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Optimization of Spore Production Conditions of Antagonistic Bacteria Bacillus

subtilis 1.Z2-70 Against Verticillium dahliae
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Abstract: In order to improve the spore production rate and spore quantity of antagonistic strain Ba-
cillus subrilis LZ2-70 against Verticillium dahliae, the main factors influencing spore production were
investigated using shake-flask fermentation method. Through single factor experiment and orthogonal
experiment, the optimal shaking flask fermentation condition of strain Bacillus subtilis 1.Z2-70 was
determined as follows: media composed of 0. 5% Maltose, 2% soybean meal, 0. 05% KH,PO, and
0.1% MnSO, « H;O, initial pH 8. 0, culture time 24 h and bottle filling capacity 30 mL/250 mL,
10% inoculums volume, fermentation time 36 h, fermentation temperature 30°C, rotating speed 200 r *
min?. Under this optimum condition, the spore quantity of strain Bacillus subtilis 1L.Z2-70 achieves
6.6X10° « mL" and the spore production rate achieves 98. 94 %.
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Na, HPO, « 12H,0, 0. 2% NaH,PO, + 2H,;0,
0.05%MgS0, « 7H,0,pH7.2~7. 4, REEER
H: 2% EH MR 2% % & B 0. 4% Na, HPO, -
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Fig.1 Effect of carbon sources on spore production rate of B. subtilis 1.7Z2-70
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Fig.2 Effect of nitrogen sources on spore production rate of B. subtilis LZ2-70
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Fig. 3 Effect of inorganic salts on spore production rate of Bacillus 1L.Z2-70
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Fig. 4 Medium composition orthogonal experiment result
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Table 1 Medium composition orthogonal experiment analysis
- ; ; CENERI/% DENHRIT/%
4 3 0, 3 0, 0,
T A BRI/ % B I/ % LS SO Mo BB/ %
1 0.5 1.0 0.10 0.10 97.23+2.09
2 1.0 5.0 0.01 0.05 74,7911, 44
3 2.0 5.0 0.10 0. 30 72.6114,02
4 5.0 1.0 0.01 0.01 0
5 0.5 2.0 0.01 0. 30 96.8110.63
6 1.0 0.5 0.10 0.01 88.74+2.35
7 2.0 0.5 0.01 0.10 85.84+0. 26
8 5.0 2.0 0.10 0. 05 86.58+2.04
9 0.5 0.5 0.30 0. 05 85.28+0. 99
10 1.0 2.0 0. 05 0.10 92.4610. 86
11 2.0 2.0 0.30 0.01 93.2312.06
12 5.0 0.5 0.05 0. 30 0
13 0.5 5.0 0.05 0.01 75.00+£3.07
14 1.0 1.0 0.30 0. 30 91.76+1.14
15 2.0 1.0 0.05 0.05 87.56+4.92
16 5.0 5.0 0.30 0.10 56.1010.63
K; 88. 58 64. 97 64. 36 64.24
K, 86. 94 69. 14 63. 76 83.5b
K, 84, 81 92. 27 86. 29 82.91
K, 35. 67 69. 63 81. 59 65. 30
R 52.91 27. 30 22.53 19. 31
Y53 0.5>1>2>5 2>5>1>0.5 0.1>0.8>0.01>>0.05 0.05>0,1>0.3>0.01
Btk 0.5 2.0 0.1 0. 05
%’f%zﬂﬁ“ AlBacaDz : 0. 5%%%%; 2. O%ﬁg_@f‘%r MnSO, - H,O 0. 1% » KH, PO, 0. 05%

K ARRPHE,RARRE.
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2R 1 PEEENSIRA, £ ERERERHK
/NA Ra>Re>Re> Ry, Bi3E IR 5 82 IR 2 T A
RRAE R EXH K EE B KH, PO, \MnSO, -
HO,HFUBMERAEE, THHEmE /D, E
TRB SN BREAESRE ABGD . HRAEER
RERFTERARAS . FHTEIERE.

HRAAEA A SERR TR HMHIEL SR
BIKEEXREFTZASFHRERBULER).
R 5. 8% 8 #FHRBIFRAE. FRER, REH
AHEHREREIE 97.86%, MiRE 1 R RE
Sk 96.98% iR E 5 FMIE MR A 95. 98%, K I
SHEMRER 87.52% ., HM . BILERIEFHE
K:0. 5% EHEWE.2. 0% F T B, 0. 05%
KH, PO, 1 0.1%MnSO, * H,0,
2.5 BEHEFHEEZRB

PLO. 5% EFEMW. 2% EEBEH.0. 5%
KH,PO, 1 0.1%MnSO, « H,O iR B} 4, %
2 pH . Fhid B B X LZ2-70 Bk F R R
W, R B IR & BEAT LA, 38 S A R B ]
PATER BB RFEFF i R T, S0t —BEET R
MIBRIE SR, B 2 5# 2 AR pH E AR
BRERBERETHTRRER SRNLE 2.
R2EWAAFAEREZMENFRAEREEEER
W, X 3 A [ B R BORE 4 SR K 4 R
£H4 20 h,

R2 BERSUEIRBER

Table 2 Culture condition orthogonal experiment result

WEA RREFEGT FREATBRE/ Y

98.94% , RAF R B AIX 6.6X10° 4~ » mL7,
L, 3 57 B W B AR B R BB FREN 4 pH
8.0 /b % 24 h B & 30 mL/250 mL,

W B IR A AL, B 2 R R —
R, [F it 6 45 2F f T8 B i B AR I 1R A AR K AR
BERAEE ., XATWAENE T RERE.

R3 BFREFHEEZTRBIN
Table 3 Culture condition orthogonal experiment
analysis at 48 h

BE BRER AR

WEA

e PHE gEm B/zsomL mm/%
1 6.5 14 30 91.93+0.11
2 6.5 18 50 83.27+2.47
3 6.5 20 100 73.11£1.10
4 6.5 24 125 77.46+3.83
5 7.0 14 50 88,4411, 37
6 7.0 18 30 94,94+3,25
7 7.0 20 125 71.47£3.00
8 7.0 24 100 79.33+4.74
9 7.5 14 100 77.53+2.95
10 7.5 18 125 28.61+4.89
11 7.5 20 30 95.17+1.07
12 7.5 24 50 95.71£0.50
13 8.0 14 125 76.85+3.12
14 8.0 18 100 73.60+1.82
15 8.0 20 50 94,30+1.89
16 8.0 24 30 98.94+1,50
K, 81.44 83. 69 95.25
K, 83.55 70.11 90.43
K 74,26 83.51 82.23
K. 85.92 87. 86 63.60
R 11. 66 17.75 31.65
iR 8.0>7.0>  24>14> 30>>50>
6.5>7.5 20>18 100>125
BLKE 8.0 24 30

BELHS  WH pH 8.0, BARME 24 b, B HE 30 mL/250 mL

ez 24 h 36 h 48 h
1 76.7412.10 84.33E1.10 91, 93F0. 11

2 68.12+0.69 78.02+4.91 83.27%2. 47
3 51.04£2.70 59.04%3.45 73.11%1.10
4 24.37£2.11 47.1243.74 77.4613.83
5 80.93+£0.91 85.77%0.08 88.4441.37
6 79.36+£1.94 92.71£0.88 94.9443.25
7 34.94+2.94 53.50£2.96 71.47£3.00
8 17.82+5.59 57.05+£0.80 79.33%4.74
9 44,70%£4.75 59.93%0.43 77.5312.95
10 6.2410.30 17.74+4.47 28.611+4.89
11 85.99+4.04 79.01%0.34 95.1741.07
12 81.00%0.25 80.85%3.34 95 .7110.50
13 31.19+3.50 53.83+3.17 76.85%3.12
14 3.71+0.20 42.21+£1.10 73.60%1.82
15 70.461+0.64 84.27%1.48 94.30%1.89
16 91.444+1.29 92.11%1.14 98.94%1.50

WU LZ2-70 B R EEZ LML)
SR 48 h HFAE R 0% k., FHik,LL48h
MG R A RBHETERFMAEZRB ST

RIMGERERN . BEREXRENFRYE
R B K R £ R BRI N AR
THEERKMFRER. AX3FTHUFEH,
AB.C ABEHE GRE 16), F R R R &

HKARFHERAERE.

3 Wik

AR EE T LR E P LZ2-70 BARTEAR [F)
RKETHHFBRERB, ANTNHE T HIERERE
BB LZ2-70 M= F RN BRERF LG, BE
KR E AN EEL BP0 N FRE R R,
MEAREZELNEYE NS D RAE =R AN
i, Hik, REARBNE R, EHRRN &G
T, RE 60 h WFERERRERBE THEF 48 h
FRIZFHIE R, HEE A T AR LM E R
FARREREERTE K 48 h, B4b, BARTER g
FEHTHFA=RERE . BAERE R, B
AT HE BB 2 G 7 — B R BT, 5 45 il BRI O
B EOE AR KR I, A3 50 K 40 i iy e e
5 mERITES B S S EA. AR AEE
TERM P IMASL IR, A PR Bk Z 7] B EE 3T
B B FEBURE AN A% BE B U IR R G S WA B
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