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Abstract: Strain XD20 was an endophytic strain with nitrogen fixation activity isolated from sugarcane
roots. In this experiment, 16S rDNA identification and ni fH gene amplification were carried out, and its
growth promoting characteristics, such as nitrogen fixation, phosphorus dissolving, ferritin production
and indole-acetic acid (IAA) were analyzed. Meanwhile, the growth promoting effects on sugarcane after
inoculating were also studied. The results showed that: (1) strain XD20 was identified as Pantoea agglo-
merans by 16S rDNA gene sequence. (2) About 360 bp was amplified by universal primer polyF/polyR of
ni fH gene, and the nitrogenase activity of the strain XD20 was 3 187. 8 nmol * mL."' « h™' by using acety-
lene reductase method. (3) Strain XD20 had an ability to produce IAA, which the concentration of TAA
reached 36.71 pg+ mL ', and also can dissolve organophosphorus and produce ferritin. (4) Inoculating
the strain XD20 to different varieties of sugarcane (B8, ROC22 and GT40), increased the plant height,
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plant biomass, chlorophyll content in leaves, nitrate reductase activity, glutamine synthase activity and ni-

trate nitrogen content of three sugarcane cultivars at varying degrees, and the promoting effect of B8 was

the most significant.

Key words: sugarcane; endogenous nitrogen-fixing bacteria; promoting growth characterization; growth

promoting effect
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N2/ SR 352 & A5 D i = - FETTRAR S D 8 %
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B R XD20 AL %= o 5. il -3
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1.2.2 BERBEBEENE R CHRIE EE N E H
SRS S LB PR P9 A R A B R Gl
conacetobacter diazotrophicus PALS Jy %f M8, ¥ 15
F Yy XD20 HR & R TR A 7 mL 2F[E K Do-
bereiner ¥ FRFEAF R 15 mL /N 78 To & 551
T HA e ZE b % B 4 28 'C 120 ¢+ min” R IR
RESE 24 hJE Ll 10 20 A9 AR R AR IR B
Mo AEL LR R S] 10, 4k 28555 24 h
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BREENNE B HLE 3 B, 45 T3
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1.3.5 #H®REMEMNE EHEEE 200 d Yk
ST AR & 3 BB AR PR 1) Hb 58 A A R 3 4y 43
T R B R TE L Tk 40,105 CAF 30
min,65 CHtFZE{E &, . MELY &,
1.4 #iEaE

K H Excel 2010 #f k17 848 4 31 e AR &L R
JH SPSS 15. 0 ¥ AF i 17 48 it 43 i » T A £is 11 F 1
H EhRifE2ZE RN,

2 HREI

2.1 MERBEREK XD20 BWEE

DA R XD20 B9 DNA BB . 28 polyF/PolyR
PR — 2 R/ R 360 bp £ A Y ni fH BN 7
GICE 1D, & nifH W ¥ 3 & & # AR 55, 3
¥ XD20 5 Pantoea agglomerans i T [6 — 4 X
(F2), XHFEME P. agglomerans 3£ % % & &
T o A T

K 16S rDNA il I 51 9 #E47 PCR 974 . 13 5
— R R/NH 1500 bp 2847 1 251 . 471 7 ) 28 e
Wik b A T, 223 NCBI B i Blast 725 1
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Xt 4B 4% (Neighbor-joining . NJ £) #E47 R 4L &
B E(E 3, Eik XD20 5 P. agglomerans
strain-Y115 e A Bl 45 & nd fH 5 B 25 28 53 47
$ XD20 %7€ I A2 B (Pantoea agglomerans) .
2.2 WEEBEREHK XD20 B REEFENE LM

BE A T BE L 78 R P 2 T 2R T S TR AR Glu-
conacetobacter diazotrophicus PALS 1 [ 2 B 7% P
3 285.6 nmol « mL '« h ', jiii XD20 f i % Al
THPEN A 3 187.8 nmol « mL™" « h™ ' B bk XD20 2
A5 e 1 [ SR

M 1 2 3

2000 bp —h

500 bp

M i DNA 43F &b ;1 A X BBk G, diazotrophicus
PALS;2 R BIHERT BB Mk E. coli DH5a;3 KW #k XD20
Bl 1 nifH B PCR 1451
M is DNA marker 2000; 1 is a positive control strain of
G. diazotrophicus PAL5; 2 is a negative control strain of
E. coli DH5q; 3 is strain XD20

Fig. 1 PCR amplification results of XD20 ni fH gene

[F] B B AR XD20 75 % 47 100 mg « L™ (AR 1Y
King J J2 728 20 (] 4. A) L BE W% B vk XD20 Af
PLar il TAA . Fb a3k 00 22 T bk XD20 43 TAA 1)
BE M 36. 71 pg » mL ' 25t s i B 0 22 B AR
XD20 iy w1 A2 DR v + 32 BT RED 5 W v B AR
(DI A (D/d) KT 1.5 T bk Y 7 il 25 R o ([
4,B), XD20 7 CAS ¥ 54552 5 d Ji A K B AT,
E TR R JE] A B 0 0 A € 3 T BB A Bl I
FRE A, 2 P AR AL A K. X BB B BR K AT T 1 9 R
1 G B 48 1) 2 Bl A i, PR OO T T 7 A A e =
() A0 TR A K A R v A3 T R kA A R SR R e
By, BPRERRE (E 5.

2.3 BEMAN4AERENHEMSNHEESEN
A

6 SN, B A AR B E R O H R &
s o A 355 0F T 2 S A Gk B B KO b,
Fl B8 B #F =5 7E 32 R 5 60,90 A1 120 d B 43 51 B X
W E N T 47, 2%, 60. 9% F1 21. 5% . & Fb
ROC22 W 43 51 b oxof B8 &8 25 18 in T 64. 220,22, 8%
120, 1%, & A GT40 43 51 bt B 3% 38 n 1
36.3% 302081 9. 7% . [RIAF . A A BE 45 5 AP H
JREN: B 2 R B i [FRE A AS [ R A AR L
il RS — , Hed e i Ah ROC22 42 2k 26 8 580 m

5 fili ¢ v B A B Klebsiella pneumoniae strain 342 (AY242355.1)
0.1 71 fili 4 v T A B Klebsiella pneumoniae strain NG 14 (HQ404304.1)

6

=]

AR v B A 50 [C W Klebsiella variicola strain SH-1 (KP777805.1)
601 A5 #G v 75 411 w0 [X 1 Klebsiella variicola strain DX120E (KF732646.1)
12 # Pantoea sp. SB19 (KP729649.1)

498|—— V7 W Pantoea sp. P0359 (F1593778.1)

{ 8B # Pantoea agglomerans strain G33-1 (FJ875969.1)
92 XD20

NJRI 12 Sinorhizobium sp. Gx-153 (F1822994.1)

K2 XD20 nifH SEHFH R G R T SR
Fig. 2 Phylogenetic tree of the strain XD20 with the ni fH gene sequence

0.01 94 RAL AT § Flavobacterium acidificum strain H41 (MG428839.1)
—_ 5 49 E W KR SC G Erwinia uredovora (U80209.1)

XD20

Pantoea allii strain BD 390 (NR 115258.1)

40
86 4';&?12 Pantoea ananatis strain AS04 (KY458568.1)
51

i 877 1 Pantoea ananatis strain AS03 (KY458567.1)
| Pantoea anthophila strain M19_2 (JN644500.1)

99! pantoea anthophila strain 1.9-498 (JQ659506.1)
&% #17Z ¥ Pantoea agglomerans strain NSI (KT075174.1)

3 #7218 Pantoea ananatis strain YJ76 (KT957000.1)

57 J}% 172 % Pantoea agglomerans strain-Y115 (JX134624.1)

3 XD20 16S rDNA JF: P 731 1 R 52 & & #E AL
Fig. 3 Phylogenetic analysis of the strain XD20 with the 16S rDNA gene sequence
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Fig. 4 The ability of strain XD20 for IAA producing

and phosphorus solubilization

%J 4 Control

5 XD20 f£ CAS 4 b= A: ) v 2k 1l
Fig. 5 XD20 iron ring produced on CAS plate
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2.4 EMANEERENEHEERENEIE

F A o8 A T 2B A B B AR E 3 H R AR
R RS R A R (NRD L 7% 2 Bk e & R (GS) 1%
PELA R A A (NOs -N) &8 (| 7). Hod, 5 f
B8 i A NR (G PE7E 82 B 5 60,90 A1 120 d 4351 #2 =
65. 0%, 9. 8% A1 77. 2%, ROC22 W 43 %) $2 %5
6.9% .14, 6% F1 36. 9%, GT40 43 J 4 5 44. 2%,
36.5% M1 59. 1% . M A GS {7 B8 #:H J5 1
60,90 d.ROC22 B J5 9 120 d,GT40 #5120
dREm AN, B8 A MASRA S REZR
J5 60,90 F1 120 d 4» W4 & 7. 8%, 37. 1% HI
35.4 % ,ROC22 43 35 3. 3% .56. 7% Fl 23. 8%,
GT40 254 4. 8% .21, 4% 1 12. 7%,
2.5 EMANAEREMNERAEYENZIE

A9 A B R XD20 X H e b M R B
AR R AR SR E A B KGR D, 1
HL D BSLROC22, GT40 B bk i A4 W B 1F B R
200 d 43 51 He X HE G 251860 46. 296 .38. 120123, 4%,
AT DA H L A R A AU XD20 X H R i il BS
A AR HORZE B AL T 5 A ROCC #1 GT40,

MEEE S R
(SPAD)
[USTRNNN

Chlorophyll content

18 J5 KB Days after inoculation/d

T.B8 X85 1. B8 45405 1. ROC22 X B 5 IV. ROC22 7 ; V. GT40 X i ; VI. GT40 b ¥,
[ AN R /NS 5 B 3 7R B 8 5 F S A LR AE 0. 05 K PAEE BE M2 7 T H
6 [ U XD20 X 3 A~ H b ol 2 1% 0 o oo AL R I 4 3R B Y R T
1. B8 control; [I. B8 inoculation; [I[l. ROC22 control; [V. ROC22 inoculation; V. GT40 control;

VI. GT40 inoculation. Different small letters in the same sampling date for the different sugarcane cultivars meant

significant difference between treatments at 0. 05 level. The same as below

Fig. 6 Effect of nitrogen fixing bacteria DX20 on chlorophyll content in leaves

and plant height of three sugarcane cultivars
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Fig. 7 Effect of nitrogen fixing bacteria DX20 on nitrate reductase, glutamine synthetase activity

and NO; ~-N content in leaves of three sugarcane cultivars

1 BEREXD20XN3IANHEMMAEEEKREYENF I
Table 1 Effect of nitrogen fixing bacteria DX20 on the biomass of single plant of three sugarcane cultivars
R fb 3w 0 157 e R B R o At
Sugarcane T Shoot dry weight Root dry weight Total
. reatment ) / /
cultivar /g /8 /g
Xf I8 Control 29.35+0. 94c 2.60+0. 08bc 31.95+0. 69cd
B8
% Fh Inoculation 43.25+1.53a 3.45+0. 16a 46,704 1.53a
% B Control 27.65%2. 30cd 2.85%0.09b 30. 5041, 44cd
ROC22
$% 7 Inoculation 39.90+1.12b 3.2540.12a 43.1541. 24b
X} i Control 25.70+1.01d 2.3740.18¢c 28.07+1.18d
GT40
$% A Inoculation 31.68=42.65¢ 2.96%0. 04b 34.64=+1. 35¢

TE : RSN 6] /NG b 3 7 b B it D (8] 22 57 35 B 0. 05 3 K- (P << 0..05)

Note: Different normal letters in the same column meant significant difference among treatments or cultivars at 0. 05 level

3 1

AN AT 5 S K J 1) H AT R AR A IR BE AU L
DAl 2 i R AN W ) . T AU RE
8 2o A= 0y 1] A A [ WL A 2 s e 2 0™ R i
EMER B H AT A R A0 R A R4
WA AR AN 23 h A A BRI DA i A A RN 2 2 1Y

P AERON BT A B2 i . ) 4 1z s
B ¥k Pantoea agglomerans NII-186 E. A 73 Wh Bk %,
K e K E BB EE 177, Pantoea agglom-
erans YS19 HAT 5 1 [ R0 PR A AL 98 1 A= 9
FAE S . ARHESE B AR XD20 & R A AE T
9 H RE AR PN 20 B AR A 1Y N AR T RUTE B 455 16S
rDNA Fil ni fH F3E T3 1 & G2 & B #EALR 5 b
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255 R bR XD20 V9 JE R % Az B (Pantoea ag-
glomerans) . A58 X H 0 4 Az F¢ Pk 53 B R BT
TR ELAT VA B O I R AR L A W A KR R ECRE T
XD20 HA 2w i [ 50805 1 7] A 2 3 TAA
fIBE 1, Zr Wbl 36. 71 pg » mL, AR KR
TAA 53 W m] LA 5 A ) AR AR ARG, 18 i AR AR I
WP EFERUK S 0 7 6 TAE ) B A KA AR 4 1Y
RBEMEHSY  BERMYAERK LT = KEHRITER
Z— IR B HCE Y AT AR b 5 RO BE A W BT A
1l 7 Ak kg w] R B 2 DA AR 38 42 26 A S0
XD20 W B4 TR M BERE J1 . WEER R, 21
HE A% - v Bk 5T R W ORI T B — Rl B S LR X
WA & R 3 AR B AR F R D Wk,
FEHEL T TAAL 53 10 W8 BR 3R Rk 3 B ) 1Y TR
PR XD20 ., 76 350 A= P M8 Rk i 0 5 401 ek 5 A7 AR 4 1) F
AN Ty o ] I A A 7 ] AR P IE
AF I [R) B 75 032 TR Bk 1 FR B8 2 AT IR
Pantoea sp. TEAFAEY L 69 N FATF 5T =B . 1%
Ja& TR R R 4 R AE Y B A K R B AR #EE . Mo-
hite 20U F] B T B85 & P. agglomerans B
AT 42 8 0 B8 7 - 38 2 T8 25 R 45 4 A2 Ak Ok 47 4 B
Chen 05 & 8 1 f5 M 4> B 19 Pantoea alhagi
LTYR-11ZT AP/ ZE L A2 #E T /N2 1 A ORI 5
TN BT S . WL %D ] Pantoea agglom-
erans Ljb-2 Ab PR T A AR 5 » 32 & 7 B O ol 38 2R 5K
AT Mirza 5507 CH JERE R 14 P9 23 B9 M 4 AR
TR o TR0 T 0 B 22 0 A 3L 1 R A AR ) 2
. ARBPSEER R, He A XD20 5/ 3 A HRE

SE Wk
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