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WBE: AKE L% E Solanum tuberosum Fo i J% B 3 m 695, VA sk 5 1 Streptomyces scrabies 7 35 = 1 i ik
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RERARLEMA: BRARNAE, RBRAHEZS, #ALA 112, Bhm = 247 (KHPO,) A 0.5 g+ L7, bk 4t
(MgS0,-7TH,0) 4 0.5 ¢- L7, & A4 (NaCl)A 5.0 gL', 32| E 4 28 °C, pH 8, 3 4utia A 22h, w5, @2
HE WM T o 504 H BUIOS 2t 40 55 g g 0 S IR 4p R 2R, 2R 27 : BUIOS M R E H 1 x 10cfu-m™ af 2L
RREF, B R A 91.6%, £FEMEFKF(P<001), B9 A3 A2
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Screening and identification of Bacillus strain BU108 and bio-control

effects on potato scab

SONG Ye, XIANG Junliang, SHEN Yongrui, WANG Jiaqi, LIU Quan, YIN Kuide

(College of Life Science and Technology, Heilongjiang Bayi Agricultural University, Daqing 163319, Heilongjiang,
China)

Abstract: To improve bio-controls on potato scab, the scab Sireptomyces scrabies was used as an indicator
bacteria for screening of antagonistic bacterial strains, for optimization of fermentation conditions, and inhibition
of potato scab. First, an outstanding strain (BU108) was obtained and identified as Bacillus by morphological
observation and subsequent 165 rDNA sequencing. Then the culture conditions of BU108 were optimized for
best inhibition by a single factor and a multi-level experimental design, Repeat five times at each level. Finally,
the inhibiting effect of BU108 on potato scab was detected through a pot experiment. Results of the optimal
culture conditions were as follows: glucose as carbon source, yeast extract as nitrogen source, C/N ratio of 1:2,
0.5 g-L" KH,PO,, 0.5 g-L.™" MgS0,-7H,0, 5.0 g-L™" NaCl, 28 C culture temperature, pH 8, and 22 h culture
time. The pot experiment showed that a better effect was obtained with an application concentration of 1x10"
cfu-m™ The inhibition rate reached 91.6% with marked differences (P<<0.01). This result not only provided
material for a biological control of potato scab, but also helped accumulate experience for applying BU108 in
actual production. [Ch, 9 fig. 3 tab. 20 ref. ]
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T AF R i i 5 B2 T Streptomyces scrabies 1R B AR EIE MM H 2, BRI DR B RN, &
BT ERIZGEHR . D BB e S TE DR E R AW G sURBRES, A SR ENAK,
MR BESR 22 B 2 5 I R @ B SO UNE B R BESR, R 5 W AL 20 A R il , B Eh 2 R Y
JOC TP 8 4 DR B B bR, 7 S I B B S A SN LA RN DR RO, S A
TP iR 2 R AR 25007, BRI N IR ROR B3, (BRI A5 Je SR B A8 T i
JFe, 2 L R R A R R R, A i T R 2 A S ) T ORI S AR i
BRI B A ) — A PR S %07 1 M TR ) S O3 WA A R o T Y A A, AN BB
G0, BRI AR FEDNG I k. HET, CHRE T 20 RERE X 58 B i B A B 6 ORI RS TR
B, R RIZEUFF R Bacillus 5 280, MR GO #E (EURAE AT AR 2 F AT 1 1 A= B 1R B
A AETE b, A R BT A T P B S 3t B 3 O AN BB IR B0, 7 i D AT R TR R A
B R B RE ) LA e s b b B R M I R A OGO A B R T B e, ST AR AT ER
MO, A ER ) 19 73 Db i P RE 2 52 BURE I, B I 52 W0 A B R R A I BT R, o A, AN TRt DX B Py T
LOMAFAEZE S, B AR B B AE 73— Ml Dt AT RE 2 1l T AN TE BT 9 Gl A ) R R A A
ARG, AR T AR A BHGRCR " BT, ARWETEAERIE T 24 M B e i A
S e O 5 M T A A A PR M ME R A A I RS R, W BRI IR AR R EAT OO, i B SR
R 36 TR R (1 SE PR BT IR ROCR B RO 12 T L 80 5 4 35 s 119 A 1 i df 4 14 B A 3l

1 MEE7&*

1.1 8

LLL 3578 0 ot B i 6 2 781 b A S8 00 = PR A 44t

112 #s LHERARRBITA LA SR ERMY,; SBRENFN KV Solanum wberosum
‘Atlantic’

113 3R &  YME [EfAE;FREE: Z 2788 100 g- L7, BERSEIRY) 4.0 g- L7, #7450 4.0 ¢- L7, Bifig
20.0 g-L', pH 7.2; LB E{k#55:5L: 5L (NaCl)10.0 g- L7, &M 100 gL, BEEE R 5.0 g- L7,
Bifg 20.0 g- L', pH 7.5; KB RALIERERE SR M4 10.0 g-L7, ZE M 10.0 g-L7, 4 {L4) 10.0
e L7 BERR A4 (KHPO,) 1.5 g L7, FiiREE (MgS0,-7TH,0)1.5 ¢- 17,

12 £HEKRHNIBEE

12,1 Ekegih ik SR M0N0 8% 5 A Y R [l S %, IR A) OO0 e B & 107, 41
107, 107, 10°f5 0 - R BB IR A o 764 BRI TR ik 55 5%, R B B A B bk, 7808
A R DA YA AR R S

122 ##e% BEUE: BHMBEWERENEG ., BR. RE. 2 FEYFEE: KT 165 1D-
NA J751 538 09 A6 7 T AR Bl s 2802 o 50.0 WL 3R 4 % =0 5 (PCR) S AR £ 2 2.0 L 21 B B K 4 DNA,
4.0 pL 10 mmol -L™" 16S B| 4 27f: 5’ -AGAGTTTGATCCTGGCTCAG-3' F1 1492R: 5'-TACCTTGTTAC-
GACTT-3", 1.2 wL 10 wmol - L™ = ff % fis & JId 40 4% 1 B2 (ANTPs) , 4.0 wL 50 mmol - L™ S b8k (MgCl,) ,
5.0 pL 10xPCR 22 i, 0.3 wL DNA B4, PCR 714 45F . 95 CHiASME 3 min; 95 CA5 % 30 s, 55
CiBA 30s, 72 CIHEAH 90 s, 40 DEH, 4 CIIRIEIN . [N 25 R4 8 g L7 Bt IR WHEE e i Uk ifE 17 454l
R, glAk 5 FE A AC B AR TS BN Y o AR AR I B I 90 AE 25 B AR W BR A B A0 (NCBID) 208 1
HE4T Blast [RJJEEXT LG, FIFH MEGA 5 8 {F 17 2 55 LA H#ER G L B

1.3 ZEEENMRL

13,1 RBE kAW AR GH & RIWFFREFREENE TR, 2 5 40 AN W) o7 &2 7 B2 AR 28 19 ik
UL RIR SAS [R) L A5 1) TCAILER B A AL LG (C/ND A A 50 mL & e 15 97 2619 100 mL (% = i,
WU B FR AR I R e 25 I (RE FR IR . pH A . BEFRIF 45 ), 4 15 AL g 1) TR R 422 b 31 e i 3 R Bk v
37 °C, 160 r*min™ fHEIRZEF 24 h J5 ., B0 4 min, 12 000 remin™, B 35 0.22 wm JEIE
o 0B 5 R A A R T B L

1.3.2 @ ey ol SRS PRI E R AT BREE , FELES IR A 10 s 5L o O A R T S0 A & R 4 19 o
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M, AR AR EEAR I A A R B R A TR A A e I R P A, T I LR RN AT
T

133 EwaxRey s MR EIRFM, RABHR 2R8It Jrk, 250mA 100 gL
PRI . FLBE . 2. REMEE M AR AR IR, HAL P R R A ks IR, AL S KT, SR
B N 00 7 9% A e 3 R R R R 2K

134 T RRGAHE G ERE RIS R b, RERE IR E R AN, RITREREEZ K
R, AAmA 100 g L7 BE AR BEAK . KREEAW . BEER . FRBENARBRE, H
MR AR, RS W ACE, SR B DU 410 T 0% P A 35 P LR R 2K

135 & C/Nw#g  FEib . AU as LA b, MR FREME RN, B CONRERS
AKCPRE, BEHCC/N 350108 101, 1:2, 1:3, 14, 15 37 AR, HABRRAA, HE S5 KK,
SR FHAE B 00 7 %) 9900 T 5 P A o 35 RGN,

1.3.6 RALEFERE  ElEB. 2 K& C/N 1 RHBFEIREZHRERER
RIGSE FALRE b, IR SR E R &M, HEBERE Table 1 Level of orthogonal experimental factors of inorganic ions
53 P ) KH,PO,, MeSO,-7H,0, NaCl N 1FAZ3LE  AKF KHPOJ(g L") MgSO,-7TH0/(g L) NaCl/(g-L™)

F%, Wit 3P 3 WERR (R D), wREam ! 05 05 50
Hy Xt B (cki) o 5 0K R R KT ) KHPO, MgSO,- 2 L L 109

THO, NaCl fIIA % BB Fedoh, B6 9208 pH i % — 15 L5 150

pH 7.0, HAMKRRAAL, FE S UK, R BRIE I 2 40 T 4y 336 P 0 S i e i LR 1
137 i pHAE FEiEERKR, R, C/N, JTHLE T IECR 45 R AR Al b, AR B I B 19 5 37 5 AT
BTl b fd pH R R 20K K8, 20l 1w ks pH (o pH 5, pH 6, pH 7, pH 8, pH9, X
5 YR, R S B DN S 410 S M E 1 B pHL fEL
138 ®EBA EEER, R, CN K pHE, THLE TR AN R A b, ARG IRIENE IR
A, BOTE SRR RN R 2K, il R iR g Oy 22, 28, 32, 37, 44 °C, EHE 5 KK
R B T A TR 9 R R TR
1.3.9 3 geebil fE BRR AR IR AR 00 S b, AR B IR ALY E IR AR, BT EE SR ] B R £k
ik, sralicE 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28 #1330 h gyR5Femf |, F=A 3 K- K
SR BRI S 4 A T O L P B SR I [
1.4 B BU108 Xt 5 ¢ 2 6 fin s B B 022 B SR 38

R AE RSN — R B R RN E RS h Ay, RV, S8 EH S 28 cm x 20
em IR CM BB, BT 108 3 kg 257, B SRS BRI K b . BRI R I A 2 SR,
P KT, DI= A, TE@Sk LIrP A A 2 e 2R DR 5, ZRART b ()N o A R R Ak
HAMBUI08 A=y o BB 3 LA B, FAZ 6 Y- AL HE, 2 B D Xt AR (cky), MR JE BUL08 (1x10° cfu-
m™*) A5 A BUT08 (110" cfurm™) o %4k B BRI e 280t FH 0 100 mL, 7ERBRITINA R W, Z)5
AFAI, FAFATDEK 1000 mLo RS S RS OUE R IK, 15 R E M, HT R BRI S
ESEIRE

2 HERG M

21 TEHREKRMNIBEHEMEE

A B AR B 3 3 19 B 200 Rk TE AR, A4 4% BUL, BU2, BU3 S#RHES], XJ A
R BRI TN SC S, A5 R B . BUILOS b5 Ho Ay B R AH LL 3057 18~ A2 R, 300 R RCR 05 o B i (&
1), BUIOS @ik TEA LGB ABY, AR, T, hEARRSOE; ERESEFEDOR . 908 .
SEREM IR R EEIR M, AT BULO8 X 5 i 5% 25 0 A 0 B BOCR . 78 16S tDNA J3 41 43 47 i L il | k47
NCBI JF 0 bexf, 4% 205 H 0 s bk AR AL i 20 i AR P 51 o I ] MEGAS B 4 3 26 i 58 5 91 ik 47
I3, FERG IR . NE 2 AT LA . BUL08 J& T 2R M fFF s e , (05 H A% 2 2 A9 2 J T 5 Fh 2 1)
TFAEATE, 5 Bacillus sp.(KT583425.1) 36 %% 5 A il o
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22 EEZHBMHHEAL

221 RS EA SPHAME R T R N ux'
SRR . SRR SRR RTE MRy 11, 76, 78 | \
8.2 mm, 3 T YA B, 0 R T,
I AP HEIT AL s SN (022 S, T EL AR A A R A e
25 (P<<0.01), DAt o 40 00y 0 LE U6

222 EERR R TER BRI O IERE L 490 B O
B . KO AR EERRR R R R R R L 4 pi:
(F 4) 575 MEEREETEHESH N 68, 6.6, 64, 72 fl 8.6 ;ix
mm, YEEERE R R R VAR NV, fy T, LAk
I B 5 L 1 R M 5 2 5 (P<<0.01), [ MW BE Rkt 18 1 BUITOS 4kl s v 44 % 1

FERE Figure 1 Inhibiton of BUI08 against
223 #E® C/N ey WIEMAIEZ [ H:,fﬁﬂ S 4% A By £ A ﬁ*ﬂ’fﬁiﬁf Streptomyces scabies

FIREE %S, fEfcfhmn . ZURME MR B, 8 C/N 2y 151, 122, 133, 1:4, 135, Z5RB/R(ES):
PP Y F A2 B 43 ) 9.0, 12,5, 7.3, 7.8 F1 7.0 mm, 24 C/N Jy 12 WM RCR BN, 55 200
AN 22 S )y, 5 Al 2 e A A . 3% 25 57 (P<<0.01), [AIBf 7E BiefE C/N O 122,

224 #FERGAMNET ERAERIE . IR C/N B E B ESUE L T RME, R TSl E 1
66 [ Bacillus methylotrophicus LT223629.1

991 Bacillus velezensis CP016395.1

O Bacillus methylotrophicus 11223629.1

94 Bacillus amyloliquefaciens KT982220.1
97 Bacillus sp. CP009938.1
- _l Bacillus subtilis CP009749.1
93 (BU108
991 Bacillus sp. KT583425.1
Bacillus subtilis CP017763.1
Bacillus amyloliquefaciens CP011686.1
Bacillus amyloliquefaciens CP006960.1
64 Bacillus velezensis CP019040.1
29 Bacillus amyloliquefaciens CP018200.1
0.2
—=
d
B 2 BUIO8 # 16S rDNA A7 & %ot 1Lt
Figure 2 Phylogenetic tree of BU108 16S rDNA
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Figure 3 Effect of carbon source on the activity of Bacillus BU108  Figure 4  Effect of nitrogen source on the activity of Bacillus BU108
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XPAM BTG PRS0 o B3R 2 AT . NaCl X4 7 24 5 52 il B 6r a

K, W% R KR/ NaCl>MgS0,- 7H,0 >KH,PO, > 14 %

ck. 1133 WA NaClLXHNE 07w, o £ 2 b )

/NI N KHPO,. AT WL, NaCl I v J o 5.0 gL B ﬁg: b b
XoF TR AR ) A0 R A5 e £ o = |

225 igpH A fERFEGIR . R ON xEblE E O

FHMBE G L, SERRE %S5, 6, 7,8, [

9, SR (& 6) TR . 0 112 3418 5 5 R 9.0, 0

9.6, 9.8, 12.4 1 8.4 mm. 4 pH 2 8 A, 1 # &%  & 1:1 1:2 é% 1:4 1:5
B , HJ7 22 0 AT AT R A A A P TRD Y 22 R /N I HL AT 7 B 2 % 22 Bl B (P<<0.01)
pH 2y 8 I 55 HoAh 20 A A i 35 22 57 (P<<0.01), A i oE B 5 C/N st 78478 BULOS 47 1 i& 1 44 % vh
pH 8 Je gt pH {f. Figure 5 FEffect of C/N on the antagonistic activity of
22,6 EARBE AERAERIE . ZIE . C/N LI F Bacillus BU108

P K pH s A R A b, e B R R B 22, 28,

32, 37, 44 °Co R (B 7) Bow . IR E R E R E S 508 9.0, 12.6, 9.0, 82 F1 7.0 mm, ZFAIFT
i BU108 7 22, 32, 37 CMAEKRE, 1644 CPER—M, 28 CPERM O, fiy 220l
BE R IE Dy 28 CIF AL A i 22 A0/, 5 HA A AH P HAT B 8 35 22 57 (P<<0.01), PRIk 28 “Co et s
FRLIE o

22.7 Aeebl BRI GE IR Y B AR SN R TR AR A A A, I i) 3 Al A B A 2
AN 0 B RR 40 T R . FEBAERRIE . AR . C/N. TEHLESF ECBIA pH (B e B 3R IR B Y R
b, BEEEERE Y 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28 130 h, £5H GoR (& 8): fH 5%
Wi F s 5.2, 5.2, 6.7, 7.2, 7.7, 8.3, 8.7, 11.7, 9.0, 7.7, 7.0 #l 6.3 mm, 22 h B

x2 ANBFHNEEEZMHEZTKBER

Table 2 Results of orthogonal tests on the effect of inorganic ions on the yield of antimicrobial agents

Ry KH,PO, MgS0,- 7TH,0 NaCl 25 50 (cky) 40011 P > #/mm
1 1 1 1 1 152
2 1 2 2 2 8.7
3 1 3 3 3 72
4 2 1 2 3 103
5 2 2 3 1 72
6 2 3 1 2 12.8
7 3 1 3 2 75
8 3 2 1 3 136
9 3 3 2 1 6.8
K, 31.1 33 416 29.2
K, 30.3 295 25.8 29.0

Ks 279 26.8 219 31.1
R 32 62 19.7 2.1

BT 1, 2, 3R AIX NIRRT s K ARREFAKT 1 A R R AR 2 F, Ko ALK TR RO 22, X B4 (25 11 50 1Y
1, 2, 3AERAKT, HAERIE SR BLAY KL 56 5

®3 ANBFHIEEERZMOTTEDHT

Table 3 Variance analysis of the effect of inorganic ions on antibacterial activity

SN i 22 F-J5 Fl FI i 75 F Fooos
KH,PO, 1.85 2 0.93 2.06 19
MgSO, 6.44 2 3.22 7.16
NaCl 72.55 2 36.28 80.62
25 [ 3 0.90 2 0.45
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16 a 16 a
14 14
E ok b b L
E 12 b b g 12 b b b
10 c1or b
gt gt
= 8 - 8
m of W6
Ly 8 4t
2r 2r
5 6 7 8 9 22 28 32 37 44
L P : s e A
ANTA] 7 B 3R 22 S A #(P<<0.01) ANTA) 7 B 3R 0% 22 S W (P<<0.01)
B 6 pH 3 747 BUL0S 47 i & M 69 % vk B/ 7 3AciE E T AT BULOS 471 & 169 % vf
Figure 6 pH effect on the antibacterial activity of Bacillus Figure 7 Effect of culture temperature on the antibacterial activity
BU108 of Bacillus BU108

ik, MEBCRRL . mIr oMl . AN E 2SR EUN, 5 Al AU H A B 3 s e (P<
0.01), PNt dwciii B SR I ) 0 22 he
2.3 E¥k BU108 Xt 4 fi 5 B B & 5 R

X3 LR AL B Y 7R S B ) BERCE AT ST (B 9) - 0 IR ALY BERCF- 296 O 12.0, ik A2 BU108 41
(93 BERCF- 2B 1.0, (R BUTOS 21 iy BEXCF- 39 (B 8.3t U7 220 Al . ik BU108 215
A 2 ) 1B A S 2 S, AR 91.6% ., IR¥EE BUL08 41 5 %) I 2 [a] A B ‘2. 3% 22 7 (P<<0.01), )
il 0 30.8% . WL ZF AT 1A BUL08 REAE il 2 4% S i 19 2 2k, HLUR BB Ry, IS8R B

161 161
14t a 14t 1
E 121 , b b { L < % b
# gtb b = gl
B =
W oor 61
=
= 4L 41 b
i | "
0 L | l
8§ 10 12 14 16 18 20 22 24 26 28 30 0 ck, BU108/K BU108
A t/h b B
AN ) 7 BER OS2 5 5 (P<<0.01) AN TR 7 BE 2R s 22 5 A 5 (P<<0.01)
B 8 3kt & 3 JaATE BUL08 #p 1 & 14 49 % B9 et E BULOS xf & # 37k s A 69
Figure 8 Effect of culture time on the antibacterial activity of EAL
Bacillus BU108 Figure 9  Effect of Bacillus BU108 on potato scab
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R DR A A S, 0 T P AR AR, R BRI bR BUL0S ST AR oK, MR RCR o BT . @i
B 25 2 WL I B Pk B E AR AR 2 BT, WI2B W s BULO8 J& T 2R f AT 1 . B BU108 5 H i 0 A9 ZF AT B 7
I Z FAERE RN, TCik AR B BAR Bl

A Ao A2 e T X ZF AT B BULOS 0 B 35 1 4 o (9 15 5% 28 (R B 4T T 0058, BULOB f) s 15 3R 2% F
IR A AR, R R, C/N 9 12, JALES T KHPO, iy 0.5 g+ L7, MgS0,-7H,0 2 0.5 g- L™,
NaCl 2y 5.0 g- L7, pH 8, $5IRm ]Sy 22 h, RFRIEEE Dy 28 Co A7 S0 A: B 7 i e A B U0 A1 2 B . 20T
HR YR, F R pH RERTE", 1M BULOS 14 fic (B IR A A0 . I R IR RY 76 D Bk A%
PF R A R I B R ROR el o IR HERE IR A5 PR AN [R) 60 28 AT 8 BUTOS B A 10 1 90 114 7 A A AROK
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SO o JOMLEY 1 5 W B X BULO8 T R 40 i 0 9 7 A B AT AR KB W, AEASHIE S v G AL 7 oo ok 2 e
NI, IVERSOR R A o H BT L, AR B RS RS IR AR AR ZEAR R, B TR R A A LAY B IR 2R
IR I Ko

ABIE TR AR L A I T R bk BULO8 X6 B 4% S i A 28R o S0 BB 1 AN [l e 2 119 2 By
BRI IROAL B 38, R B BRSO 5 R T T TP MR T 2 B A7 AR TR 5%, A TR ARk B2 o ) Ak B 2 A R 8K
SR o PR AT R R AR R A i R R R 8 I B ) o A AR X D, A R . AT E T
BU108 i - 8 o B A M i 2o A RCR , T AR A B B R A0t o AR R A T ORIE S 4% 3
B, AR R T S B A A R, A A R A B B A B RCR AR B R, (EURAE S B
T X S 2R ) SRR, RETR U BRSO I8 A R AR

TEHT AT 25 AR B B i AP0 5 BT SR, 20T B 22 15 AR R A s 2 500 L T2 7E 4
Je A S52 B L P H At R D A A 7 L T, 3 S % A e 114 4 R
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