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AWy [% A (Biological nitrogen fixation, BNF)
S [ UARAE W R AU A D AR W ] R TR PR
PR, VR BRI E S R, AR
FIFEAL I T2 B R 2, S 2 R2UEM T,
[l &0 B A P ] R R R O AR S R e IR R
R B TR BRI o S5 KA T A FH A W [ R
YER, A A ZE i &, A AT A0
(Y RTRR 2 K e o T e [ R R P AT B B et
FEXN T I I R WA RORI L SRR AR
[ R RE 1 HA IS S

JF 3L A= [# & (asymbiotic nitrogen fixation)J&
ARFERAE Y 5 A Y IE B A2 G R 0 A2 W [ A
B, bl ARG Rz AR, B A
FHAE, i ANBIFFE A 53 2 AR A A FE 2 A= [ 280 iR R
2 AT TEAR SN 3] A= 4 3R AR G, BB B bR iE B
AR LR R TS T S A A KT
1O F AT R, O A T AR X
HRE KR EoK . DNEFEEDN A K EZ DT
T A 28 A AU 7R B P | BTAR 2 R L M IX
T M Ak 18 Tl 02 A= T (T 80 BR T Azospirillum spp.)
BRI A %k, 2045 350 J7 hm? (/N |
TR R SEEY) WA, B SR AR A
12 FE MR %, Azospirillum brasilense
Az39 HIT E K. /N RH A AR & 2 VE W i $ A
T4 [0 Bl e, ZERESE R TR AHE w3
FORASE] T M Mz, EHNK
A e A= T A A P e b 3R i b AR N
RORA G HA

Tl A W0 R R ) o3 8 i 3 A S AR W 2 F
FEAYELA , I B SRAG IR P o R R ) R g
e RO W G R R P A LR Tl
Y42 i ke 37 B [ N AU WY i 9 A A Y
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Mo AR, ENBFRAEE A H 58 FEYiA
N o3 5 i B A 3] T R ik 22 1 A 3 AR T AL T
BRI [ U IR 0 R R B OGRU JR E OR
HER AR, 3 0 [ R B 2 TR
ZRPOV IR K PR [ R AR T R
A A A R B P2 TR b s ) R R
W USRI PRI, AR KRS 1
EYE R EE SRR, E6 & E KR REA
A8 7 2 T LA KRS 2R Y (L1 8k B KRG L
M REAKFEEMT DL REKREL). W
I, AWFFEBE B A AR B i S 68 1 R B KA
R =% S/ WS B UNE SR Ay A PR
YIwIRR, RFHE TS R A 9 et HE A T o Rk
U TE, FEXF I AR T AR A AE A TSR
VIPENY ST & F W 77, ko2 F1LH A P 1 1 4
ML A P BRI

1R

1.1 RS

ABIESE 43 1 - S A BRI Ak
FARR L, KA M S B KR HHZ 15
(31°16'14"N, 105°28'27"E), AR & A% 4H iy A A
FEEE R g+ K H KRS 0 A RE B,
AL R B KRG 9.14 1%, 4 B4+ R E K
fE+my 3.00 £, L8 A% L& E KM
2.14 1%,
1.2 RFHE

Brown LA F 5P (g/L): #iAME 5, Tk
CaCl, 0.15, MgSO,-7H,0 0.2, FeSO,-7H,0 0.04,
Na,MoO, 0.005, K,HPO, 0.8, pH 6.8-7.0. [#l{4&
KRBT N3 e BE 10-15 g/L.



eS| kYR, 2021, 61(10)

3251

13 WHREIDE

K F B oAb 1 43 B m AU B AU R . B 10 g
TR 90 mL WA T A SR, 28 °C
PR¥EIE I 4-5 d (180 r/min), HL 19% A4 55 35 My fh
#) 100 mL AT RS R AP RE5R, 25
2-3 d G4 1k, R ARG, ERIAT
RIEFHE R AR AR A 8, PR T 75 4]
alifb.

1.4 TBEHREEA DNA 1

P I 4t Ak 1 BT VR T T IR TG ARG 7R
Hr, 28 °C. 180 r/min #RH& 1555 2 ODeoo~1, MK
1 mL FWTF 15 mL &O08, BO0RERK
(10000xg, 10 min), FHZHE L4 DNA $#EHUK
%4 (TaKaRa, Code No. 9763)%& B #k 5L K 4H
DNA, ddH,O % i1 DNA.

1.5 FAHR 16S rRNA FH F31 o1

K20 R 519 27F (5-AGAGTTTGATC
MTGGCTCAG-3')#1 1492R (5'-GGTTACCTTGTT
ACGACTT-3)122I5 165 rRNA J: K 4K 541 i
17 PCR ¥, PCR Jz i 9 DNA Polymerase
Buffer . dNTPs Mixture 5{#i F§ TakKaRa Premix Taq
(Ex Tag Version 2.0 plus dye) (TaKaRa, Code No.
RR902A), H:Afu. TaKaRa Ex Tag 0.05 U/uL .
dNTPs Mixture 0.4 mmol/L. Mg** 4 mmol/L.
PCR J W&k Z&fu & . 25 pL TaKaRa Premix Taq.
50-100 ng (K141 DNA 1 pL 1E [ 5147(20 pmol/L)
1 pL 2 1A 514720 pmol/L) . ddH,0 #h55 % 50 pL.
PCR [ Jii 45147 : 94 °C 5 min; 94 °C 1 min, 55 °C
72 °C 1.5 min, 30 ME#f; 72 °C 5 min,

PCR ¥ 1J5, I DL2000 (TaKaRa, Code No.
3427Q) & DNA Marker, XF§ =9t 4T 1%35

1 min,

WEEE LUK . B #9 DNA B B[Rl alifb i, a8 i
3730xI DNA Analyzer (Applied Biosystems)i#t17
I, 2% A8 i SeqMan (DNASTAR Lasergene)
Pr4% . #F EzBioCloud Identify service (https://
www.ezbiocloud.net/identify) 2™ ¥ it 15 )% 51 5 %k
Y B HEA T HER

A i v s AR L BE A R A I R 1Y
B TERE 16S IRNA R FHILHEFERGER T
B, 7E MEGA 7 H1% i Neighbor-Joining 77 12 ik
T2 5% B a2 Neighbor-Joining 51
A& Tamura 3-parameter model, f# /] Bootstrap
AT B PEAL , BOE S HIE S 1000 1K
1.6 EtkREAN R 5HXHE B

i NEBNext Ultra DNA Library Prep Kit
for Illumina (New England Biolabs)i 17 3C 4
# . FIFH llumina HiSeq W75 #£47 2x150 bp
M, XY £ L FastQC HEAT R PEA
i1t Trimmomatic 0.36 A7 5 57 4)B%, fii Jf]
SPAdes 3.5.0 ifF 73N 41 BB, R NCBI
prokaryotic genome annotation pipeline (PGAP)i
Fr R A AR

NS i P rh S £ T R A X T R Y R
N5, fdi ] Up-to-date bacterial core gene set
and pipeline (UBCG)H & 5t T L K 41 92 %00 &
R 3R 48 % & RS, 3l gt O R S 5 9 5 (gene
support index, GSN)IFALE RS LE 7.

WP ARAS 0 2 kR P208 14 SE [N 41741
(GCA_005144545.1), M2 H s i Wi 48 2% DA
> 19 15 =X B Ak Azotobacter chroococcum ATCC
9043 (GCA_004327905.1)1 A. beijerinckii DSM
378" (GCA_900110885.1) %k X 2H & 41 4E Jy %t 1,
T TR bk =2 0] B0 4x i DX 41 R G 1 BB L
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JSpeciesWS  Online  Service (http://jspecies.
ribohost.com/jspeciesws/) 158 F- ¥ 4% 1 R — Bk

(average nucleotide identity , ANT)FIPUAZ H FR 451 5
A & & %X (tetranucleotide frequency correlation
coefficient, TETRA)™. fii Ff Genome-to-Genome
Distance Calculator 2.1 (http://ggdc.dsmz.de/ggdc.
php)it % %% DNA-DNA Z&321# (digital DNA-
DNA hybridization, dDDH)5 G+C 7 22 569,
| FAE 2k 1 H. (http://enve-omics.ce.gatech.edu/aai/)
i S 14 & Ik BR — M (average amino acid
identity, AANE. FI INRA-MUMI 1E4k T H.
(http://genome.jouy.inra.fr/mumi/) it i K E—PC
fit 45 %k (maximal unique matches index, MUMI)E,
1.7 BB E BB B B E

K B JFE LR PN, R B e X5
Az K o1 1 (ODgoo=0.4-0.8) B K 1) [ AR BE 71, Al
W 118 % JH Bradford vE 0 2 B, A4 1 i &
(BSA)E S 2 F bR i o 328 4% il 280 T Je A5 =X T bk
A. chroococcum ATCC 9043 1 Jyxif BE

XFF R IR, BB K TR R
IR B . BRI 10%09 2 A F2EL
P BREEAMET 28 °C. 180 r/min RS 2 h,
RN TS S, S GG & T2 2457
ARG TR B A B R ST BRI 2 b e
X R

St F PN R EE, BT BUE K R R TR R
PO B . ERTAS 10% 09 250 4k
N BRI /F T 28 °C. 180 r/min fRIESESE 2 h,
i o Whatman 3% 5 34 21 4 1 € 4% (GF/F) (GE
Healthcare, CAT No.1825-047)3:t ik it g2 40 it , it
TRRE W 5 R FH T R 0 B AN - AL 3R B B i)
(EA-IRMS) (Flash 2000-Delta V advantage, Thermo
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Fisher Scientific)ll & & & it 15 N g,
1.8 BEARMEA: W 1Ak S &

XoF B0 S TR AR G LAA A B VA B R Ak 2
A R AT R B B, O 5 T AT AR R
A. chroococcum ATCC 90437 47 %t [ .
181 IAA ARE: WHRIRER R T4
500 mg/L L-fa % 8 /Y W f& Brown X% 3% 5L h
(28 °C. 180 r/min), 48 h Ji5 B i #5.0> (10000xg,
10 min), Bt E¥EW 1 mL, hiA S 3% (10.8 mol/L
H,S0,, 4.5g/L FeCly) 1 mLIES5), FiREE
FJ8i 30 min J5 i 5E L ODsaoo IR LANS|E-3- 2, iR
P 22 il b o il 2 7
1.82 WBETEMEWE . WHRIRES R TIH®%
NBRIP 55 53051 (28 °C, 180 r/min), 7 d J5H
B & 25.0>(10000%g, 10 min), H b3 FH 4H W L
8 0 T T A T A A A
1.8.3  BREMAE RN E : WHRIRIE S I T IO
WK Brown i3 (28 °C. 180 r/min), 72h J5
B 25 0> (10000xg, 10 min), Bt Fif#E 1 mL,
A CAS il 7 “S1 mL IE-A 3957, Y 1h
JE M ODeggo, PAARBEZR G FRILAE S X IR
1.9 WM IHEY &K K

FRRUESS : KRB R Ak 28 °C 180 r/min
PRFEEEFE 24 0 (F TR 50 (5000%g, 5 min), JCH
KR R, P R 29k 10° CFU/mL.

KAE @GS 23) . /NFZ (T 14) R EOK (R
966)Fh -2 1H K # AL FR(70%Z [ 1 min, 2%IK 5
FRANVA 5 min, JCTEZK bk 5 UK J5 FE IR I I 4R
| 28 °C WG R MUK ZE, 2-3d BB, fEHE
FhR (T AL B JE TR K ) FR it 3 hE 8 Bk i
S IRAS—EA i & Fh 7R 76 Hoagland™® 1%
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FR R S S TR I RUACOR Y USSP
K) 1 mL, e b in— = 0w K B 1 BUE T2,
28 °C fHiROL B IRAE OB A28 (14:10) 15 57,
BB 3 WE A, 2 JA S BUREIIE AR . PR
WRTEMZENTE,

2 BERAAT

21 SEWEHRMESEEK

M T ZURE TR I 25 8 TR B KA LR AR
B2 v 3 85 45 3 R Bk P208 . 7 [ A JC & B 37 2k
., Witk P208 TRVE SRR . RIEDEH, KR
5d J5 B e AR R A K R T Bk P208
MM AL IIEDE , E 2RI, 29(2-3) pmx
(4-5) pm, H BXFHES (B 1) BikkE P208 7E [& {4
TRIGFHE PR, 76 28 °C & /F T RI4kh:
7 2.d JE BV I RE M8, 1%3ER0 TR A
TRIE IR RESE 18-20 h 5 ik B0 %A K 48
(28 °C. 180 r/min),
2.2 16S rRNA ZE FFIMHLIE R RGE R E 58

Fikk P208 1) 16S rRNA H:[K 41 (MK841645)
5 A. chroococcum 1AM 12666'(=ATCC 9043")

1. EE#E P208 BY4HAE AL A5 (Bar=10 pm)

Figure 1.  Cellular morphology of strain P208
(Bar=10 um). A: phase-contrast microscopy; B: Gram
staining.

(AB175653, HHMLEE N 99.79%). A. beijerinckii
ATCC 19360" (=DSM 3787) (AJ308319, HH{LIEE Jy
98.66%) 5 A A XS A m AHALEE | v T W b 0 S 1 1
{E(>98.65%)“%, 5 H AU #k 16S rRNA LK
JF AR #5241 (<97.1%) .

FT 16S rRNA RN RS LT 4T, Wbk
P208 5 [ & 4 J& (Azotobacter) 7 ™4 Fi 4 2
MRIREETE AL 1 A7 %, RUIE R P208 hij IH
F [ A 1# )& (Azotobacter) (& 2). 741, H##k P208
5 A. chroococcum IAM 12666' (=ATCC 9043") %
GiRkEEERIE, HIKA A beijerinckii ATCC
19360" (=DSM 3787).,

23 ERAZOCERRELZT AN

BEFREA 92 MELEERGEKRE 4
4505 16S rRNA JEPRHA —:, UFSE T ik
P208 5 A. chroococcum ATCC 9043 () 245 & & iE
B, HIERT 1AXH]F A, beijerinckii DSM
3787 Ay~ 43 AR (GSI=90, fR KA Ky 92) (& 3).
2.4 BEHEARMESHRXIERLE

Ik P208 4 FE K 4117 H GenBank/EMBL/DDB)
55 SWKB00000000 (35 1), 7435
R HE R 2H K/l 5188530 bp, G+C &>
66.0 mol%. ¥ 1S Contig 247 4~. N50 K J&
49173 bp. WIJFEEE 452%, % NCBI PGAP i
AL 5067 ANSEE, Hh g LA
4714 4~, RNA B8 64 4>, thIE[E 289 4~ Hirr,
641> RNA 2 [X {u 35 rRNA B[ (58/165/23S) 64~ .
tRNA E:[H 54 /F1 ncRNA KE[H 4 A4S, il o v 4
DR] 20 3 PR 8 2 v A [ A DG S R A T e 1, 0
5 TR R TN A5 3 (1 [ U S IR | R A ) R )
REAH OGS E AT 32 A4, W3 i L R 400 Ry ik — 25 F
FEINREIEIN | ARIHRAR T HL B R 2 24 SR LR

N
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100 Azotebacter chroococcum P208 (MK841645)
T 79| L Azotobacter chroococcum 1AM 126667 (AB175653)
Azotobacter beijerinckii ATCC 193607 (AJ308319)
74 82 r— Azotobacter armeniacus DSM 2284T (AB175655)
9L|-EAzorobacter salinestris ATCC 496747 (AB175656)

Azotobacter nigricans subsp. nigricans 1AM 150057 (AB175651)

98 _EAzotobacterpaspa!i ATCC 23833 (AJ308318)
100 — Azotobacter vinelandii TAM 150047 (AB175657)
Azomonas macrocytogenes IAM 15003" (AB175654)
Pseudomonas guguanensis JICM 18416 (FNJJ01000024)
Pseudomonas aeruginosa JCM 5962 (BAMA01000316)

E Pseudomonas oleovorans subsp. oleovorans DSM 10457 (NIUB01000072)
Pseudomonas stutzeri ATCC 175887 (CP002881)

i CAmmonas agilis NCIB 116937 (AB175652)
98 Azomonas insignis NBRC 102609 (AB681884)
100 Pseudomonas flexibilis ATCC 29606 (IRUD01000023)

100 ' Pseudomonas tuomuerensis JCM 14085" (JTAK01000012)
Oblitimonas alkaliphila B4199" (CP012358)
W1—— Thiopseudomonas denitrificans X2 (KJ567598)
Permianibacter aggregans HW001T (KJ721800)
Rugamonas rubra ATCC43154" (HM038005)

B2 HETF16SIRNAEEMRESZAER
Figure 2. Phylogenetic tree based on 16S rRNA gene sequences.

g [ Azotobacter chroococcum P208 (GCA_005144545.1)
89| ‘Azotobacter chroococcum ATCC9043" (GCA_004327905.1)
Azotobacter beijerinckii DSM378" (GCA_900110885.1)
Pseudomonas flexibilis ATCC29606" (GCA_000802425.1)
Pseudomonas tuomuerensis JCM14085" (GCA_000806415.1)
Pseudomonas stutzeri ATCC17588T (GCA 000219605.1)

_EPseudomonas oleovorans subsp. oleovorans NCTC10692" (GCA_900455615.1)
85 pseudomonas guguanensis JCM18416" (GCA_900104265.1)

Pseudomonas aeruginosa DSM500717 (GCA_001045685.1)
Rugamonas rubra ATCC43154" (GCA_900114705.1)

14

Thiopseudomonas denitrificans X27 (GCA_002866065.1)
50 ———————— Oblitimonas alkaliphila B4199" (GCA_001267175.1)

0.05 60—Azomona9 agilis DSM3757
s agilis DS (GCA_007830255.1)
3. EFEREARZNMKLERNARFLAER

Figure 3. Phylogenetic tree based on UBCGs (concatenated alignment of 92 core genes). Gene support indices
(GSls) values (maximal value is 92) are given next to the branches.
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F 1. Hkk P208 By FEB4FE

Table 1. Genome properties of strain P208
Attributes Values

GenBank accession SWKB00000000

Genome size/bp 5188530

G+C content/(mol%) 66.0

Contigs 247
N50/bp 49173
Genome coverage/x 452
Total genes 5067
Protein-coding genes 4714
RNA genes 64
rRNA genes 6
tRNA genes 54
ncRNA genes 4
Pseudo genes 289

i LW P208 TEMIFIKE-IY RS54y
A, XN DA S AU 7% A. chroococcum
ATCC 9043" (GCA_004327905.1) . A. beijerinckii
DSM 378" (GCA _900110885.1)ik1 1AL K 2H #H 645
B (FR 2) 45201, HiFk P208 5 A. chroococcum
ATCC 9043" [~ B 2 — B (AND) . P-4
IR — B M (AAD) F1 %07 DNA-DNA 2% 52 {H
(dDDH)¥) i T Wy Fh 4326 1 1 (B (AN 1>95%-96% ,
AAI>95%-96% , dDDH>70%)B4%51 i &
A. beijerinckii DSM 378" ) ANI, AAI, dDDH #J
T Fh 53 2509 9 4H . itk P208 5 A. chroococcum
ATCC 9043 1 f5r K ME— DL it 45 B (MUMIIE T4
Tl 732 14 9 1. (<0.33) 8 fii 55 A. beijerinckii DSM
378" 1) MUMI fH = T YN o 25 0 B (e . [AlR, 3k
N4l G+C & it 2 S5 R U A% 1 18 40 236 A O 3R 5L
(TETRA) X TE [a] — ¥y i 19 28 S35 [l 2 N (4 30l A
<1%. >0.99)F%%2 Ky, 54 HIESHE, W
¥k P208 7] %55 W ER [ % 7 (A. chroococcum),

R 2. EH P08 SEVHEXEXNERMEREALLK

Table 2. Genome comparisons between strain P208
and closely related type strains
Strains

Genomic metrics “Azotobacter chroococcum A. beijerimckii

ATCC 9043" DSM 378"
ANI/% 96.82 89.87
AAII% 96.05 89.19
dDDH/% 73.1-78.9 39.6-44.6
MUMi 0.268 0.583
Difference in 0.16 0.37
G+C content/%
TETRA 0.9995 0.9971

Species circumscription thresholds: ANI (>95%-96%), AAI
(>95%-96%), dDDH (>70%), MUMi (<0.33), difference in
G+C content (<1%), TETRA (>0.99).

2.5 HHMRHIERRES

XFECAE K I IR TE 10% 2 H i iE 3R 2 h)s
B AT A 0 B AL Y L 0 L A R BOR
A. chroococcum P208 1 2, i A= il 2R (. 3 vy 5
. # bk A. chroococcum ATCC 9043" (P<0.01)
(B 4-A) o N, 7 B 1 I 7 [ UG P A 25 SR 5 20k
A E SR —30, Wk P208 By EE P
136.38 nmol N,/(mg protein-min), 2 A5t ik
A. chroococcum ATCC 9043" fit) 2.61 % (&l 4-B).

2.6 RIMRAEES
Wt E R, A. chroococcum P208 HoA
LAA HE L VA TR A R R A A S A ) 2
K g s 35 (3% 3). A. chroococcum P208
1) TAA FTER B A= BLRE 7 18 3 & T AR U Ak
A. chroococcum ATCC 9043" (P<0.05).
2.7 THWEMXHEW L £ RKEZm
R 4 PR, HARIEM A TA L, e
A. chroococcum P208 i AL iF TOKAE . /N2 4
R HE K (P<0.05), /NERK SN 41.3%  ART
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(A) (B)
800 - = 180
£ a
__ 700 - a ; 160
3 I G
=
i~ e L
g 2 50k £ 120
s s 21100 F
2 2 400} £
oS b 2 sof
5 T, 300 - < b
L 5 L
_é‘*g = 60 =
£ £
100 g 20k
1 J ZN 0 ] ]
ATCC 9043 P208 ATCC 9043 P208

B4 #HoBERSEXEKRBERRE
Figure 4. Nitrogen fixation activity of newly isolated strain and type strain. A: acetylene reduction assay; B:
N, tracer method. Error bars represent standard deviations (n=3). The different letters above bars indicate
significant differences at P<0.01 level according to LSD.

*3 HMoBENRSEXERBEIMEEREND
Table 3. In vitro plant growth promotion potential of newly isolated strain and type strain

Strains IAA/(ng/mL) Siderophore/% Phosphate solubilization/(ng/mL)
Azotobacter chroococcum ATCC 90437 12.47+0.28 b 48.91+7.26 b 1.29+0.14 a
A. chroococcum P208 18.48+0.48 a 88.21+4.61 a 1.32+0.16 a

Values are meanststandard deviations (n=3). Data followed by the same letters in the same column were not significantly different
at P<0.05 level according to LSD.

3 4. Azotobacter chroococcum P208 #E#h 33 E4¥ 4t A KR &2 M
Table 4. Inoculation effects of Azotobacter chroococcum P208 on crop seedling growth

Crops Treatments Root length/cm Shoot length/cm \?VZ?gthdt;{mg/plant) \?v:(i)grtlt(j(%g/plant)

Rice Control 29106 b 12.4+0.5 a 4.6x0.4 b 11.9+0.2 a
Inoculation with P208 6.8+0.9 a 12.2+12a 6.6+0.5a 11.0+1.1a

Wheat Control 10.9£1.6 b 17.7£2.0 a 9.7+0.8 b 29.3t5.4a
Inoculation with P208 15.4+1.0a 19.2+0.7 a 13.8+0.9a 31.8+0.7 a

Maize Control 18.7+1.7 a 22.3x19a 67.1£8.2 a 72.9+3.0a
Inoculation with P208 18.2+2.0 a 22.0t1.1a 67.3£t9.3 a 71.9¢¥115a

Values are meanststandard deviations (n=3). Data followed by the same letters in the same column for each crop were not
significantly different at P<0.05 level according to LSD.
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HIETN 42.3%, KAL) RHR B AR K 2 AR B R R
EEE, KRR 134.5% ., AT EH N
43.5%. FEFP A. chroococcum P208 X/ | /K FH
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Abstract: [Objective] The aim of this study is to obtain efficient nitrogen-fixing strains and fully utilize soil
nitrogen-fixing microbial resources. [Methods] The Entisol with superior nitrogen fixation capability was selected
to isolate nitrogen-fixing strains via enrichment and purification procedure. The identification of newly isolated
strain at species level was performed by means of 16S rRNA gene phylogenetic analysis and whole genome
correlation index comparison. Quantitative determination of nitrogen fixation activity of newly isolated strain was
performed by acetylene reduction assay and '°N, tracer method. The plant growth promotion potentials of the
nitrogen-fixing strain were preliminarily determined through culture characteristics and inoculation effects.
[Results] A strain, designated P208, which could grow rapidly in nitrogen-free medium, was isolated from Entisol.
Phylogenetic analyses based on 16S rRNA gene and 92 core genes revealed that strain P208 was most
phylogenetically closely related to Azotobacter chroococcum IAM 12666 (=ATCC 9043") (99.79% 16S rRNA
gene similarities). The average nucleotide identity (ANI), average amino acid identity (AAI) and digital DNA-DNA
hybridization (dDDH) values based on genome sequences of strain P208 and A. chroococcum ATCC 9043" were
higher than the thresholds for species circumscription (ANI>95%-96%, AAI>95%-96%, dDDH>70%), and the
maximal unique matches index (MUMi) value was lower than the species circumscription threshold (<0.33).
Therefore, The newly isolated strain P208 could be identified as A. chroococcum. The nitrogen fixation activity of
A. chroococcum P208 was 2.61 times that of the type strain A. chroococcum ATCC 9043". In addition to nitrogen
fixation, A. chroococcum P208 had plant growth promotion potentials in cultures, such as IAA production,
phosphate solubilization and siderophore production. Inoculation with A. chroococcum P208 could promote root
growth of rice and wheat seedlings under controlled conditions. [Conclusion] A strain with superior nitrogen
fixation and plant growth promotion potential was isolated and purified from the paddy soil with superior nitrogen
fixation capability. It has relatively good development and application potential value, and could provide microbial
resource for the study and utilization of biological nitrogen fixation.

Keywords: biological nitrogen fixation, nitrogen-fixing bacteria, Azotobacter chroococcum, plant growth
promotion, plant growth-promoting bacteria
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