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Screening and Identification of Antagonistic Bacteria for Rust Rot from Saline-alkali Soil
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Abstract

od ] Strains were screened with plate dilution method on different NaCl concentration gradient Sehgal-Gibbons medium. The haloalkaliphilic

(College of Life Science and Technology, Heilongjiang
[ Objective | Haloalkaliphilic bacterial strains were screened from saline-alkali soil in Daging City, Heilongjiang Province. [ Meth-

bacteria with antagonistic activity against rust rot was obtained by plate confrontation method and identified based on morphological observation
and modern molecular biology techniques. [ Result] 48 strains of bacteria were isolated from saline-alkali soil in Daqing City, 60.4% of the
strains were grouped into the halotolerant bacteria, and the rest into the moderate halophiles. Alkaline resistance of the strains was between pH
8.0 and 11.0, 64.6% of which pH tolerance reached to pH 11.0. The rest was alkali-resistant bacteria except two basophilic bacteria. 3
strains were obtained by screening antagonistic activity of rust rot C. destructans R2. Morphology , physiological and biochemical characters and
phylogeny of 16SrRan gene sequence were analyzed. 3 strains were identified as Halomonas elongate , Halomonas xianhensis and Oceanobacillus
iheyensis. [ Conclusion] 3 haloalkaliphilic bacterial with antagonistic activity against rust rot were screened and identified from saline-alkali soil.
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Table 1 Basic chemical features of soil samples

SRAE R Na* K* Ca’* Mg’" cl- S0~ HCO; co"

Sites pH g'kg mg/kg o'kg g'kg g'kg ¢'kg mg/kg g'kg

A 8.56 4.40 31.40 0.34 0.122 0.035 0. 140 85.40 3.01

B 9.90 5.01 14.32 0.76 0.854 0.083 0.120 262.30 6.05

C 8.96 5.60 21.50 0.26 0.366 0.370 0.530 57.95 1.54

D 9.45 4.81 23.41 0.44 0.244 0.350 0.038 179.95 1.59
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160 r/minffgy% 3555 3 ~5 d,
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1.2.3.1 it MEts . BedlASIR NaClVREERY S - G [ A
FRHE 90 0 3% 5% 10% 15% (W/V) 4 RhIEHE 3
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ABEREEA 3 U HEFP R 28 CH53R 3 ~7 d, SRR K
R
1.2.4  SEBURAYTHIE . A b e It ol TR R R B AT TR A
F PDA AL, FHFTFLAR AR F% 3 ~ 7 d (95 07 41 B 1 1L
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ARSI, KR B P DF (5 mm) $2F0 T 5535 1L, 0 22 11 3
1,28 CH55E 3 d, 538 Ok IR VR AR, 15 H i 224
KA R, LIRS JCHIZK Y PDA 15353 J 5%t R
DAL HE M = (VIR BV AR - AEBR VR EAR) /%)
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PRSI AN T o LAJEIN 4 DNA AR,
SR PCR J71: 25 wL /K 24 16StDNA , PCR 4 34 7=4)
I el v A T AR TR N S A T AR A A T AR

x 100% (1)
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2.1 RE(W)BHETE  0TE S AR NaClLYREER S - G 35
FREE A thEL T R TR B AR TR B Y TR R
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R2 A KRG TIHIVERT , BRXRE ™ A= p i i R2 A=K, 8
FRH 168 h IEEZEHN 19.5% ~85.4% ,7F 144 h i ,10 —d1 (1]
BN 85.4% o HAPRIET A 1311 10 — a6 SRR B 311
5 - bTHIRUET D 31 10 — d1 BIERERCR S, HoAth 5 Bk,
AR 60.2% (5 -b0) , 5flih 35.4% (10 - c6) ,



144

A

SR LA

2017 &£

xr2

X EEAERE R EFR pH THZ 4

Table 2 Result of salt and pH tolerance of test strains

x3 FE(W) RBEMNRIATEE R2 f9EHE
Table 3 Antagonistic activity of haloalkaliphilic bacteria to C. destruc-

g =N
bk s O EIICRENC s o) ton 12
S S Nl range (the optimum P11 (e Ok HbGE MEREGR T
NaCl concentration) // % P P Strains Strains Diameter of inhibition Transparency of
A 5 _al 0~10(3 ~8) 6.5~11.0(8.0 ~10.0) source No. zone // mm inhibition zone
5-a2 0~10(8) 6.5~11.0(7.0 ~10.0) A 5 _al 88+0.7b o+ o+
5 -a2ce 0~10(0~3) 6.5~11.0(8.0~9.0) 5-a2 10.1+0.6 b + +
5-a3 0~8(0) 6.5~11.0(8.0~9.0) 5 —-a2c¢ 5.0+£0.0d -
5-ad 0~10(0~3) 6.5~11.0(8.0~10.0) 5-a3 6.2+0.7b + +
5-a5  0~10(0~3) 6.5~9.0(8.0) 5-a4 5.8xl.2¢ 4+
10-al  0~15(0) 6.5 ~11.0(7.0 ~9.0) 3 -a> 15.7£3.2 2 o
10-2  0~15(3~10) 6.5~11.0(7.0 ~10.0) }8:3 lzéfig: :::
10 — a5 0~15(0~8) 6.5~11.0(7.0~10.0) 10 — a5 7.440.8 b 4
10-46 0~15(3~8) 6.5 ~11.0(7.0) 10—t 7131 e
10 —a6c  0~15(0) 6.5~10.0(8.0) 10 — a6c 7.3+2.1b o+
15 —al 0~15(8 ~10) 6.5~8.0(7.0) 15 -al 5.0+£0.0d -
15 -a2 0~15(3) 6.5~8.0(7.0) 15-a2 11.0£2.9b + +
B 5-10 0~8(0) 6.5~11.0(8.0) B 5-b0 15.6 £3.1 a ++ +
5-bl 0~15(0 ~10) 6.5 ~11.0(7.0) 5-bl 6.3+2.8 ¢ +
5-12 0-8(0) 6.5~10.0(8.0) 5-b2 5.0£0.0d -
5-b3  0~8(0) 6.5~9.0(7.0 ~8.0) g:ﬁg 1g‘gf?‘§; :::
5-b5 0~15(0~8) 6.5~11.0(7.0~9.0) 5 —bse 11.4+2.9 a +
5-bSc  0~8(8) 6.5~9.0(7.0) 516 72411 s
5-b6 0~10(3 ~8) 6.5~11.0(8.0~10.0) 5_b7 15.8+3.5 a P
5-b7 0~10(3) 6.5~11.0(6.5~10.0) 5 -b8 5.0+0.0d I
5-b8 0~8(0) 6.5~9.0(7.0) 5-h9 7.7+1.9b + +
5-h9 0~10(8 ~10) 6.5~11.0(7.0~10.0) 10 - b2 129+1.6 ¢ + +
10-2  0~10(8) 6.5 ~11.0(7.0 ~10.0) 10 -b4 5.7£0.9 ¢ ot
10-b4  0~15(0) 6.5 ~10.0(7.0 ~10.0) 10 b5 2.5L.0a o
0-b5  0-~15(3) 6.5 ~11.0(8.0) }g:lb?‘; g'gfg'gj -
10 -b6 0~15(8 ~10) 6.5~10.0(6.5~9.0) G 5_cl 6.3+1.3 b 4
10-b7  0~15(8) 6.5 ~11.0(7.0 ~10.0) 5 —cle 85+08b N
C 5-cl 0~10(0) 6.5~9.0(8.0) 10 —cl 11.2+2.1a +
5-cle 0~10(0) 6.5~9.0(8.0) 10 -2 10.1+2.2 b + +
10 - cl 0~15(0~10) 6.5~11.0(8.0~9.0) 10 —c4 5.0+£0.0d -
10 -c2 0~15(8) 6.5~11.0(7.0~8.0) 10 —c6 15.6 +3.2 a ++ +
10 -4 0~15(0 ~8) 6.5 ~11.0(8.0) 10 = c8 17.6 £4.1 a + + 4+
10-c6  0~10(3) 6.5 ~11.0(7.0 ~10.0) ;27];9 ggiég: o
b .0 0. -
10 -8 0~15(0~8) 6.5~11.0(7.0~9.0) D SQ—dl S4eldb -
10 -9 0~15(8) 6.5~11.0(8.0) 5_d 7.440.8 b 4
D 5-dl 0~15(0) 6.5~8.0(7.0) 5_-83 5.0+0.0 d _
5-2 0~10(3) 6.5 ~11.0(8.0) S 5020.0d _
5-83  0~8(0) 6.5~11.0(8.0 ~10.0) 10 - dl 16.345.9 a it
S5-d4  0~3(0) 6.5 ~8.0(7.0) 10 - do 5.8+0.8 b ++
10-dl 0~15(8) 6.5 ~11.0(8.0) 10 - d2 11.422.8 b 4
10-d0  0~8(0) 6.5~9.0(7.0) 10-d4 6.9+1.5¢ + 4
10 -d2 0~15(0~10) 6.5~10.0(8.0~9.0) 10 — H4e 5.0+0.0d -
10 -d4 0~15(0) 6.5~11.0(8.0~9.0) 10 -d9 7.4+2.0b + + +
10-ddc 0~10(3~8) 6.5~11.0(7.0 ~10.0) 10 - d10 5.0+£0.0d -
10 -d9 0~15(0) 6.5~11.0(7.0 ~10.0) 10 —d8 9.7+1.8 a + +
10-d10  0~15(0) 6.5~8.0(7.0) NG ERARIF R ZES B3 (P <0.05)
10 —d8 0~10(0) 6.5 ~11.0(8.0) Note : Different small letters mean significant differences (P <0.05)
F4 FE(W) BRESRRERE R2 RS
Table 4 Statistics of antagonistic activity of haloalkaliphilic bacteria to C. destructans R2
5 Strong 1 Middle 55 Weak JG None
LSS Y o A B ] ]
Strains Slrii ﬁpezienm]z?? S A gi{:fffl ﬁpif:enmi?? S A gi’:iﬁfl ﬁp(i—;em];g?t? S A gi{:i(l ﬁp(i:cem];g::’t? S A
source local isolated % % local isolated % % local isolated % % local isolated % %
number bacteria // % number bacteria // % number bacteria // % number bacteria // %
A 3 23.1 6.3 8.1 2 15.4 4.2 5.4 6 46.2 12.5 16.2 2 15.4 4.2 5.4
B 2 13.3 4.2 5.4 3 20.0 6.3 8.1 6 40.0 12.5 16.2 4 26.7 8.3 10.8
C 2 25.0 4.2 5.4 2 25.0 4.2 5.4 3 37.5 6.3 8.1 1 12.5 2.1 2.7
D 1 8.3 2.1 2.7 1 8.3 2.1 2.7 6 50.0 12.5 16.2 4 33.3 8.3 10.8
BB Total 8 — 16.7 21.6 8 — 16.7 21.6 21 — 43.8  56.8 11 — 22.9 29.7

T MEEES EAR (D) iR :d =15 mm; 3215 mm >d =10 mm; 555 <d <10 mm; JG:d =5 mm

Note : Average diameter of inhibition zone(d) ,strong d=15 mm;middle:15 mm >d =10 mm;weak:5 <d <10 mm;none:d =5 mm
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Table 5 Ralative inhibit cry rate of ferment filtrate of 8 strains of bacteria against C. destructans R2 %
ATR] ) g
Time,//d 10 — a6 10 -d1 10 -8 5-b7 5-a5 5-b0 10 - al 10 - c6
43 2.7 21.2 31.2 37.2 25.9 21.9 26.4 19.5
72 33.7 35.4 33.1 43.2 31.3 35.4 31.1 23.3
96 49.2 53.5 45.6 55.9 43.6 43.8 41.1 26.9
120 65.9 72.3 49.3 69.6 44.6 53.6 53.8 35.4
144 72.1 85.4 32.3 71.7 56.9 60.2 31.5 22.7
168 75.4 71.5 31.5 61.1 51.4 51.0 33.1 24.5
2.5 HEOUMERE () B ELEE TR BRI, AN 8l TR TR (010 — d1 O [P, A

2.5.1 JEAFVERVEACREIE. 10 - a6 Y82 [RBHIER BR, R AHEBRRESD, Bk F s i i, el . 3 MR RE L
ATz, WEEIE, FLE @O0 ;S - b7 2RI, EIERE 6,

R6 3 HRRE () BB EIRAE LI

Table 6 Physiological and biochemical characteristics of 3 strains of bacteria

i8R 10 - a6 5-b7 0 —di || T 10 a6 5-b7 10-d1
Index Index

4K, Oxygen + + + AR Acid from glucose + - +
TR ERIAJE Nitrate reduction - + + vV-p - - -
i Catalase + + + MR - - -
A (7 2 5L Cytochrome oxidase + - FrAgE Citrate salts - - -
KT Urease - + + &4 pH Optimum pH 7.5~9.5 5.5~9.0 5.0~9.0
BB, Celatin liguefaction - - + D — %85 D - Glucose + + +
73 Tween - + + D — 24 D — Fructose + + +
%2 K fi# Casein hydrolysis - - + HEHE Sucrose + - -
BiALE 5 Hydrogen sulfide - + H Glycerol - - -
LA Tndole test - + 2R Histidine - + +
2.5.2 T SERE . B 3 BRIE () $hTE Y 51 5 NCBI 100_|10-d1

KU EELT Blast LU, R MEGAS. O B HHy 2 45 4 7 fi | “hlamsselagis 15

(1), ZER 55 Hikk 10 - dl 5 Halomonas elongata fTF & 9 Halomonas caseinilytica AJ261
A b JRl—o3 2, HF SR IRl IR vE R s , R TEATR SRS 3 — hlamas Slie 33

KFRBL . BEETE AR SRR SR B ALRF Y, 5 10 i g D

—d1 >} Halomonas elongata ,10 — a6 F1 5 — b7 4351 5 Oceanoba- 2 ta lomonas alkalitolerans 15-13
cillus iheyensis F1 Halomonas xianhensis ) 16STRNA AT, Kl it 51

B2 Hikk 5 — b7 il 10 — a6 WK 5E ) Oceanobacillus iheyensis

44
40 I—//Z?/amnas zhaodongensis EAU-ST10-25

Salinicola zeshunii N4

1 Halomonas xianhensis . 100 Halomonas xinjiangensis TRM 0175
3 Figgitie R

E[ ﬁﬁ s @ V‘]&I‘Xﬂ’%ﬁﬁhﬁ%fﬁ’:ﬁ UE( ﬂ'[ﬁ ) E=N \M% E"]Eﬂ:ﬁfﬂiﬂé 99 I'fh/alvnas xianhensis A-1
Mz ARG N AR T T AR RS TR 4 e Awhibacillus jilinensis Y1

TR 1 B VR NS22, AT BR R R AR AT fucillus kribteasis BIUS)

SRR 24 o TIPS SR PRV RMRL A 0 0 i 3 3R A P
BB FIPR 178, i bk i BERA DU DR ST G PR
AWIEVERITT EAAMITFEE N T A SRS i A= Y B iR oF
AT T —E M . BRIAESE PACTETRA IR i v 7 v 1
PEAT BT, Tl B AR URF RS BT 0T 1 X, 5 0 e ARAR O A

Virgibacillus marismortui 123

Lentibacillus salarius BH139

Virgibacillus natechei FarD

10-a6
1,

Oceanobacillus iheyensis HIE831

TSR, Kim'™ 4538 7 ek AR H B i A E1 3R RS
Z R ENEDL ,ﬂ\ﬁ%:m WESE T T SZ - 22 B il Fig.1 Phylogenetic tree of 3 strains of antagonistic bacteria

BEANTEE Bacillus subtilis 3 56 1% 9, BA B A IR 19 A B #r BB 0E 3 MR 2 B8 Halomonas elongata . Halomonas xian-
{E[ls] o IRIG MR T ERB A 4 B 3] 48 RRIE (T ) Thasli e, hensis F1 Oceanobacillus iheyensis .,

MRS 3 #£(10 —d1 .5 - B7 10 — a6 ) X NS5 1995973 [ A1 55 (F#% 152 W)
KAEAIR R2 HABEFBRA0E (i) Ehas ik, I f0 Htk s 1
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50 Gy 71 ) Bifi 25 5] a2k R 084 i S 7 0 I AR, 10 Gy b3R5 %
FEAHIE, A 90% ,20 30 Gy AbFRYA & FXF IR ,20 Gy AbHEk 25
el M 100% ,40 50 Gy REFRAE TXF B, 25 FF R BE 5 H) i
B, 780 ~50 Gy B 2 BSEFE (10 Gy) JER#K(20 Gy) Fi4
17 (30.,40 Gy) MFEAL(50 Gy) iy i 2k , o 40 Gy 4b3
SRR ERIIN, 35 29. 4% ,20 50 Gy AbFRTCAFFH B, ¥
AL TORLEE A ) A HEIN, 76 0 ~ 50 Gy I 5 Th#E £, 10,
20 140 Gy kb P & 25 5 15 B (43 590 4 %ok A 44 5 15. 3%
13.4% F19.2% ) ,50 Gy ZbBIL TR R, LREF B K 2FHR &
FFR TR, P15 20 oKk M, AR ™k ih i B U Ry A 3
20.10,30 ,0(CK) 50 140 Gy, Xf {155 Tk = m A
257F SRR SR AT BE R 20,10 .30 Gy, iX 1] AR 5
SRR TR TR S % 5

Xof AR A fE RO BRI ) 25 5 R AR A AL
FEATRTE 0 ~50 Gy Bl 771 62 (14 1 i S RS 384 PR AR
SUSEHIN, ELAR S R T IR . P R T4
AP R M, G BRI SR R B S . Rt
Fea BRI AR (I ER B AR N 4 R B AR IR B B
P, R IL/INFE S R SRR A VR 32 3 B 52
SRR N TAR T 5 5 K A g R R TR e A
R TR

G A FRAF ) o T L A R g AL A B A A
PSR, ZME5E RAPD 56 25 . vh il F4R 41 10 Gy 25
PR A He iR, R 32. 3% U2 50 Gy, 24 31.5% , 3L
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