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Inhibitory effects of Bacillus subtilis HMB-20428 interacted with chemical
fungicides and decrement of chemical fungicides on oomycete
pathogen Plasmopara viticola

Bi Qiuyan Han Xiuying® Ma Zhiqiang' Zhao Jianjiang Wang Wengiao Jia Haimin
(Key Laboratory of Integrated Pest Management on Crops in Northern Region of North China, Ministry of Agriculture,

Integrated Pest Management Center of Hebei Province, Institute of Plant Protection, Hebei Academy of Agricultural and

Forestry Sciences, Baoding 071000, Hebei Province, China)

Abstract: To clarify the inhibitory effect of Bacillus subtilis HMB-20428 interacted with chemical fungi-
cides on oomycete pathogen Plasmopara viticola, the optimal treatment period and the best biochemical
interaction combination were investigated by bioassay and field efficacy trials; the synergisticy mecha-
nism was studied by mesuring the space competition ability and induced resistance, and the integrated
prevention and control system for grape downy mildew was established. The results showed that the best
time for the prevention of grape downy mildew with B. subtilis HMB-20428 was one month before the
disease occurrence. The times of continuous spraying times was three to four with the intervals of ten to
15 days. The new synergistic combinations of fungicide and biocontrol agent (B. subtilis HMB-20428+
azoxystrobin or plus 100% siloxane compounds) were found for controlling grape downy mildew, with a
control effect of 91.06%-98.92% and 87.78%—-92.04%, respectively. The space competition ability and
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resistance induced by B. subtilis HMB-20428 were increased when combined with azoxystrobin, with a

basically synchronous enhancement effect. The effect of the integrated prevention and control system

for grape downy mildew mainly based on biological agent reached 91.40%. The results indicated that

the interaction between B. subtilis HMB-20428 and azoxystrobin could reduce the dosage of chemical

fungicides.

Key words: grape downy mildew; Bacillus subtilis; interaction mechanism; chemical decrement proce-

dure; integrated prevention and control system
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2.1 HMB-20428 X} B %] 76 B R HIB 3L

7 d J5 VA 2B B R 77 HMB-20428 % 4 % 75 55
o 8 L 537 A D, 265 8% Sk s, A B R 791 A B R T 5
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Table 1 Biological effects of strain Bacillus subtilis HMB-20428 on grape downy mildew

AbFE Treatment @Fﬁ}ﬁ.ﬁ%ﬁ‘ rﬁ%%ﬁ ik
Days after application (d) Disease index Control effect (%)

i {E ] Prevention effect 7 59.88+0.31 b 27.41%0.07d

6 52.16+0.17 be 31.91£0.02 cd

5 47.16+£0.22 ¢ 36.86+0.04 ¢

4 43.52+0.21 cd 43.07+0.09 b

3 39.07+0.16 d 54.66+0.13 a

2 43.26+0.14 cd 44.58+0.06 b

1 49.46+0.18 ¢ 35.83+0.08 ¢
1AY71EH Therapeutic effect 0 67.98+0.20 a 32.02+0.03 cd

PR I bR 22 o RIS 5 AN IR F-BE 2R R 28 Duncan FCHT & R 25 4K 30 7E P<0.05 7KV 22 53 . 3% . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.2 HMB-20428 %& 1% 5 B 1 F i i 4 76 A At A
B FEREHE 6 A WIT W) KRR IE o A= B B
HMB-20428 7195 3 & A i Al B 10~15 d S 1
29%,7 H 8 H AL 10.98% F140.57% 5 3% 2248
3.4.5.61K,7 H 8 HBi & HA—F, B 80 Hh
60.76% . MJHZGIE] L7, ZIwTT 1A 2 qd
3~4 YA BT B HMB-20428 |, 7] A5 45045 i) 76 75 76 75
WIEE
2.3 HMB-20428 5L AFIEEMTGIEA
PR TR AR B ) HMB-20428 5 fik ke ik A7

YA, NI LA Ak BT 48 46 B 9 10 T B 1 AR AN
[i, HMB-20428-+M g . HMB-20428+1% [ i +fik
UL 2 A28 5 % 8 2 AR AR ) A= e 2 ELAT Ty
[m VE T, B 28043 591 K 91.06%~98.92% Fi1 87.78%~
92.04% (£ 2) . TE A %5 B &0 T , A= By 7 1) HMB -
20428+ P i 41 A b P I A 3 /D T 24 1/3 Ak
20 A 45 A2 B 1R 57 HMB-20428+ 1% DA R 20
IMARESE S , TR EL0 T 40% , Ui B A 525
JHSAF R HMB-20428 5 5 7 g B AR g ek 201k 2% 25 57
(14t FH 2

R 2 HEFMIE HMB-20428 S FHFIM EENEEHRBRIRIER

Table 2 Protective effect of interaction between Bacillus subtilis HMB-20428 and chemical fungicides on grape downy mildew

Kb P Treatment

XF R CK

1x10* CFU/mL HMB-20428

0.200 png/mL ME TR 0.200 pg/mL azoxystrobin

0.333 pg/mL 5 KE 0.333 ug/mL siloxane

1x10° CFU/mL HMB-20428+0.080 pg/mL "% B4R
1x10* CFU/mL HMB-20428+0.080 ug/mL azoxystrobin
1x10° CFU/mL HMB-20428+0.060 ug/mL 1 £ fig
1x10* CFU/mL HMB-20428+0.060 png/mL azoxystrobin

1x10* CFU/mL HMB-20428+0.080 pg/mL M4 1i5+0.333 pg/mL fE4kE

1x10* CFU/mL HMB-20428+0.080 pug/mL azoxystrobin+0.333 pg/mL siloxane

1x10° CFU/mL HMB-20428+0.060 pg/mL M8 HfE+0.333 pg/mL L5

1x10* CFU/mL HMB-20428+0.060 ng/mL azoxystrobin+0.333 pg/mL siloxane

1x10° CFU/mL HMB-20428+0.080 pg/mL B E#ilE+0.250 pg/mL fiEE bt

1x10° CFU/mL HMB-20428+0.080 pg/mL azoxystrobin+0.250 pg/mL siloxane

1x10* CFU/mL HMB-20428+0.060 pg/mL B4 /i5+0.250 pg/mL fE4k¢

VRITE RS Bl
Disease index Control effect (%)
98.97+1.22 a -
50.74+0.78 be 48.734£0.07 be
10.05+0.05 d 89.85+0.14 a
89.05+0.45 ab 10.02+0.09 d

1.07+0.01 d 98.92+1.84 a

8.85+0.02 d 91.06£1.22 a

7.88+£0.07 d 92.04£1.39 a
12.09+0.12 d 87.78t1.26 a

8.25+0.04 d 91.66+1.41 a
10.22+0.18 d 89.67+0.96 ab

1x10* CFU/mL HMB-20428+0.060 pg/mL azoxystrobin+0.250 pg/mL siloxane

F PRI P BRI 2% o TR BRI S AN ] 7 B 3278 2 Duncan [GHT M 22 A 30 /8 P<0.05 7KV 22 5+ 3% . Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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BRI AT 2R IUAT B HMB-20428 51k % T T A % A A 4

S TR AR VR AV G A2 24550 ek FH 24 5 1401

2.4 HMB-20428 S ZZFI EIEZ BT S

- B 77 HMB-20428 15 4k~ 2435 H /Bt it 2
5 J5 , HMB-20428 7 i3 8 GH A T8 72 h J5
IR F E AR, S 44.89x10° CFU/g; HMB-20428 7E it
DA RE B AR T 120 h 5 ik 3 SIEAE, 4 36.94%10°

CFU/g(F£3) , k% 5 4 By 77 HMB-20428 U
R PRS0, A B R TS VR B A RO . AR
A= B A HMB-20428 7 3508 58 AT LA S e 28
(i) , AF R 9800 T 2 A R AR A s (]
HRGEE T AP A HMB-20428 23 (Al 54+ VEH

R 3 HEZFIEME HMB-20428 54 ¥ 257 B 1E/5 HMB-20428 ZEMT R A0 A B9 EFE

Table 3 Colonization of strain Bacillus subtilis HMB-20428 on or in leaves treated by synergistic interaction

between biological and chemical fungicides

I o T P B
‘ Leaf surface colonization (x10°CFU/g) Leaf interior colonization (x10*CFU/g)
el 1x10* CFU/mL HMB-20428+ 1x10* CFU/mL HMB-20428+
Treatment s s
, 1x10° CFU/mL 0.080 pg/mL M bx g 1x10° CFU/mL 0.080 pg/mL 1% B Ji5
time (h) HMB-20428 1x10* CFU/mL HMB-20428+ HMB-20428 1x10* CFU/mL HMB-20428+
0.080 pg/mL azoxystrobin 0.080 pg/mL azoxystrobin
24 35.80+0.12 ab 33.02+0.05 ab 0.06+0.16 ¢ 0.10+0.08 d
48 40.70+0.09 a 40.09+0.06 a 0.90+0.87 be 1.01+£3.05 ¢
72 42.20+0.17 a 44.89+0.15 a 7.25£1.94 ab 8.03+5.11b
96 40.75+0.14 a 42.31+£0.17 a 25.89+3.24 a 29.08+2.76 a
120 39.80+0.09 a 40.234+0.08 a 30.10+4.12 a 36.94+5.80 a
144 35.02+0.11 ab 35.17+0.12 ab 26.42+3.29 a 30.80+9.02 a
168 29.60+0.14 b 30.09+£0.13 b 19.80+0.58 a 21.92+8.65a

Frh R B bR 22 . TR SVECHE S5 AN [ 7 268 25 Duncan [CH7 B K 22 K 56 78 P<0.05 /K F- 25 5 %%, Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.5 HMB-20428 54 Z 55| EAERIHLimRHLH
A B B 7] HMB-20428 55 4k 2% 3% T 771 1% 1 i 1.
VEJ5 I R P2 Az B-1, 3-8 SRl (%) AF 0T 4 643 1]

TE 72 h Fil 144 hik 2] 506, 28 50.61% F143.14% (3
4) ] U FBH AR FH 7 20T IR P g A A e 0
Fsf 1) R Ip ATL A4 R S i o [) SE AR ] 2

R4 WEFEEHMB-20428 SLFREFEERREEM F p-1,3 HEEEENE S
Table 4 f-1,3-glucanase activity of grape leaves treated by Bacillus subtilis strain HMB-20428 and chemical fungicides

o HIXHH %
Enzymatic activity (U) Relative increase rate (%)
AL B[]
Treatment 1x10* CFU/mL HMB-20428+ 1x10* CFU/mL HMB-20428+
ime (h) payilzt 1x10° CFU/mL 0.080 pg/mL M BTG 1x10° CFU/mL 0.080 pg/mL M g
CK HMB-20428 1x10* CFU/mL HMB-20428+ HMB-20428  1x10* CFU/mL HMB-20428+
0.080 pg/mL azoxystrobin 0.080 pg/mL azoxystrobin
24 243.00+£5.22 ¢ 257.16+1.82 ¢ 287.18+2.49 d 5.76+0.12 ¢ 18.11£2.03 d
48 302.05+6.85bc  360.22+3.06 b 432354371 ¢ 19.2140.08 ¢ 43.05+4.37 ¢
72 326.17£7.34 b 451.08+2.16 ab 491.11+£2.29b 38.34£3.04 a 50.61+£1.85b
96 411.14+7.06 ab ~ 540.41+3.21 a 568.09+6.31 ab 31.39£0.23 b 38.20+1.22 ¢
120 452.30+8.22a  580.12+4.06 a 627.42+3.88 a 28.32+1.81b 38.72+2.06 ¢
144 350.0846.94b  401.02+2.74 ab 501.1944.76 b 14.86+2.03 d 43.1443.17 ¢
168 267.09+2.04 ¢ 327.44+2.05 be 448.37+3.65 ¢ 22.47+1.76 ¢ 67.79+3.66 a

LR J BB AR 2 RIS R AN [ 5 B 678 25 Duncan [GHT B M 22 R0 B0 78 P<0.05 K V-5 5 .3, Data are

mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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2.6 EHEFABRBIUFELFBERARE

A= B R A5 A 255N R A B e 2 L
oIy A A A R R o ARBTG5 LA
2y AR LG TR FH2Y 79 & SR 255 2~3 YR

P 25 50) A o 7 R R T , 2 R )
SR AR A% TR R A )RR A B A 24551
B LA ke 24 il A 9 790 A i
P2 250 e 25 AR A B AN 91.40% (£ 5) .

RS EREABBERBSUZATBEEERERNALRE

Table 5 The decrement procedure by replacing chemical fungicides with biological agent for grape downy mildew

ﬁﬁ%{k%ﬁ T2t a] i 24511 iNER ]
Application o .
. Application time Fungicide used Notes
time
1 41 1A 2.42 pg/mL A B A7) TR AT
Early April 2.42 nug/mL lime-sulfur Plant surface sterilization
2 5HTH 1x10° CFU/mL HMB-20428 PRAPH I T A
LateMay Prevention of downy mildew
3 6 A AIIFEIE - 1x10° CFU/mL HMB-20428+0.08 pg/mL AR AR P 0s FR 2
Mid-June (/40.333 ug/mL HEEHE) Prevention of downy mildew
1x10* CFU/mL HMB-20428+0.08 pg/mL
azoxystrobin (/+0.333 pg/mL siloxane )
4 6 7 A 1x10° CFU/mL HMB-20428 Bl B IE MM Prevention and
Late June control of anthracnose and downy mildew
5 7H LA 1.00 pg/mLACAREE4F+0.42 pg/mL HFE R BipEE R
Early July 1.00 pg/mL mancozeb+0.42 pg/mL metalaxyl Prevention and control of downy mildew
6 THHH) 1.00 pg/mLARERERFF+0.10 pg/mL Ak H ERmg Bis 16 FH B
Mid-July 1.00 pg/mL mancozeb+0.10 pg/mL difenoconazole  Prevention and control of downy mildew
7 7HTA) 0.40 pg/mL MM ik T 1 - X AR IR Bii6 RS AR Prevention and
Late July 0.40 pg/mL pyraclostrobin - metiram control of anthracnose and downy mildew
8 8 b 0.08 pg/mL MR IH+0.20 pg/mL I e ik 15 Y6 76 FE
Mid-August 0.08 pg/mL azoxystrobin+0.20 pg/mL dimethomoph Prevention and control of downy mildew
9 8 T AIEL9 H 1] 0.20 pug/mL 47 BEAGHH+1.00 png/mL fCARGGAF BipEE R
Late August or 0.20 pg/mL dimethomoph+1.00 pg/mL mancozeb Prevention and control of downy mildew
Early September
10 9 A f)Ek FA)  1.60 pg/mL /R ETH TRAP AT AT R RRAN H
Mid-September or  1.60 pg/mL bordeaux Protect tree vigo(u)r of grape
Late September
3 g g A4 P 2 309 el P K 1] e s ] <5 FE ) e P 4

Az AT M A 2 R R Y B TG AR T
fR2EBT R AU PR 18 5 G , 3855 AT B 44
fd = A 52, BN AL 2 ST E  E B R, P,
A 6 R R X AT B B A N LA R 2 B R T &
S B, 2 HR R 8 A W 245 50) s FH 24 L
1o A B AR S R AR AT o AHIF S X B — o Ak A
2SR A7AE 1 ) 8L, R FH A= 0 0 s A (] Bt AT DX 4
2000 A T vk, W 4 B8 A R AR T Y A= B R
7 HMB-20428 7 i %3 75 25 9% B 16 b 48 H 07 7

AR o G4 2 6] 35 4 BE ) FIE S B0 Ik A2 BRI 2
25 L5 oR A B T A HMB-20428 X 48 445 55 25 90 14
{14 517 ML 1 29 By 2 [0] 5 4 o o R oo ) 4 AP AR
Pt

RT3 26 R B I D7 I8 T2 0 P Ak 2 A8 T 7 B
— R, NS Y i LS 5 15 & A A
FE LI B T AR R R PR AR P2 i HLAT B e 24 7
TN Tk FP AR 1+ 5 T G 917 9 S0 SR AN A (O Pl 4 55
2000; A AE, 20135 SERkH 55 ,2014) . BT, AEBHTE
2 0 T E B vA L R e A B B S ke 24 7
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PRI A R AT s B AR R . A= BT B 7
HMB-20428 X ] %4 76 759 19 B 250 FH & A B B R
B 16 7 1) HE ()l FH 2836 3R B, i K8 43 A B 14T
FI A A A RE S8 e RN H Y B R A
AT (X =%, 2015; LT b5 ,2017) . TGigd:Bi
PR IE — B [E) PN 2 A 1 TR VR L i 02 5 1k
E B iy 0k I NI B AR e e i |
FEAEMIREE . BT LA R A2 B B 700 S5 #2300 2
] ) ELAESG 2R |, BH A A By B 7] 55 Tk 24 390 1) 40 £l
SC AT FH A% T Y R AT SIS S A
S IFFE AR BT B A HMB-20428 5 18 1 s TR T 34 1
s SRR T RCR , & B R TR S5 4 B B R AL
XoF A 2 A6 20 EL A B A1E A . 2B B A R HMB -
20428 55 W5 A s 45 Al s Tl 245 70 FH R 24 1/3
IR , SR LAS b2 2455 it FH 5 40% , 18 B
A B 25 MO AT T HMB-20428 55 W5 T ik B AR fig 35 208
ML R H

2012—2016 4F44 FiRZEAHARTEW b B &
B OB WAL R R L AR X T
I, R BRLAAE B R 7 HMB-20428 AR Ak 22 25 K Tl 55
IR REIR 3 UK, 456 BhoRl (o FH s/ e 55 1k 2= 245 5]
SN2 40% , AT 7 2 76 B0 1 Bl R80GR 21 90% LA
o ZFFRGEGET T4 W, 3 A R AE T
58 UHE T A R AR 2.2 T3 hm? B 16 4l 55
22 668.03 J1 70, FHE R T 45 K N 8.77% . LIAEY)
PR A 2550 A SR B 24 T R A O
HOR MR AT FE B 2r & DT RORIR R IR IR+
F 2= 2 AR B AR AR AE , 3R 4
P K AR AR A

2 % L Bk (References)

Batovska D, Todorova IT, Nedelcheva DV, Parushev SP, Atanassov Al,
Hvarleva TD, Djakova GJ, Bankova VS, Popov SS. 2008. Prelimi-
nary study on biomarkers for the fungal resistance in Vitis vinifera
leaves. Journal of Plant Physiology, 165(8): 791-795

Bi QY, Yang XJ, Ma ZQ, Zhang XF, Wang WQ, Han XY. 2014. Evalua-
tion of fungicides for control of grape downy mildew caused by
Plasmopara viticola. Plant Protection, 40(3): 199-203 (in Chi-
nese) [EEARKHE, e, Lhaus, sk/hK, T SCHE, #iF53. 2014.
T 0 AT A 0 i 2 B 2GR . AR, 40(3): 199~
203]

Chabane K, Leroux P, Bompeix G. 1993. Selection and characteriza-
tion of Phytophthora parasitica mutants with ultraviolet-induced

resistance to dimethomorph or metalaxyl. Pesticide Science, 39

(4): 325-329

Chen H, Hu LB, Tang CP, Hu J, Shi ZQ. 2011. Efficacy of the strain B-
FSO1 of Bacillus subtilis in suppression of the grape downy mil-
dew caused by Plasmopara viticola. Plant Protection, 37(6): 194~
197 (in Chinese) [FRi, W58, FEARF, WIfE, 758 . 2011 4
T2 AT TR B-FSO1 X0 7 %9 76 25 1Y B VA 4O . A R g, 37
(6): 194-197]

Emmett RW, Wicks TJ, Magarey PA. 1992. Plant diseases of interna-
tional importance Vol II: diseases of fruit crops. Englewood Cliffs:
Prentice Hall, pp. 90-128

Galet P. 1977. Les maladies et les parasites de la vigne. Montpellier:
Impumerie du Paysan du midi, pp. 89-222

Gu ZR, Ma CZ, Han CA. 2001. Inhibitory action of chitinase produc-
ing Bacillus spp. to pathogenic fungi. Acta Agriculturae Shanghai,
17(4): 88-92 (in Chinese) [ Fi7€, TR, #i{ % . 2001. ;=)L
TR 2 AL TR SRR A AR L RO 2R, 17(4):
88-92]

Guo SM, Li BH, Hou T, Dong XL, Li GF, Niu ZF. 2007. Study on the
optimum time of using dimethomorph and famoxadone to control
cucumber downy mildew. Shandong Agricultural Sciences, (3):
75-77 (in Chinese) [1E WU, 2=0r48, 175, 35 I, 2407, 24 01
A8 . 2007, VAR 550 S il 24 B IR IR ARG IS . L AR AL B
2%, (3): 75-77]

Hu P, Li XH, Zhang XL, Geng WL, Cai XN, Liu ZP, Wei YM. 2013. A
field survey and control efficacy test of grape downy mildew. Chi-
nese Agricultural Science Bulletin, 29(16): 181-185 (in Chinese)
(B, ZE24EL, sk B 22, BRSO, S90A, X IE R, B . 2013.
7 R IR 0 e BIa RO . b AR 2 41, 29(16):
181-185]

Huang XQ, Zheng WJ, Chen YQ, Song DX. 1990. Basic enzymology
properties of f-1,3-1,4-glucanase from Bacillus subtilis. South-
west China Journal of Agricultureal Science, (2): 106-108 (in Chi-
nese) [H0% AT, KA, UK TT, RIHT. 1990. R REATH p-1,3-1,
A RNERREA B2 M BT AT . PR AL A4k, (2): 106-108]

Li M, Li Y, Yang H, Liu CL. 2006. Fluopicolide, a novel fungicide
against oomycete diseases. Agrochemicals, 45(8): 556-566 (in
Chinese) [254%, Z57F, B, XA . 2006. B iR 01 14 4995 25 (15T
RUR VAR SUERE A I . 424, 45(8): 556-566]

Liu CY, Xu RR, Ji HL, Chang ZL. 2015. Isolation,screening and identi-
fication of an endophytic fungus and the detection of its antifungal
effects. Journal of Plant Protection, 42(5): 806—812 (in Chinese)
[XUFE =, ViSiindi, ZE ks, o 50 . 2015, —BRAE By P9 AR ELTA 1Y
Sy BT A MBS . RO, 42(5): 806-812]

Liu GR, Wang WQ, Yan LE. 2000. The synergism in the mixtures of
different fungicides with cymoxanil on two kinds of downy mil-
dew. Journal of Plant Protection, 27(3): 277-282 (in Chinese) [X]
IR, ESOHr, AR L. 2000, FIR S AN [ A TR TR O X P A
FHEFIA R I HE SR . AR 24, 27(3): 277-282]

Niu SG, Wang QH, Zhang SJ, Liu XH, Ding AY. 2009. Studies on the



1404 Y R % i 45%:

mechanisms of combinative action of cotton Verticillium wilt with
fungicide and bio-control strains. Journal of Shandong Agricultur-
al University (Natural Science), 40(2): 247-250 (in Chinese) [ 4+
B, T, SIHUTE, RISELT, T &= . 2009. fb2E 20 BRI R
B3 i X AR A B I G VR HITRLIRI AT 9T . Ll AR A R 224 4 (A
IRBLFRR), 40(2): 247-250]

Qiao GS, Wang WQ, Han XY, Liu CL, Liu YC. 2009. Mode of action
of two candidate strobilurin fungicide against cucumber downy
mildew. Journal of Plant Protection, 36(2):173-178 (in Chinese)
[FREEX, SO0 , 554, XA, XIFOE . 2009. 170 2L HY
S P 945 T2 G 28 4% TR0 B0 TR s AV D O =X A DR 2
R, 36(2):173-178]

Shen HM, Li ZN, Yang JY, Zhang M, Ran LX. 2017. Identification of
the mycoparasitic strain F3 on Plasmopara viticola and its control
effect on grape downy mildew. Journal of Plant Protection, 44(4):
643-649 (in Chinese) [F1 2140, 25 IEA, M HERE, SRAL, F1EEHE .
2017, % A= Pl eE T A5 A TR F3 19 %58 KB IR ORI L AR
TRAP24T, 44(4): 643-649]

Shi YM, Yan JQ, Fei XN, Xu YQ. 1993. Purification and properties of
f-1,3-glucanase in tomato leaves infected with TMV (Tabacco mo-
saic virus). Acta Phytophysiologica Sinica, 19(4): 333-338 (in
Chinese) [ £ 4 #(, BB, 225/, VFA8 2. 1993, F il UL
TMV 55318 B-1,3- 51 RME R A 20 AL R . R A 324, 19
(4): 333-338]

Steimetz E, Trouvelot S, Gindro K, Bordier A, Poinssot B, Adrian M,

Daire X. 2012. Influence of leaf age on induced resistance in

grapevine against Plasmopara viticola. Physiological and Molecu-
lar Plant Pathology, 79: 89-96

Wang HC, Sun HY, Ma JX, Stammler G, Zhou MG. 2009. Fungicide ef-
fectiveness during the various developmental stages of Peronophy-
thora litchii in vitro. Journal of Phytopathology, 157(7/8): 407-412

Wang YZ, Ren Q, Yi BH, Cai GC. 2008. Experiment on preventing and
controlling diseases of fruit trees with pyraclostrobin - metiram.
Yantai Fruit Trees, (1): 19-21 (in Chinese) [ F 5%, {T-5%, 254K
WE, 25 D) R . 2008. 9 28 B if A0 T 0 . A 210, (1): 19~
21]

Wei JC. 1979. Handbook of fungal identification. Shanghai: Shanghai
Technical Publishing House, pp. 4647 (in Chinese) [ %{ 5 #4 .
1979. EH % T, il RIGHOR AL, pp. 46-47]

Wong FP, Burr HN, Wilcox WF. 2001. Heterothallism in Plasmopara
viticola. Plant Pathology, 50(4): 427-432

Yu XL, Qi C, Wang PS, Li BY, Wang YZ. 2016. Screening, identifica-
tion and mechanism researching of antagonistic bacteria against
fungal pathogens in fruit trees. Journal of Fruit Science, 33(6):
734-743 (in Chinese) [ TR, JT#8, T35S, 225, F0% .
2016. LA EL IR T HEHUAN A I 708 S RSP WIR .
W24, 33(6): 734-743]

Zeng SM, Yang Y. 1986. The epidemiology of plant diseases. Beijing:
Agricultural Press (in Chinese) [ -3, 478 . 1986. HL¥IIH = i
1o st gl k]

(B T 5t)



