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5%. BPR J-009 3t TAUEE A HUBRA — T 69 M b, FAREAR . O BEA HoS, VT AR H AAE.
Frisdads. LALEZ, AR EMELS L4, SR ABE. MRBE L 4 4 £ KRB A Fatk, 16S IRNA
A B A o # P 2 E AR J-009 A &% 2k F 04T E (Bacillus halotolerans), GenBank & & 5 %
PV635949, -“FAR3FEFKIGA M, B AR J-009 & RAGAG R A — 2 93 FI4E A . B4k J-009 &~ EPS #9
% 4(0.581+0.083) g/g. 2wk TAA #94% 4 (12.39+£0.66) mg/L, &4k J-009 &M ak 8 A =T vA L 3|
13.9%. AAKMGHFF-PFHRALA KR, KIZZIF, MR TAIRA, ZEHAK J-009 43256 KA T
AR KA G KRR E 3 e, (456 Bk 1-009 BA RAF64 & 28 s BAR A T 6k, AL A et 3
BRI T RAGAEK, AL E SR EMAMKRBRB AL LT A,

KEEIA: ki, HhaRiRA4y, Wk FIATE,; AR

Isolation, identification, and rice growth-promoting effect measurement
of a salt-alkali-tolerant Bacillus halotolerans strain
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Abstract: [Background] Saline-alkali land is an important land resource in China. Using
microorganisms to improve soil environment and promote plant growth has become a research
focus in recent years. [Objective] A strain of saline-tolerant growth-promoting bacteria was
selected from rice root soil in the saline-alkali land in Daqing, Heilongjiang. This study is
expected to provide elite strain resources for the development of microbial agents suitable for
rice growth in the saline-alkali land of Northeast China. [Methods] Saline-tolerant microbial
strains were screened by microbial isolation and culture. These strains were subjected to colony
morphology observation, physiological and biochemical tests, growth curve determination, and
16S rRNA gene identification. The multifunctional identification media were used to evaluate
the phosphorus solubilization, siderophore production, amylase production, and salt-alkali
tolerance of the target strain. The disease resistance of the strain was tested by the plate
confrontation method. The abilities of the strain to produce extracellular polymetric substance
(EPS) and indole-3-acetic acid (IAA) and reduce alkali were examined. Furthermore, the rice
growth-promoting effect of the strain was evaluated by rice seed germination and water culture
experiments. [Results] A saline-alkali tolerant strain J-009 was screened from the rice root soil
in the saline-alkali land in Daqing. The strain was rod-shaped and Gram-positive, with white
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and wrinkled colonies. The strain reached its growth peak 12 h after inoculation, survived within
the range of pH 8.0-10.0, and showed tolerance to the maximum salt (NaCl) concentration of 5%.
Strain J-009 was capable of solubilizing inorganic phosphorus and organophosphorus and
producing siderophores, amylase, and H2S. It can utilize glucose, arabinose, and sorbitol but
cannot utilize sucrose or maltose. The reactions of peroxidase, urease, and cellulase were all
positive. Strain J-009 was identified by 16S rRNA gene sequence analysis as Bacillus
halotolerans, with the GenBank accession number PV635949. Strain J-009 had a certain
inhibitory effect on rice blast. This strain showed the EPS production of (0.581+0.083) g/g, the
IAA secretion of (12.39+0.66) mg/L, and the alkali-reducing capacity of 13.9%. Compared with
the control group, the strain J-009 treatment significantly increased the root length and plant height
of rice seedlings. [Conclusion] Strain J-009 demonstrated good saline-alkali tolerance and plant
growth-promoting effect, and it could effectively promote the growth of rice in saline-alkali
environment. The findings lay a foundation for the microbial improvement of saline-alkali soil
and the development of microbial agents in the future.

Keywords: saline-alkali land; microorganisms in saline-alkali land; Bacillus halotolerans; plant

growth-promoting effect
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M T ARAF ) RE SR e, ARG T8 AR B

AR B alifh . HA R 1-009 F MRS |
AR BN FL A G BRI (1A
1B), # % PRy 28 5L g 7R 240 TR M 2 G PE
H (I 1C). HLBE4E R B/R(E 1D), %M E
W, METBAR AR, K40 1.8 um, HE
20 0.4 um, P AL
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Figure 1

Colony and spore morphology of strain J-009. A—B: Colony morphology of strain J-009; C: Gram

staining of strain J-009; D: Electron microscope observation of strain J-009. Bar=2 um.
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2 BE#K J-009 BIRERALEHEF T (A TR A LT IE(B)

%/ﬁ:%: 7J<ﬁ§‘%lo

Figure 2 Characteristic of solubilizing inorganic phosphorus (A) and organic phosphorus (B) by strain

J-009. Arrow: Hydrolysis zone.

3 BE#K J-009 FRERER(A) K EIE R B (B) AT

ik HEEKSRRE

Figure 3 Detection of iron-sulfur carrier (A) and amylase (B) of strain J-009. Arrow: The orange hydrolysis

circle.
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1% NaCl 2% NaCl 3% NaCl 4% NaCl 5% NaCl

2% NaCl 4% NaCl 5% NaCl

3% NaCl

B4 B J-009 TEERBIEMIKX A AREEEBIEAR IR, B: ARELBB AR IREE; C: mikimmm
AT ARG

Figure 4 Salt-tolerance and alkali-tolerance test of strain J-009. A: Different salt and alkali solid culture
medium; B: Different salt and alkali liquid culture medium; C: High salt and strong alkali conditions.

P bR EERTIE R G R EW . 450K 5 K nl PUAE H kR 1-009 4 Bacillus halotolerans.,
fiin, WAk 1009 S8 T2 2EAF 5 KEifk J-009 1 16S rRNA JEH P41 142 NCBI,
(Bacillus halotolerans)t) Béjar CR-119 (GenBank % 3 #|i% 741 [) GenBank %3¢ 54 PV635949,
SN AY603657)3R5 KRBT, I H MR J-009 KRB RE J-009 3% 5 A [ i A 40 B Al (00 e £
16S rRNA JEK 7415 Béjar CR-119 B R 100%,  AE#HhOMRAF, 458 CGMCC No.31901,
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Bacillus halotolerans KF17 (CP136430)
Bacillus halotolerans Tehuacan_S4 (CP126530)
90 ' Bacillus sp. FSL K6-1012 (CP150175)

Bacillus halotolerans PK3_4 (CP026032)

0.5

5 ET 16S rRNA EFEFFIHEIE J-009 IR G L B R

Bacillus halotolerans SW207 (CP119073)

SALECTHIR bootstrap LHFH ;BRI 0.5 WETFIRELR,
Figure 5 Phylogenetic tree of strain J-009 based on 16S rRNA gene sequence. The serial number in
parentheses are GenBank accession numbers; The branch number indicates the bootstrap support rate; The

scale bar 0.5 indicates nucleotide substitution rate.
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FERERER A EER .. 48R mE 6 iR, Wik
J-009 X /K AF R e A TR AR B SR, 3 Rh TR 7%
595 J5 A HP TR A Aok B S B B A, 2R B R
J-009 XK FE R A AN R 220 30.4%
2.6 BEHRIEERE
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Wit 5 5 M B A3, X BE 2H 55 A PR A A K
TP AR R ZE AR S BRI, (HAR S T % R
20, 7F 50, 100, 150 mmol/L NaCl fyEhjiia T,
LR J-009 AbPRIS KRB RN T IR K R ZE K
Yot i E (A 7).
2.6.2 RMREBAINME TR RE

W& pH {EHIN, X AR5 A PRAL 7K R

&l 6 Fitk J-009 HLIHETRAE N

T AR A RN 2 B W R AR, (HAR A T X B2
E pH 8.0—10.0 AN [FI B Br 8 2571 , B Pk J-009
Ab B S Y K FE PR K R ZE R A 3 B
(A 8),
2.6.3 BEPKFEERMEANIE T AR & BE

J T ERFEER B AR J-009 XK RS
ABEJIMsE N, SRIBUKIESCE:, FIA 42.8 g/L
Na,CO; 757818 /K & pH 8.5 BILTL B FRES , 41
BTN ML, FEER A A SN &Rk 1-009
Ab B S Y K RS PR K R R A I B
(K 9).
3 itk

PGPR J2/ETE7E L8 IF 7 THE A &R
M —2KA ey, HALEEM S AP, B
AR UeEW L B . BRI R
o, WY R AT R AR K
[EREAE . A Bt i A 0 s I B 1)
AR, DAY IR R SR A ) A P e

AT 2% W PGPR, A EBoFhE
HA ARG YR, TRl se /R . FEPurE .
VAl ) 7 R P 55 Oy AR A W A A
BRI, dn, TS ROk BLAR VE R 2
FIFFTE Lx-11 BES15 S LOX, PR4 SRR3R
ik, DA SR AR il S b AL T M AR 4

Strain J-009 vs. Magnaporthe oryzae

Figure 6 Detection of the resistance ability of strain J-009 against rice blast disease.
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Figure 7 Growth promotion ability of strain J-009 on rice seeds under different salt stress. A: Rice seed

morphology; B: Root length; C: Bud length. **: P<0.01.
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A KFERPTIEAS; B: MR Cr ZFK.

Figure 8 Growth promotion ability of strain J-009 on rice seeds under different alkali stress. A: Rice seed

morphology; B: Root length; C: Bud length. **: P<0.01.
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Figure 9 The promoting growth ability of strain J-009 on rice under saline-alkali stress. A: Growth
condition of rice under saline-alkali stress; B: The overall morphology of a single rice under saline-alkali

stress; C: Root length; D: Plant height. **: P<0.01.
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