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including re-establishing ion and osmotic homeostasis, preventing damage to plant cells, and resuming plant growth in saline soil.
This study aimed to obtain plant growth-promoting rhizobacteria that can improve salt tolerance of rice and to explore its
application effects. Method Two rice cultivars were used in this study, of which one is salt-tolerant cultivar Hunanxian and the
other is salt-sensitive cultivar Nanjing 46. The physiological characteristics of rice seedlings were compared after planting in
sterile and non-sterile saline soils. Then, the key rhizobacterial groups associated with salt tolerance, which were enriched in the
rhizosphere of salt-tolerant rice cultivars, were identified by compositional differences and co-occurrence network analyses based
on the 16S rRNA gene amplicon sequencing. Subsequently, the culturable strains of the key rhizobacterial groups were isolated
through the high-throughput cultivation and identification method of rhizobacteria. Finally, pot experiments were conducted to
evaluate the beneficial effects of the strains on enhancing the salt tolerance of salt-sensitive rice cultivar. Result The height of
shoot and root length of salt-tolerant rice were significantly higher while the content of proline was significantly lower when
cultivated in non-sterile soil than in sterile soil under salt stress. This indicates that the rhizosphere microbial community of
salt-tolerant rice cultivars may play a crucial role in enhancing the salt tolerance of the host plant. Amplicon sequencing results
demonstrated that the composition of the rhizosphere microbial communities of salt-tolerant and salt-sensitive rice cultivars was
significantly different. The bacterial families of Flavobacteriaceae and Pseudomonadaceae were the key rhizobacterial groups that
were both enriched in the rhizosphere of the salt-tolerant rice. Several bacterial strains affiliated with Flavobacteriaceae and
Pseudomonadaceae were isolated, in which two strains of Pseudomonas punonensis P34 from Pseudomonadaceae and
Chryseobacterium taeanense C18 from Flavobacteriaceae were screened to be the most efficient strains in improving the salt
tolerance of rice by germination and hydroponics tests using salt-sensitive rice under salt stress. Finally, the efficient strains of
C18 and P34 were applied as direct inoculants and seed-coating agents in pot experiments, and the results demonstrated that they
were able to promote the growth of salt-sensitive rice under salt stress. ~ Conclusion Two rhizobacterial strains of C18 and P34
showed great capacity to enhance the salt tolerance of rice and they could be developed as bacteriological agents for seed coating
or microbial fertilizer for application in saline lands.

Key words: Saline soil; Salt tolerance of rice; Rhizosphere; Culturable strain; Seed coating
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PASE 50 28 BB KRS i 55 S Rl WAL RNk
B FP CREEE 467 AR, A FHERHIE R
e AR FFEBE (34°1' N, 119°2' E) Kg H A58
+o WEKEN A A B S TR,
ZHCEW A F AT vy S14 (50 kGy) K, fERK
A
1.2 RIEgit

RIS T VL0 B o T Al R R S
IR 22 Bl = AT, SC R 28 d, LIk
EHAKE A AR WA, A E R E
it s (4.5 gkg ' M 6.5 gkg ). FFETH K E Y
KFER T B T 5% (1/2 Murashig-Skoog ( MS)
Bige 43 oL "MK ( Phytagel plantcell ) 1
HEZE 7 do PEK A — SRR B #k 254 AN H
TR R T, SO O B O EE A, L
PRI IR R GANA MY A . T A BRI
TR, & YRAKRE LK (DRI G
BHAT o 21 d I K REAR PR 1) 45 T A AR b dE
b, B 2 ask Joipa A P %) K R AR DN 3 v A AR
FHEB /R g1, MR AR AR A R & AR O
si, [AIEEX AE AR HEA T F AT R

SR FHER = e i v R R A o
FRBUA [] b B I F 4% 0.5 g BEATINGE , DL A Ry 2
FIXF IR, 750 66 R+ ( 722N, INESA, | )520 nm
BEARAN L CE, AALER & 4 AN EY)EE R
1.3 KERERTIERE. DNA RBESEENRF

B K FEAE AR SO R 5 58, /DRI R
BRI, EERRFBEFRRL 1 mm A4
REME THRAN L, FRKBRREENT, ®
THE47 30 mL K #fEh (PBS-S) bl (1L :
6.33 g NaH,PO,-H,0, 16.5 g Na,HPO,-7H,0, 200 pL
SilwetL-77 ) # 50 mL .08, B TRIKRYS
(180 rrmin”', & ) 20 min, 3T 100 pm J& I 40 i it
RS, oL UERBRAN/MEYIM R, B UM LA 3 500 ¢ B
O 15 min, 7% FJ2HWSE, A 1 mL PBS-S ik
HRIE, HBBEXKFEN 2 mL .04, 78 10 000
g FE.L 10 min, ZBR IS, UOTERD A ARPR +3E,
A QIAGEN DNeasy PowerSoil Kit i 5l & #& B

DNA. K51 799F( 5°-AACMGGATTAGATACCC
KG-3" )Fll 1193R( 5>~ ACGTCATCCCCACCTTCC-3")
X 168 rRNA JLPH V5~V7 X BT 170,
W% {8 ] Tllumina Miseq PE 2000 V-4 . PCR 4" 4% &%
P8 0 R O A i AR W B E A R A D
( GENEWIZ, JLIHFHM ) 5.
1.4 KFERFREFFIRENAE

WL R IR AL 2 T, R A I R Rl AR
B 3RS 10 mmol-L™' 4 MgCl, 15 W #1474 FR
Fake, VERRIAEMRERAEE R 1071 1077 (1 B BB 7E
96 LAk 3% FE , i 95 5 R AR 1 R R 2 R ( Tryptic
Soy Broth, TSB) }ifest (JREMR 15 ¢, K&
FR S g, SALEN S ¢, BUIEM 20 g, 121°C K
20 min, pH7.2), ERFFEESR 14d )5, EREE
YK LB 30%~50%09 96 fLAR, 7E LR
AR KA P i LR TR ORI, T SE S 1 T99F
1 1193R Xf 16S rRNA FEFH A A X V5~V7 #17
A e Y1, FBEIE I Fi Uk B IE PCR 45
R, 3 AMPure XP X4 ( Beckman Coulter, 3%
B ) dEfraife; Kratifb)s i DNA FifEZE 10 ngpl™
YEAHAR, F Hlumina M)37F 5 3551 W1 758 —
# PCR, HAEESEL 200 ng #EA7SCEME, FHAE
HiSeq 2500 -5 (Illumina Inc., FEE ) FEATIMF
[ IS SHE AT B AR AE , N5 PCR X3 114 T L P W B 80
uL BN A S A 80 uL 40% H 3l iy PCR &b, 4%
IR ), BiARc B T-80°CUKAHEFT B A RAT
AU 3R AT 7K R AR 2 B Rt YR T
1.5 KEBEAZFIMBIEREREHE

TEBCHL Y KNS R RE 46 FhF-1E1T 3R 1E
THEE, PSR RE R 8 T & A AR EEC 0.
40, 80, 120, 160, 200, 240 mmol-L™") Y JCIH T
THIEACHY R TR, BT 25°C MBS FRAE N & 25,
BRI A 16 W8 h, §53% 3d )5, Gt ANFIREET
KBRS (RER Y%= (KRZFEH 3 RIEH KM
Tl 7 BUBER AR T x100 ), 8535 7d 5, G ATRE
HWE T KB ETR (RFER/ %= (KHE 7 X
() IE 5 & ZE R T BB R T 80) <100 ). AR FR T
R EF IR 2 A2 Bl R B AR AR R AE W i 7K R 2 A
I e b e B
1.6 B TR KTEEKWIRRED IFIE
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B T B A 2E e I 5 6 v BE ) JC B 1 T i AR 1Y
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TG A B A3 0V SR BE L BEFRIILE T 25 COBIR R =
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PORIR ZF AR, R AE e R vk BE I an T fR K A
K2R RR PR AL T
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FE, WHUE RS BRI 46 T RRESH
1L M= (Hoagland ) HFK (B &4 0.115
g, LAKERMREE 0.242 g, WEIRAN 0.605 g, PUKE
MRS 1.359 g, —/KEAMT 0.181 g, #kdh (L4
Bie PO 20 R — 44 30.78 mg, L K& iR W gk
27.75 mg), MR 7.2 mg, — /KA AL 0.2 mg, U
KEFAAEE 4.5 mg, FALEE 0.6 mg, —/KEHMRE
0.098 mg, ZEW/KEZRZE 1000 mL, pH 6.0) 7K
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PEAT KRS . e HUR 2R 50 TP RO S0 1 B B T
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R, EK S —B KRBT T R =
2 24 h (X HRAL BV FH Hoagland & FR IR ), #
RO R ZE an i SR vk B2 1Y) Hoagland 5 352
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1.7 BHRR A ER R I8 HE
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FETR 0 K TR kA 1 Ry R ai e BE 6l BE 4 58 A AH [H]
BB TCREK . IEFRERE T 30°CHI 16 h/8 h
TR TSR, 4 TR 0 KRG AR 1) 45 700 A B
fbt6 b5 -
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1.8 HiEAbiE

& F§ Excel 2021 il GraphPad Prism 8 X} % ¥ i#F
figeit ez, H SPSS 22.0 AR E 20 b
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W AR 22 R, P<0.05 MER B

ey 3 I P 4 B4 Ak PR ] USEARCH 10.0 Al
VSEARCH 2.13.6 34750 #r . 2D BRALHE (T
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J¥ ( Paired-end ) 5 R iE1T P, RIG VBRI Y
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il 1 “usearch-unoise3” 35 4 f# ;1 ASV ( Amplicon
Sequence Variants ) 3F 224 2 M s X 28 120 1 146 1) 1 ot
ST IRITF T, P ASV R A% 3 format
ASV prefix ); FllH#E4 “cluster_otus” X} £ 1 fij fb. 1)
JF 9 22 BR BN T 51 Rl & AR J5 RIS 2 “makeudb_
sintax”f # 5T RDP 9EIEZE, FH H “sintax” il
“otutab”fF L1 E] ASV FAR M ArRAEE, I LU
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JL 2 (Adonis ), AJHALRH R 1 ggplot2 52
Mo ARV LI 48 o B i S AR e T
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KMEI3 AT, eI MR 2 AE9HH OC &85 ( Spearman )
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TR G X 2% 4]

2 45 R

2.1 IRBRFAE IR S K FE M S BB B9 4 IBAFAE
Bl 138 h NaCl v 42 m , K Rk o2 FIAR G 2
WA, IR A R (1), 16 4.5 gkg!
ERVREERE, A SR oK RS B A KOR B Y T
KT 5, IR R 46 78 H AR I BBk
S KB R 4.40 cm AT 4.53 cm, KK
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The same as below.

K1 KREEA R A8 L AUK T L g A KR (a. WIFGAIBR R b WIRTAIAR G o WIRSRIAH R & &5 d. M9k
46 this; e MIKE 46 LIS, . FIRE 46 IZR S5 )

Fig. 1 Growth phenotypes of rice in non-sterilized and sterilized soils under different salt concentrations( a. Shoot height of Hunanxian;b. Root length

of Hunanxian; c. Proline content of Hunanxian; d. Shoot height of Nanjing 46; e. Root length of Nanjing 46; f. Proline content of Nanjing 46 )

2.2 T ERKFEAR PR B B TR 4 AE

R T ARAG T ER KA i AR PR SR e AR Y 4 B
HHE, AW IE I 22 5 415350 B AT 5 A fEURk
i PR PR DRV AL 22 5 o S ERBURGL AR AR LE
it ER K R SRR AE 4.5 g kg Bk B M 2 B AR
BRI 101, 8 SR Xanthomonadaceae ).
B LT BERF ( Chitinophagaceae ). BR A7 5 1 AL
( Desulfuromonadaceae ), BHRFTEFF( Oxalobacteraceae ).
KAAEFTHA (Flammeovirgaceae ), WE£F 2E 40 & &)
( Cytophagaceae ), W # YN A #H Bacteriovoracaceae ).

EHZERL ( Lachnospiraceae ). T2E/AF} ( Spirochactaceae ).
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RV T b B 2w AR PRI IE 6 >, AR ER
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BFFE L (Flavobacteriaceae );  Ho b 8 A & R 2 )
BRI e [R] 4 0 AR 5 1 A R S A

R T AR KA AR PR BT BB A G PR R A 28
B, AR HE— 20 XK A AR PR W e v AL 8
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Mot CE 2b), KBS A AR IEAR DGR 3
6 NZERE, 43 N AT EFL ( Enterobacteriaceae ).
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AR XS B30 0.08% ., 0.53%., 0.04% .
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concentration of 6.5 g-kg

0.04%. 0.95%. 48.44%, 5 H B BAHXFF EE
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0.985. 0.850. 0.939. 0.939. 0.970. 0.985, Hrh
15 B e T B 0 ORI P A X T e, 5
FEER RO A OC R B o MR DL 25 IR, R
FF TR B A PR B R Ay 90 R AR B 2 A I R
ST 0 R S

== JjjE5 fill Hunanxian b)
== 146 Nanjing 46
= / ¢ Pseydomonadaceae
S o I
Kor Pis Pro Flav . . RSN L oL

1

7. Xan. Chi, Des. Oxa, Flam. Cyt, Bac. Lac. Spi. Flav, Hal. Chr. Kor. Pis £l Pro 43 HCE B AR . WL T M
Bl BRETAMEEL . RERAT AR KOFF AR MR AR WK R . B R . IR . WA RL . ERREERL. A
Wi #l. Kordiimonadaceae, ffi 7 5 YR IABLFIK AT FF . Note: Xan, Chi, Des, Oxa, Flam, Cyt, Bac, Lac, Spi, Flav, Hal, Chr,

Kor, Pis and Pro represent Xanthomonadaceae, Chitinophagaceae, Desulfuromonadaceae, Oxalobacteraceae, Flammeovirgaceae,

Cytophagacea , Bacteriovoracaceae , Lachnospiraceae , Spirochaetaceae , Flavobacteriaceae ,

Halomonadaceae , Chromatiaceae ,

Kordiimonadaceae, Piscirickettsiaceae and Prolixibacteraceae, respectively.

P2 KARARBR AN AR VR 22 57 S HE AL I 28 3BT (. 22 55 20 TR S HEAE W e Rl RN R RE 46 MR PR B SR AN 2B 5 b, KRR
PRI 2 73 2 B I 28 0 T )

Fig. 2 Compositional variation and co-occurrence network analyses of the rhizosphere bacterial communities of rice ( a. Relative abundance of

different bacterial groups enriched in the rhizosphere of Hunanxian and Nanjing 46; b. Co-occurrence network analysis of rice rhizosphere

microbiome )

2.3 IREKEMEREENRFRZOEKFESEE

ROV ERARET, KRR TR SO R AT B
RSP EE T KRR & ZFRRUR ZF R I T RS
B MERREE RS 160 mmol-L ' I 2F A & 2R B i
B, JF H 7 B bW E R (200 mmol-L™' Al
240 mmol-L™"), KFEFPF & 2F 2 B EHAM G, K2
PR ZFERELTE (K3 ). WYL Rk
R & 2510 R 380 1 v R 160 mmol- L',

K REAR B 4 P 9 U5 2 i B 1 20 BRECHT 1R
FHAI 13 BRI BB BB , 7 160 mmol-L ' 543
W BRI R A AR UBOK AR i FP (A 46) &3
FUAEKM N, 2RERY, SAEMEWMELL,
7RI R W R S R 46 B R SR, KRR

29 1.33 £, WHAFREBH RO AP R AR C18, i)
FR R BOR B A T bR P34 (K] 4a ), #E—2
SR T BROE SRR KR AE KA g, K B R IA
PR ¥ RE 0 25 4 v KRS T £R B8 ) IR 4R #E K RS A K
(& 4b), Hrp C18 il P34 W HK B B RCR e dd, 4 Fd
C18 F1 P34 B /K FEAR i 43 il AN 422 TR X6 BEG fin 1
7.27 cm 1 5.50 cm (& 4c), PR & w50 A
T 59.54%F0 69.22% ( & 4d ).

Bikk P34 7E 28°C TSB [E{A R IR 3555 48 h,
HERIREOAEN, Rk, ARBEE, BEA
FLU, Bk C18 7E 28°C TSB [EfAk: 7 I ks 33
72h, WkREEWOEY, RN, TR, H%
LN KR BE P34 R C18 Y 16S rRNA K F31 5
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