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Screening, identification and preliminary study on
biocontrol effect of antagonistic Bacillus against
the pathogen of Valsa mali for apple tree

DOU Ya-Nan NIU Shi-Quan’ DOU Jian-Tao ZHAO Dan ZHENG Dou-Dou
ZHOU Xuan WANG Yan ZHU Xue-Tai KONG Wei-Bao

(College of Life Sciences of Northwest Normal University, Lanzhou, Gansu 730070, China)

Abstract: [Background] Apple tree canker is widespread and dangerous. Currently, chemical
control is the main way to prevent and cure it. However, there are some drawbacks. Therefore, it is
urgent to find an effective and safe prevention and control measure. [Objective] In order to select
Bacillus isolated in Saline-alkali soil from Dunhuang that showed significantly antagonistic effect on
the Valsa mali growth. [Methods] The antifungal activities of selected Bacillus were investigated by
dual culture assar and colony diameter assay, respectively. In addition, the control effect of
antagonistic bacteria strains against Valsa mali in detached apple twigs in vitro and selection for
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medium were determined and the antagonistic Bacillus was identified based on morphological,
physiological and biochemical characteristics and 16S rRNA gene phylogenetic analysis. [Results]
The results revealed that strain 7-2-1-2 exhibited a strong antagonistic activity against V. mali,
inhibiting significantly the germination of conidia and the growth of hyphae and especially the
inhibitory rate of strain 7-2-1-2 was 86.18% and 73.2% in second screening. Strain 7-2-1-2
fermentation broth applied prior to wound inoculation of apple twigs with V. mali resulted in total
inhibition of infection. The optimum growth medium of strain 7-2-1-2 was NBY. Strain 7-2-1-2 was
identified as Bacillus subtilis subsp. spizizenii. [Conclusion] These results indicated that the strain
7-2-1-2 promised to provide a new biological control method in containing apple canker.

Keywords: Saline-alkali soil, Bacillus, Valsa mali for Apple tree, Biocontrol
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1 RS
1.1 #H
111 #RISRIE

(V. mali)
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(Fusarium xoysporum)
(Rhizoctonia solani)

1.1.2 FERXFIUES
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(PDB)
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1.1.3 1ZFHE
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(KB) (NBY)'!"!
(PDA/PDB) LB BP)
1.2 FHEFEMNTBEFES4EE
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80 °C 30 min
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3 37 °C 24 h
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1.5 HBEFFEHKEE

NA
24 h

PDA

37°C

7-2-1-2 LB

28 °C 180 r/min
1.5 mL
10 min DNA

DNA 16S rRNA

1 mL

10 000 r/min

27F (5'-AGAGTTTGATCATGGCTCAG-3")
1492R  (5'-GGYTACCTTGTTACGACTT-3")

PCR
10 pmol/L
15ul ddH,09uL PCR

PCR (30 L)

DNA 4.0 uL

1 uL 2.5 pmol/L 2xTaq Master-mix

95 °C 5 min

95°Clmin 57°Clmin 72°C2min 25

72°C10min 1%
PCR

PCR

1.6 FEIUE R & B R S R R k= e s IR & AY

PDA

ANHIMER N E
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K HHIEIE B
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20 | 41.87% 85% 21
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212 EBFEFENERER
E1 ARETREBDEFETE
Figure 1 Schematis diagram of Bacillus isolated from 85% 21
differrent saline-alkali soil type 3
P<0.05 7-2-1-2
Note: Different lowercase letters in the figure show the 73.2%
significantly different at P<0.05 lever by Duncan’s new multiple )
range test, respectively. ( 2 7-2-1-2

®1 FRAFERERNBERER

b Aok,
wlm

EES

Table 1 Preliminary screening results of Bacillus strains for antagonism against Valsa mali for apple tree

Strain code

Inhibition belt (cm)

Inhibition ratio (%)

11-4-4
17-2-2
17-2-3
B6-2-1-2
7-2-1-1
7-2-1-2
7-2-1-3
7-2-1-4
7-2-1-6
7-2-1-7
7-2-2-5
7-2-3-2
7-2-3-4
7-3-2-3
10-3-1-1
10-4-2-2
11-2-3-4
17-2-1-7
17-2-2-1
17-2-2-9
11-2-2-14

3.73+0.067cdef
3.83+0.067efgh
3.67+0.067bcde
3.67+0.033bcde
3.67+0.033bcde
3.53+0.033a
3.77+0.033efgh
3.93+0.033gh
3.87+0.033fgh
3.57+0.033bc
3.97+0.033h
3.934+0.033gh
3.83+0.033efgh
3.67+0.033bcde
3.60+0.058bcd
3.67+0.033bcde
3.73+0.033cdef
3.67+0.167bcde
3.67+0.033bcde
3.934+0.033gh
3.53+0.033ab

91.05+1.627cdef
93.49+1.627efgh
89.43+1.627bcde
89.43+0.813bcde
89.43+0.813bcde
86.18+0.810a
91.87+0.813defg
95.93+0.813gh
94.31+0.813fgh
86.99+0.810bc
96.75+0.813h
95.93+0.813gh
93.49+0.813efgh
89.43+0.813bcde
87.80+1.406bcd
89.43+0.813bcde
91.05+0.813cdef
89.43+4.063bcde
89.43+0.813bcde
95.93+0.813gh
86.18+0.810ab

Duncan

P<0.05

Note: Inhibition belt=Control colony radius—Test colony radius; Different lowercase letters in the same column show the significantly
different at P<0.05 lever by Duncan’s new multiple range test, respectively.
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LB>PD>NB>BP>KB (  3) NBY
7-2-1-2

2.3 FERFETE 72-12 IS LE

2.3.1 BEIRIEFRSHHE

7-2-1-2 NA
2 fEIMEVEE THLE R E (12-18 h)
Fi;lini:ry zec(’)l"nh(lesi)iztel:ll;igof antagonistic Bacillus against V. (24 h) 36 h
Note:AA: Strain7f; f2; BB: Control. ( 4A B O PDA
22 RIS 100 -
o | /
80 - c c /
. 28 °C g | %
7:2-1-2 £ or —— /
BB
FLTERER
KBA _ % % % % % %
31.30% NBY . . CLE?I.?II'G me];]i)um KNy
90.65% 7912 B3 ATREEFENEK 7-2-1-2 HIEEHNEIN

Figure 3 Effect of different medium on inhibition ratio of

NBY> 7-2-1-2

4 E 7-2-1-2 TR HANEZELSE

Figure 4 The pictures of colony morphology of 7-2-1-2 for various periods
A B C NA D E PDA

Note: A, B, C: NA; D, E: PDA.
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(12-18 h) 2
36 h 2.3.3 PCR#&M K 16S rRNA EREFFI5 47
( 4D E) 7-2-1-2  16S rRNA

PCR PCR

1 437 bp
232 HE4gER 7-2-1-2 (Bacillus subtilis subsp.
spizizenii KM273782)
99% ( 5)

=2 HEMFRTEE 7-2-1-2 EBE s

Table 2 The physiological biochemical characters of antagonistic Bacillus strain 7-2-1-2

7-2-1-2

Physiological and biochemical Strain 7-2-1-2 Bacillus subtilis
Gram staining F +
Contact enzyme * aF
Citrate utilization F “F
V-P V-P test 4 4
M-R M-R test e +
Nitrate reduction F A
Lactose fermentation experiment = =
Carbon utilization + +
Nitrogen utilization + +
Growth in 1% NaCl + +
Growth in 2% NaCl + +
Growth in 5% NaCl + +
Growth in 7% NaCl + +
Growth in 10% NaCl + +

+ _

Note: +: Positive; — Negative.

Bacillus subtilis (MF359737)

Bacillus xiamenensis (MF359733)

Bacillus subtilis (GU722647)

Bacillus subtilis (AB680489)

Bacillus subtilis subsp. spizizenii (KM273782)
7-2-1-2 (MF442534)

Bacillus subtilis subsp. spizizenii (EF433403)
Acinetobacter calcoaceticus (HF566191)

—
0.1

BlS Bk 7-2-1-22 MARZLEW
Figure 5 Evolutional tree of strain 7-2-1-2
Bootstrap 1 000 GenBank

0.1

Note: The number at branch nodes are the percentage bootstrap support based on Neighbor-Joining analysis of 1 000 resample data sets; The
numbers in parentheses represent the sequence accession numbers in GenBank; The scale bar corresponds to 0.1 substitutions pernucleotide
position.
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16S rRNA
7-2-1-2
(Bacillus subtilis subsp. spizizenii)
2.4 BIHK 7-2-1-2 TR R K= R B R BRSO E
241 AEEEIERFERKE SRR E R HEIE R

7-2-1-2
6
5
94.31% 20 73.98%
50 60%
56.91% 100
200

242 BEHK 7-2-1-2 IERMBISHREFREI
MELER

7 7-2-1-2
3
100 110
80 18 =
S s
2 60} le &
B 2
=) =]
:‘g 40t 14 :3—3
e} >
b1 =]
£ 20¢ =
12 ©
0_
1 L L 0
0 100 200

Dilution ratio

6 EEITR 7-2-1-2 B0 & BRI S RN R k=R R A H
1ER

Figure 6 Inhibiting effect of fermentation liquid of strain
7-2-1-2 against mycelia growth of V. mali for apple tree

7 B 7-2-1-2 MERW B ISR AR R R AER
Figure 7 Control efficiency of Bacillus strain 7-2-1-2 on
detached twigs inoculated with V. mali for apple tree

5

93.53% 50

15.75 cm’ 60%  62.67%
100 18.68%

200

2.5 Ftk 7-2-1-2 %1 4 R ERENINEER
7-2-1-2

60%

(Fusarium solani) (Fusarium

XOysporum) 2

R"3I E 7212 MERRNB SRS AR ZBBER
Table 3 Control efficiency of Bacillus strain 7-2-1-2 on
detached twigs inoculated with V. mali for apple tree

()

Dilution time

Scab area (cm®) Control efficiency (%)

0 0 100
5 2.734+0.249b 93.53+0.591d
20 3.75+0.2b 91.124+0.473d
50 15.75+0.76¢ 62.67+1.801¢
100 34.32+0.641d 18.68+1.518b
Control 41.96+0.798e 0

Duncan

P<0.05

Note: Different lower case letters in the same column show the
significantly different at P<0.05 level by Duncan’s new multiple
range test, respectively.
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R4 B 7-2-1-2 WREERFERIER
Table 4 The antagonism of 7-2-1-2 to pathogenens

Pathogens Scab area (cm®) Control efficiency (%)
Alternaria solani 0.77+0.33b 64.10£2.56a
Fusarium solani 0.53+0.33a 86.28+1.96¢
Fusarium xoysporum 0.53+0.33a 88.23+1.67¢
Rhizoctonia solani 0.80+0.023b 75.0041.15b
Duncan P<0.05

Note: Different lower case letters in the same column show the significantly different at P<0.05 level by Duncan’s new multiple range test,

respectively.

3 W54

[12,24-25]
[22]
[26-27]
28]
V. mali
V. mali
[29]
BJ1 BJ1
Senotrophomonas
acidaminiphila
Zhang !¢

(Bacillus amyloliquefaciens)
GBI 2

90% GBI
[14]
2
(Bacillus subtilis) (Bacillus
amyloliquefaciens)
(V. mali)
(Bacillus subtilis) 7-2-1-2

7-2-1-2 V. mali
7-2-1-2
V. mali 7-2-1-2
7-2-1-2 Alternaria solanim  Fusarium
solani  Fusarium xoysporum Rhizoctonia solani
[26,30-31]
7-2-1-2 V. mali
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