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B OE: (57 L mAEMBERRZRGZIZELES, ERREBRIE. RAEDE KT BH
HEX. [B &) fpiadt kB = Iosh S4B AN, AFLBEA LB EEARBROGAFNRER
ARR. (7 EY R ELBEWIRIT L 5T ARBREE FIA. FI0 S4B, A B A 47
EAGMAD AN, FREBE. WAL, AT 16S IRNA LB B 7|4 gyrB A B0 5 T4 %
MR ER, S ZAKRGAER. TR ZEERT BB AGH R, FRZAERIER
P14 12 B AR Pt 6 %oy, FF 45 & 3h AR RS B A A AL K B SR A A R A AR A LR AR AR Hm.
[4£R] K 727 RIEBELBEIEART HAE R ZRINS 4. BARZLRIIEIGIHGE /) B
fRA ALBEFa 4T 69 5 J0A4T H GBW HF-98, #5€ iZ 8 A A& 3 5 a4 & 2/ 2 LA (Bacillus subtilis subsp.
inaquosorum). % A ¥ &% pHAAIA 10.0 #= NaCl JRE X 110 g/L, AR EHBFfb L E LIE P RELE
BERKLBIRARRARE, ZHOSH BRET2H, EFESBIIEGERAHERET, 5
STRRARL R E A T G RTE. 2R TE. ARG FHEAF, oA 33.8%. 59.3%.
37.2%. 12.3%%= 15.6% (P<0.05); RF &K pH. 2% 4T ERE, K@ H 8.9%. 27.9%
Fa2 17.9%; RFRA L3 1% A B Foik BATIRAT, @05 H 36.0%F= 17.4% (P<0.05). [4#£1GBW
HF-98 B EA R ICINZEZ AT, EFTELBIEFTRESHARPER LEOGHRE
%, THTHRARIIZERREAF 4.
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Screening and identification of extracellular
polysaccharide-producing strain and the influence on soil
quality and crop growth
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Abstract: [Background] Some microorganisms, with high production of extracellular
polysaccharide, can help improve saline-alkali soil and promote crop growth. [Objective] To
screen saline-alkali-tolerant and extracellular polysaccharide-producing microorganisms for the
development of microbial agents which can improve saline-alkali soil. [Methods] We screened
strains which reproduce in saline-alkali soil, produce extracellular polysaccharide, and have the
ability to solubilize phosphate and release potassium from rhizosphere soil of plants in coastal
saline-alkali area. The eligible strain was identified based on morphological observation,
physiological and biochemical indexes, 16S rRNA gene and gyrB gene sequencing. Then we
analyzed growth of the strain and the production of extracellular polysaccharide under
saline-alkali stress. In addition, the influence of the strain on the proportion of aggregates with
different particle sizes in saline-alkali soil was investigated, and the effect on growth indexes of
tomato in saline-alkali soil and soil indexes was examined. [Results] From 727 strains in coastal
saline-alkali soil, strain GBW HF-98 was screened out, which, with strong reproductive ability
in saline-alkali soil, produced extracellular polysaccharide and had the ability to solubilize
phosphate and release potassium. The strain was identified as Bacillus subtilis subsp.
inaquosorum and it can tolerate pH 10.0 stress and NaCl concentration of up to 110 g/L. It
significantly improved the proportion of aggregates with different particle sizes in soil with
mild and moderate salinity. The high dose of this strain (T2 group) increased the strong seedling
index, root dry weight, dry weight of whole plant, stem diameter, and plant height of tomato in
soil with moderate salinity by 33.8%, 59.3%, 37.2%, 12.3%, and 15.6%, respectively, as
compared with the control (P<0.05). Moreover, it significantly reduced pH, total salt content,
and soil bulk density by 8.9%, 27.9%, and 17.9%, respectively, and significantly raised soil
available phosphorus content and available potassium content by 36.0% and 17.4%, separately
(P<0.05). [Conclusion] GBW HF-98, with high production of extracellular polysaccharide, can
remarkably promote the growth of tomato in moderately saline-alkali soil and improve the soil.
Thus, it can be used for the development of microbial agents for the improvement of
saline-alkali soil.

Keywords: saline-alkali tolerance; extracellular polysaccharide; reproduction in soil; solubilizing
phosphate and releasing potassium; soil improvement
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P e A 5CR o SR, DORE TR ZEShml LI E T
RE TS 8 FH S TG 5 | BE A5 A ML A 24 5 A
e LR AR IARZERE | FRBESNE A AT LU BT |
TEERTRIREE T MR K e 1 57 Mush Z hERE 1 5%,
AT BEIRAMFT o BEAL , T 08 B (0 2R 501 8 5
B TR LAY 16S rRNA FE[H4L, thnlgs4 gyrB
SIS e A 8 I D RE SR 0%
U5 2L Y 3 i R ASCRITPAN I T i

z1 EHERRENEVRFREIEES2ESE
Table 1

SYCH R 49 A R TR R TR P i

AW LA T £ B 1 S i ge A, il
TR R T b P A0S A 2 0 3 LA T
ok, A AN A DL .
P INBE TR AR I S L0 B A R R e
HR R M DDA 45 R R SR 4 e A A 1
R RACR DU Dy S R TR ) A A
PP BT

1A

1.1 ##
1.1.1 TEHRXE

2021 4E 7 H, R&E 16 (riEciFEhon
YIRRBR L AEAS, F T G St b bR 4388 . R
R EMILEZE 5 em F 4, B 6-15 cm IR
PHEZ 48, 4 °CIRfF. L3RRS 5K 1.5 R
HAFIRAG# 8 5 min, JH EC-315 I 1-33
EC 1% 3 EC {8, #iE TR T EGEE ).

Plant rhizosphere soil and its total salt content from which the sieve bacteria samples were derived

Ho X A RFEPAR PR 1 e S5
Area Rhizosphere soil of different plants Total soil salt (%)
HEL A3 0G5 T il W% Suaeda 2.21
Weifang Shouguang, Yangkou cross the sea 8 A4E Cotton 0.61
T 5 BN A AR PHFE Sedge 1.56
Qingdao Jimutian cross the sea if3ZE B Suaeda 1.85
st 3% 35 By the pond in Rongcheng 188 Ground Brocade 0.95
W BH T 5775 Haiyang t-word bay % B Xanthium sibiricum 0.87
H 5 VA O it Z Willow leaf vegetables 1.52
Qingdao Baisha River mouth into the sea EhHiBH 3% Suaeda salsa 2.64

W% Asters 2.71

¥ FE3E Pig and vegetable 1.95

#£ Quinoa 1.75

4 f3 Ceratophyllum 2.26
FH KM Qingdao, Jiaozhou Bay >l Sea buckthorn 2.34

13 White fescue 2.53

Eh HiBEE Suaeda salsa 2.38

¥ Setaria 2.16
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EHRE
T £ BR7) 7 5 75 H (g/L) . BREE IR 10.0,
FERRZ Y 5.0, S4LEN 70.0, ISR 20.0, pH
HIAT = 8.5,

T £ B S 0 4% e S R ) O i 7
fill F¥ S ALENTE 2 100 g/L, pH HIEY £ 10.0.

R LB AR FE 5L . LB Heml oK &b ah
% 80 g/L, pHIHMTZE 7.0,

TCR R G R e 0.43%.
pH {4 8.32 okt , i 0.2 mm i, £ 121 °C
KA 1 h, [HERERH)E, FZd 121 °CKR 1 h,
B

fift A LR S 3R L (g/L) . HI A HE 10.0,
(NH4),-S0, 0.5, fi#H:F; 0.5, NaC10.3, KC10.3,
FeSO,-7H,0 0.03, MgS04-7H,0 0.3, MnSO4-4H,0
0.03, CaCO; 1.0, BP@EAE 0.5, B 20.0, pH
7.0-7.50100

R EE IR 3 (g/L): BEREE 0.5, JERE 10.0,
(NH,),S0, 1.0, Na,HPO, 2.0, MgS0,-7H,0 0.5,
CaCO; 1.0, #K A1 ¥ (K,0-AlL05-6Si0,) 1.0, i
fi§ 20.0, pH 7.0,

1.1.3  FERFANLEE

DNA # U5 & . DNA Marker. 1xTaq
PCR Master Mix, JbatdEEYHE ARG RN A
MM K, TaKaRa 2275 16S rRNA FE[H 8
S gyrB R E 51 W 5 5 B SRR Y)
HARA A FE .

g TS, B is A RA A A&
R, iR RIS IR T
PR, CRRKESRA, BB —ER R R A
7] ; PCR 1¥ , Eppendorf 23 A ; & 2.0 4L, Sigma
Ny BN W6 e EETE, Unico 24 H]

1.2 A&

1.2.1 SEEMZ B e & B i E it
1) it 58 B 24 A 7 O

B4 $ERE AL 10 g LA 90 mL GEAKH, F

1.1.2

30 °C. 200 r/min JE3%HEH 30 min ] 5% 380,
T2 75 °C/KIRALRR 20 min FEI5 T, K5
PEATHE R R . T ISR, AR
FH 10010 000 5 F B BE , 7 S 58] 7 15 %
FV EvRA, 37 °CfEI B SR 48 h, FKIENT
S5 PR BUAS [ B 25 1 BT VA U2 48 00 O TR e o
1) it 5 B A2 0 455 5 H oA b, 37 oCff] B KT R
48 h, FKENERBONFIES M RE T, 7
Bk 48 h TSI PO, AR ER P 2R
[TENCAE

2) 30 Bk i 25 6 A 7E ERh A - b 4 5E fE
Fb A

S T AR A T ER AR AT, 254 LB
W ARG FREL 37 °C. 200 r/min RIHESE 24 h, %
B 100 pL R HEEHR N AE ODgoo, INTCTHE LB #
PRREFRILAT EHWIUR ODeoo (H—50; $HL 100 pL
45 ODgoo FITHR, HEFPZE 50 g o Eh o+ 1% 77 5
P, AN S mL JERK, SRS, 30 °Cf B Y
JEEESRE 7 d, 7 d R B3R B AR TR . BERR
FIT 30 Bk 4 HM a3 , F A5 SR e F e

3) 15 R0 0 77 ML 2 07 LB

FEMLAN SRR T I . AR 0.100 g,
IMZEAE K R ERE 100 mL, K% 5 B
10 mL, HREARZE 100 mL, MHAFEHKRE N
0.10 mg/mL. K5 %% W U 2 MR I W 0.10
0.20. 0.40. 0.60. 0.80. 1.00. 1.50. 2.00 mL
F 10 mL HEERXE N, INZEM/KE 2.00 mL,
FE— 2 HA 2.00 mL ZEMEKEX IR, 45
BEKEIMA 60 g/L B 7 B 7 9 Gor ik i i)
I mL, ¥EEER SmL, A, HE 5 min, 60 °C
K IR £ 30 min, R /KIBE A 15 min &%
ks WIE ODugo, VAMIZEIWES kAR, LA
OD.oo WNAENR, 2l bn e 28 WA 1.

RIE 15 Bk 334 58 e J) i FL £R 6 i) &2
T AR AT PR = S Eh LB R, 37 °C,
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Figure 1

200 r/min K5 5% 24 h, $ BB RR 1 245 A bR vE
Mgk, HWEMIE 15 PRI 0 MRS 200 A= fg

B4 mL &, A 2 mL R0 30% =
ALBR(TCA), 4 000 r/min &> 15 min EFRE
Mo e B3EH, A 3 AR LK 2
DUHEIS B .4 000 r/min Z5.0> 20 min WAETTIEY),
HFZER KR, B M Z WKW . ODago
e WOGAE . AR IR AR M 23155 M Ah 220 1Y

A~ E=L[13
Ermthl,

4) 8 kI 1 TR ik W e B T B A

ik — I 8 MRULI L R ZF AT I
B - EE IR MRE T, XL bR SRR
HUBEFIAR 85 32 Al b, 37 °CEIE RS S d.
0 3000 ol L ok DA TRV ELAR L BRE R
[Fi) P Aok ) fie ot kA 0 B 0 LU AL
122 FHRANESEFAFENEBREUSST
®E

D) 5 F%EE

P AT ZE AT R YE . #EA R LB WK
Fregtrp, 37 °C. 200 r/min $E3%55555% 24 h,
10 000 r/min #5.0> 10 min R EMA . KRG HEFT
DNA $2BURIFRE 517519 1. DNA 2R
F b T 3 g o i IR A R B  f, ARAE
DNA #H 5, FFIH 16S rRNA F: K H 519

Standard curve of exopolysaccharide content.

1 gyrB FEFFEE G149 | 1xTag PCR Master Mix X
ZE T 16S IRNA L[ Y5 gyrB FEH P51 4
PCR JZ WA ZR (50 uL): b, FiE54(10 pmol/L)
% 1 uL,DNA 1 uL, 1x7ag PCR Master Mix 27 pL,
ddH,0 20 pL.PCR JZ ¥ 5544 : 95 °C 3 min; 94 °C
1 min, 55°C 1 min, 72 °C 2 min, 35 ME¥#H;
72 °C 6 min; 4 °CLRAF, FFC I By E A E
W AR RAEHATINT, 5IMFH IR 2,
B AR 2E AT 16S IRNA FEH 5 gyrB JEH
JF51, %A NCBI £4li %217 BLAST Hexf, 3k
PRAE AR T R, JF FAZ P 9131 NCBI &k
5. KA ClustalX 1.81 X} HirF5) 584k F
SliEFT R b B S , SR MEGA 4.0 [
neighbor-joining WL T RS A WL

2) JEAFHIE

W 20 ZE AT B R B LB [BARRE SR 3L I,
37 °CfE| B H SR 24 h HRHAFEEILS . R
ERYL LA 10x100 3145 s U0 g2 HL T 14
AN,

3) AL

VG L0 2T P ZE M LB [ 4% 37 L if
—REFRE, ARE (AR %2 T U
) A B ARSI 3 %o 2% T 0 A A P A Al R
I 7E

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1946 (YIS Gk

Microbiol. China

*2 SIMERE

Table 2 List of primer information

F1435 Ui 527 SCHR
Type of primers End Sequence (5'—3") References
16S rRNA gene 27F AGAGTTTGATCCTGGCTCAG [14]
1492R°  TACGGCTACCTTGTTACGACTT
gyrB gene F GAAGTCATCATGACCGTTCTGCAYGCNGGNGGNAARTTYGA [15-16]
R AGCAGGGTACGGATGTGCGAGCCRTCNACRTCNGCRTCNGTCAT

1.23 FHRNSEFAFEEARBBEGT
B4 KR

FE R LB W AR 7 Al -, NaCl &% &
15 80 g/L, KLl pH 434124 7.0.8.0.9.0.10.0,
11.0 B35 FREE RN 20t 0 7 MU 2208 2R AT 1T
37 °C, 200 r/min }55% 30 h, § 18 h & 2 h Bk,
J& 12 h 5 4 h BUFE, W%E ODgoo, % %5AIA] pH
Xof HoA: K 5

FEREh LB WK 2 5L m -, pH (EIS N
7.0, AL NaCl & #4342 80, 90, 100, 110,
120 g/L R SRIE, HeFh 280 10 7= M oh 24 28 1
FFET, 37°C. 200 r/min $53% 30 h, T 18 h % 2 h
BUFE, J5 12 h & 4 h BUFE, 5 ODeoo, H5EA
] NaCl & st HAE K i sg
124 FHRANZEFUTREARBBEGT
RS & HE R

FER Y LB WA SR 3L 5LAE |, NaCl & i
5% 80 g/L, BLilil pH {35100 7.0, 8.0, 9.0,
10.0. 11.0 AySEFREL, HERMLEm - o 205 2E
fFF®, 37°C. 200 r/min ¥53% 5d, & REGE,
KA 1.2.1 A ik s R R LA 2 hE
i, B[R] pH X A 2 HERE T A

TEF 3 LB AR R 5L 3L A ., pH EYS N
7.0, Pl NaCl & 543504 80, 90, 100, 110,
120 g/L ) LB K523k, HeMp 20 () 77 M o 2 4k
ZEMFTIE, 37 °C. 200 r/min $53% 5 d, R
B, SR 12,1 sR g0, e % e v i A
ZWER &, 2R NaCl &&= i sh £

BERE T B2
1.2.5 FHIIMNZEFBATELIEX 3 FhEhE -
T EIRL1ZE B2 4 L 451 Y 52 M

I pH (E K 8.32, &tk 05k 0.2% (F&dh) .
0.4% (FER)F1 0.6% (FEE)PERK L, 1T 0.2 mm
Wi, £B20g, BTV, B R IGREKEN
XA, I o ) A B B AR, T
& 1x10° CFU/mL, T2 F & 3x10° CFU/mL,
T3 W& 5x10° CFU/mL, B EE 6 1k,
WARF R 1.2 mL/IL, $54% 4 BRES 25 L& T
28 CCREFEMIRGFE 30 d, HFKME 2 mL G K
FLORRFMR I , 5 2R FH M 07 0 000 7 1 48 AT 2R A

=N
Ermtl,

1.2.6 FRMESEFBRITEEPERB LA
REMETHRIAE

1) 55

B0 R A A5 A1 H i B b I 1 S i
| SERIE, B8 A2 2 AT e
o FE ML A S IR RO R
9 cm HARMEFHEMMEFMY, B EREN
Bt 250 go - HEEC A MR A YT B LS SR
WIBHE 020 em )2, 305 KPR A2 LA B
#H, AR 22.3%, HAA 106.2 mg/kg,
B 92.7 mg/kg, HACH 251.1 mg/kg. il
HEMEIG , BIRHUE T LED SR B IR 3R
RN, BENAKR N 30°C, 16 h, JEIEIR T Ix,
i b4 20°C, 8 h, JEHRIRSE 0, #&HE 3x3 KT
TR R T8 LI A AR A, A 20 BRAE
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PRI, AR Z (B4R 12 sSAeHE L 57 m,
DAA PRGBS —

2) 5o

b o= 3 S 0 S I s
LB AR 334, 37 °C. 200 r/min %55 5%
24 h, FRAT IR TR RO FH G T & IRV A
2 ANHEREAL IR, Hirh T1 B & & 3x10° CFU/mL,
T2 B & & 5%x10° CFU/mL i 36 1 45 Y B 50 mL
HEATHEAR , XTRRAAAUH SR o, i«
B 30d, B SdEM 1R, SRR 6 IR,

3) FHPIAH TS bR

Phimr: SRS RIE 225650 R AE bk A AR I
ALK s ZEH: SRR R RO E i 25
BRI R TE AL A AR b R BEAR 105 °C
ARG 90 °CCHET 3—4 h EfEEME; WTE.:
FEA 105 °CAT G 90 °CHET 3—4 h BIEEMR
o AR R AR R R T

4) B LA AR AR

pH fH: 1:5 5KIRAG/E#HHE 5 min, H
PHS-3C %I pH 71l & 13 pH {H; HF%: 1:5
H5KIRAJGHE 5 min, FJ EC-315 A +3% EC
TR LA dh &, IRl SRR
NI A AR B BT € I A 4 R
i BIERU . R O REGR P S kK
SEOCRE A E T o I

2 30 RE T E IR PIBTEEE N AR

92 1.90 1.90 186 1.86

g2 g 3.00

@ 246 2

P %n 250k 240 236 2.36 232 52
i 8 S 210 202 2,02 2,00 2.00 196 1.04 |
g = 2.00
H 8=
]
Lz 1s50r
Eas
;lﬂ b= -~
T2 .3 1.00

g_gu 0.50 F

o =

=
= E 0.00

KR )3 ez
1.2.7 HUESIT+

B4 4 A~EE, RA Excel 2013 #A4F1
SPSS 18.0 4%t i g0 £ s i A7 Ab PN 22 57
FEI T

2 EREGHN

21 SEBWMEZEFRIIMNZREFHENTE
GBW HF-98 §iiif 45 R
2.1.1 TERFEFEFEER

727 BRI B A, dE— 2
AT 124 PRE TR, @B e o 106 bR
PN ZEAFF I, o Ak GBW HF-98 Sk T35
5% R VS 6 B B AR s -
212 30MERE THIEERNILEKER

¥ 106 HRE TR LB KR, Wiktn
BEAS KA LB 25 5 IR, 8 45 2118 ODeoo
— 2, I 100 uL 5 ODeoo IR, Hefh
2 T R I SR AL v R T A G A A
VERETT 30 PR L FEAR SR, A S S RE L
B, i 2 pros, Hd GBW HF-98 %5 5
+ H R AT 2.46x10%/g- 1.
213 1SHERRETRIMSEENILEER

KRR R, WE GBW HF-98., 71,
31, 85, 38, 73, 17, 42, 49, 72, 78, 91,

1.84 1.80 1,78 1.78 1.76 1.76 170 1.68 | .64

1481 36 1.32

98 71 31 85 38 73 17 42 49 72 78 91 27 95 28 96 81 89 25 94 4 51 29 39 2 55 32 86 87 41

R

Rescreened bacteria

Figure 2 Comparison of proliferation ability of 30 strains of rescreened bacteria in soil.
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27, 95, 28 iX 15 MREAMIMEAN S B, 45 s, HPMEA VLB HLE T IE 1.38, MR HE
mE 3 fras, b GBW HF-98. 73, 91 ix A3k 1.20 (& 4C), VLB PRRYMGRE . fEA AE
3R AT A P2 2 618, 2616, 2562 mg/L st 1 iR F HAB K (P<0.05),

ZHE, 77 MLAh 22 0k RE ) I 35 i T A 1R Rk LRI LR, 0 HE RIS LR
(P<0.05). MBS AR P T 8 I N 7 R s e AR B = B9 TR
2.1.4 B HRETHEBHBEEEDILRER Bk GBW HF-98 il g 0 £ 1k A (1 TR PR

wE 4 s, 8SHREMME T, GBW HF-98 AR AT 100 g/L NaCl, pH 10.0 )42 i - #i
] I LA B 0 A WL (B AR AR (I 4B) AR, al7EER Il 0.3%00 358 v 5o B 1 1 1

=)
‘g 3000 2 618a 2616a 2562a
g 2500 2001b
«g :'% 2 000 1 640c 1 820bc 1 640¢ 1 867bC
&g 100 or1f 1074def 937 | a 1 26341 160de
= 8 1000 663g
[ 0 ;
g o0
= 71 31 85 38 73 17 42 49 72 78 91 27 95 28
2T A

Rescreened bacteria

3 EREFMINSHEREALLER  FIIAR/NG FREERR 0.05 KRR EE. TIFE
Figure 3 Comparison of exopolysaccharide production ability of rescreened bacteria. Different lowercase
letters in the same column indicate significant differences at 0.05 level. The same below.

C] 50 1.38a = The ratio of dissolved organic phosphorus = The ratio of dissolved potassium
1.20a
. L11b L15b 1.09b L12b o3 113Dy 50 1.05¢ | 40.1-08bc | goe 106 [ goc 1.04c
0.00
98 73 91 17 78 31 71 72
A2 1

Rescreened bacteria

4 \REFEBENBSRPENILE A AV B: MEIFA. C: A HLIES B LU (E

Figure 4 Comparison of organophosphorus and potassium solubilization abilities of 8§ strains of rescreened
bacteria. A: Plate for organophosphorus solution. B: Plate for potassium solution. C: The ratio of dissolved
organic phosphorus and potassium.
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1949

B 2.46x10%g-1, A7 2 618 mg/L s
Wi, JFEAA SR MEE . fEATRE S, FEAIE M
A HLBERE S50 o
22 GBWHF-98 HEBENE D FERE
2.2.1 GBWHF-98 I FLYTEHER

A0 bk GBW HF-98 fit 16S rRNA J: A 5

41 A% 2 NCBI 3k 15% 5 5 ON927073, 1 gyrB
LT 1L ZE NCBI 38155 55 ON936731,

rRNA B FPA I R G L B R ULIE SA, Bikk
GBW HF-98 5 Bacillus subtilis subsp. inaquosorum
KTH-61 ARITE SR, AHRUEZ IS 99.93%; T
gvrB B R G R G R WE 5B, Fitk GBW
HF-98 5 Bacillus subtilis subsp. inaquosorum
NRRL B-23052 ARk e i, FHAUEE K 99.02%

GRIEA . A HMIET 16S rRNA JE
A gyrB W0 T HXTEEHR, g GBW

HF-98 Ml BL ZE AT R VDTV AP (Bacillus subtilis

subsp. inaquosorum).

454 BLAST HCXHE R AN SRR P51, R A
neighbor-joining I RFE K EW . FTF 16S

A 62, Bacillus subtilis subsp. inaguosorum KTH-61 (HM854250.1)
74 | GBW HF-98 (ON927073)
Bacillus mojavensis NRRL B-14698 (NR116185.1)
Bacillus tequilensis KCTC 13622 (MN598645.1)
Bacillus vallismortis NRRL B-14890 (NR116186.1)
Bacillus amyloliquefaciens BCRC 11601 (NR116022.1)
Bacillus siamensis KCTC 13613 (OM995809.1)
89! Bacillus velezensis BCRC 17467 (EF433407.1)
Bacillus atrophaeus BCRC 17123 (EF433409.1)
Bacillus licheniformis ATCC 14580 (NR074923.1)
Bacillus megaterium ATCC 12872 (MN456843.1)

38

99

—
0.005

B gor Bacillus subtilis subsp. subiilis 15514 (KF224960.1)
100 l L Bacillus subtilis subsp. subtilis HG-15 DNA (MN818854.1)
78 Bacillus subtilis subsp. subtilis BCRC 10255 (DQ309293.1)
I: GBW HF-98 (ON936731)

100" Bacillus subtilis subsp. inaguosorum NRRL B-23052 (HQ605914.1)
Bacillus subtilis subsp. spizizenii BCRC 17366 (DQ309299.1)
Bacillus subtilis subsp. spizizenii BCRC 10447 (DQ309301.1)
100 L Bacillus subtilis subsp. spizizenii DK1-SA11 (KF767445.1)

Bacillus vallismortis BCRC 17183 (DQ309298.1)

Bacillus mojavensis BCRC 17124 (DQ309297.1)
Bacillus velezensis BCRC 17467 (DQ903176.1)

99

| IR—
0.020

5 Btk GBW HF-98 HIEZABER/ A: T 16S RNA KH. B: BT gnB HH. fE5h sk
JNFE GenBank HIUE SRS AZMERT 70%M7E0 X EEA; bR BRI 2
Figure 5 Phylogenetic tree of strain GBW HF-98 by adjacency. A: Based on 16S rRNA gene. B: Based on

gyrB gene. The numbers in parentheses indicate accession numbers in GenBank; Bootstrapping values
greater than 70% are displayed on branches; The ruler data represents evolutionary distances.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1950 A i AR Microbiol. China

2.2.2 GBW HF-98 B 7S 431E

ZEMR LB PR ERBEE A 6A PR, %
Wit Y, RMBER, NEEFS, WikWE 6B
PR, BFFR, B HES, 2L P
M, AR, MR,

2.2.3 GBW HF-98 A4 384 {4514

1R Pk GBW HF-98 R ] LB Ki g ik it — 45
Bigeia, MR (IAZRAnm % e T ) Ui
PRAEARATIN 7 v, R A T A B A Ak AR P
FE, RN 3 PR, KBETE 2042 °CiETE

B 6 ik B =5 % HEEY4LTHE GBW HF-98 SE%E(A)SEAKB)HS
Figure 6 Morphology of colony (A) and cell (B) of the final screen bacteria GBW HF-98, which is

salt-tolerant and exopolysaccharide-producing.

%3 GBW HF-98 BU4 B4 {histe

Table 3 Physiological and biochemical properties of GBW HF-98

Item Result Item Result
B/l Contact enzyme AHBE Xylose +
A fLEE Oxidase + JHEHE Sucrose +
VP JZJif VP reaction + THE Ribose +
Wk /K fi# Urease hydrolysis + JILEE Inositol +
1% 5 FR /K f#t Tyrosine hydrolysis + A% Gelatin -
N2 L 5256 Propionate test - VER Amylum +
fi B2 £ 18 5 5 Nitrate reduction test W % Old sugar +
20 °C: 4 20 °C growth + 72 2 FE Maltose +
37 °C4: 4K 37 °C growth ++ 2L b# Galactose -
42 °CH: 1 42 °C growth + % B Dextrose +
45 °CH: 1K 45 °C growth - H & B Mannose +
10% NaCl A+ 10% NaCl growth ++ 111247 Sorbitol -
12% NaCl A% 12% NaCl growth + Hi#FBE Cottonseed sugar +
pH 4.5 B{ & NB 4: K pH 4.5 improved NB growth + W3 HE Trehalose +
pH 6.8 L K. NB 41 pH 6.8 improved NB growth ++ FL 258 Rhamnose -
pH 9.6 2t & NB 4K pH 9.6 improved NB growth + P47 {1 % Arabinose

G+C %5 G+C content (mol%) 42-44

2T 4k — B¥ Cellobiose

+: Positive; —: Negative.
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Pl N BB AR K 20, (HHR S A AR KR TE 37 °C
BT, 76 pH 4.5-9.6 AU R NB 535 5N 4 fig
IEW AR, kK pH HIEEN 6.5-7.5, %
T 5 18 T T A2 12% NaCl, 7 7K fi IR it | & 22 2
PEfuhbly . EILEE . VP RN AR, ASREF A
NERER o Z B AT R FAKE . HEWE . A0 . JILEE
VEM . ZZEEME . RATRE . TTERME. TR
BEME . BTRLARE . LY HEEZ R ORI S Y
IR
2.3 GBW HF-98 EAREHBEH THEK
i

GBW HF-98 7EAr] pH 514 F Al A Kbk fn
Bl 7A FrR, 45 E/RTE pH<10.0 B, GBW

A 60

HF-98 B4 K EEA—F, Horb pH 10.0 BF2E
ODgso N 4.28, BEAKTF pH 7.0-9.0 B[
4.51-4.63, FEMRIRENT 2.6%-5.1%, 40K
/N THAE pH 11.0 B F3 2 #] ODgeo 1R 3.29, #H
5 F pH 7.0 B F2 2 1] 4.63 H) ODgeo [H, BAK IR
N 28.9%., GBW HF-98 7EA[H] NaCl #JF
AR FREIE 7B R, 53R B8, 7E NaCl
We <110 g/L I, GBW HF-98 fitj = K KA —%,
o NaCl Bl 110 g/L B E B3 ODgoo (4
4.35, BEAKF NaCl ¥EEN 80-100 g/L MY
4.63-4.46, [FMRIREEA T 2.5%5.8%, LK
/N5 TAE NaCl B 120 g/L B ESE B ODeso
i} 3.96, T NaCl ¥ N 80 g/L WlfasE

——pH7.0 ——pH80 ——pH9.0 pH10.0 ——pH 11.0
50t
40+
S
3
20t
1.0}
0.0 —e : . ; ; ‘ ; . ;
2 4 6 8 10 14 16 18 22 26 30
Time (h)
B 6.0r
50F
e ——— |
4.0+ 4 - b : @
& 3 +—80 g/L NaCl
—=—90 g/L NaCl
201 >~ 100 g/L NaCl
110 g/L NaCl
1.0} —+—120 g/L NaCl
0.0

10

D¢
B
(=)}
oo

14 16 18 22 26 30

Time (h)

7 TE# GBW HF-98 E AR &H THAEKFE  A: A[F pH. B: A[[ NaCl iR JE
Figure 7 Growth characteristics of strain GBW HF-98 under different salt or alkali conditions. A: Different

pH. B: Different NaCl concentrations.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1952 WAEY

FIER

Microbiol. China

1] 4.63 1) ODeeo 1B, FFEARIEIEA 14.5%, %%
AT IR, GBW HF-98 A fiif 5% pH &3k 10.0
M NaCl ¥ iFik 110 g/L, EKBE 1280005
M) 26 M <5.8%.
2.4 GBW HF-98 7E A& 4T =i
S % MR 1%

GBW HF-98 7EA[A] pH 4545 T i A= KA1k
Kl 8A P, 45 /R 7E pH<10.0 B, GBW HF-98
)7 M A 2 HRe T A —F, o pH 10.0 B 5d
Mioh Z & &R 4 466 mg/L, WE{LTF pH
7.0-9.0 B4 4 502-4 852 mg/L, [E&RIEEANT
0.8%—8.0%; TM7E pH 11.0 i} 5 d fihZMify & &t
} 2 960 mg/L, A% T pH 7.0 B} 5 d 1 4 852 mg/L

A 6 000

wn

o

(=]

(=
T

4000+

3000

H sk 24
Exopolysaccharide (mg/L)

2000+

LAk 208 T i, BRI B2 39.0% . GBW HF-98
TEATR] NaCl ¥k T 1 A= K A an &l 8B iR,
5 BN, 7F NaCl ¥ FE<110 g/L B}, GBW HF-98
PSR RE T3, TAE NaCl ¥Rl 120 g/L
i 5 d BIEAN RS BN 4 389 mg/L, #1145 F NaCl
e RE 80 g/L IF 5.d Y 4 852 mg/L UM HE &,
AR EE N 9.5% . X5 R AT LAUi ], GBW HF-98
AT 5Z pH {H35 10.0 #1 NaCl {3k 110 g/L, 7=
LA 22 Wi BE 77 32 Fh 014 52 i B DR <8.0%
2.5 GBW HF-98 b 38 37 3 fh #h g + A< R #ir
12 B B 4 LE A5 B 82 i

B BE M E GBW HF-98 b HEXt 3 Fhh il + A
(A AR 1A SR AR L 3] s i i B 235 SR A 4 o

1000k —e—pH70 —e—pHB0 —»—pH90 pH 10.0 —e—pH 11.0
O 1 | 1 | 1
24 48 72 96 120
Time (h)
B 6000
350001 =
=11}
£
-3 4000 -
85 3 000 —s— 80 g/L NaCl
o= B
§ g —+—90 g/L NaCl
% 2 000 F 100 g/L NaCl
3 110 g/L NaCl
@ 1000F —s— 120 g/L NaCl
g 24 48 72 96 120
Time (h)

8 %k GBW HF-98 ZE AR Eh S & T = INZ HERIFFE  A: AR pH. B: AN[A] NaCl ¥ &
Figure 8 Characteristics of exopolysaccharide production by strain GBW HF-98 under different salt or
alkali conditions. A: Different pH. B: Different NaCl concentration.
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R4 PREIRE GBW HF-98 433 3 FhEhag + A [ i 12 F B2 4k bL i B9 52 1
Table 4 Effects of GBW HF-98 treatment with gradient concentration on the proportion of aggregates with

different particle sizes in three saline-alkali soils

Ab ¥ 23R Light salt 0.2% il Medium salt 0.4% H £ Heavy salt 0.6%

Treatment >2 00 mm 0.25-2.00 mm <0.25mm  >2.00 mm 0.25-2.00 mm <0.25mm >2.00 mm 0.25-2.00 mm <0.25 mm
CK 0.02+0.00c 0.01£0.00c  0.97+0.05a 0.01£0.00c 0.01+0.00c ~ 0.98+0.05a 0.01+£0.00c 0.01+0.00c  0.98+0.05a
T1 0.05+0.00b 0.03+£0.00b  0.92+0.05ab 0.05+0.00b 0.03+0.00b  0.92+0.05ab 0.03+£0.00b 0.02+0.00b  0.95+0.05a
T2 0.10+0.01a 0.06+£0.00a  0.84+0.04b 0.07+0.00a 0.04+0.00a  0.89+0.04b 0.05+0.00a 0.02+0.00a  0.93+0.05a
T3 0.10+0.01a 0.06+£0.00a  0.84+0.04b 0.08+0.00a 0.04+0.00a  0.88+0.04b 0.05+0.00a 0.03+0.00a  0.92+0.04a

[FSIAE/NG FhERIR 0.05 KF- 2257 3%, FIF

Different lowercase letters in the same column indicate significant differences at 0.05 level. The same below.

AHEE T Xk B, B B BE GBW HF-98 4 Fim] i 2%
$EF+>2.00 mm R R A, JLHE T2
T3 AbEE, 55 HAth 4 35 B 2% 25 5 (P<0.05).

TERE AR B IR, GBW HF-98 £ Ji 4b
PR 3 MR ZH>2.00 mm R B4 1 He )4
w1 0.048%—0.098%, TfifE B L IR
GBW HF-98 #f B4 HEfY 3 Ml 41>2.00 mm i
12 A AR LB U A F 0.016%-0.025%, i3t B
GBW HF-98 B {0 ] J~ g 36 (R FH v 30 BE 38 1)
b7 235 ¥ o B 55 o B GBW HF-98 b FX} 3 Fhh
B 1 0.25-2.00 mm 745 A R A1) b 451 1) 52 1)

522.00 mm K AR RIKB LG, AL E
o, ERMPEELEARSE S, B& GBW
HF-98 ¥ (1) T2 A1 T3 AbFH4H, <0.25 mm Kift
A1 58 1A HE 491 AR 5 F 5 BR 2 2 [ AR (P<0.05), 7E
TR RS, GBW HF-98 3 4~k & 4k
PRL 9<0.25 mm Kife F RG], o 2
F(P>0.05), L4 E R, GBW HF-98 7E2
5 B2 R R B 4 g T OR [RDRLAR [T SR A L 3] 1)

WOREN B %, U T2 RT3 > i e B2 Ak
FHA
2.6 GBW HF-98 7 & &+ P ryeE

AR
2.6.1 #EYHEXIER

o R Eh - TP B R MBS GBW HF-98 Ab 3
Xof Tt A KA B S 5 RNk 5 TN, 45 R
Wn, 1E4EE 0.43% ., pH 8.32 (1 BE Eh o 1 5
b, BBV GBW HF-98 AbFlpk 3% T & itk K
Pt e, TEAZEM SR, JUHE &R
VR T2 4, SHAPAMLL, BEEES
(P<0.05), SXIMAIMHIL, HAEWHRE GBW
HF-98 1) T2 A &3 e . T,
T E . MRS, SR 5 N
33.8%. 59.3%. 37.2%. 12.3%. 15.6% (P<0.05).
2.6.2 tRPREABEXIEHR

o L TP B MR S GBW HF-98 Ab 3
X AR I 25 R N3 6 R . S5 BN,
1E4Eh 0.43%. pH 8.32 Wy b i, 5

FS5 HEIETDEEEIRE GBWHF-98 418 X3 FAh 4 K IEHRHI 221

Table 5 Effects of gradient concentration GBW HF-98 treatment on tomato growth indicators in moderate

saline-alkali soil

b3 AL 1 A i i ek E il B

Treatment Strong seedling index Root dry weight (g) Whole plant dry weight (g) Thick stem (mm) Plant height (cm)
CK 0.024+0.00c¢ 0.12+0.02¢ 0.94+0.03c¢ 4.30+0.06¢ 16.82+1.04b

T1 0.03+0.00b 0.18+0.03b 1.15+0.04b 4.59+0.08b 19.42+0.82a

T2 0.03+0.00a 0.20+0.03a 1.29+0.04a 4.83+0.07a 19.44+0.76a
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Fo6 HEHELPEERE GBWHF-98 2183 +I1EIEFRAY 20

Table 6 Effects of gradient concentration GBW HF-98 treatments on soil indexes in moderately saline-alkali

soil

pusz] pH gLl TS IS I

Treatment Total soil salt (%) Soil bulk density  Soil available phosphorus  Soil available potassium
(g/cm’) (mg/kg) (mg/kg)

CK 8.32+0.09a  0.43+0.02a 1.372+0.06a 51.7£2.56b 121+5.13b

T1 7.62+0.05b  0.32+0.01b 1.128+0.04b 69.1+2.74a 138+6.52a

T2 7.58+0.05b  0.31+0.01b 1.126+0.03b 70.3+2.74a 142+6.55a

XTI, BEEEVREE GBW HF-98 11 2 Mb3E IE H 28 Z 8 AT &P, L4 EPS Al DL

B ERT pHAE ., b5 | e 55 4R
b, S B TE T A B O N AR 4 bR
(P<0.05), {H P [a]JC 2 3% 22 5% (P>0.05), T2
dAmgom . SXTHAME, SAEKE GBW
HF-98 1Y T2 41, W& T pHIEH. &5 &
IR, BRI 8 8.9%. 27.9%. 17.9%:;
BRI T A RO I S R A, B 4
R 36.0%H1 17.4%.,

3 WREER

HRBR A AR TR 7 SR TR AR 2R e Al HE A
WHERKIA R EZE, TR E . 7R
Sl R i S T e A KR,
] i A 2 S AG  eE E R AL, e
Ji R R SR AT RS AN A 7 i) BB

Ha & Z B (extracellular polymeric substance,
EPS) & A WA A i 3k al, Dok sf Oy . FR4y
AR PR 55 30 (A0 6 B AT 53R 44 1 B
MBI, A EPS AT LI o 35 0K 3R
8, OREF IR A K o Al AR R o (AR 52
fio WAk, EPS HATMBFRINFE, AP
P BERCTEFIE AL, BAA TR M E. A
i, X EPS #4717 ILHEMATSE, HEA
BRI Z BT AR R e, e
TEAR N U,

AR, RUEY RN T R IREES A R

Ik 18 T - 8 A SR AR T AR R A P S )
FEL 14 7K 3 A 45 v A b Vo Tk R K A 7 BT
AV B i 19 MR SRS A Al 5, IF &
BUIL A 20 - i 5 - e R R . PR
TRAG O Tk S W S 35 M O, BB 9 P e e
ANV AL B I Sk T AR S
TR S A E Y 5K SO TP Al
KA bl K J] 300 A 3 v i 1 31— 4k 7 EPS 8
FIIEFE ZERIAT I DT-10, % B RRAE & BE R 97 3
H EPS iRl 3A 1300.64 mg/L, Hrr=ist£
BT K R M A R AR TR LA B R BE AR A
(P<0.05)1%1,

A RIS T 7 i A1 22 W5 8 A 1 ek R
HEAT T — e, SR AR D) RE AR i Ah 2
WERE RS2 B3R5 pH MIERERE W, EF
IR 4E K, X F AR A AS [ R A% 1A 2R 44
L AT 53 A 0 5 i .3 D e

AT IE 2o X R 5 Fh e R S, AR
16— L Z WL H 2EHUFT IS GBW HF-98,
LA . EFALRIILT 16S rRNA S A gyrB
SRR o350, B R A B 2R AT R VD
SV FH (Bacillus subtilis subsp. inaquosorum). ZH
Al i % pH {35 10.0 #11 NaCl ¥ EE ik 110 g/L,
T 946 pH 7.0 Fll NaCl ¥ 80 g/L, 4K
RE 77 52 Fh 6 1 5% 1 [ IR <5.8% , 77 MU /b 2 W g
2 LRI 5 W PR R <8.0% o 12 B 78 0 e A R
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- 358 O [RDRL AR AT SR A LA B S8R B
, JUHORE T2 A1 T3 IS m kAL EEA . e
RO E R A e, SXTERAAAI L, &
Al vk BF GBW HF-98 1 T2 21 & &8 i 1ok
B T E . 2 TE . 2RSS,
B 4350 A 33.8%.59.3%.37.2%.12.3%.15.6%
(P<0.05), &P W EFEMK pHAE . 2R &A1
R, FEIESHN 8.9%., 27.9%, 17.9%; &
FARTE L RO TS S AR A, B 2 5
36.0%A1 17.4% (P<0.05). Islam ZEHF53 R H,

AL A TR I MR AR PR IS, R AE R A
BT bl 2 35RO Sattar ZEWFSY R, 2
FE T A A0 T 0 D6 1 fip R LR N 6., T LA
3 Ao A A A TR A A DT R U5 A DT b % e
s, sEmfE SRR A K BT AR g g R
AT AR A5 R, R B 2 AT D
VR GBW HF-98 TEEX A T , 475 AT L 1o
FELAN 2 G E IR ARG M, FRARIA R pH
ELFNER B, a0 SR o A5 ) R,
TR . AV S, FHFEHMUER
T Mush Z W EARTE AN W] pH Al NaCl 2544 T 1Y
AN R A KRR Ty, IF S R Y IR
PRZER o3 . el 1358 vp AR ) S 30 A 25 AU
BN o A FEA I Z AL SR N R GE ST 2 1
TR A A FE bR, DLEARAE 7 TR A Tk
FERORTRS 32 LT -

N S S I TN E R (B4 A f
GBW HF-98 WHkHA —ErEhil -1k R Y
FEP LAV T, R T v BE R A 3 0 AR ek R
HREAGELE L,

M oDE N

=%
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