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The Joint Toxicity of Biocontrol Bacillus and Fungicides Against
Alternaria mali

MENG Xiangtao, LI Mengjie, DUAN Haiming , WANG Meng, LU Wenjie,ZHANG Zhicheng
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Abstract; [ Objective | This study aims to provide a novel synergistic combination for the control of apple alternaria
blotch. [ Method | The biocontrol bacteria were screened by confrontation culture method, the chemical fungicides were
screened by mycelial growth rate method, and the compound ratio of bacteria and drugs was determined by Horsfall
method.[ Result] (1)The 7 chemical fungicides had strong inhibitory activity against the pathogen. Among them, tebuco-
nazole, difenoconazole and propiconazole had the best inhibitory effect on the pathogen, with EC,,values of 0.21, 0.30
and 0.81 pg/mL, respectively, followed by pyraclostrobin, mancozeb and azoxystrobin. Carbendazim had the poorest an-
tifungal effect, with EC, of 15.03 g/ ml..(2) Bacillus amyloliquefaciens SJ1606 had the best antibacterial effect among
the three Bacillus strains, and the ECs; of the fermentation supernatant and the crude extracts of the fermentation super-
natant were 2.38 wL/mL and 0.53 wL/mL, respectively. (3)The combinations of the crude extracts and mancozeb, pyra-
clostrobin showed synergistic effects, and the volume ratios of 6:4 and 7:3 reached the maximum toxicity ratios, which

were 1.39 and 1.41, respectively.[ Conclusion ] This study can provide basic data support for the update of control mea-
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sures of apple alternaria blotch and reduction of chemical fungicides.
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TR TG e 5 (5) FH 8 0 12 26 ) 5 JSCH o 5] T s g B
Jiie s (6) JUT B4 BB 9] , an 2408 R A A
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VBT, JHC D 8 395 X o T 114 410 R 81 AR 4l Ay
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DS T 25 AT TR ST1616 Al 28 61 FT 1 SJ1701 T
NA 559538 T RIZR B 5% 48 h, SR 5 R R 43 51 B
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TR EE LB WA, SR AN R AR o B0 2 1 1
B RO B 1 1413, ) B SPSS23.0 i 43k H S11606
W S WO T A ECs, 0
1.2.3 FRTEIRRI RN E R
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0.31,0.42.0.63.0.83,1.25 f12.50 pg/mL, 1 1.2.2 1
1300 AN T T (1 REL B X AT ) 40 o
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AR BRI, A 245 50) X5 T Y R 1 2 5 000 pug/m L Y
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(AR 7 mm) , FEFNE) & 5 PDA VA b e SR 5 &
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)i A 7 LA SR 7 A 22 TR X T 1 7 )
[R5 2 (ECs, [ .95 % EAF X [R] Al 2

1 THUERETNRERE

REF REiRE/(pg-mL™)
i 0.05.0.10.0.20.0.40.0.60..0.80
ATk R A e 0.125.0.250.,0.500,1.00,1.25.2.50
[IpZNLE 0.05.0.10.,0.20.0.40.0.60.,0.80
L A P B 0.5.1.0.2.0.4.0.8.0,12.0
FRRRER B 2.4.8.10,12.16
% B 0.5.2.0.4.0.8.0,16.0,20.0
ZH R 5.10,15.20.,30.40
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H1 3¢ 3 I A1, SJ1606 A& 1 11 R 14 FA B 43 B0
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SJ1701 0.92+0.08 53.6+2.4

(c)SJ1616
B 1 3HFAEAEIERNAEHREXTIFEFSE

(d)sJ1701

®3 FRANELEELFERNERAEMREAIEZE

BEREY  AFRSY(EL-mLY MWER/%
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600 1.67 40.1+0.2d
400 2.50 58.1+0.3c
200 5.00 70.5+0.5b
150 6.67 78.6+0.3a
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4 [FBNEE G A RN SRR R B ) 22 A Goit 2+ B L
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FOG AR HAT 0 RCR , SR F TR 22 A A Rk I
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WK B 59.4% . AT K B 00 ik V€ Ky 28 FLAT T
ST1606 %2 1% 115 WU B 1005 6F 307 5 BRE 453 745 105 1
{0 1] 233 ) 81.3% , 158 BH ik i 93 2 ALAT 1T SJ1606
X 995 TR A 00 S 3 P e, LA TR R
{E . Soliman %" PAH - R 7315 31— bk P4 4 i
VE R ZEALAT I RaSh1, B0 R F & BEROR AR 4 h,
FoAR 5 45 IR 50 mL/AEAR , $22 0 4 160 181 ) & I
TR B X TR B T 40% , R AR B3 MRk
AR SRR O A K AR R R T DL Bt AR
UG | 2 M S AR G TS M AR DA S . e
EOTR FHUE AR R 0 2 R R ZE AT AT LSHLL g Ik
LA B X a0 5 A% 60 T 194 400 1) 3 1K 5 68.6% , A< F 5%
PRIBUH KT L TE VBORAL B 05 T 400 35 Fb % 37 SR BE
75 T B AR RN 81.4% , 1t s 1 e B T

RS THUEREANNERMLEHRENSNER

W2 REF FHEAEAFRE EC./(pngemL™) 95% B X 8 =
i y=0.96x+0.65 0.21 0.17~0.27 0.95
2 ik FH B y=1.24x+0.64 0.30 0.25~0.36 0.95
SRS y=0.88x+0.08 0.81 0.56~1.46 0.98
I A ik P T y=0.98x-0.24 1.77 1.46~2.09 0.97
AR y=1.04x-0.90 4.07 2.83~4.64 0.95
% PRI T y=2.02x—1.14 7.42 6.15~9.10 0.95
ZWR y=1.77x-2.08 15.03 13.56~16.62 0.97
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Fo AELERMARYERREFEMRI ERBEAEM

RERSELE R
FRLE  EEMEE%  EIEWEE% FlELE
0:10 50.0 50.0 1.00
1:9 51.2 50.2 1.02
2:8 543 50.4 1.08
37 55.2 50.6 1.09
4:6 67.3 50.8 1.33
5:5 68.5 51.0 1.34
6:4 71.2 51.2 1.39
7:3 69.5 51.4 1.35
8:2 66.2 51.6 1.28
9:1 53.6 51.8 1.04
10:0 52.0 52.0 1.00

R ABLERERYMESUMBERSRNERMAE

M E R H i b R
FRLE  EERMEZE9%  EIEWEE% FlEE
0:10 50.0 50.0 1.00
1:9 52.1 50.0 1.04
2:8 56.3 50.0 1.13
37 59.4 50.0 1.19
4:6 63.1 51.0 1.24
5:5 68.7 51.0 1.35
6:4 69.5 51.0 1.36
7:3 72.0 51.0 1.41
8:2 60.7 51.0 1.19
9:1 54.6 51.0 1.07
10:0 51.0 51.0 1.00

W BTG R BB D I R T A
Jit A 27 27 TR — LR B IR B 1 R S T
Ko BRI T 7TRMEF R RN A alternata
T 22 A AR 8O R B ) A i 1Y D DK e R
Tk P R | P BRI 5 = s S 2 5] 3k 5 AR AT Y I 4
SRAH — 20, HEIA 2 B 3% 3082 M 0 B2 401 ) 550 i s 2%

S 3k

AT e R IGE T T Jhe T 6 114 B A 40 TR R B, 3X
2R R YL i T AR FH 0 9768 07 & A 2550, )
07 00 75 2 SR R T 22 2E R AU i 245 59) L o mT LA
U TV MO0 Sl IS 40 o ) e 2 R T ) 2 T A
TR, DARG 500 3 1 B #2008 . Chibunna 552
Bt 0 g A LI AZE Bk PR RE 9 B A T (A. alternata ) FT I
3% BRI 70 0 S AF 9, JHL v TR AR 8 T s T T 174 00 A 2R
B, HEC, 20914 1.90 wg/mL Al 1.86 wg/mL, X Fl
ABIFGE B 25 B 28 S 40T e i S DR
P TSR AR O TROPR 58 LA B 5 2 b iy I 24 2 )t
WU S G o BRRKCHE S5 2 I 9T R BURS R 2 F AT A
HMB-20428 5 1% [ Ti %) 4] 7 7 2 AT B RUPE
7 L3 AT 35 B0 Ak 2 25500 5 i A e R 500
TF IR T A 77 TR A 0 3 2 FELAT BT ST 1606 15 5 6 F
2 28 TR R R AT 5 I6C V) & A6 A= R 16 T 1 410 11 37
W, K B0 6 i A 2% TR 3R -5 47 T i R 1) T 591 7 —
JE LN R Z2 R B R P DY SR 5 5 1
RIS T X 64 A0 TR 1) 0 okl i P A R B L
1O I EEME e L 3K 139, B I SRR &
B, SR VERD ZFEAUFF TR ofj—4 R T b3 TROFN A ik R B
TS TIC X 47 46 1 T s T 10 41 ) 376 2 B R 34 U
A 55 2 ik BRI D 3 7 AR AR L TR B B L A
1, 15 1.60, B HEFSAER I 50% £ 1A R i VE KD
ZEIFT AR SR PR FRLE S 52 1B, ECs,,, fH 4 0.039
mg/L, SRAA 7 3.78. &2 Tt 77 X 2 A AL A 9 B 23k
83.83%. ABIFFE I L 1Y £E Bl T ST1606 & ¥ 115
R Py 068 S 5 BE sV 0 T 1 EC 23 001K 2.38
peg/mL F10.53 pg/mL, 156 B RLE 9 0T 5 BT 174 410 7] 1%
PO T & B L5 W, R0 W] L MR AR e it — 20 4
SUAS: L 0T AT 410 ) 3 1 T R R . RRR
I W b ORI W) 55 AR Sl b A Tk T T A
T X SRR 55 7 o T 1 B A RS RO L X
R G M4 B BAT 1 — 25 JF R R v 77
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