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Abstract:  Salinity is the most important factor for the growth of crops. It is an effective method to alleviate the toxic effect
caused by salt stress using saline-alkali-tolerant and growth-promoting bacteria in agriculture. Seven salt-tolerant bacteria
were screened from saline-alkali soil, and the abilities of EPS production, alkalinity reduction and 1AA production of the
selected strains were investigated. A dominant strain DBO1 was evaluated. The abilities of EPS production, alkalinity
reduction and IAA production of strain DB01 were 0.21 g/g, 8.7% and 8.97 mg/L, respectively. The isolate was identified as
Halomonas aquamarina by partial sequencing analysis of its 16S rRNA genes, and had the ability to inhibit the growth of
Fusarium oxysporum f. sp., Alternaria solani, Phytophthora sojae and Rhizoctonia cerealis. It also could promote root length
and germination rate of wheat seedlings under salt stress. Halomonas aquamarina can provide theoretical basis for the

development of soil microbial resources and the application in saline-alkali soil improvement.

Keywords: salt-tolerant, alkalinity reduction, extracellular polymer, growth-promoting properties, growth-promoting effect
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S BIF 5 VT I3 G0 AR R B 0 S 45 20 i 3 T Ak
FEXTIL™ EPS BB J1 . BEBABE ST . ™7 IAARETT .
J TR A BT S5 22 F AR IR bR LA SCTE R 38 TR XY
AR A SN HEA TR R, SR A 5 R R b
A TR R S AL B e SR

1 MB5FE

1.1 ##
1.1.1 RIS

ftid 1+ HET 2018 4F 11 A R4 T A
AR BdvigEh s+ (32°50'N, 121°14'E), i%3h
B A AT AR B ER S R 0.7%, pH A 8.99, HE

B<: cjb@im.ac.cn



1358 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244  Chin J Biotech

5% 3.62 mS/cm.,
1.1.2  FpFMEEHE IR

SIS FhT-R FH/INZE Triticum aestivum 1+,

88 R T . A AT ZE M E Fusarium
oxysporum f. sp.. & 520K i Alternaria solani
K B RF P RME R AT E;, RO
% % B4 Phytophthora sojae . /N % 20 4 95 &
Rhizoctonia cerealis 3k [ H [ 4 b £k 24E 4 T A
P HL L o
113 ¥EHE

10%A AN LB KRt BB 5 g, &M
¥ 10 g, NaCl100g, fnzsif/KHCiH|Z 1000 mL, [#
REE IR IR IR T N 1.5%.

5% LA LB ¥R dt: EEREE 59, B
10 g, NaCl50g, JnZEi/KAELH 2 1000 mL.

LB 5%k WERE 59, &k 109, NaCl
10 g, HNZEME/KECHIZE 1 000 mL, AR S5
R BE NN 1.5%,

pH=10 iy LB KiFehk: WebkH 5 9, HHMK
10 g, NaCl 10 g, Jmnz&if/Khc#H1 % 1 000 mL., A
BRERAMTA T R R 5L pH (E, BRIRSNIE R 1t
PEXHH , 4 FRILA HNE 50 CHIIIARR BR M7
P B SR ALY pH (EF) 1050,

7= EPS TRk K e IR 5L HEME 20 g, K,HPO,
0.2 g, KH,PO,40.5 g, NaCl 100 g, MgSO,-7H,0
059, BeRHE 39, MMZEM/KEIHIZE 1000 mLM,

FIPA 55 3R 31 F 121 “CK i 20 min,
1.1.4  FEEREF MRS

AxyPrep Kt K48 B & . Tag B . DNA
Ladder Mix., dNTP ity A4 TAY) TR (L)
ety A3 BR Al s AR o o fralial R, 1A
vty [ 25 4R b 2E R A BR A Rl . Salkowski i
7. ¥ H,S0,10.8 mol/L, FeCl;4.5 mol/L.,

S1000-PCR ¥ 34{¥ : 3[E BIO-RAD; HQ40d
EHE pH It REMBAAE; ZWY-2102C f6 ik
PRGFEIR . R 3l o0 A A 25 o 1 A7 BR 2 A
DR2800 & =] WOttt it : EEG A Al
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15 min, APREMA, Fik 105 CHEFHRE, LG
WA 3 5 IR 95% LA TR, 4 Cili,
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1.2.4 BT 1AA BB W E
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IAA BE R, AT LASE I8 B8 R 43 06 A AR LAA I3
PR 1AA A BEH™ 1AA IEETIRH
Salkowski Fb a7k 2 , ASHF 57 % 5% L 80 Y
LB iR N R R SR 5L, WSRO T,
R TAA 7= A B o TRIBE DL 5% H2 Fh i 2 A
5% ALY LB W fA$E SR, 30 °C . 180 r/min
P& 2d, ZJ5K @ 10 000 r/min B5.00 10 min,
B2 mL B3SO AAHFEARFR R Salkowski 12t 7
RAEWE], FHREEA RN 30 min J& & 7 e
530 nm Ab (AW SR, 38 2 VR G A An v ph Ze T
R B P IAA I o
1.25 HHRE%E

FH 16S rRNA &K )3 81 4341 4 510 % i 22 Fr
MR TS, ASEIG A AxyPrep 4 14 3[4
21 DNA /Nl sl g, FEBOEHE, RAH
W i@ H 5 ¥ 27F (5-AGAGTTTGATCC
TGGCTCAG-3') F11492R (5'-GGTTACCTTGTTA
CGACTT-3) #47 PCRM,

PCR >R H 20 uL [ BifR % : Taq fiff 10 L, 15
M 0.5 ul, 5I#14% 0.6 uL, #sh0 ddH,0 K FR A
Al 20 L.

PCR W #2F¥: 94 CHiZ M 5 min; 94 ‘CAF
430 s, 55 CiB+k 30 s, 72 C#EfH 90 s, FE¥R
30 K ;72 ‘C#MEAH 10 min, 16 CR&IE 5 min 457 .
PCR =¥ 1.5%) 3 IE i Bk e F Uk A T 455 K
W, SR N AR AR W B R AT B w 2R AT 4l Ak )
¥ SR AT S 16S rRNA JE417E GenBank
BLAST ##% [ I 51 1,

1.2.6 FARRTEHURIEMAEYRE S 2
T 52 5 29 i 5 0 340 TR Ak T A R Ay 2505 1T
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x1 BEEES
Table 1 Colony morphology

Strain Colony morphology Growth situation
YJYO01 Round, white, opaque, convex colonies, neat edge, moist, smooth and shiny surface. ++

YJY04 Flat, yellow, round, opaque colonies, neat edge, smooth and shiny surface. ++

YJJol Round, milky white, opaque, convex colonies, fluffy edge, smooth and shiny surface. ++

YJJ02 Round, white, opaque, convex colonies, dry and dull surface, irregular and flocculent edge. +

YJJ03 Luminous yellow, round, opaque, swell colonies, neat edge, smooth and shiny surface. +

YJJ0o4 Light pink, round, opaque, flat colonies, neat edge, smooth and shiny surface. +

DBO01 Yellow, round, opaque, flat colonies, neat edge, moist surface. +++

“+” represents colony diameter<0.5 mm, “++” represents 0.5 mm<colony diameter<2 mm, “+++” represents colony
diameter>2 mm.

IAA JEEO WY e A MR, 3R
R I Iy, R N B IR LAA B R

22 BEHREEEMN
EPS &AL, RILEERER, M AEMW

W B ERBE R Y 42 T [RIIRE EPS i B 1 i A
15 IR S AT R - B R AR, T HE
Uk B F XY S EAE . W2 AR T AR
WIPRI% 7 EPS fig S Mt Bl BE 1, 152800 7 MRTA AR
#A 4y EPS BYRETT, HAEHR YIYOL ™ EPS
HIRE S B, FE R 0.42 glg, 1B 2 HJC B 7E TR B
BFest FAERK . B YIYO01 24, HATHEMRER e
M Bl R AL BA K, HA —a e J), AR
YJJ02 WIRERREE T ik, BEUEIAE] 12%, [R]AHr
A R SR ET 12 h A 5 R AR

JE RS AR TS, M ANEYE , fE A
M pH HEMZE A LTS

S0, MR AT DUE 2L MR AR SR W LAA K
R P A DU LAA TR HERE ) 1 A o 0 v
O ERE IAA 1A, 25 R ANER 2 R,
i 16 T A5 PR PR TE i BRI O T B A AR IAA TR RE
IFH ¥ KT 1 mg/L, HAE#k DBOL 43 IAA HY
e S foimly 8.97 mg/L, AR¥E ik 3FEE S, Phik
1 #HH bk DBOL HEFT 16S rRNA JE [K 4 5 FlI#E > [
g, JFHEA T EOR R P SE IR N R AR S
23 BEWHIEE

WS 2P F R DBOL 1) 16S rRNA
F N )75 5 GenBank i 1 A% R T 91 KicHs F
157 BLAST X Huar#T, e B o [m] 6P e 8 1 0

F2 BEMREEEME

Table 2 Physiological activity of strains

Strain EPS production (g/g)*  Alkaline plate? Alkalinity reduction (%)* IAA production (mg/L)

YJYO01 0.42+0.01° - - 2.65+0.06¢

YJY04 0.13+0.00° + 3.6+0.16° 1.09+0.07°

YJJo1l 0.15+0.03° ++ 6.0+0.04° 3.97+0.08°

YJJ02 0.29+0.08° ++ 12.1+0.04% 1.27+0.03°

YJJ03  0.24%0.01° ++ 5.3+0.08" 2.70+0.06°

YJJ04  0.27%0.03° ++ 5.8+0.57° 5.14%0.07°

DBO1  0.23+0.04° ++ 8.7+0.08" 8.97+0.24°

1: EPS yield is the ratio of net EPS secreted by the strain after subtracting EPS from the medium to the dry weight of the strain,
2: “+” represents colony diameter<0.5 mm, “++” represents 0.5 mm<colony diameter<2 mm, “~” represents no growth, 3:

Alkalinity reduction is the value after subtracting the blank. a,b,c,d,e: there were significant differences between the values at
P<0.05.
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FRVE MR B E . (1 MEGA 7.0 TR RS
REWMME, HARREERFEIEEFEILE 1, #
Kl 1 wnf %1 DBO1 5 Halomonas aguamarina
(GenBank %35 . EF143431.1)R N—3%, %W
DBO1 iy 16S rRNA (1 [K )37 51 55 FHA & i e 114 [F]
Wk, MILE R 100%, [HtAT LA E R fk DBOL
Jy it 7K Eh B H Halomonas aquamarina. [# #k ()
BARIEAILIE 2, i 2 afHIE # DBOL Ry 24 K
BIPE . SEBUAFAR . E AT DA ERma s v 7 2 75 3] it 55
AR A= T R 22 25 J AT 1R (Bacillus) . fECER AT
P4 J& (Pseudomonas) . #:FF 1% J& (Halobacillus) Fi %
%j Bk 1 J& (Staphylococcus) %5 . AN A 4~ 5l SCFE 32 )

BDO1

19 52 6 PRI TR AT AR Sy B v A ) T RV AR PR AR AR
W (PGPR), {H 24 Jf KA CFE# J& Halomonas
aquamarina AJ VM R4 2R B9 5 AT £
{4 A, Halomonas aquamarina A~{X GE 4 Miif
TR R W AT TE SR T AR, e TE AR
ST 40 IAA, G LRI N TR IAA FIHTE AL
B P A S TIAE ) = ER A B T 32 RE T, HAT R
AR AR AR T, R A A B
i Eh 4 A= TR 97 1 . Halomonas aquamarina 7 L)
ETHTEMIMR R, W7 A EPS 45 BB 1ok
WD AN B FEEY RN ) B, I8 AT LUK AR &
J B SRR HAEYI R

47 KI466006.1 Halomonas aguamarina strain DY032-1 165 ribosomal RNA gene partial sequence
EKX989343.1 Hualomonas sp. strain 84 165 rihosomal RNA gene partial sequence
IX913847.1 Halomonas sp. Po-WC11213 168 ribosomal RNA genc partial sequence
FI907960.1 Halomonas sp. LY054 165 ribosomal RNA gene partial sequence
WE EF143431.1 Halomonas aguamarina isolate WP02-1-81 165 ribosomal RNA gene partial sequence
68
49 AB167001.1 Halomonas sp. NT N72 gene for 165 rRNA partial sequence
J‘EKRO]ZZ‘)U.I Halomonas sp. IXH-302 165 ribosomal RNA gene partial sequence
KY744425.1 Bacterium strain NBTE-X22 168 ribosomal RNA gene partial scquence

MI359485.1 Halomonas sp. strain InS-249 168 ribosomal RNA genc partial sequence
EDQMSM‘).I Halomonas sp. 3-3141 168 ribosomal RNA gene partial sequence
33

AMI10948.1 Bacillus subtilis partial 165 rRNA gene isolate B-3141

1 TH# DBO1 B9 R Gt (b
Fig. 1 Phylogenetic tree of strain DBO1.

2 H# DBOL AIREIE
Fig. 2 Microscopic examination of strain DBO1.
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2.4 HHAIERE

Y5 Wbk DBOL S5 & AN . Fin P . K
TIEREIE /INFZ SO A S0 TR 42 AR — P
SRR XS B0 TR BP0 I RCR . 5255 % 31 DBO1 X LA
A FECRE A I RIEE S, R E R, R
T2 DR R/ INAZ SO TR PR T 8 7 A, 7X
DA TSR BN B AR T LA 40 HCN S5 B
Wy IR A 5 T A K T Bk P DA 3 5 49 i A
Mt (LT BTt | i RO R 43 800 T 17%) 24H B R DA T
FECEURESE T, 18 AT DL 12 43 WA R 2 A I D R
e 25 - 3R (16 2K I 0 e ) A RS vk
DBO1 A BB v R AR IE , A3 15 Sepf ot .
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Fusarium oxysporum {.sp. sp. vs DBO1

3 DBO1 X BufH = HIHIFI1E R

Fusarium oxysporum f.

Rhizoctonia cerealis Rhizoctonia cerealis vs DB01

Fig. 3 The inhibition of pathogenic bacteria by DBO1.

%3 EW DBOL M/ ELERIEE/ER

25 EHEIMNEZARERR

ANFEER A T Efk DBOL Xt/hE LR 8
Ko ZERDLRE Ife B2 in R 3 s .
Wit 5 e B 388 i, o L A S0 2 74 K 2 2R [ e
EIEILA S, HE P DBOL AR /N2 Fh
TR L 2R E T 4L, Wbk DBOL X ERA
R WhiE T RS B R K (H2 N 0 mmol/L I
f, ACFRZA AR B T B AR, 43 )
BN 50% . 30% . 43%. 39%7 38%, /A fAjfki%
JTHE AR < B2 B[R] — B 5, FXT B LE 3
49% . 21% . 32% . 42%F1 34%, X ik HH7E LR i
B R E DBOL X[/ AR KA — FE A i
ER

3 &%

LA N AR EL R A+ e A5 21 7 Rkt &k
WPk, ZEETFBRR ) EPS BB . FEBRRE T LA
Ko™ 1AA BT, RS — PRI Eh A A= 1R DBO1,
MR EPS BE 1 0.219/g, FEBRAE ST N 8.7%,
77 1AA BEJIM 8.97 my/L.

#5 H bk DBO1 (1) 16S rRNA JE K 41 kA 7 %} He
BT, MEEIZE RN K EL U TE Halomonas
aquamarina,

7K Eh PA I Halomonas aquamarina DBO1
RERE A A AL 2 T . F/in PN I . K
BRI . ANESOR AR, JFRRUEE /A2

Table 3 The promoting effect of strain DB01 on wheat seedlings

NaCl concentration (mmol/L) Treatment  Germination rate (%) Shoot length (cm) Root length (cm) SVI
0 CK 75.00+6.80° 2.300.18° 3.42+0.56° 431.98+85.91°
DBO1 80.00+8.16° 2.87+0.08° 5.12+0.13? 640.29+77.37°
50 CK 73.33+13.61% 1.76+0.13° 2.61+0.03d" 320.40+57.8%
DBO1 73.33+9.81% 1.77+0.41° 3.39+0.58" 387.04+119.88"
100 CK 65.56+8.31° 1.26+0.1° 1.98+0.14° 212.40+16.78%
DBO1 70.00+2.72% 1.16+0.08¢ 2.84+0.13" 280.39+22.4%
150 CK 53.33+0.00% 0.69+0.06° 1.82+0.32¢ 133.88+19.72°
DBO1 58.33+1.36° 0.72+0.11° 2.53+0.22% 189.80+11.03f
200 CK 47.78+3.14¢ 0.55+0.06° 1.35+0.24¢ 91.50+18.62°
DBO1 51.11+4.16% 0.52+0.04° 1.86+0.08° 122.27+11.96°

a,b,c,d,e,f: there were significant differences between the values at P<0.05.
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