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Isolation, Identification and Growth Condition of Antagonistic Strains Against
Potato Black Scurf
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Abstract: A bio-control strain (QHZ-M1) with good antagonistic activity against Rhizoctonia solani of potato black scurf
pathogenic bacteria was filtrated from potato rhizosphere soil by plate dilution method. Its inhibition percentage reached
59.8% . Based on the physiological and biochemical characteristics, and 16s rDNA identification, QHZ- M1 had 99%
homology with Bacillus and had a close relationship with B. axarquiensis CR-119. Thus, it was identified as B. axarquiensis.
Growth conditions of QHZ-M1 were studied and the results showed that the strain growth rate was relatively fast, and
reached a stable period after 20 h. The optimal temperature for the growth was 37 °C, the optimal pH was 8, the optimal
salinity was < 25 g/L, and the optimal carbon and nitrogen source was sucrose and yeast extract powder, respectively.
QHZ-M1 has good control effect on potato black scurf disease and potential as bio-control agent.
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TRE A S A& 2R AR R B A,

H H A VIR Tk e Ys & C AR 20
98, A% TR S 8 1 R BE 2 HUAT T (Bacillus
subtilis) FI 1 RRAETERD AT (B. amyloliquefaciens) %}
BUR PR A IR I BIARCR , EF Sk 1 —
FRARTERD ZEH0AT 1 (B. amyloliquefaciens ) %} T B H
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1.1 kel
1.1.1 EHRE

SR FBENLEREE, AN BEERS A, (Rt
PRIF R FAERE ), RAE D BAPR0~20 em b 1
HERESL, REERERFR L, K HRAREULE, B
PHAMR RINE L, P ERERRDR BAEAR F mi +
g, RS A RIS, 45, WRISLEE, A7
FE-20 CHRART, HTHPURCEYIN 5 B E
1.12 BHXEH%k

R QHZ-M1 ASRIS 43 B3R5, SR 224

B

AR SEIR ZE it
1.13 ki

LBE5FRIE: NaCl 5 g, A0 g, BERERH
5g. BiE20 g, ZEM/K 1 000 mL. pH 7.0~7.2,

PDAREFRAE: 4435200 g, HZ5HE20 o, BilE
20 g, Z&i#/K 1 000 mL,

A E RO HAK10 go NaCl 2.5 g,
FRE3 g, BiliE20 g ZEHK 1 000 mL, pH 7.0~7.2,
1.2 HEMSBELSK

FREUEAES g, IIAZEA 45 mLICHIZK A 150 mL
S, IAZEEERR, 30 °C, 180 vmindki% 15 min,
B3 TR RS, BL1.0 x 107, 1.0 X 10°F11.0 x
107 g/mL A FI5 T 100 WL 3 T 40 T [ A 85 55 05 O
FEg) b, AEREEE 3R, F30 CHEESAM TR
F248 hF, O SRR A 5 0 A R
G ISRV e A B TR
1.3 FERENEE

K PDA PAROATIRF: 6Pl b e di 437 i 22
ERADE, 0 0 B ali A i) TRIAR s A I 2 3T i 24
R EYE2.5 em &b 445 F, DLR ST R 224%
FADHOME XTI, 7628 CHEFRfhIESE3 do 24
X BE B DS AN BRI, e R AR PR B 75 B
B, FRAHEAREE o WO AR 5 A A
FEHUE RS HORR A TR0, BRI LA
TS AR AR

M = GRS B8R - AbBRTRVE B )X
HERRVE HLAE X 100%.
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141 HARROGIZIAFAERTY BAFIELE

Z: A2 F 5250 ) 6 Jr vk, B r i ik
PR F AR R EE(LB) |, 7E 28 ClajEESR
Fi, HEFR26 hEPhFMer = R, B59%48 h/Ewl
EERVEIITEAS
1.42  FEFTA 0 A2 A A4

A (R LA TR R G %8 T i, i
TERTTAMR, MBI SR, 28 CHHIRIGFR
FEhEESR 24 hE, AAERRA ARSI E
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BIRRAOEEIN, LA FRFTA DNA TR HIRRR RS ng/ul
Ve Jtsit, RS 27F(5' - AGAGTTTGATCATG
GCTCAG-3")H11492R(5'-GGYTACCTTGTTACG
ACTT-3") X FE L 16S rRNA JLR AT 3, 514
B ELAE W) B OR A BR 53 AR A Al (Realgene
Biotech, Nanjing, China) &, ¥R FERES
TIAFR ) ddHLO H5 P E A 10 wmol/L 1) TAER

PCR VIR Z N 50 ul, 17 : 25 pl TaKaRa
Taq Version 2.0 plus dye (TaKaRa, Dalian, China) .
27F/1492R (10 pumol/L) 5 [#145 1 L, 4R DNA 2 pL,
ddH,0 21 pL.

PCR JZ W 4F: 95 °C 5 min; 30 cycles(94 °C
45 s, 55°C45s, 72°C 1 min); 72 °C 7 min; 4 C
Hold, R3S, [FIEHgEAYEXT B, DA
PR E S R PR S G, P A5 5 AE NCBIE [ 22
tiEA T BLAST EbXF, R MEGAS. TR R 48
RER

1.5 HiREsLE

F FH Microsoft Excel 20031E&, %dE4it005y
BroR T SPSS 22 GEFHARAF, N[l b PR M) f) 2 S 25
PRGBS Duncan's & 257

2 EREH

2.1 FERERTEE

T 2 X IR I AR AT T T 4% S R D D AR
A SRZUIMHIVE BN 4 bR (K 1), RHEREFR3 d
BRI N 59.8% . 51.0% ., 46.6%H144.5%., Hrh
QHZ-M1 M E SR B L, X ST AK 22 A% A BT T8
FEIRE]5.22 mm, MEEEERE > 2.5 cm, TIHEE
$159.8% (K1), KB, Tk QHZ-MI1 X} Hh% 3y Al
YA AR BRI
22 HMEHEE
22,1 FERHATY SRR AR A AR

QHZ-M17EM RS2 |, 28 CH 52 d i

1 XfUFEFE 3 dEEW QHZ-M1 Xt 37+ 2 4% 5 B &) =

Table 1 Strain QHZ~-M1 inhibition on Rhizoctonia solani growth after three days of confrontation training

TP 93 JELTRT 1R V% EL4% (em) Pathogen colony diameter TEE(%)
Antagonistic bacterium X IR CK XJURF A Confrontation Inhibition percentage
QHZ-M1 9 3.78 £0.01 d 59.8
QHZ-M2 9 4420034 c 51.0
QHZ-M3 9 4.82 +0.056 b 46.6
QHZ-M4 9 5.08 £ 0.306 a 445

TE: RSB bR, AT EFRIRIE0.05 KT T 255 2% .

Note: Number after mean value is standard deviation. Different letters indicate significant difference at 0.05 level.

BE1 Bk QHZ-MI1 X it £AZ B £ KA NE(3 d)
Figure 1 Effect of strain QHZ-M1 on Rhizoctonia solani growth
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AL B AT, RS REIE | MO R
W, WyE SN, FLEE, E2 R E g T,
FAREARR (1512).

Xt QHZ-M1 AR FRAEARASFAEBEF TN AE , A5
AR R TR, N RRER . FPEIRER A N B

RARRA
WiN
Vs -.l. -
a: QHZ-M1FIBTEIELS; b QHZ-M1 822 [CYL (0 AT SR
a: Colonial morphology of strain QHZ-M1; b: Gram's staining of morphological characteristics of strain QHZ-M1.

P, V-Pille, O, il iR
AEBIBATE, FTLUKMRER . BIR . RR . B
B2, BERE)" ANl , RN KR WA RRER K
i, M-PIREGH N BINE(R2) . it A SR i A
XM E LS R T 5 R T2 AT R

B2 E#RQHZ-MIEEFLEELER
Figure 2 Morphological identification results of strain QHZ-M1

F2 HEHRQHZ-MIEBAENLETELER
Table 2 Physiological and biochemical property
results of strain QHZ-M1

WE SRR JEN e
Tested index Result
BB S Sugar alcohol fermentation experiment +
S JER I PR Aromatic amino acid decarboxylase +
FFAZIRER Sodium citrate +
JR 25K % Urea hydrolysis +
72241858 Production of ammonia test +
FE R IR NREE Arginine decarboxylase +
K2 MK il Arginine dihydrolase .
N [z 3k Malonate +
WA TRER Tartrate -
O BR K f# Tryptophan hydrolysis +
FERK AR Amylolysis +
el Catalase +
WAL A 74 Hydrogen sulfide production +
V-Pik55 V-P test +
M~P % M=P test -
15|y A= Indole production +
AL Gelatin liquefaction +
fi% Z B2 /K fi# Tyrosine hydrolysis +

RN R /K A Phenylalanine hydrolysis -

TE: +. BHPEROY ; — BATEROM o

Note: + . positive reaction; — . negative reaction.

222 BRANSTAMFER

PCR I SEMUT , R 1.8%B g HEE S, 0.5 x
TAE ZZ R A N HUKAEI, Marker 32 F] DL 5 000
(TaKaRa, Dalian, China). QHZ-M1 FHLIK A
K3, PCR™“W&slifb)5 a4y, 155 QHZ-MI1
[ 16S rDNA [P FIH N 1 411 bp, HEE#E QHZ-
M1 i 16S rDNA 47 BLAST Fexl, e fml IR AL
F99%IKF41, FIFHMEGAS. 1 kR 52 45 4 75 4
(F4), 25K, QHZ-M1 5 2EA0F 5 & [R5
%99%, 5B. axarquiensis CR—119 EL KR,
SA AR ESS R, VI QHZ-M1 R 2
A B. axarquiensis.

2.3 FEHRQHZ-MI £ K4t
2.3.1 QHZ-MI 84 & KAl &

118 5 T LLE ) QHZ-M1 bk AE KRad, $5afh
FILBRGFRIEL)E, P AXRTELY], 7520 hGdkAR:
ER, ULIZ A K
232 QHZ-M1e9 A K EHAFR

MEIHATLIAE ), Wtk QHZ-M17EpH 8T
PRAE P T A pH AL PR s JELRETE 37 CRFERRAY
A R TR AL B Eh S AR 0~25 of
LETRMRA K B R T > 25 o/ LIAbH; R
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5000 bp
3000 bp
2000 bp
1500 bp
1 000 bp

750 bp

500 bp

250 bp
100 bp

M: FRUED 95 1-1-1, 1-1-2, 1-1-3 & QHZ-M1 HLUk A 3 IRTEE L
M: Standard primers; 1-1-1, 1-1-2, and 1-1-3 is QHZ-M1 electrophoretic band of three replicates.

E3 QHZ-M1 PCR =49 ik
Figure 3 PCR product electrophoretogram of strain QHZ-M1

100 Bacillus mojavensis strain ifo 15718 (NR_118290.1)

Bacillus mojavensis strain NRRL B-14698 (NR_116185.1)
Bacillus mojavensis strain NBRC 15718 (NR_112725.1)
Brevibacterium halotolerans strain DSM 8802 (NR_115063.1)
Bacillus axarquiensis strain LMG 22476 (NR_115929.1)J
Bacillus malacitensis strain CR-95 (NR_115282.1)

Bacillus mojavensis strain IFO15718 (NR_024693.1)

Bacillus subtilis subsp. spizizenii strain ATCC 6633 (NR_118486.1)
Bacillus axarquiensis strain CR-119 (NR_115283.1)

QHZ-M1

Bacillus subtilis strain DSM 10 (NR_027552.1)

Bacillus subtilis subsp. spizizenii strain NRRL B-23049 (NR_024931.1)
Bacillus subtilis subsp. subtilis strain 05-63.a (NR_114998.1)
Bacillus pumilus SAFR-032 strain SAFR-032 (NR_074977.1)
Bacillus aerius strain 24K (NR_118439.1)

Bacillus pumilus strain SBMP2 (NR_118381.1)

Bacillus stratosphericus strain 41KF2a (NR_042336.1)
Bacillus pumilus strain NRRL NRS-272 (NR_116191.1)
Bacillus stratosphericus strain 41KF2a (NR_118441.1)
Bacillus safensis strain NBRC 100820 (NR_113945.1)
Bacillus pumilus strain NBRC 12092 (NR_112637.1)

Bacillus safensis strain FO-36b (NR_041794.1)

B4 QHZ-MIKRZLBER
Figure 4 Phylogenetic tree of strain QHZ-M1

£3 QHZ-MI14EKEMH
Table 3 Growth conditions of strain QHZ-M1

T (C) NaCl N & i C
pi O Temperature O (g/L) O Nitrogen source O Carbon source O
4 0.003 d 20 1380 ¢ 0 1.830 a TR B 1.585b I 1.292b
5 1.494 ¢ 30 1.819b 5 1.864 a TSR 1.119 ¢ HERE 1.521 a
6 1.540 be 37 1.961 a 10 1.870 a fiF R it 1.189 ¢ B 1.261b
7 1.634 ab 45 1.301 d 25 1.860 a AN 1.967 a Tim 1.027 ¢
8 1.708 a 50 1113 e 50 1.676 b [Ea53Eay) 2.051 a Trag 1.306 b
9 1.457 ¢ 100 0.038 ¢ - RE 1.987 a TER 0.708 d
10 0.015d 150 0.028 ¢ EFLNE 0.713d
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Figure 5 Growth curve of strain QHZ-M1

SRR WERRE A A4 P B TR R AR K 1
THARIRAL I BhFE FERE O TP AR i B 2
i THABRRIE AL I, TRRRA K ) il pH 8
Fd & 37 C; i EhE L 0~25 o/L; Heidhi
FVEIR 3 3 R RERE RN B
3039w

FIFRGAE A P A s A P2 B G EY)
s B A RS IRHOR TN 0, B2 A AR bR
TP HAFE WM, IEPARZ A4
TP . BET, MY E AR
LR TEZF MR TR ZE /e, M E 2R A IR (B, subtilis) |
R ZF M FF 18 (B, cereus) . % /N ZF 0 FF I (B
pumilus) . Z K ZEMIFFIE (B. polymyxa) 55 JLASFP™,
Zhang Z5"HRGE , A E ZEMFT R B. subtilis N11 0] LA
ARPHAE AR KA, Cao S TR, H
FLZERIFF IR B. subtilis SQR 9 FIFEVEYIMRPRACHE, W]
AREF BP0 A FEA 2 1 AR, R LR RRAIR T
49%~61% . FINBUERSE ik tH— AR H Pk Bs—18, )&
Z M E N RRVER ZEAUAT I, AR T 8N R
A REFIIBHAERCR, ZRPARCERTIAT] 82.22%

A T 1R T A E RN A 5Bt
SR X o G Y B AR QHZ-MIL, 8 58 0 2 A AT 1A
(B. axarquiensis) . H BY & T % W M B# (Bacillus
axarquiensis) ARIEED . 2012 4FH N 5" 7 2545
PR R 1RO 2R, R TS R
o S L R HLA S B PIRICR o 47 T A

PRE) MR ZEFAF R AR, X D88 AL 2 I B %
K 52.219%; WG 21 FlAg A= 5k P BE H 8 ZE AT 1R B
PR, X AR 22 L R R 1, P
HA[ A 5] 78.62% . KL, ZEAHFF A (B. axarquiensis)
AIVENPEFS A PIBIA TA

A3 I I T 44 SRR R A 9 v ok A5 E 1 RR
QHZ-M1, XJF Eh 4% 28 PR i b ST bl 22 K o A
RAFIFEPIRCR , TR RIRS]59.8% ., A HAE
LA 16S tDNA 43 FAEY) 2 %, Wbk QHZ-M1 Wy
ZEAUATF IR (B. axarquiensis) o 383 % HAAS S5 AR A
5%, WK QHZ-MI Y AE R B RR, 7EH:F1 20 h
DU AR, ARWEEIRIERZ37 C, i
G pH 8, HOfEEhE R 0~25 o/, HodE BRI AR IR
BRI ERZ A . PR AE K A oE A IR 4
FRES SRR I . R QHZ-MI 5& 3 (I . pH Al
i Ak B S R )5 AT R P A 5 RN ROV BT
D51 I A ke QHZ-M1 HL AT T 4% 28 BERE A= W B 3 1Y)
.
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