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Biocontrol mechanism of Lysobacter antibioticus 13-6 on southern corn leaf blight
DAI Zhen-lin', HE Hong-lei', YAO Xiu-ying', WANG Xiao-yan', YAO Bo', XIONG Xin-ying', WEI
Lan-fang®, JI Guang-hai'*  ('Key Laboratory of Agriculture Biodiversity for Plant Disease Management under the Ministry
of Education, Yunnan Agricultural University, Kunming 650201, China; *Agricultural Foundation Experiment Teaching Center,
Yunnan Agricultural University , Kunming 650201, China)

Abstract: Southern corn leaf blight (SCLB), caused by the pathogen Bipolaris maydis, is one of the serious
threats in maize production. In this study, the bacterium Lysobacter antibioticus 13-6 was used as a biocontrol
agent to control the southern corn leaf blight (SCLB). Traditional plant pathology methods and fluorescence
quantitative PCR were used to study the biocontrol efficacy and the mechanism of L. antibioticus 13-6 on B.
maydis. The results showed that the L. antibioticus 13-6 had a significant inhibitory effect on the mycelial growth
and conidial germination of B. maydis, such as blocking of the top growth of hyphae, rough surface, and rupture
of part of the hyphae. The metabolic crude extract of L. antibioticus 13-6 inhibited the germination rate of conidia
by 92.19%. The fluorescence staining of PI showed that the conidia of B. maydis were broken and died. After
spraying the L. antibioticus 13-6 fermentation liquid or crude extract on the leaves, the disease index (DI) of
SCLB was significantly reduced. The control efficacy reached up to 42.43% and 68.06% , respectively. Root irri-
gation assay showed that the control efficacy of of L. antibioticus 13-6 on southern corn leaf blight was 49.57%.
Expression profiling of the defense-related marker genes showed that the defense-resistant genes PRI and PRS,

lipoxygenase LOX and ethylene receptor ETRI were all activated, and reached the maximum value at 9"day after
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the roots treated with L. antibioticus 13-6. The results of this study suggest that the application of the L. antibioti-

cus 13-6 could reduce the incidence of southern corn leaf blight, and root irrigation could induce systemic resis-

tance of the plants.

Key words: Lysobacter antibioticus; Bipolaris maydis; metabolite; induced resistance; gene expression
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B BRI FP T NA SIS FA LGtk s, Keip
ANBETEBAI T 20 mL KB 5334, 1) 160 remin™ .
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min" 28°CH55% 72 h PAGE BT TE K AR

FOR/ANBERT T ZFMS5 {1 ] PDA ARG %
T-ATUKFEIRAE . PR LR 2Rl T PDA B F-
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Table 2 Inhibitory effect of different strains
of biocontrol bacteria on the
growth of Bipolaris maydis

Treatment Inhibition rate/%

60.64+4.74 a
57.85x8.04 ab
56.20£6.99 ab
52.25+5.44 abc
50.12+0.68 bc
28.34+1.48 bc
12.79+6.36 ¢

Lysobacter antibioticus 13-6
Lysobacter antibioticus HY
Bacillus amyloliquefaciens MB-5
Bacillus velezensis MT-3
Lysobacter capsica FY-1
Lysobacter enzymogenes XS-3

Pseudomonas fluorescens CX-2

Note: Means with different letters are significantly different at

P < 0.05 based on Duncan test.

Table 1 Gene-specific primers used in Real-time PCR
Genes Forward primer(5’-3") Reverse primer(5'-3") Targent gene and reference
PR1 GCTGCCGAAACCGCTTGA CGACGCGAACGTGATGGAC Disease-resistant proteins’ ™"’
PR5 GTCATCGACGGCTACAACCT GGGCAGAAGGTGACTTGGTA Disease-resistant proteins''*!
LOX CAAATACCCCACAAGGCCAC CCCTTGAGGTGCGCATTCTT Disease-resistant proteins' '’
ETR1 TTGACATGCAGACGATGGAT TGGATCAGGCCATTTACTCC Ethylene signaling pathway''®’

GAPDH CCATCACTGCCACACAGAAAAC

AGGAACACGGAAGGACATACCAG

Housekeeping genes''*!
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EE YR, REIB TR NS I A, AN g
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S, SR ER A R R A A & RS 4T
W4 PL YL 5 YLl 2T (5 (8] 2-C D), X IR 971
RIEH AR PL YL (18 2-A B) . PEHIAE 13-6 K
TR 25 8RR N FAET

Fig. 1

The effect of Lysobacter antibioticus 13-6 crude extract on the mycelium

growth of Bipolaris maydis
A- C: 10% methanol treatment, the magnification is 10x10 times ( A,Bar=50 pm), 10x20 times (B,Bar=25 pm), 10x40

times (C,Bar=125 um) , respectively; D-F: L. antibioticus 13-6 crude extract (10 mg-L™") treatment, the magnification is 10
x10 times (D,Bar=50 pm), 10x20 times (E,Bar=25 pm), 10x40 times (F,Bar=125 pum) , respectively.

Lightin Fluorescence

Fluorescence

Lighﬁng

Fig. 2 The effect of Lysobacter antibioticus 13-6 crude extracts
on the conidial suvival of Bipolaris maydis
A, B: Control; Conidia of B. maydis treated with 10% methanol ( after 6 hours) , A was in the lighting mode, B was in the fluo-

rescence mode, both magnifications 10x40 times; C, D: Treatment: Conidia of B. maydis treated with L. antibioticus 13-6 crude

extract (10 mg -L™") (after 6 hours), C was in the lighting mode, D was in the fluorescence mode, both magnifications 10x40

times. Bar=10 pm.
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¥ 13-6 RIVEWL L0 2 Bt 15451 % B L
Y, 10% P B UCR B, IRTT 13-6 K BER
HLBLIAT R NBEIE ZEMS 057 % 0 B,
SR (P 3) , BEE 13-6 % WEHORLIZ MY 19 2
VR, K/ NFERT L T30 M, 2 WL f
WIRIFIIE (148.3 mg-L" ) HAT A ik 7
1504592.18% , % # F HoAb e 3 AL 3 ( P<0.05, T
[7) L7k 0.07 mg L i H8 T4 56%

100t

Spore inhibition rate/%
S [=)) o]
) S S

[\
(=]
T

TR BRI Mk EE R 0.001 mg-L' AR

B, 5 %F R (3R 6% ) AL C 2 5

2.4 AEZBTHE 13-6 HEBEMEX EHK/NBEHF
T Wi T AR RIAFT I 13-6 & BRI & B2

Y IE F K/ NS &0 15 B AN &l 4, Wi 13-6

KRR R TR 3 5 T A oK/ N B i 3

0 A
148.3 74.1 18.54 4.63 1.16 0.29 0.07 0.018 0.005 0.001 Contrl
Concentration/mg-L!

Fig. 3 The effect of Lysobacter antibioticus 13-6 crude extracts at different concentrations
on the conidial germination of Bipolaris maydis

Means with different letters are significantly different at P < 0.05 based on Duncan test.
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ZFM5 ZFMS5+13-6(bacterial ZFM5+13-6(crude  Sterile water 13-6(bacterial solution) © &aﬁ o 3 >
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& N &
A e
N N
R ®
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Fig. 4 The effect of Lysobacter antibioticus 13-6 solution on the mazie leaves against
southern corn leaf blight by spraying

A: The picture of L. antibioticus 13-6 on the mazie leaves against southern corn leaf blight; B . The disease index of L. antibiotic-
us 13-6 on the mazie leaves against southern corn leaf blight; ZFM5: Friction inoculation of ZFM5 spore suspension; ZFM5+13-
6 (bacterial solution) ; First foliar spray of bacterial solution from L. antibioticus 13-6 (after 1 day) friction vaccination ZFM5
spore suspension; ZFM5+13-6 ( crude extract) ; First foliar spray of crude extracting from L. antibioticus 13-6 (after 1 day) fric-
tion vaccination ZFM5 spore suspension; Sterile water: Only sterile water spray; 13-6 bacterial solution: Only spray 13-6 bacteri-
al solution; Means the same letter are not significantly different at P < 0.05 based on Duncan test.
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0.05) 7KF, {H 34 8 K F ZFM5 &b B 15 5 4%
76.71 , FXS Bl 8Kl 42.43% F1 68.06% .,

2.5 WMEZAFENEXNRRFSESHE

A 5 T e TR TR S A T S B s SR N 3,
A= B TR A B 9 17 8 R4 /N T2 oo R ok
RUEHTF A 13-6 AbBR I RCR S50, 999 15 5 B AR
46.03 , AHXT B 8% K 49.57% , 5 X IR 2 F 3 (P<
0.05, NAl) , HUIE U ST 27 B MT-3, i 1 4
K 59.52, AXTBIAL 34.79% . W0 25 B 258
B EALFEL B XC-2, 975 15 T8 B % B, B AR AR,
XA 22 AN B

2.6 PMHEXEERRESHT
PoAE RIEFFE 13-6 FEMRG S KL EE 1.3,
9 .14 1 21 d T ARARRAIPUIGIE5 18 B hp s R 8 6

>

PR1

8
3
g
S 6
2
o 4
2
5
&’ 2

&
0 L
1 3 9 14 21
Days afrer inoculation/d

C

ETR1

Relative abundance

14 21
Days afrer inoculation/d

NTEOLANE 5, PRI JERITESS 9 d B LR k8
7RSS 14 d BFIN B K{E, LOX .PR5 ETRI %:[A
PIESE 0 d W3 LRERIA, R BIR R, Bl A
PURIEH R RBF G55, LRGSR EW, 24 13-6
HERANHES S T ERAEMRAR P PRI PR5 .LOX il
ETRI FERIBYFRIE 4 T B RHRAES 3 1 e

Table 3 The control efficacy of different bio-
control bacteria on the disease inci-
dence of southern corn leaf blight
by root irrigation

Treatment Disease index Control efficacy/ %
13-6 46.03+14.55d 49.57

MT-3 59.52+6.3cd 34.79

XS-3 65.87+14.35¢ 27.83

FY-1 73.01x13.75bc 20.01

MB-5 73.81+4.12abc 19.13

CX-2 84.92+11.75ab 6.96

CK 91.27+1.37a

Note :Means in a column followed by the same letter are not

significantly different at P < 0.05 based on Duncan test.

@

8 LOX
o 13-6

[
g6 -o- Control
3
5
S 4
(]
2
=
§ 2

0

1 3 9 14 21
Days afrer inoculation/d

PRS

Relative abundance

14 21
Days afrer inoculation/d

Fig. 5 The relative expression of PR1,PR5,LOX,ETR1 genes in maize leaves

treated with Lysobacter antibioticus 13-6 by root irrigation



400 FE M B4 51 %

3 itig

KBTI B. maydis(FVESS  SEHEMIEE
W& Cochliobolus heterostrophus) J&— 0] 1Z fE 1E HY
TR T | BB AR P AR AP AR an oK S5
KF NFEEE TR 5 R o B BB U, ™
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