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Abstract

A Bacillus strain, isolated from soil of Songyuan (Daxinganling Forest) with antagonism against plant
pathogen from pear tree with black spot disease, was identified by morphology, physiology & bio-
chemistry as well as 16 srDNA and designated as Bacillus subtilis Z58. Furthermore, B. subtilis 258
was confirmed to possess broad-spectrum antagonism against 17 Kinds of plant pathogens. Then, pa-
rameters for spore formation were designed by both single factors and orthogonal experiment and
the results showed the optimal parameters were: fermentation broth: adsorbent of 4:1 (v/m), cell
amounts of 6 x 109/g and temperature of 32°C. Spore proportion kept above 98% from 15 d to 90 d
after adsorbing to corncob powder. Thus, B. subtilis Z58 was expected to develop as a biocontrol agent.
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1. 5|8

RS2 AT T8 (Bacillus subtilis, B. subtilis)f&— R L R ARV R IS DURCEYD, B subdilis n]3E AL
RAVE FRFES AETVIU™ A I WA U5 OUIE R S AARBR e 26 B 10 5 T DU MRS IS DU S R 1] 2]
[3], [FEF B. subtilis 12 R IR A KA L B (PGPR), ] A3 (it HE A= K 3 78 v ol 75 22 1) = 247 R
38 S A AL 2 (4] [5]: [FIR B. subtilis AACEETR . EIREOR MR, HEpfiidithsg, a8+ LT
W FRRGAE L GBI 7 i R A B AE PR AR IE AN GE T, 27 A B D Bl a0 25 Al S A B B 43
TAERROREE, ROV A AT KRS, O iR R R B AR AR R B R A (6] 40
ZF LT B TR R IR e A AR IRAR L R [ 71, 1] A MR TE L2 WL R AN B. subtilis. 2F 17
B RE R 2 AR H], LLIE TR Z . IR TR pHL . KON, R R R AR 2
TR R A T 51 SRR AR K /AL I T B A (8], [FIR S 2P A% B % 2 Fh i 25 R 540 Spo0A. o'\ o'
o Al o S MIAEE9] [10], ATTIS ) FWeAH IR R A AR, FilEEEEEE, STFn—RIEEL
W A SE BRI M SR, AN R PDE CF AL RIL I IF AR, e € IORCE I 5, 76 2R
A M RAF IR AT . A SR E MR TR W AR IX 3 7y B AR 3 — R B A T RS 4T
T S T RO ZE AL BT, R ILEAT 100 SRS I ST T R A s[RI FE 1 i AR 17 Bl 4099 S
PR IR R s LR U B I A AR B i R b IR A RET IR AR, DRI IR 9T 17 2% 1 W R 200 ] )t
FIEEF RIS, DR AR A P R R T RS B 5E Al o

2. R 5 A
2.1. IEFH

LB Wik R 77 3E: RN BN S /L, B 10 g/L, NaCl 10 g/L, pH HR, 121°CKH 20 min;
& LB Br 7= 2P i N g 25 /L.

PDA 559%3E. D ERHK 6 g/L, Hi%ibh 20 g/L, IfE 20 g/L, pHS5.6 + 0.2 (4 B FHAEYF KGR
], AR5 HB0233), 121°C KE 20 min.
2.2. WIEHE

22.1. FAMAENS B4
RGNS SR GG ARARARIX R 3B i I FH O B PR 48 1B o FRECEAE 1 g IR 50 ml TER7KH
(EHZK I EAR A 20 mm BFEER 20 Fi) 180 rpm FR¥% 20 min. R EHAEMERE, 5 min 5 LG
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F 2 ml KEEOE T, BB OEE T 75 CRIEHRIRALEE 10 min, KA B BOE SR SRR 107'~107,
HY 100 pl 45T LB [FEACFARREFE I, 37 CREF7E 3~4 d B R ETE EARIAR] 2~3 mmo RN TR 2B 50~100
ANFRBEVR R B SRR, S BRI VR, = BRIZRAL T, . B alifh )5 1 v s Behh T O 3L
PO LB AR5 b, Pt B B i A Bomis b E s pk, o TR E .

2.2.2. FRTEFEYREREEBER

FHR B 4T FLAR UM IR B o B B T LB BMARE R b, B A B B T LB AR R 725 H A5 IR
P BB, BRSO R B R ) 10 mm, K RFFRILE T 28 CHE R4 h IE B K97 5~6 K, e fEA9 JR
FE & BRKN, FEUH 2R o xS A9 S B A0 B KN, X REAEYE R B B B BN Dy, RS
%miﬁﬁﬁﬂﬁ¥ﬁﬁﬁmﬁ%ﬁﬁﬁaﬁﬁm,wm&ziwﬁggga
2.23. FRAFENERE

EMEASSE: AT EEAMESE L KGR E s B M3k 15

AL S e AP e AR B A W s 6 48 T A A I VAT

DAL E: PO BN B B DU E R TE R T LB WAk R, 37°C. 180 rpm
ByEEFE 20 h, 1.5 ml BT 10,000 g 25.0r 2 min HUKEE R4, 1288 Tiangen 4HE DNA S0 G VAR
AR S DNA, FFAIF 27F A1 1492R 3@ 514903517 PCR 371 16stDNA, 448 Ji 45 FH B TR A2 m kA 4
WG, FR 2R IR PCR Peis A0 = MU st I, FIFINR G 107 S BN AZ AR I R G o
2.24. FRTEFBAERIZHL

$ LB 55 77 5 vh % A5 31 1) 28 FFF B 780, 10,000 g B0 10 min, HFE 2T — &AM LB J 553k,
P BNAS [RIAR 4i 65 B S 1AT R B B B B — 2 R B R K B SR 60 B)IREGW A ERGAT =
i, OB REESN, T IR BRI . o 2 AT T 2 A R R R 2 S T
R . SR 5 2 W P T A i B DR R Sy, 7 P IR B SR AT SR AR A 1 Y IE RS 1t
3 H B RS s  [RI S BAAS R A7 = A A I 2R O
3. ER5118
3.1. BN ENREFRITEERAN Y BMNEE

I3 B AL B ZE AT T AL S B RS A0 1 1, 2R BHZ 2 A 6 AL S B A R A R .

Figure 1. Antagonism against plant pathogen from pear tree with
black spot disease by the isolate, a plant pathogen from pear tree
with black spot disease, b Bacillus-plant pathogen
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SRJG T SEMUAT R AT 4 5, WIS AR LB [EAR 773 ER IR £ H AR 2~3 mm I (1 1H 7% &
AN BB, iR, REODEHEEE. %R HELEN, LAt faER LY R aiZE
PREILF 2 G FPIR BEF7 AR 2R A, B 7R K/ (0.6 — 1.0) x 1.2 = 2.5 pum; MRHE (A 41 F- M)
SR AREEAT R EAE AL K (R 1), WP HIBNZE KR T AR .

Table 1. Characterization (physiology & biochemistry) of the isolate
= 1. ERRREIERE LR

FHIE L3 FHIE Bk
Fiag i + ox
B + FE R R A +
YENY + NIZTET &N
FEHE + b

TP RS DNA, JP 383 16 scDNA, Bl v 1E6f 16 3 51 R FH AR Bk w1 2R f AT o R gk
Bt (5 2), SiREHIZD B ES B. subtilis CS10 FIVEYER 100%, A 1% BBk A2 G 5L 28 7 AT
B, 4 AN B. subtilis Z58.

KR780366 1 Bacillus subtilis strain CS10 16S ribosomal RNA gene partial sequence

100
100 758

GU213062.1 Amphibacillus marinus strain J1 16S ribosomal RNA gene partial sequence

X89077.1 H arabaticum gene for 16S ribosomal RNA

100 JX240706.1 Uncultured Natroniella sp clone CS5159 16S ribosomal RNA gene partial sequence

92

L37423.1 Halobacteroides elegans strain Z-7287 16S ribosomal RNA gene partial sequence

EU887800.1 Uncultured Deferribacter sp. clone 2511ISN 16S ribosomal RNA gene partial sequence

45
AF134868.2 Pasteuria nishizawae 16S ribosomal RNA gene partial sequence
5| —————————— GQ872425.1 Moorella humiferrea strain 64 FGQ 16S ribosomal RNA gene partial sequence
87
FJ268794.1 Uncultured Thermoanaerobacteriales bacterium clone A5 16S ribosomal RNA gene partial sequence
15 . . . .
|AF249679.1 Heliobacterium undosum 16S ribosomal RNA partial sequence
00| ) ) ) !
AF249679.1 Heliobacterium undosum 16S ribosomal RNA partial sequence(2)
—
0.02

Figure 2. Phylogenetic tree of B. subtilis Z58
& 2. B. subtilis Z58 HIZR G E1L ™

3.2. B. subtilis 758 SHEYREE TSN

N T f# B. subtilis Z58 SHEYIR R WIS TR BA W, BEAL T B. subtilis Z58 X 17 FAEY )5 H
AN R (1 3), 25 R B. subtilis Z58 X7 M B0 B A 26 d /=, WAL E) 84.9%, X3 i it B 1
FRIRAK(50%), XF 11 P99 S5 406 2k 2] 70% L L, R E Y B. subtilis Z58 [KIAEYDIR IR 1 475 51
BT, AR IR — P YR AP 7).
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Figure 3. Inhibition to 17 kinds of plant pathogens by B. subtilis Z58
3. B. subtilis Z58 %F 17 MBI R EIH) R

3.3. B. subtilis 758 BV AR R

3.3.1. JREEX B. subtilis 758 HTAR A HOFZ0
tH T B. subtilis Z58 FEVLUT IEUM = fEE R B h B A = 1, DRIt B. subrilis 258 KIS 5
W2 Bt 281 e KK ik b DA A FL 2 AR 1o 1 56 9T 1 A [RIIR B S5 A% B. subtilis Z58 ZF T KI5,
MRS, TR AT AR, SR T 2 32°C Al 40°CHE, A 2 (& 4),
%%Eﬁilﬂn\ 32°C AN 40°CHF I ZE AT IR R A E] 5.7%- 43.9%F1 71.0%, &5 50 BREERT 32°Cak
WS B. subtilis Z58 W2 .

801

Spore formation rate%

& id ®©
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Figure 4. Spore formation of B. subtilis Z58 after adsorbing on corncob with different temperatures. a
control, b Room temperature, ¢ 40°C. Red arrow indicated spore and green indicated vegetable cells

4. MT EARERH A EEREIREFH TRE 48 h FISFERAIER. a SBERRME, %
B4), b =R, ¢32C, d40C. Utagik: FM, FEEk: ExE
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3.3.2. REEHAFRWBHAMIRE Z L3 B. subtilis 758 TFH AL RIS T

B T-ULREXS B. subtilis 758 ZEAUIE L 525, H AR R SLi b 40°C 408 F 2R iR e, Rk
¥ 40°CHENK D & 85T B. subtilis 758 SR LM R FEREIERE . 4 8 ml & BB B O F S J AR ML |
T R AP ARG A8, SRRV RBERAR: AR A 4:1 BRI R
B A is E 83.3% (14 5).
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Figure 5. Effect of broth volume: adsorbent on spore

formation
B 5. %ERERSRMA R REZ LT B subtilis
758 ZFAE RIS

3.3.3. BIABEBER B. subtilis 758 ST AL RIS

WRAEIR S . KRR S B AR B2 LUt B. subtilis 58 “F K RUISE 45 58, 420 70 B AR B0
XF B. subtilis Z58 R F 1 5 M0 B 150 7 T RN R BV AR s W R ARLIR 573 30 9 40°C F 421, 2553
W BT AEER AR B. subtilis Z58 ECARTEECA 6 x 10°/g I, B. subtilis Z58 PEM F e, "ikE] 77.1%, B
5 W B A R B 0 2 AR OB A, (R SRR BERTE 70%LA b, 2SI R(E 6).

804
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= 784
-
5
S 76
£
= 744
e
2
o 724
j=3
w
70 = T
o o K
S o K
o 5 N

Bacterial amount /g adsorbent

Figure 6. Effect of initial cell numbers of B. subtilis
758 on spore formation

B 6. B. subrilis 758 SEF X H 1% RIS

3.3.4. iRE. REERGR: WMRRENEGENIERKE
AR B DR R SRR 4 R B AT IR et e M IESE R 3Kk 2).
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Table 2. Orthogonal factor levels for spore formation of B. subtilis Z58
% 2. B. subtilis 758 TR IERZEFKF R

K KE A CREERATLR A RLT &) K% B (HAH0R/g) R C (HE/C)
1 2:1 6 x 10° RT
2 4:1 8% 10° 32
3 8:1 1x10" 40

Table 3. Results of orthogonal experiment and visual analysis

= 3. LI EXREWEREEN N E

N R  BR A R fiatiy SRR Y%
1 1 1 1 38.2
2 1 2 2 61.1
3 1 3 3 38.7
4 2 1 2 81.8
5 2 2 3 63.6
6 2 3 1 2.3
7 3 1 3 59.9
8 3 2 1 2.8
9 3 3 2 84.8
K, 0.460 0.600 0.144
K» 0.492 0.425 0.759
K; 0.492 0.419 0.541
R 0.032 0.181 0.615

TEAS SEG 48 B (W 2240 M 2 W B B, subtilis Z58 *F R R £ UGEM R 25y 16 >R E>K 7
FRAE 0 &5 R & AR A R I R R i vl AT M, WIXHF B. subtilis 758 W B [E T A L 25 F E B 1) e 1 2%
5. A2B1C2, BIUREEREAR: WLIATRIR BN 4:1, BHiEE 6 x 10°/g FIIRE N 32°C (4 3).

3.3.5. {REFTEIRT B. subtilis 758 I R BTN

T IR IERZ SEIG I A 251, B. subtilis Z58 RIEFHS EARGHHR A ERAE, /Ahics 15d, 60d F190d
PIZFER (] 7), SRR 15 d 3 3 D H ZFAZRIERE A KA, —BYERRE 98%LA F, R B. subrilis
758 W BT [ A 2 R R 0 2F A B T AT (2R A g 42, RIS B BE A e 4 R 2F 1 A B A W B AT
MARAE R B2 o

4. &g

ASCIREAT RN — AT AT BRIy T AE W 5 8 R SR AT B, IR B.
subtilis 758, LA 17 R0 R R BA TR, 2R R0 S i R Tk R 87.5%; il
i B AR AN I A2 B9 % BRI M T SRS B AR e e T R B 2y IR AR s WP A
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Figure 7. Spore formation of B. subtilis Z58 after adsorbing
on corncob with different storage time. Date shown in
Figure was mean + SD and all data were from triplicates
& 7. 15~90 X B. subtilis 758 HIZFTRZRIFN, EHH
BHEHE +SD, A= RESRIEHIE

By 4:1, WU H AR 6 x 10%/g FUELEE A 32°C, B MR A BEFALG , 3 A A 2 SR B A R R A Ak,
HERFLEZF MR 98% LA by A BIVRAT BETT A ) T XA 00 D 1 338 T IR

EHEWH

ST AL A AP AR MY BR TR ANIE T O $2 (1A ST {6 FH O 00 Dt T R R

SE
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