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Abstract In order to screen the antagonistic strains with good effects on soft rot of Chinese cabbage, a total of 6
strong antagonistic strains, ASR-12, ASR-23, ASR-31, ASR-54, ASR-55 and ASR-150, were isolated from the
rhizosphere soil of the crops in the greenhouse, fermentation pool and bacterial bank through confrontation plate
culture. Three antagonistic strains, ASR-12, ASR-23 and ASR-150, were selected for soft rot resistance test by
petiole injection method of Chinese cabbage in vitro, and their control effects were 87. 64% ., 80. 90% and
70.79% , respectively, in 48 h. The three strains were tested against soft rot in the greenhouse by spraying meth-
od, and the results showed that the control effects of the strains ASR-12, ASR-23 and ASR-150 were 59.22%,
59.21% and 55. 00%, respectively, significantly better than 72% agricultural streptomycin wettable powders
whose effect was 39.15% , indicating they have good application prospect. Based on morphological, physiological
and biochemical and molecular identification, the strain ASR-12 was identified as Bacillus amyloliquefaciens.
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Table 1 List of primers and sequences

GIL/ RN F1F51(5'-3"
Primer name Primer sequence (5'-3")
16S-PO GAGAGTTTGATCCTGGCTCAG
16S-P6 CTACGGCTACCTTGTTACGA
gyrB-F GAAGTCATCATGACCGTTCTGCAYGCNGGNGGNAARTTYGA
gyrB-R AGCAGGGTACGGATGTGCGAGCCRTCNACRTCNGCRTCNGTCAT
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Table 2 Inhibitory effects of the antagonistic bacteria

against soft rot pathogen

R MEEER/mm RV AR/ mm EALES
Strain  Inhibition diameter Colony diameter ~ Ratio value
ASR-12 (11. 50£0. 29)a (4.5040.29a (2.57%0.10)a
ASR-23 (10. 3340.67)a (4.6740.33)a (2.2240.02)b
ASR-150 (6.8340.44)b  (3.1740.17)c (2.1640.10)b
ASR-54 (7.67£0.16)b (4. 1740.17)ab (1.8440. 05)¢
ASR-31 (6.67+0.67)b  (3.6740.33)bc (1.8340.17)¢
ASR-55 (8.17£0.47)b (4.8340.17)a (1.6940.05)c

D [FFESE R RS RIRTE «=0. 05 K F2ERBE. TH.
The different letters in the same column indicate significant
difference at @=0. 05 level. The same below.
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Inhibitory effects of the antagonistic bacteria against soft rot pathogen
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The three tissue fragments under each treatment represent
three technical repeats for the same repetition

2 ERBEEXBEBEHHE LHEREREE
Fig. 2 Control effects of the antagonistic bacteria against

soft rot of Chinese cabbage petiole in vitro
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Table 3 Control effects of the biocontrol agents against

soft rot of Chinese cabbage petiole in vitro

b i T FE AL Bii%s/ %%
Treatment Disease index Control effect
LB 0 —
SR-5 (65.93+1.82)a —
S8 & +SR-5 paraxint+SR-5  (2.2240.91)d (96.63%1. 38)a
ASR-12-+SR-5 (8.15+0.30)cd (87.64F4.49)a
ASR-23-+SR-5 (12.5940. 45)be (80. 90+6. 79)ab

ASR-150+SR-5 (19.260.41)b  (70.79=%6. 26)b
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Table 4 Control effects of the biocontrol agents against soft

rot of Chinese cabbage in the greenhouse

Ab VAR RS Bi%/ %%
Treatment Disease index Control effect
CK (74.07+1.96)a —
Zfriﬁfjfr%7§¥\i@ (45.0742.95b  (39.1543.98)b
ASR-12 (30.21+1.1Dc  (59.2241.50)a
ASR-23 (30.2142.72)c  (59.21£3.67)a
ASR-150 (33.3342.22)c  (55.0043.00)a
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a: Colony on LB plate; b: Gram staining
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Fig.3 Morphology of ASR-12
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Fig. 4 Phylogenetic analysis of strain ASR-12 based on
16S rDNA sequences
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Bacillus velezensis SQR9T (CP006890.1)

100 Bacillus subtilis NCIB 3610 (CP020102.1)
Bacillus subtilis subsp. subtilis 168" (HQ844069.1)
L Bacillus axarquiensis LMG 22476 (DQ903178.1)
100 |:Bacillus axarquiensis BKS2-132 (HM585083.1 )
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Fig. 5 Phylogenetic analysis of strain ASR-12 based on gyrB gene sequences
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