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12 °C fR4F.

W9 5= 1.0% A BB W 58 I Hi b s I )5

H B A RS /N R 5



FHIES | BUEYZAR, 2020, 60(5)

1027

A% % GenBank 4, BN AR AT S
FENCBI #17 BLASTn 23 7E£E LE X, L GenBank
H T 85 TN SR S e e 145 R R 1 R i R
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K& AR S B, AKR#E, 78 9h LG
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W, WHRAEKIMAW RS, €24 h 4
AXTEAER I X RBIBEE ER ik BESE I, AR Y
AR HCRAE , L HAE SRS, W AE T
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CEA TR A BT e g5 R WAL R
P A RE J7 B TR AR IR AT IR , LS B A A K
(RIS, 25 R BB R N 102 X H#5 i 4 K B
BRI A RO (B 2), RINAEFERD N102 40
T, HEREZER . KA E D ES T CK
Ak R (P<0.05), Zr ol 47% . 48.5%F1 60%
(F 1.

—o- 0% NaCl
—— 5% NaCl
——10% NaCl

0 20 40 60
t/h

1. N102 Z£4[E NaCl JRE LB BEFEHRIEK
iiE5

Figure 1. Growth curve of N102 in LB mediums with
different concentrations of NaCl. Bars represented

standard errors of the means.
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(A)

CK

(B)

& 2. N102 XfHEMHFRLFHR

Figure 2. Effect of N102 on the germination of S. cannabina. A: the control group; B: the treatment group.
% 1. PGPRHBHARFHR
Table 1. Effect of PGPR on S. cannabina germination
Treatment Germination rate/% Shoot length Root length Fresh weight
CK 56.67+0.06 a 9.344+0.19 a 2.64+0.17 a 0.60+£0.04 a
N102 83.33+0.12 b 9.79+0.80 a 3.9240.08 b 0.96+0.21 b

Values are means (n=3)+standard error. Different lowercase letters indicate that the same index is significantly different (P<0.05).

2.4 BB ERERPEN

TEAN[A] NaCl ¥ 2R ER A T, FPE N102 Xf
FORMBRR . AR ZEFFTE AR T A AN
PRI HEAE (L 3. 1 4).

REWAMET, M NaCl ¥R BRI, FEkk
EEL K. EFFTED MR TESREIK, £E

CK N102

A

; -.}i:fklgd.‘u_ 't
:

£ S Pt v (A = G EDC i v e N7 51 0 R 1] 5
i 18.1%. 30.9%. 67.4%. 44.6%)(Kl 4), Ak
b 3R W) AR ) S R T R B G Ab 3
(P<0.05), I HAEYI PR = A ZEFF T 5 0 W - SR i A
Aib 3R] 22 53 B 25 (P<0.05) (K 4-A, Q).

RV N102 ¥Ghn 1 frf 38 B2 K T e

SO

E 3. FERERMIETEM N102 Bf ERBEKFR
Shoot (A, B, C) and root (D, E, F) growth of corn without inoculation (CK) and inoculated with N102

Figure 3.

(N102) at different salt stress (S0, S1, S2). SO, S1 and S2 represent salt free, medium salt stress and heavy salt
stress, respectively (Same below). Each treatment are three replicates.

actamicro@im.ac.cn
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Figure 4.

Effect of N102 inoculation on corn morphological parameters under different salt stress. A: Plant height;

B: Root length; C: Shoot dry weight; D: Root dry weight. The error bars represent the standard errors (SE). “*”
indicates that the difference between the control and N102 treatment at the same salt concentration was significant
(P<0.05). Different lowercase letters indicate significant differences among the control treatment of the different

salt concentration at the P=0.05 level.

PR . R . ZEFFTER AR TE. 25/ N102
B, A SR A Y Ak B T AR A
AR, R AN £ b A A] 4 AR 4 R 34 G B 2 2
F(P>0.05) 5ARIEEHEMALL , FETCERFRMT,
FeR N102 FUAEAR AR & MRS . ZE5FF T3 SR T
AR N 6.8% . 30.9%. 32%7F1 30.6%
(P<0.05)(I&l 4); 7Erp e T, $8 N102 FUFE PR
AR R . AR . ZEFF T AR T E 5 8
FHA 9.4% . 25.7%. 24%F1 29.6% (P<0.05)(/#
4); FEEERMNA T, HAh N102 RURERRAOHR R . 25T
THELUUSARTESFHIEIN 12.4% . 33.7%F 27.5%,

Pk i 22 (P<0.05)(K 4-A, C. D), IfifEsh
N102 AF A 1Y AR R A 2 B AR AR 1Y 25 S A8 2 3
(P>0.05)(&l 4-B) o AMIEAS AR BRAE A= R N102 A
AR ERE IR ARG, (RIS o R ik 3 RE RIS
HX I %
2.5 R EREKMHFESEREW

Wi 5 i, BEFE NaCl ¥ hn, et
DRROEIEWT R SR, HERNANEA N102 fAE
P a2 & i TR SRR AN T AR (CK), JF
TE AT A SR BE T IR 3 3% 22 57 (P<0.05), 73l tb
X HAKATIN 6.7% . 4.5%F 7.1%. FEANEREIT,
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Figure 5. Effect of N102 inoculation on corn
chlorophyll content under different salt stress. The
values in the graph are means (n=3 per treatment); the
error bars represent the standard errors (SE). “*”
indicates that the difference between the control and
N102 treatment at the same salt concentration was
significant (P<0.05). Different lowercase letters
indicate significant differences in the among the
control treatment of the different salt concentration
treatments at the P=0.05 level.

AN ER b A AR P 0 A R S W T
AR, AN R VR A A i 2 2% R (P>0.05); 1E
Rl N102 AbFR, ASfindh b B2 ) -t 3
B B 2 T a4 B (P<0.05), {HIANER
30 Ak BE] 22 S AN B 2 (P>0.05), Ul B 7E & 2R 0
THETHERD N102 22 1 R WhaE XA 4 28 % it
A
2.6 WHRMRFREFEST

i SR HE (NDAS T PR N102 £ 16S rRNA &
P9 T R G E A, e ani&l 6, 45
Wras R, N102 ShnifEREfR Enterobacter soli
ATCC BAA-2102" JEL R BRI, Wi 17 S AR
ik 99.30%, Jf H. N102 ZE#E b EALT Enterobacter
BB R A L2, R W T
Enterobacter J& . o)t N102 [ 16S rRNA J:[H
J¥ 4 4% % NCBI $(4EEd, REERSH
MN420987.,

Enterobacter cloacae 279-56" (NR028912)

58

80

66

nterobacter cloacae subsp. dissolvens ATCC 23373T (NR118011)

99
53 E
ol Enterobacter ludwigii EN-119T (NR042349)

Enterobacter kobei ICM 8580" (NR113321)
Enterobacter tabaci YIM Hb-3" (NR146667)

Enterobacter hormaechei subsp. xiangfangensis 10-17" (NR126208)
Enterobacter asburiae JCM 60517 (NR024640)

4|—— Enterobacter soli ATCC BAA-2102T (NR117547)
90 N102 (MN420987)

Tatumella ptyseos ATCC 333017 (NR025342)

6. N102 EF 16S rRNA EEFFIH ARG L B LR
Figure 6. Phylogenetic tree based on 16S rRNA gene of N102. Numbers in parentheses represent the sequences’
accession number in GenBank. Bar 0.002 represents sequence divergence.
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32 MR IR 358 23 B85 94 TS R oo 200 70 R A [ 2
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AN M FEAR s 38 vh 23 25 B AR B £k A= T HAT [
A FRBE. 77E TAA R ACC B2 1 Rl

TEAWITEH, — MR SR PR 2R B N102,
Bl % E R T TR & (Enterobacter sp.), 1EAFR2~ I
IR A A f#BE. 77 IAA. 77 ACC L&
Tl 1 7 R 23R S5 W A0 2 AR D R vy Ty R
(0-15%), Ff Hifiid s ta Py e S S B B2
BORMEHE KRR, IEIL4E, iR —L
TR 8 T R B EAT (R R AR K 1 PR
SR R R Y AT R 298 BT R AVEY 5 &35F
VEVIAR B, (FEIX 2L 7 ¥ T A 0 40 7t ] LA 52 A
[l b ), Bhise SFUHRIE T 7EBH 1A A AT B
(Enterobacter cloacae) KBPD TE£R Ml 4444 B
RN ISR i ANERA S N U= WA

E2UEN], LEER WA 1 5 th R R AT 4
AN AT ARSI AR fe TR I YRR R 3B X A
VriaAs Fagma e RS AR R, R
FFIA N102 S8 2 1 BORFEER A FRYE K . X
AR A E PR (B0 PR, RS, ZEAT T EFIR T
A PR th TR R Fuskn, TAA. ACC

http://journals.im.ac.cn/actamicrocn



1032

Yanxia Wang et al. | Acta Microbiologica Sinica, 2020, 60(5)

JId Tl AR ARG AR ) o B SRR RE B BG
FARMIRR . MR 2R T ER DR T AR,
AIRBIH TR MME AR Na'. CUAYRd BEIRIR A &
IKAY SRR 2 HA R e 2 3 T
TEAMGE T, EEHE T, 50 N102 IR K BA
WEES . ATRER R R R bE R AR PR e A=
PR E T — S ARt 2R RE g,

AR 3 T} 52 PR AR A BR 2 — S S R
AL . FEARRETEH, HXTIALE, &R N102
AR I 2 3K 5 ik 2 Singh S HILAE T
BEA NaCl ¥R BRI, AEPIH 43R & i N I, T
e A 2R B S S8 1 HE S b A ) R
i, X HARBFR AR

BZ, AWTSTREE RS Z BT RS 4 R — 2
Rk A Al W A FAG R 2B 1 Tt R 40 7 )
Ko (HAFTEERE, NHERR &R R
kT i (Enterobacter sp.) N102 I H Z R B4
AR, FETLAMGE SR EE T ERR A . X
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Screening of plant growth promoting and salt tolerant
rhizobacteria in Sesbhania cannabina
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Abstract: [Objective] To explore the effects of halophyte Sesbania cannabina and its rhizosphere functional
microorganisms on ameliorating saline alkali soil, we isolated and identified the plant growth promoting
rhizobacteria (PGPR) of S. cannabina grew in saline-alkali soil of Yellow River Delta, and further studied the
growth-promoting and salt-tolerant characteristics of PGPRs. [Methods]| Nitrogen-fixing, phosphorus-dissolving
and potassium-dissolving bacteria were isolated from rhizosphere soil of S. cannabina by selective culture and
identified by 16S rRNA molecular biology. Traits of plant growth-promoting and salt tolerance of the strains were
determined and analyzed, and strains with excellent traits were selected to further study their growth promotion
effect on corn. [Results] We totally obtained 105 rhizosphere isolates, of which N102 had growth-promoting and
salt tolerance activities. As shown by seed germination test, N102 could significantly increase the germination rate
(47%, P<0.05), bud length (48.5%, P<0.05), root length (60%, P<0.05) of S. cannabina. The pot experiment also
shows that N102 could significantly improve plant height, root length, shoot dry weight, root dry weight and
chlorophyll content of corn under salt stress. According to phylogenetic analysis, the similarity between N102 and
Enterobacter soli ATCC BAA-2102 (NR117547) sequence was 99.30%, this it was identified as Enterobacter
genus. [Conclusion] Strain N102 has high salt-tolerant and plant growth-promoting characteristics, promising to
develop as microbial inoculants or microbial fertilizers that can effectively promote the growth of crops in

saline-alkali soils.
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(KXot 4h: FKREET)

Supported by the NSFC-Shandong Joint Fund Key Project (U1806206), by the Shandong Key Research and Development
Program (2017GSF17129) and by the Marginal Land Productivity Benefits Amplification Mechanism and Storing Food in
Land Technology Model (KFZD-SW-112)

"Corresponding author. Tel: +86-535-2109183; E-mail: zhxie@yic.ac.cn

Received: 8 October 2019; Revised: 21 November 2019; Published online: 27 December 2019

http://journals.im.ac.cn/actamicrocn



