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Screening, biocontrol effect and optimization of fermentation
conditions of an antagonistic bacteria against Flax
Rhizoctonia solani
ZHANG Meng-Jun' LI Ji-Lie'~ SHEN Ai-Rong' TAN Shi-Yong® YAN Zhun’
XUE Zhao-Dong® TAN Tai-Meng' ZENG Liang-Bin®>"

(1. Key Laboratory of Cultivation and Protection for Non-Wood Forest Trees, Central South University of Forestry and
Technology, Changsha, Hunan 410004, China)
(2. Institute of Bast Fiber Crops, Chinese Academy of Agricultural Sciences, Changsha, Hunan 410205, China)
(3. Key Laboratory of Plant Nutrition and Biological Fertilizer, Ministry of Agriculture, Changsha, Hunan 410205, China)

Abstract: [Objective] To isolate and screen antagonistic strains with strongly inhibitory activity on

Foundation item: The Agricultural Science and Technology Innovation Program of the Chinese Academy of
Agricultural Sciences (No. CAAS-ASTIP-2015-IBFC); National Natural Science Foundation of
China (No. 31501653)
*Corresponding authors: E-mail: LI Ji-Lie: lijilie12@163.com; ZENG Liang-Bin: zengliangbin@caas.cn
Received: June 27, 2016; Accepted: September 20, 2016; Published online (www.cnki.net): September 28, 2016
E£mA: (No. CAAS-ASTIP-2015-IBFC) (No. 31501653)

*BIYEE: E-mail lijilie12@163.com zengliangbin@caas.cn
iEBEA: 2016-06-27 3EZHHA: 2016-09-20 HLIEHF H AR B #(www.cnki.net): 2016-09-28



1100 A2 84 Microbiol. China 2017, Vol.44, No.5

Rhizoctonia solani (Linum usitatissimum L.) from the rhizosphere soil of healthy flax. [Methods]
Antagonistic strains were screened out through plate coating and dual culture method. Strains were
identified by morphological, physiological and biochemical characteristics and 16S rRNA gene
sequence analysis and their biocontrol effect were determined by greenhouse experiment. The
fermentation condition was optimized by single factor and Uniform design experiment. [Results]
Strain HXP-5 showed strongly inhibitory activity on R. solani (Linum usitatissimum L.) and also
antagonistic effect against other seven phytopathogens. Strain HXP-5 was identified as Bacillus
subtilis. Greenhouse experiment showed that the control efficiency were 71.22%. The optimized
culture conditions produced antimicrobial active substances of strain HXP-5 were liquid volume
100 mL in 250 mL flask, 210 r/min at 27 °C, inoculation size of 1.7% for 72 h with a medium of
2.3% glucose, 0.25% tryptone+yeast extract (3:1), 0.18% NaCl. [Conclusion] The antagonistic strain
HXP-5 to R. solani (Linum usitatissimum L.) was identified as B. subtilis. And it has a stronger effect
on biocontrol of Flax Rhizoctonia solani. HXP-5 strain shows stronger antagonistic action to R.
solani (Linum usitatissimum L.) under optimized fermentation conditions.

Keywords: Rhizoctonia solani (Linum usitatissimum L.), Screening, Antonistic effect, Bacillus
subtilis, Biocontrol effect, Fermentation condition
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2%
+ 3:1) +
(3:1) 1%
2% 50 mL
250 mL 28 °C 180 r/min 48 h
3
1.6.3 HENRITRIE: NaCl
B 1 Bk HXP-5 3 kb R E S i iER
Figure 1 Antagonistic effect of HXP-5 against
DPS Rhizoctonia solani
50 22 HXP-5 BHMEBHNE
1 HXP-5
23.4 mm
2 HRE5HHh 14.4 mm 2 HXP-5
2.1 HEMEHS BFE
2.3 HXP-5 BHRHIEMEE
13 231 FSFHHE: HXP-5 NA
HXP-5 30 °C 24h
21.6mm( 1) ( 3A) ( 3B)
HXP-5 ( 30)

R 1 Bk HXP-5 XEYHREEEERER

Table 1 Antagonistic effect of HXP-5 against the phytopathogens

Phytopathogens Diameter of inhibition zone (mm)
Rhizoctonia solani Kuhn (Linum usitatissimum L.) 21.6+0.31 b
Colletotrichum lini 17.5+0.33 ¢
Fusarium oxysporum sp. cucumebrium Owen 14.440.18 d
Rhizoctonia solani Kuhn (Solanum tuberosum L.) 20.0+0.82 b
Rhizoctonia solani Kuhn (Oryza sativa L.) 14.840.37 d
Phytophthora capsici 23.4+0.32 a
Colletotrichum gloeosporioides 22.3+0.41 a
Sclerotinia sclerotiorum 20.3+0.80 b
HXP-5 (P<0.05).

Note: Values with different letters show significant differences between antagonistic effects of HXP-5 against the phytopathogens at
0.05 level.
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B2 B HXP-5 M EMHFEEREENERIER
Figure 2 Antagonistic effect of HXP-5 against the phytopathogens
A B C D E F
G H
Note: A: Rhizoctonia solani Kuhn (Linum usitatissimum L.); B: Colletotrichum lini; C: Fusarium oxysporum sp. cucumebrium Owen;

D: Rhizoctonia solani Kuhn (Solanum tuberosum L.); E: Rhizoctonia solani Kuhn (Oryza sativa L.); F: Phytophthora capsici;
G: Colletotrichum gloeosporioides; H: Sclerotinia sclerotiorum.

B3 Btk HXP-5 B F4HE

Figure 3 Morphological characteristics of strain HXP-5
A  HXP-5 B HXP-5 C HXP-5

Note: A: Colony morphology of strain HXP-5; B: Gram-staining of strain HXP-5; C: Spore staining of strain HXP-5.

232 1AL ( 4 HXP-5
2
2.3.3 16S rRNA EEHDFEE: DNA KX421348
PCR 16S rRNA HXP-5  Bacillus subtilis
1452 bp GenBank BLAST
ZD-16 24 EMEEREERFEIELER
99% GenBank 14 HXP-5
16S rRNA
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£ 2 HEH HXP-5 RO IBA LEHE 5 15d CK1 CK2
Table 2 Physiological and biochemical characteristics CK1
of strain HXP-5
73.56% CK2 50.73%
Tests Results HXP-5 21.17%
Catalyst 4
Oxidase N CKl1 CK2 T
Hydrolysis of starch + 31.04%  71.22%
MR - HXP-5
S . 2.5 HXP-5 EHRBIREREIL
o Buetenon : 251 RALEE. TR
Glucose fermentation + 6 CK
H.S production 4 CK HXP-5
Citrate utilization -
Lecithin enzyme activity +
Malonate utilization +
Cellulose decomposition +
Galactose utilization 4F 7 + 3:1
Arabinose utilization aF HXP-5
Mannose utilization + n (3:1)
D-fructose utilization +
D-xylose utilization +
Note: +: Positive reaction; —: Negative reaction. 2.5.2 i’r] E_ﬁﬁ 'H'%EE@ éi% : DPS

591 Bacillus subtilis (KF863785.1)

35 [LHXP-5 (KX421348)

SW Baciltus siamensis (GQ281299.1)

Bacillus amyloliquefaciens (993675.1)
Bacillus vallismortis (AB021198.1)
99

Bacillus atrophaeus (AB021181.1)
100 Bacillus licheniformis (EU513395.1)

Bacillus safensis (AF234854.2)
100 {{ Bacillus pumilus (EU350368.1)
75

Bacillus aerophilus (AJ831844.2)
Bacillus altitudinis (AJ831842.1)

Bacillus megaterium (HQ840732.1)
Bacillus cereus (F1982655.1)

76

100
100 ’j Bacillus weihenstephanensis (AB334765.1)
100 Bacillus thuringiensis (KF765936.1)
—
0.005

El4 ET 16S rRNA EEFFIBILNEMEZ M EK HXP-5 IR E L B K
Figure 4 Phylogenetic tree of strain HXP-5 and its related bacteria based on 16S rRNA gene sequences
GenBank 0.005

Note: The GenBank accession numbers of aligned sequences are shown in the brackets. The bootstrap values are shown at the node. Bar
0.005 means the nucleotide substitution rate of 0.005.
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Figure 5 Biocontrol effect of antagonistic bacteria HXP-5 against Flax Rhizoctonia solani
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Figure 6 Effect of carbon source on growth and Figure 7  Effect nitrogen source on growth and
antagonistic material antagonistic material
3 71.9999 h 26.6259 °C
209.962 8 r/min 250 mL 100 mL
Y=7.698 066 87— 1.731 5% 19.27 mm
2.803 274 628 5X,+ 0.083 627 201 43X+ 2.3% + 3:D)
0.000 258 840 121 08X,X, P=0.0017 R*=0.999 992 0.25% NaCl 0.18% 72 h
F=197137.436 6 F F>Fo05(3, 1)=215.7 27 °C 210 r/min 250 mL
2.280 8% 100 mL 1.7%
+ (3:1) 0.25% NaCl 0.178 1% 19.94 mm 8
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*3 BHXWRITEREER

Table 3 Uniform experiment design table and results

Test number X X5 X; Xy Xs Xo X7 X3 Y
N1 2.5 0.50 0.250 36 32 210 40 4.0 11.6
N2 2.0 1.00 0.750 72 25 120 100 6.0 15.5
N3 1.0 0.25 0.125 48 28 90 80 1.0 14.8
N4 0.5 1.50 0.500 24 22 150 20 2.0 5.0
NS 1.5 2.00 1.000 60 37 180 60 0.5 9.9
X (%) X, (%) Xz NaCl (%) X (h) Xs °C) X (r/min) X7 (mL) X;
%) Y (mm).

Note: X;: Carbon source (%); Xa: Nitrogen source (%); X3: NaCl (%); Xs: Time (h); Xs: Temperature (°C); Xs: Rotational speed (r/min);
X7: Liquid volume (mL); Xs: Inoculation amount (%); Y: Diameter of inhibition zone (mm).

B8 JoE&BERX I AR SLAS S IR & R0 HAE R

Figure 8 Antagonistic effect of cell-free fermentation broth against Rhizoctonia solani

A B C
Note: A: Cell-free culture fluid; B: Cell-free fermentation broth before optimization; C: Cell-free fermentation broth after optimization.
3 ZrEiTi HXP-5
(Bacillus subtilis) 21.6 mm
HXP-5
16S rRNA HXP-5
[19-20) HXP-5
Ma U HXP-5
B99-2
Park **
BS07 HXP-5
23] 71.22% HXP-5
TR21

63.23% 73.90%

13
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