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The control effect of fludioxonil combined with Bacillus amyloliquefaciens X-119
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Abstract: In order to explore the feasibility of chemical fungicides combined with Bacillus amylolique-
faciens X-119 strain to control grape gray mold, the chemical fungicides with good antibacterial effect
were screened by plate test and combined with Ba. amyloliquefaciens X-119 strain to determine the con-
trol effect of different volume ratios on grape gray mold. The optimal combination was obtained by ob-
serving and screening the mycelial morphology, sporulation, nuclear production ability and the expres-
sion level of major facilitator superfamily (MFS) related regulatory genes. The results showed that the
mixture of fludioxonil and Ba. amyloliquefaciens X-119 at a volume ratio of 8:2 had the best antibacte-
rial effect on Botrytis cinerea H259 and H261 strains. The toxicity ratios were 1.77 and 1.73, respective-

ly, and the control effects were 90.91% and 72.33%, respectively. The control effects on detached fruit
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were 83.06% and 65.48%, and the control effect in greenhouse was 76.72% and 76.24%, and the control

efficacy of compound agent was higher than that of single agent. The mixture of fludioxonil and Ba. am-

yloliquefaciens X-119 strain hindered the normal growth of mycelia and significantly reduced the sporu-

lation ability and nuclear production ability of Bo.cinerea. The results of real-time fluorescence quantita-

tive PCR showed that the expression levels of cell membrane transporter-related regulatory genes
BCIN 09200960, BCIN 03202340 and BCIN 09200210 were significantly down-regulated after the
treatment with Bo. cinerea. The results showed that the combination of fludioxonil and Ba. amylolique-

faciens X-119 strain showed promising prevention and control efficacy. In production, the mixture of

fludioxonil and Ba. amyloliquefaciens X-119 strain at a volume ratio of 8:2 could be used for the pre-

vention and control of grape gray mold.

Key words: grape gray mold; Bacillus amyloliquefaciens; fludioxonil; compound; virulence determina-

tion; mechanism of action
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123 X-19H#AH HAFERA G EAEHNE

W 1.2.2 H X-119 B BE A& I VI il i 25 B o>
10°,10°,107,10° #1 10° CFU/mL #Y LB [# 444 . HX
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R A Y G+ BRI EC 4 77 R SE BRI ) 5 < i
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PRRRARFR L 822 52 e b R R4 T B AR A S5
A b 3 I T I I BE R 100 mg/L (R Ak 25703k 47



344 FERITEIAE W5 TR A D20 2 MO 14 X- 119 2 IEXS 7 2] I 220 BRI B2 701
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2.80x10° CFU/mL. KRBT i Tik0e , b w45
TRORL R TV B | Wi % Ak 24 70 A TR TR
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(Y H261 B KR B DR 53 0 4280 22 504 2 Rl 550 Fn 42 T
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21 CEFRFET AR 8 A KRB AL, AR
i 10 mL JCRIZK ME T 43 2E I D 2 Ak i

22, TR B A AR R PR A Bk Bk ge 143
AR, T RS TSI o AR T A
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XTHAZRGE SE BN E . S% Lk
P A% 0.6 em Y H26 1 B PR R DF3 4% Fh 254
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FaTh L AER 8 d A MR TRAZIE G I T HA IR R TH
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1.2.9 B 34515 % G 48 % L B R K Bm
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BB 2211 RNA , (i B il S50 m] WO om ot BT
WL FE A ODAE, Kl S 4% 5 T -20 CLRfE#e . H]
TransScript® IV One-Step gDNA Removal and cDNA
Synthesis SuperMix i 71| & 52 5% 5548 15 5 — 4% cD-
NA. 2Bk RIE(2019) J5 1A B 45 K R 0M B %
iz B A A 2% 8 % 3 ) BCIN 09¢00960 . BCIN
03g02340 F1 BCIN 09g00210 ¥ %} 1% #9514 BCIN
09g00960-F (5-TCATTTACGACCAACTACCG-3")/
BCIN 09g00960-R (5-TGCTACTCAGCCCTACCC-
3") ; BCIN 03g023-40-F (5-AGTTGGTGGAAT-
GCCCAGCGTGAAT-3")/(BCIN_03g02340-R: 5'-TC-
CCAGACTCCTCCCAGCA-3") ; BCIN_09g00210-F
(5-GGGACTATCGGGCAAGAA-3' )/BCIN 09g002-
10-R (5-GAGGACTCATCGGCTACG-3") . Lk actin
N = 5 A, 5l ¥~ actin-F (5-ATGGA-
AGAAGAAGTCGCAGCC-3")/actin-R (5-CCTTTT-
GACCCATACCAATCATAAT-3") ., 51484 A T4k
Y TR ) B A FRA RIS 8. LA cDNA AR
H2Z: B8 PerfectStart® Green gPCR SuperMix (+Dye I1)
R SRR AR U I AT 2 8O € i PCR (quantita-
tive real-time PCR,qPCR)# ## ., 20 pL qPCR Jz WifAk
% :PS+Dye I1 10 pL.10 pmol/L b F#F5#14% 1 uL.
cDNA 1 pL.Nuclease-free Water 7 uL, PCR " 3% #2
JF:50 CHAEME 2 min; 94 CHIAS: 30 5594 °C AR 1
55,59 CiH k155,72 CHEAf 30 s, 3 45 DGR,
R FH 27T R TR AR R AT
1.3 HESH

RIS B8 Excel 2010 F1DPS 9.01 #5447
i3T5 H7 , R Duncan FGHT & M 25 ki 125 57 10 3
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21 6FREFMNEERBREANSN
I 6 Aol 3% BRI 25 AT A S0 o) 480 20 K R T

B 7RI R W85 T G W e | BB PR | e
JHe KB il | SR S TRT I X H259  H261 TR K (1)
EC,, fE 43514 0.07 mg/L 1 0.09 mg/L, e B4 I m X}
H259 H261 11 EC,, fH 5351124 0.09 mg/L #10.11 mg/L
(R 1), I S fEns G FIE PRIV T N — 21
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Table 1 Toxicity determination of six fungicides against Botrytis cinerea

A Wh A BHEE ) EC. )
Fungicide B. cinerea strain Virulence regression equation ’
AP i Fenhexamid H259 y=1.65x+6.64 0.97 0.10
H261 y=1.47x+6.36 0.99 0.12
&G Fludioxonil H259 y=3.13x+8.52 0.97 0.07
H261 y=1.62x+6.69 0.92 0.09
5 f Pyrimethanil H259 1=1.58x+6.41 0.99 0.13
H261 y=3.32x+8.21 0.99 0.11
IR Tebuconazole H259 y=0.81x+5.16 0.66 0.64
H261 y=0.90x+5.06 0.70 0.85
WE B ERE Pyrisoxazole H259 y=0.39x+5.41 0.98 0.09
H261 y=0.44x+5.42 0.98 0.11
K fE ) Prochloraz H259 1=1.62x+6.22 0.97 0.18
H261 y=1.68x+6.18 0.97 0.20

x: AR y: 12, x: Fungicide dosage; y: inhibitory rate.

2.2 X-119 B E BB E R ERE N ER
RT3 TR T X- 119 Tk 2 TV A ) S 47 1
2] PR DA PR 22 P A, X)) 7 IR 2095 TR H259 il
H261 TR A6 253514 54.26% F1155.35%
23 X-19EHEMEEKRERENFN
it EA ZF MOAT T X-119 B RR X 4878 K 2508 7R 7R
22 R KA OB, % H259 \H261 BHRR () EC,,
i 4% 91 2~ 2.46x10° CFU/mL #1 2.80x10° CFU/mL
(%£2).

R 2 EEMTFIAE X- 119 B E AR BREN SN

Table 2 Toxicity of the virulence of Bacillus amyloliquefaciens

X-119 against Botrytis cinerea

WA RERREER )RR

Botrytis c'inerea Vir}llence regres- 7 Eggﬁg;io;
strain sion equation
H259 y=0.18x+4.04 0.98 2.46
H261 y=0.45x+2.56 0.98 2.80

x: AREAG G y: MEHER . x: Fungicide dosage; y: inhibi-
tory rate.

24 FEFAEX-119 BB RES
AU M4 R Gl |, 8 T 1 Ak B A0 B v R
T e e b D H I BRI 5 X119 R O AH 2

PR (B 1) o [RIAS 0 7 G ) 85 765 K 205 1 1Y)
TR0, P RA =, SO T T R A R 2R
FFES X-119 BRI T

A CK = i M Pyrisoxazole COME B Fludioxonil

140 — a a a a

+
120 a s
100 1
80
60 -
40 -

20

a
=

R

Number of single colonies

b b

50 100 150 200
JR B E Mass concentration/(mg/L)

B 1 RE X EE 2 AT E X-119 B E KB
Fig. 1 Effects of chemical fungicides on the growth of Bacillus

amyloliquefaciens X-119
P R B 22 . AN [R)/ING BRI AR R] Mk
J& AN [R) Ak B 1) 28 Duncan PGB 52 4% 22 WK 90 22 57 12 3% (P<
0.05) . Data in the figure are mean+SE. Different lowercase
letters on the bars indicate significant difference among differ-
ent treatments with the same concentration by Duncan’ s new

multiple range test (P<0.05).
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2.5 BEBESX-119EKERMNBERERENS S

W RTG53 M D 3 28 BT BRT X-119 BRI 2 e )7
2 JREEI R R B T 2 G5 A R IR FR L 812
B, 2 TEC 791 o) 4] 265 K R s TR H2.59 T AR A 0 i 32 oy
90.91% , BT 1T T i 5 M0k 0 2 AT 77 X-119
T BR B9 4461 255 51 M 49.56% F11 58.65% , H. A Tt 7]
MIEEPE LLR N 177, B R T H A AR B (£ 3) , BEH
LU A5 Sy 8 = 2 s 38 R0 FH e K, A 4100+ 4 480 K 25 s

B H259 B Pk A Be (SR HE LL ) . AR AL 822 BT
A2 E 70 %k A A K B R B H261 T AR 1Y 30 5N
72.33% , Bl FH I TR 5 i D A 2F AT B X-119
TRTRR P4 400 11 5 g 40.55% 1 46.58% , %) 7 %4 JK %5 95
R H261 T Rk A4 38 258 1 AN By 3k 35 Fe -, HL 2L i 51
() BE I LR 1,73, B R T H AL AN PR (6 4) , 360
LA A 8 = 2 B 18 R AR FH S5 K, S 00+ 46 25 K 5
B H261 T bk ) e T e A1)

x3 REBSHENFETEX- 119 AR EREXNEHRERE H259 BHRNBKRESEN
Table 3 Combined toxicity of fludioxonil and Bacillus amyloliquefaciens X-119 against Botrytis cinerea H259

Viv SERRAm ] R SUEUEIITIES BRI
to Actual inhibition rate/% Expected inhibition rate/% Toxic ratio
0:10 58.65+0.07 £ 58.65 1.00
1:9 73.31+0.05 d 57.74 1.27
2:8 73.61+0.04 d 56.83 1.30
3:7 67.74+0.05 e 55.92 1.21
4:6 73.61+0.02 d 55.01 1.33
5:5 79.47+0.04 be 54.11 1.47
6:4 78.59+0.03 cd 53.20 1.48
7:3 82.40+0.07 be 52.29 1.58
8:2 90.91+0.03 a 51.39 1.77
9:1 85.04+0.03 b 50.47 1.69

10:0 49.56+0.04 g 49.56 1.00

Vee WBEIEARIR Ve X-19 AR RERIAR . R b B - eebrife2s . [SARTR/ING PR 7R 48 Duncan [T & 022
PR 2 57 1 3% (P<0.05) o V,: Volume of fludioxonil; ¥,: volume of strain X-119 fermentation broth. Data in the table are mean

SE. Different lowercase letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).

x4 BEBSHENFETEX- 119 AR EREXNEHRERE H2601 BHRINBKESEN
Table 4 Combined toxicity of fludioxonil and Bacillus amyloliquefaciens X-119 against Botrytis cinerea H261

viv S BRAm | A T A
tox Actual inhibition rate/% Expected inhibition rate/% Toxic ratio
0:10 46.58+0.05 de 46.58 1.00
1:9 53.97+0.02 be 45.97 1.17
2:8 48.49+0.04 cd 45.37 1.07
3:7 44.66+0.02 de 44.77 1.00
4:6 43.014+0.07 de 44.16 0.97
5:5 45.75+0.05 de 43.56 1.05
6:4 42.1940.05 de 42.96 0.98
7:3 53.42+0.02 be 42.36 1.26
8:2 72.33£0.07 a 41.75 1.73
9:1 55.89+0.08 b 41.15 1.36

10:0 40.55+0.03 ¢ 40.55 1.00

Vie WBIEARIR Ve X-19 WA RERIAR . b B s 8ebrifis . [WPARTR/ING P78 48 Duncan BT & 022
R 2 57 i 35 (P<0.05) o V,: Volume of fludioxonil; ¥,: volume of strain X-119 fermentation broth. Data in the table are mean

SE. Different lowercase letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).
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2.6 MBEFS X-119 FikEEF BB RLHH
N[5 Ak B T 5 R A 2 LA X-119 1/
ok B2 I 510 X 787 4 K R T ) 7 e B, X H259

H261 Bk I B 3000 51 K 83.06% Fi1 65.48% , 14 i 3
e T T G R D Y 2 BT AT X-119 BRI b B ) 5
B(FES),

x5 WHEEBSHEEMFETE X1 ERERENEHRBRIBEERIH

Table 5 Control effect of fludioxonil and Bacillus amyloliquefaciens X-119 on grape gray mold in vitro

R B H AR Bk
The average diameter of lesion /cm Control effect/%
4b ¥ Treatment WPRIRADRTAH259 WATARRH261  AFTRENINH259 AR H261
Botrytis cinerea Botrytis cinerea Botrytis cinerea Botrytis cinerea
H259 H261 H259 H261

XFHE CK 3.64+0.51 a 3.56+0.67 a - -
% Bl Fludioxonil 1.7120.28 ¢ 1.95+0.50 ¢ 63.65+9.07 b 54.31£17.03 b
SN 2 AT T X-119 R B

] 1.95£0.22 b 2.45+£0.44 b 55.76+£7.35 ¢ 37.39+14.79 ¢
Bacillus amyloliquefaciens X-119

T INEHTEN S IEAF T X-119 T8

IR AR IR T ke 1.12+0.14 d 1.62+0.51 ¢ 83.06+4.56 a 65.48+17.01 a

Fludioxonil+Bacillus amyloliquefaciens X-119

FP B IR e 2 . [P ARRING TR R 25 Duncan FGHT I 220656 22 55 2 (P<0.05) . Data in the table

are mean+SE. Different lowercase letters in the same column indicate significant difference by Duncan’s new multiple range test (P<

0.05).
2.7 IBERS X-119EHRERFIAREZ RN

AN () Ab PR A TR 5 D A 2 AT TR X-119 TR
R S ) X 20 K 0 T 1) 1 288 -, X6 H2.59 TR B

(R 25 Bk B AR 76.72% , 34 5 2 105 T HuAth B35 b
P X H261 B Bk 1 IR 2 2R B RN 76.24% , & T H:
flsBpFI b P (BTG B 25 5 (6).

*o6 RERSHEHFRTEX-119EBENEEHRERNBZHY

Table 6 Greenhouse control effect of fludioxonil and Bacillus amyloliquefaciens X-119 on grape gray mold

I & 544 Disease index %4 Control effect/%
b3 Treatment HEEHRAH259 AR AR H261 AR AR H259 A AT H261
Botrytis cinerea Botrytis cinerea Botrytis cinerea Botrytis cinerea
H259 H261 H259 H261
X CK 15.22+4.15a 19.02+17.63 a - -
% B Fludioxonil 8.41+5.96 b 6.61£3.18 b 44.74+39.15b 65.21+16.74 a
ERUE R 2 MOAT B X-119 T bk
" 8.30+4.44 b 7.80+£3.99 b 45.47+£29.17b 59.00+21.00 a
Bacillus amyloliquefaciens X-119
WS R+ oy 2 T T X- 119 T B
. 3.5443.90 ¢ 4.52+5.19b 76.72+25.61 a 76.24+27.26 a

Fludioxonil+Bacillus amyloliquefaciens X-119

TRV bR 22 o ISR /NG 8138 2 Duncan [ORT A B 228 15650 22 57 i 3 (P<0.05) . Data in the table

are mean+SE. Different lowercase letters in the same column indicate significant difference by Duncan’s new multiple range test (P<

0.05).

2.8 SMFIXEEKEREE L4 KAIH R
Xof 2L B4 7 780 K B 5 R H259 \H261 B AR Y B
2y KOEH S OGN HG X, F#HH R A K
RS T 28 B G 5 0 D B 28 AT B X-119 BRT A
JC R A B 5 B 22 AR R L R 22 B s 4, T
i i R A W A, T D A2 T 790 %o 2 A R TR ) R
LIS N — R, BT E R A K (E2)

AR H261 AR A=A ST AR B, X
HEZH LW TR X119 T bk B2 E R AR B 7= 4t )
524 10.17x10°,3.33x10°,3.42x10° 1 0.83x10° 4>/l
(P 3) , 21125 Ak BHL8%) R 408 . 35 400 ) 4 2 D T4
JrAE R, AR ECR AR R

AZGTTHA R, 0 HR 2 H26 1 TR B A 7 1 KL
5 DL B A i M A% R T R AR B X119
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PRI RR A RN A IC SR b A C SR AL PR H261 BRI AR Y 3
MG PRI AR (K] 4) , 2 B 4% 4b BG4 24

NS

R\ Mo
h\'é AN
A l‘a.*'. AR
]\ i ),

IR

H261 BRI =R B8 329 R, 52 50 iy 4 )
RORKT HAb 24~ BRI A B

a: H259 RN b: E@Eﬁ'JXﬂLHZﬂHEQQﬁ}jE?’”ﬁ c: H2611$|1‘*XTHE d: SR JXTH2611‘5|€1£1923¥;7§$4UF]U £

Sk TR AR R 22 5

H261 mycelium. The red arrow indicates abnormal hyphae.

. a: H259 CK; b: effect of compound on H259 mycelium; c: H261 CK; d: effect of compound on

B2 SERFMEEKERE R LSRR

Fig. 2 Effect of compound on mycelial morphology of Botrytis cinerea
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Fludioxonil X-119 strain  Compound
agent

F=HuE Sporogenous amount/(x10°)

S Treatment
B3 B2 58EFASENERHKEFRE H261 F=HRENZM

Fig. 3 Effect of single agent and compound agent treatment on
sporulation of Botrytis cinerea H261
P v B b - S B bR 22 . AN R/NE FRERIR £
Duncan [ & % 22 46 50 2% 7 .3 (P<0.05) . Data in the
figure are mean+SE. Different lowercase letters indicate signif-
icant difference by Duncan’ s new multiple range test (P<
0.05).

29 EERFIMREFHZEQHEXFEEEERRIENZIG

AF ek 1 I 2 25 R S, W TR L X-119 B B
RV T 1) Kb S 4 7 K 25 TR 1) BCIN_09g00960
BCIN 03g02340.BCIN 09g00210 %& K 35 44 i
N, o A B A FE T H259 \H261 Fkk 3 5k
TR ek i (R B2 Wi o S 2, H259 BRI BRI 3 NS IR 38
09 F 9 69.33% . 96.04% F1 79.90% ( & 5-A) ,
H261 T B 1 3 4>5E K733 I 44.75% . 91.09% il
49.24% (& 5-B) -

3 i

BA W ERME BT LR, KB &R Y H
16 RS AR A A R AR 5 5 L A
FE AT o BRI (FLTII4E,2020) . 4R 245 (1)t i
S RAR LT s T LR BT 24 1 55 )i (e
AR5, 20175802, 2021) , A RERS S B 2 K B30 11
U RO, T BN T B iR T %
ULAER , ELAG 50 v 2 A MR I e D 93 28 AT B 1
TR FESE bR A R B (L2 45, 2016) o
QXA (2020) % B UE A 2 MUAT T8 EA19 B8 PR X
INFETREFIR B AL AT 3K 81.2% , ARIBEEES:(2023) B
58 % R UE N 2E MO AT B SQ-6 T AR HLAT I & Wik B
TR AL B B R T T o AR 3 2 Sk
R0 5 A IR TR 3 24 FRUFT AT X- 119 TR AR X 3 46 K
B DRI R A7 A R AR | R FEE s 2 R TR
WK T i XoF 2 R R TR P BE D A, RS I S R S
F555 (2019 ) BIFFE TNy Mg 1 i Xof 5 26 AR 25235 A ARG (1Y)
B, 0T R 5 46 F T 50% W Bk 11 4 R 40% W8 85 g
IZEIE—EL .

AR S TR 5 U R 2 LT B X- 119 TR Ak
KA 8 2 AR L & T A, XoF 4 280 7K B39 T 1) Bl
RehefE . MBS IR ST 280 25 ROk E
52 TR B 265 S T A0 WD ARG T R B 70 4
X 5 H S (2022) BF 5T & A B B D25 F ik S
W A « % TR O T 97 47 7 3t IR T A i />
A+ 16 TR 1 it P et EL LA BRI S5 R 2
AHIFFE & BRI BTG 5 A VE A 28 MOFT 7 X-119 TR R
TCL 710 X6 4 2 R PR ) TR 22 6L R AT AR A1
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MHIVER, 54 E M (2007) RS A A — 2, B2y
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Fig. 4 Effects of single agent and compound agent treatment on the number (A) and weight (B) of sclerotia of Botrytis cinerea H261
Pl b B SR B e bR 22 . Rl A FORIRZING SFhE 3R 28 Duncan [R5 M 22 14 36 25 5 3 (P<0.05) . Data in

the figure are mean+SE. Different lowercase letters on the same color bars indicate significant difference by Duncan’s new multi-

ple range test (P<0.05).
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Fig. 5 The expression of BCIN 09g00960, BCIN 03g02340 and BCIN 09200210 genes in strains H259 (A) and H261 (B) of

Botrytis cinerea under different treatments
B BE R I Bbr e 2 . R FORIRNG PR3 7R 28 Duncan [OBT 2 M 22 15 K0 55 22 57 10 38 (P<0.05) . Data in the

figure are mean+SE. Different lowercase letters on the same color bars indicate significant difference by Duncan’s new multiple

range test (P<0.05).
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