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BR VUK AR Bl . R BR LR Bl Ao By RBR LR B 357 24 h B =40 F &4 3.44 mg/L 4975k TR ;
16S rRNA 2 B 5 7 5 46 3 3 5047 B (Bacillus subtilis) RUB 3£ 2| B — 5 &, # 2% B #k A Bacillus
subtilis; & H R R K, HD-1 3 L4 F A F 555 9% 69 5 2GA 59.15%; BT &% pH
3.0-11.0. NaCl & 1%—11%#89 & A#IR3E A= 100 °C /K% 30 min; ¥ A B H. KRB FIRod, AH-F
FR. ATEE. Askrk, abvdBt, FRA BT RAAH X FFAMLF RS FEE, st XMEREH
(Verticillium dahliae). X304k 7] B (Fusarium oxysporum). LAk %A% & (Rhizoctonia solani)3 RAE 4
RRBYEA —2ea R, [£4£] B4 HDI-1 X2 AREFRATH, ST LLERmR
iz RESF, BERARFNIAZETH, THAGELALEZLERTHGRXI LA E
HH R

XEBIE: LAELBA;, HEFRAAE; RAKER; HFRE; £Ub5b

Screening and functional evaluation of strain HD9-1 against
Streptomyces scabies

ZHOU Jingxuan®', ZHAO Yonglong”, ZHAO Pan™*°, CAO Jingjing™!, WANG Zhiqin**,
LIU Lu**, ZHONG Naiqin ***?
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5 The Enterprise Key Laboratory of Advanced Technology for Potato Fertilizer and Pesticide, Hulun Buir 021000,
Inner Mongolia, China

Abstract: [Background] The soil-borne potato common scab (CS), caused by Streptomyces
spp., is rampant in China, resulting in tremendous economic loss. With not efficient control
measure available, the pathogen become more aggressive. Biocontrol bacteria which are
environmentally friendly and show ideal effect in controlling the reproduction of the pathogen
have attracted the interest of scholars. [Objective] To isolate and identify antagonistic bacterial
isolate against Streptomyces scabies, determine the taxonomic status, evaluate the major
biological traits, and thus to provide resources for the development of biocontrol agents.
[Methods] Antagonistic isolates were screened from soil with high incidence of potato CS. The
taxonomic status was confirmed with morphological, physiological, biochemical, and molecular
methods. The control effect was analyzed by pot trials. Then, the potential application of the
isolate was evaluated by broad-spectrum resistance (BSR) test, salt-alkali tolerance assay, and
sensitivity tests to chemical fungicides. [Results] HD9-1 with significant antagonistic effect on
S. scabies was screened out, which exhibited an inhibition zone diameter of 31 mm. The
bacterial cells were rod-shaped and Gram-positive, with width of 0.75 pm and length of 1-2.5 pm.
Colony of the isolate was yellowish, with smooth round edge. HD9-1 used sucrose as the only
carbon source and produced B-galactosidase, arginine dihydrolase, lysine decarboxylase, and
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ornithine decarboxylase. IAA (3.44 mg/L) was detected in liquid medium after 24 h of culture.
With the 16S rRNA sequence highly homologous to that of Bacillus subtilis RUB, HD9-1 was
determined to be B. subtilis. The pot trial results showed that the scab-control efficiency was
59.15%. Under medium culture conditions, HD9-1 showed tolerance at pH 3.0—11.0, NaCl
concentration of 1%—11%, and temperature of up to 100 °C (water bath for 30 min). This isolate
was insensitive to zhongshengmycin, difenoconazole, fluconazole propamocarb, kasugamycin,
flusilazole, pyrazole ether, azoxystrobin and thiophanate methyl. Meanwhile, it showed certain
control effect on other crop pathogens, such as Verticillium dahliae, Fusarium oxysporum, and
Rhizoctonia solani. [Conclusion] HD9-1, a B. subtilis strain, displays significant control effect
on potato CS and strong adaptability, which can be a potential candidate for developing
compound microbial agent against some potato soil-borne diseases.

Keywords: potato common scab; Bacillus subtilis; Streptomyces scabies; antagonistic bacteria;

biological control
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ZAE 0% b, R mk 100%2), 255
RATIR 10%-40%"1, T B il 293k [ 0 44
b K S i S )

OB B e 2 R BN BE R oW
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1 HRE5r%E

1.1 M
1.1.1 mEBRRTIESR

JEMEEFF 4 (S. scabies) MR H H [EFl 27
Wt Bl 2B W0 58 BT T o R A8 Bl by, TR G 5
CGMCC4.1765 (LA a4k 4.1765); KA A
(Verticillium dahliae) i A< 5256 % 5y B ORAE , S
A V991 ; Rk T B (Fusarium oxysporum), 1f
M5 CGMCC3.18025; /AL 224% 1% (Rhizoctonia
solani), TH#ARS CGMCC3.2888, +HEfk bR
B AREEMTTER LN E DR ERER
1, 3R FRALPE T R pH 5.9, &K 1.70 g/kg,
2H19.82 g/kg, M 1.54 g/kg, AHLT 33.73 g/kg,
FL 7.83x10° /g, LR 1.87x10" 4~/g, 41
1.53x10" 4>/g.
1.1.2 FERFIFLEE

211G BE O i il 5 =i | e (B e
VIR A RA R BEE: BB B R A%
B ALK E SRR AR AR, H %R
R AT T WS H Hitachi A ] . Biolog
GENIII %55 #1030, bt = A A P kA R
YNGR
1.1.3 ERE

PDA #5575k (g/L): 15 200.0, BfE 15.0,
AR 20.0, I H pHHZE 7.0-7.2. LB ;5%
S(g/L): HEAM 10.0, EEHZHA) 5.0, NaCl
10.0, 4% H pH £ % 7.0-7.2. King K%
(g/L): % 20.000, K,HPO, 1.725, N =
0.015, MgS0,-7H,0 1.500, %2 0.100,
B pHEZE 7.2, HLEWHEC ) : B 1 mL HKE
4 0.5 mol/L i FeCly ZZZZ A 30 mL (1B
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CuS04-5H,0 0.025, CoCl,+6H,0 0.025, K1 0.75,
pH {HAZE 5.5, IRIMZEMKERZE 1L,
1.2 7k
1.2.1 FERENS S

B1g FREE T 50 mL &.0% , A 10 mL
ZRIEK, PR L e 5 BT . L 100 uL
107, 107%, 10° MBI 2 LB AR 7R ILIF
BI5) A, 28 °C 1595 24 h, Pk B 75 R4k 4l
b, FRSEERM T LB Wik,
F 37 °C. 200 r/min §E 77 5535 3% 45 H -
1.2.2 FEREFE

I 100 L o 6% 55 B 46 7 1 WA ST TR A
T PDA [EfA¥EFREE, W 6 uL 2058 55 57
F EiREEFRM A g, 28 °C HL55% 7 d J5 I 411
FE B2, 7E 4 °C. 4500 r/min 20> 15 min,
G ISR 2 R AR 9 5 97 1 3 RN R T TE
M RITRVKEFETFREE, D LB Wikk:F%
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ISR B EAR
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BRI BRI 5704 T LB [ AEEFR I,
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95 JEL B B A 38 A B L 28 °C 15 9R 4 d LRI A
ROR o TR 8 (Yo)=Chf HR 2 ThT AX — &b 3 2H TG AR )/
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{EL)/ (PR 2 A AR R e R 80 < 100% 5

AR 7 280 (Yo)y=(R REZH 95 15 416 B —4b B A 95 1 48
B0/ T B4 9 1 46 <100,

1.2.11 EHRBREKEFESR

2 B 2R 4 A% A5 POV 07 1 B T ) 2 e B R
0.02, 0.04, 0.06, 0.08 1 0.2 mg/mL AYM5|WEZ
%2 (indoleacetic acid, IAA)PRUER , BibrifER S5
Pt i G, BRI 30 min, W@
ODs3ofH, VL TAA WREE NREALAR . ODsso ML
P2l TAA W BE AARTEE IR 45 5 W B 100 pL ¢k
WK F T King REIAREE SRR, 37 °C.
200 r/min $% 37 55 3% 48 h, 5 000 r/min #.0> 10 min
Wt B, R SalKowski Hb {0k 52 PR 46
HW P TAA & &

TEEAAK/NHR 17 em BYAE 7 PR iE A

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



1154 Tl A 2 AR

Microbiol. China

FERERL DR B LR R I A 3 bk, B
TFIEREERE A 50 000 1x ., YEJEHAA L16 /D8 h [
SUETFREFR 7 d IR RSB 1x10° CFU/mL
FIFE DT B IF I 30 mL, LASINA 30 mL JCHE /K
SEFR R X R, AR T EIREESE 0d. 14 d PSR
DY 7N
1.2.12  #HiE4E

% JH Origin 2019b F1 Excel 2016 k{40 34
FHOCEIE

2 HZRE5OM

21 SREEMESEENENS B S
MR F T AR A SN T 2 L 2 T e

A

IEH—KEXT S, scabies HA B FE PR
YT, w5 A HD9-1, HREF# WA e e A
i£%] 31 mm (Kl 1A),

HD9-1 Ki 5% BV . BB 77 VR R 5 3R
[ BF AT P A X IR 50, PR ACR An &l 1B
AN, AR TR RS SRR TR B AR s E
23.1 mm 5 23.5 mm, K/NHZY, 1 EERAH
PR B L, 22 B LA 9 b JC ) B S A
2.2 Btk HDO-1 L7 S 451E

wE 2 fros, HD9-1 WEVELBIE, R
o, RNEW, RuTE, DR AL, Wik
FRAR, MiamsiE, SEREAN 0.75 pm, KN
1.0-2.5 pm, > QYL (a2 fHYE,

El 1 EHk HDI-1 M MEEHIMEIZR A LEWROTUEIEN. B: R EE LW ]

Figure 1

The inhibitory effect of screening strain HD9-1 on Streptomyces scabies. A: Antibacterial effect of

fermentation liquid. B: Bacteriostatic effect of bacteria and fermentation supernatant.

Cj

5.00 pm

B2 EH HD9-1 EEHEHRFE A WEIES. B: A FRMEER. C. H22 [ 6 BAE
Figure 2 Morphological characteristics of HD9-1. A: Colony morphology. B: Scanning electron micrograph

diagram. C: Gram stain microstructure tissue.
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2.3 Efk HD9-1 £ IB4 L4

1 SRR, HD9-1 ] F FH s b
—RUE, NRERIH R AR . HEEEE . WIEE. 1L
WL RBHE . BTHLABEAE b, ATRLA AR
B R T A B B i Ak, ARG 7 W ) [ i A
=45 ATRAE AL B-2R LB G . RS 28R SUK fig
Wiy . HERR IR . SRR IR N R AT
DARIFHAF RGN 5 B LA TN B R £ 1 R KW & 1
o THE P 3 H I, (ELAS B8 40 il A A B R M 7 A
H,S Ak
2.4 ETF 16S rRNA EFFIIN S FRS
Fo

LI HDY-1 (fYHEENZH DNA Jyssid, F)
M5y sBEmEREFE, FHle Lhs
NMDC 4 £ (& 555 . NMDCN000110J), H:
J¥ %7 National Center for Biotechnology
Information (NCBD)#EAT XS, KIS Bacillus

F 1 EHk HD9-1 R TBA L5
Table 1 Biochemical properties of HD9-1

Test items

Reaction

2-nitrophenyl
Arginine
Lysine
Ornithine

Sodium citrate

+ o+ + o+ o+

Sodium thiosulfate
Uridine
Tryptophan
Melibiose
Amygdalin

+ 4+ 1

Pyruvate

+ o+ 4

Kohn gelatin
Glucose -
Mannitol -
Inositol -
Sorbitol -
Rhamnose

Sucrose

Arabinose -

+: Positive; —: Negative.

sp. THY-159 ., Bacillus velezensis PR189 | Bacillus
subtilis QB928 F Bacilus subtilis RUB B AH{L 1
ik 99.9%LA | .35l MEGA 7.0 S H# RSk
BW, &A¥ HD9-1 5 Bacilus subtilis RUB 1F |f]
— 0 (F 3). GBI A E A B A AL AR S B
SRR WS AR HDO-1 %5 AL B 2E AT 1A .
2.5 EFk HD9-1 X B EHEmmIER

ARk TSR S B R B 31 R (] 4),
Hop, JKALFE Control 1 WHknY 10 kifi Al 21y
KK, IR S. scabies A PR Control 2 g3k
) 11 RLfT S SRR /INEAL LR, 35 4 5%
IR 2 7 KL, i 63.64%, BUERGERILE] 90.91%,
TG e ELR 79.55; RIS, scabies SIEPUA
HD9-1 I AbFRZH 3R 11 10 R 2 | oK & 9%
INEE 3 RL, 5 30%, 1 SN 4 KL, [ 40%, 4 9%
WAL 1R, 5 10%, BEIRERA 70%, WkiE
F540 32.50, AHXTBEEHR 59.15% (35 2)-
2.6 BEPk HD9-1 XI= iR & & i I 5 A9 it
=

B AR B WA B4 37, 60, 80 °C kbR
30 min J& , P TE B EA A 1.6%10%.6.0x10°,
1.2x10° CFU/mL, 100 °C 43 30 min J5154
1.5%x10* CFU/mL BB RAEIE (3 3). il WL HD9-1
AT 32 100 °C 247 (9 i, FREEIE W M40 o

K 5455048, HDY-1 7E NaCl 5 #°M 3%
FZAF TRl IER AR, 7E NaCl & i 7%—9%/1
M ODgoo (M 0.45, W20 LB 15555+t
(NaCl &8 1%)1 60%; 7E NaCl & i 11%[1
KM, WIRATRIEAEK, ODg HZI N 0.10,
HD9-1 ¥ #xi& pH {E~ 7.0, 7€ pH 5.0 fil pH 9.0
IR, ODgoofHPI L 0.56 LA F, =YEZHh
LB R 3550 75%, 76 pH 3.0 B9 7 B2 A1 pH 11.0
P EARMBRAR RS, BRI 8K, Bk
i ODgoo THZ) R 0.1, HULHEN, Fikk HD9-1 ZEH
L 5 Gy (B A i - B R RS 1o
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64 Bacillus sp. THY-1397 (OP696625)
33 { Baciffus velecensis PR189" (KU161301)
Bacilfus sp. ND-2" (KY639449)
37 Baciltus merinvlotrophicus 16" (K1957767 )
Bacterium YC-LK-LKJ45T (KP174625)
47 { Baciffus subtilis Dg2T {OM942995 )

38 Bacterium BS15147 (MK824702)
Bacilfus sp. MN19T (KM289136 )
Baciilus subtilis ZZY-20-3" (MK 905506)
32 Bacilius subtilis QB9287 (CPO03783)

73 — Bacilius subtilis RUBT (CP101937)
84 L D91 (NMDCNOOOITON

wn
%]

37

0.050

3 ET 16S rRNA EEFFIHZEN HDI-1 RELEWN 5 PH(E) GenBank H 355 7
AR AR FRR 0.050 REZ TS SR
Figure 3 Phylogenetic tree of HD9-1 constructed based on the 16S rRNA gene sequences. Numbers in

parentheses are GenBank accession numbers; The bootstrap values are shown at the node; The scale bar
indicates 0.050 substitutions per nucleotide position.

A

H,0 (control 1) S. scabies (control 2) S. scabiestHDY-1

4 Bk HD9-1 M AHINRIXILLER
Figure 4 The results of potted disease inhibition test of HD9-1.

xR 2 HEFk HD9-1 BIBFASI RSt
Table 2 Control effect statistics of HD9-1

Treatment Number of grains ~ Sickness Occurrence rate (%)  Disease index Control effects (%)
0 1 2 3 4

Control 1 10 11 0 0 0 0 0.00 0.00 /

Control 2 11 1 0o 2 1 7 90.91 79.55 /

HD9-1 10 3 4 1 1 1 70.00 32.50 59.15

/: The effectiveness of control 1 and control 2 does not need to be calculated.
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&3 HD9-1 =R %
Table 3 High temperature tolerance of HD9-1

Temperature (°C) Colony number (CFU/mL)
37 1.6x10°+8.2x10°
60 6.0x10%+8.1x10°
80 1.2x10%+3.2x10°
100 1.5x10%+4.1x10°

EL VG WAR Rk C AN TP

The data format in the table is average+standard deviation.

2.7 E#k HD9-1 X 2% #i L 2 R 25 O B =2 1%

# 4 ¥R ER, HDO-1 X AR R . Ak
FERmE . G- TR . R . BURERE . N
A P K 2 7 T R R R AR 34 AN B0, HEI HD9-1

Al LATE Bk 25 A AE R p i, (AR AR SR
PEFIFRUNE e 2 0 HD9-1 iy A4 .
2.8 Btk HDO-1 Ry ittt

6 45 3R B, AR KN e AL R (Verticillium
dahliae) . N/ i 22 4% % (Rhizoctonia solani) F1J
)] (Fusarium oxysporum){I X HE4 , 28 °C
BigE 4 d IR AT IE R AR, YR AR
M 4.27.22.75 F1 8.02 cm?; 4R HD9-1 % 8%
WAL, e I B AR K 38 32 BOR [ AR B 1
il IS A5 0.91.3.38 55 6.41 cm®, HD9-1
XK TR RL B . A 0L 70 RN ST A 22 A% B 1
R 2R 78.67% . 85.14%F11 16.34%.

A 100 B roop
0.80 |- 0.80 =
SR
= 0.60 |- = 0.60F
~ el =~ 1 T
© 040} 1 1 S 040t
0.20 0.20
0.00 0.00
1 3 5 7 9 11 3 5 7 9 11
Content of NaCl (%) pH
5 HDY-1 {FEME MBS E
Figure 5 Salt-alkali tolerance range of HDO9-1.
F4 ZMUFERAT HDI-1 £ KAVHNHIZR
Table 4 Inhibitory effects of pesticides on HD9-1
Fungicide Manufacturer Potency (%) Tolerance
H,O / / +
Zhongshengmycin Fujian Kaili Biological Products Limited Company 0.10 +
Mancozeb Sichuan Runer Technology Limited Company 0.10 -
Difenoconazole Hebei Zhongbao Green Crop Technology Limited Company 0.10 +
Flutamicarb Bayer Crop Science (China) Limited Company 0.10 +
Kasugamycin Shaanxi McColo Biological Limited Company 0.10 +
Flusilazole Jiangsu Jiannong Plant Protection Limited Company 0.01 +
Pyrazole ether fungus ester Jinan Zhongke Green Biological Engineering Limited Company 0.05 +
Azoxystrobin Xianzhengda Nantong Crop Protection Limited Company 0.10 +
Fluridylamine Ningbo Shiyuan Jinniu Agricultural Technology Limited Company 0.10 -

Thiophanate-methyl

Jinan Taihe Chemical Limited Company

0.10 +

+o AEPURANE A K BAT RN — ARSI K /2 HO B, ATt

+: No effect of antagonistic bacterial growth; —: Inhibition of antagonistic bacterial growth; /: The effectiveness of H,O does not

need to be calculated.
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Figure 6  Wide-spectrum resistance of strain
HD9-1. Control: The plate without HD9-1; T: The
plate with HD9-1.
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TEAR) AR 25 X 28 S A A 4250 304 1 A= By
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Figure 7 Auxin assay in strain HD9-1 metabolites. A: IAA standard curve. B: HD9-1 produces IAA.
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Figure 8 Analysis of growth-promoting ability of strain HD9-1. A: Photos of pot experiment. B: Plant

height after 14 d. C: Average growth rate of 14 d.
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