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Mechanisms of action and efficacy of Bacillus subtilis BS80-6 active
against postharvest anthracnose pathogen on apples

Tan Genjia' Li Zengzhi'®  Liu Shufang' Wang Gang® Huang Youkai’

(1. Provincial Key Lab of Micro Control of Anhui, Anhui Agricultural University, Hefei 230036, Anhui
Province, China; 2. No. 1 School of Hefei, Hefei 230036, Anhui Province, China)

Abstract: In order to improve biological control efficacy of Bacillus subtilis to apple anthracnose, by
means of bioassay method, the mechanisms of action and efficacy of Bacillus subtilis strain BS80-6,
screened by ion implantation, against apple anthracnose caused by Colletotrichum gloeosporioides were
studied in vitro and on apples, in different conditions. The results showed that BS80-6 was more effective
against apple anthracnose. An application of a cell suspension (10° cells per mL) of the antagonist in ar-
tificial wounds of apples reduced growth of C. gloeosporioides after storage at different temperatures. The
inhibitory actions of cell cultures to mycelium growth and to spores germination were 80. 14% and 98.65% ,
respectively, and the control efficacy with cell cultures to the disease was 60.34% at room temperature.
The cell culture of BS80-6 provided better control of apple anthracnose than culture filirates and auto-
claved cells. The store temperatures could affect the control efficacy, disease lesion expansion and forma-
tion of acrvulus, significantly. There was better control efficacy in fruits inoculated with spores after
BS80-6 than before BS80-6.
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Table 1 Inhibition effect of antagonist culture treated on Colletotrichum gloeosporioides

e i () ﬁﬁ.i‘ﬂ]ﬂ?ﬂ%(f%) ?@??ﬁ?’ii’fﬂﬁ?‘l%(‘%)

Treatment Lesion diameter Hypha inhibition Conidial germination

percentage inhibition percentage

CK 4.28 a

BS80-6 KA 500 £ Autoclaved cells 500 x 3.62 b 15.42 a 2.30 f
BS80-6 KA 100 % Autoclaved cells 100 x 3.15 ¢ 26.40 b 5.63 f
BS80-6 KA 10 £ Autoclaved cells 10 x 2.52d 41.12 ¢ 12.32 ¢
BS80-6 &I 500 f% Culture filtrate 500 x 3.13 ¢ 26.87 b 21.25d
BS80-6 1 EHE 100 £% Culture filtrate 100 x 2.30 ef 46.26 cd 32.25d
BS80-6 1€MW 10 £% Culture filtrate 10 x 1.58 f 63.08 e 45.32 ¢
BS80-6 1 A 10° cfu/mL Living cell culturel0® cells per mL 0.85h 80.14 g 98.65 a
BS-CK KB 500 £% Autoclaved cells 500 x 3.68 b 14.02 a 2.10 f
BS-CK KK 100 15 Autoclaved cells 100 x 3.38 ¢ 21.03 b 4.23 f
BS-CK K& 10 % Autoclaved cells 10 x 3.12 ¢ 27.10 b 11.35 e
BS-CK 14 €3 500 £ Culture filtrate 500 x 3.30 ¢ 22.90 b 22.32.d
BS-CK 13 €3 100 £ Culture filtrate 100 x 2.55d 40.42 ¢ 28.65 d
BS-CK i #¥ 10 fi% Culture filtratel0 x 1.77 f 58.65 e 42.32 ¢
BS-CK {% K 10° cfu/mL Living cell culturel0® cells per mL 1.23 g 71.26 f 89.45 b

7 [R5 G TR R R R 22 A .35 (Duncan [CHT Z 2275 ) . T, Note: Values in the same column followed by the same letter

are not statistically different by Duncan’s multiple range test (P <0.05). The same as below.
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Fig. 1 Effect of antagonistic bacterium on hyphae
Note: A.CK (normal hyphae) ; B. BS80-6 treated hyphae (in NB).
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Fig.2 Changes of POD and PPO activities in apple fruits with the treatment of Bacillus subtilis
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Table 2 Effect of BS80-6 on acervulus index of apple anthracnose

ZE i Room temperature AR Changed temperature &7 Low temperature
yiE]

T FA— P2 v Jrk— P2 v T 7 v

reatment
Type 1 Type 1l Type 1 Type Il Type 1 Type 1l
BS80-6 0.39 ¢ 0.22 ¢ 0.56 b 0.26 b 0.28 a 0.06 ¢
BS-CK 0.56 b 0.39 b 0.50 b 0.28 b 0.33 a 0.11 b
CK 0.83 a 0.83 a 0.61 a 0.61 a 0.33 a 0.33 a

e R — SN EERSBUAE,, R T e IR PN I . Note: Type I: Inoculating antagonistic bacteria after inoculating
pathogen; Type Il : inoculating antagonistic bacteria before inoculating pathogen.
2.6 BS80-6 4hIE XS 3 R E R IR RRR 75, BS80-6 11 BRI A BT 2803 31 4 5. 53% Hl 60. 34%
PR ERP 20 R W BS80-6 5 BS-CK WYBiZL  BS-CK T B ¥ Bl 2043 0k 39. 90% #i1 48. 08% .,
R E HEFHEAGFEHENERD S B HPRey s TR KRR ISR (R 3) .

R3 BERELERNERKERIMIEHR

Table 3 Control effect of antagonist treated liquids on apple anthracnose

SRR T S Inoculating antagonistic SRS R Inoculating antagonistic

gL bacteria after inoculating pathogen bacteria before inoculating pathogen
Treatment FRBETIA2 (em) sk (% ) B A (em) B3 (% )

Lesion diameter Control effect Lesion diameter Control effect

5 Pathogen 4.16 4.16

KFH Autoclaved cells BS-CK 2.98 28.36 d 2.93 29.57 d
KW Autoclaved cells BS80-6 2.60 37.50 be 2.57 38.22 ¢
W Living cell culture BS-CK 2.50 39.90 be 2.16 48.08 b
LU Culture filtrate BS80-6 2.40 42.31b 2.13 48.80 b
1LY Culture filtrate BS-CK 2.23 46.39 b 2.27 45.43 b
WG Living cell culture BS80-6 1.85 55.53 a 1.65 60.34 a

2.7 BS80-6 FEAE &4 T X ER AR E K AIZH R b T F14) 5 80 -1 e 1 s T P P S D B IR
RPN R 7 2 RIAS [A] I8k i T, BS80-6 114 Bl T BS80-6 Ak 69. 66% |, {5 T2 T A 1R 451
M BEFETXE(P<0.05), eEMisbimiHiE THRBIR(#E4),

R4 TEIBET BS80-6 X 3E R IERK AW R

Table 4 Control effect of BS80-6 to apple anthracnose at different temperatures

SEHE T FHESS U Inoculating antagonistic AU IR I Inoculating antagonistic
bacteria after inoculating pathogen bacteria before inoculating pathogen
T FRTH(%) BRTHR(%) MRTHB(%)  ZFiRTHR(%) ZRRTHR(%) AGRTHR(%)
reatment Control effect Control effect Control effect Control effect Control effect Control effect
at room at changed at low at room at changed at low
temperature temperature temperature temperature temperature temperature
BS80-6 45.81 a 54.42 a 49.21 a 60.34 a 62.52 a 69.66 a

BS-CK 28.41 b 34.22 b 29.97 b 20.73 b 43.29 b 41.89 b
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