125 Pantoea sp F1822992 FJ823045
GX0797 Burkholderia sp. EU938522 FJ823002

®2 BOBRAEEREHRNEREEYEREFENESER

Table 2 Potential capacity of nitrogen fixation, IAA production and phosphate solubilization of the tested isolates

B R R ] R 1 I#] 5 A I3 U TAA fiET) Wi A JCAL B Rk
/I\ lat Nitrogenase activity Quantification of nitrogen fixed TAA production Phosphate
solates /(nmolC,H, -h™" -mL™") /(mg/L) /( pg/mL) solubilization (D/d)
GX0703 1143.39aA 56.2aA 4.63dD 1.52¢C
GX0798 421.36dD 39.0c¢dCD 14.32aA 2.21bB
GX07104 321.85¢E 36.4dD 7.34cC 2.82aA
GX08125 817.32bB 51.5bB 12.55bB 1.64cC
GX0797 534.26¢C 42.3c¢C 3.65dD 1.36¢C

Bl s A i ge itk DPSvI3. 01 ZE0, /NG FRERIR 2253 B3 (P<0.05) , KB T RERIR 22 3B 3 (P<0.01)

2.2 [E AR PRRE SR TCOLBE L) B o0 TAA IR

B 36 R [E EUR T, M 7E Pikovaskaia’ s SRR IR 5 1T B A B A4 TRARAT 22 A4, 16 HH 13 26 T A 1T 43
—SEPR PR I, - 1) J) B A 35 35 55 1, (0 7TV ) PRl A B Rk [ Cay (PO, ), VAR, DI L TR R EL AT Y W 1 (IR
2) s BB AR VB B AR DTS +B AR ) 5HETE 542 (d) WHE(D/d) KT 1.5, EFREN D/d (EAF7E &
EEF(R2),

I LR R o A RE ) A R 2R (TAA ) 1 ik €8 s oy 25 SR 3 B, (13K 36 RRIR A [ 0T Hh BT 400 TAA FiE
PITRIARA 24 B, Salkowski’s Lt (830 5 45 5L W /s AN [R] B RE [B] 43006 TAA A BE T A B0 K 22 57, 3B 20 B R i I o
ERNIER2,

E2 BOERELNBHESRE EHEKER

Fig.2 Phosphate dissolution produced by phosphobacteria on Pikovaskaia’s medium

2.3 [ERFERA R E
Kot 43 B i e 30 A5 ELA B0 [ AR A2 IS BE Y 5 Bk GX0703 . GX0798 . GX07104 .GX08125 Fi1 GX0797 i#
17T 16S RNA [ PCR ¥ 8 FUF 5404, a5 R R W . i A LU vk 399 19 2024 1500 bp 19 Br, BT 70 Hr
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XEETERR 53 5 Klebsiella sp. | Bacillus megaterium . Erwinia sp. | Pantoea sp. 1 Burkholderia sp. #l [# ¥ 16S
RNA Bl 5 D E#RAY 16S RNA JFHICAE GenBank 185 RS IR 1,

I Biolog A= P14 78 ZR GEAGINZE SR 7 - TPk GXO703 REAEFI FIRIRG | Ve 43 0 SR 56 74 FiBRIR, A BE Al
FHAHERSE DA 20 D, L- P55 A I8, Hea IR 5 Kiebsiella sp. A ERAHDL; HBR GX0798 ,GX07104
GX08125 LA K GX0797 B8k AR 833 W 4351 55 Bacillus megaterium, Erwinia sp. , Pantoea sp. H1 Burkholderia
sp. (I AHL, 15 16S RNA J¥ 51 LT 4R B2t 2R e — 2,

K, 25 A B R 16 sRNA J¥ 51 20 BT LA J% Biolog 1 A= W) %5 8 7 4 K U 245 2, & Ak GXO0703 ., GX0798
GX07104 .GX08125 F1 GX0797 TE432 L3 5JE T Klebsiella sp. \Bacillus megaterium . Erwinia sp. | Pantoea sp.
F1 Burkholderia sp. 417 .

2.4 AR RRIEE T R 8 AR A AR

ME T S AHIYR A S AR I B Bk GX0703 ,GX0798 ,GX07104 ,GX08125 I GX0797 Xt H HE4L 15 1 1
POV BRI 3 AR BRI XS BRI A (iR AR A IS 0 2 B R B B T A 5% EAR K
A REYEZE R Hrh GX08125 5 GX0703 B 4% A AL FH A bk 1 B 5 e A Ry 3 He A A B 34 T
30 L EHER 25 O BRI N T 57. 619% F1 54.35% , TN BHAEXS BR4ERD PALS TRk AL B AR AR - 44 T B4 R 3
M29.35% .

FFh PALS TRBRAL B H R B 3 S A & IR KRN 35.25% , e 5 APt B ik 1 o A B )
PR SR B BT R RN 29.35% —45.04% 7 5% B 5K FRA BEEER (K3)

1.60 - 12.00 ~
140 - 2 10.00 -
o 120 F S
“ﬁj&ol.m— e 300
g & S
ﬁ—\: 3 0.80 @ u.:) 6.00 |-
g 2
= 0.60 - m g
# g £ 4.00 |
A 040 - g
0.20 - A 2001
= = S 3 ISl = NS = = S 3 ISl = NS
= = — — — = = =~ — — — [
> > 2 o S > A > > 2 o S X A
© 9 85 ®m 5 © © 9 85 ®m 5 ©
$EH AbFE Inoculation $2H AbFE Inoculation

3 S E AR H R A E R R

Fig.3 Inoculation effects of the tested isolates on micropropagated sugarcane seedlings
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