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Study on bioactive metabolite of Streptomyces atratus PY-1 and the field control
efficiency against grapevine downy mildew

Zang Chaoqun Bai Yuanjun Zhang Haidong Xie Jinhui Lin Ying Liang Chunhao’

(Institute of Plant Protection, Liaoning Academy of Agricultural Sciences, Shenyang 110161,

Liaoning Province, China)

Abstract: To explore the inhibitory effect of Streptomyces atratus PY-1 against Plasomopara viticola,
the effects of PY-1 strain by filtered broth on sporangium of P. viticola was tested, the bioactive sub-
stances were detected using specific medium and the biocontrol effect was evaluated on field experi-
ments. The results showed that sporangium and sporangiophore of pathogen were wrinkled, wizened
and fracture after treated with extracts of PY-1 filtered broth. The metabolite of PY-1 strain included chi-
tinase, protease, siderophore, 1-aminocyclopropane-1-caboxylate deaminase, hydrogen cyanide, indole-
3-acetic acid, but excluded cellulase. The original fermentation solution of PY-1 had great control effect
on grape downy mildew. The metaphase control effect on grape downy mildew was up to 89.17%, and
the control effect at the end stage could be above 86.28%. It was slightly lower than the equation-pro
WG of 52.5% with 2 000-fold, but significantly higher than 58% metalaxyl-mancozeb with 1 000-fold.
When the broth of PY-1 was diluted for 700-fold, the control effect was equal to 58% metalaxyl-manco-
zeb diluted by 1 000-fold. The results indicated that strain PY-1 could potentially be a biocontrol agents
to be developed for controlling grapevine downy mildew.
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FH %) 45 AE Bl 5 Plasmopara viticola (Berk. et
Curtis) Berl.et de Toni 5 | 2 Y 18] %5 5 55 93 ikt A 5
& R A 7 X, A H AT 4G AR 7 B — R (%
SCHH,2013) o i e 7w s B A T R TR AN
B PR DR SR R, — AR A T 3 B ™ K 20%~
30% , 022 TN A AFAR Bl DX 01 R 22 5K 80% LA I,
S8 A AR 15 LB R 2 e i ™ R b 2
FL TS e (B4, 2013) .

H i A2 25 700475 2 7 3 76 8 1) 2224
it AR RS A R — Ak 2 I 5 R Y 3R (]
BH R VPG X AR KU NE© A
R AT SRR T AZ Bz T R v B AL i
LRENE R 1S R A B 2R, A B L 2T
FERYH RS o WFSE K B B 2F MUAT I Bacillus
subtilis B-FSO1 AT P44 750 XoJ 46 268 56 55905 1) B A 8K
SR ] 35 80.88% ; #EHE  ANK313 7RI 2 h ik
PR BRI T, 12 BT RS U % R R I BN
67 g, DT 3200 T A= K (Abdalla et al.,
2011 ; BRIk, 2011)

A B TR A AR e AR BB TG T I
RN, A 2R 20 FEaE A
EN 2 aNU-2 /e S SEIN ISR UN I e/ R e e =<7/ iy
e A3 i TR A V5 Ao D T 00 e S B0
JEU R I 7 (Chung et al., 2005 ; Shekhar et al., 2006) .
I BRI Streptomyces atratus PY-1 58 A % el +
Berb o BEARAR 00 1R 28 7 A TR A BRI
TR TR AT, ELX— 26 32 0N g i L T 3 P L
A—mE M MEIER . 5T, AU 32 R bk
PY-1 R WA 70 20 43 A, (RIS PY-1 4 H ] B
BTV, DA AR PY-1 4 R LB DL S IR AR
N PR AR AR R
1 MR 5F*®
1.1 ##

PR Bk S 2 - I PR BT T PY-1 B AR &L
I FR AR A Y I T A R R B I i 5
FE IR AR R . AR AR H I T
M AbE B 2 e i R NS R

3 9% A - H S B % 0 B IR (potato dextrose
agar, PDA)IEFR3E . A8 200 g FATHH 20 g 5l
15 g Z&M7K 1 000 mL; £ K #) (corn meal, CM)
FiFe ik FoK# 50 g A HE 5 g AR S g &4k
B 5 g AL 0.05 g Z&1E/K 1000 mL; JL T J5t i
Ror I 5 7 L - R TR — Ak 1 g LALLM 0.2 g BRI

B 0.2 g IRIACIRLT 1% (w/V) BifiE#: 15 g 7518
7K 1 000 mL,pH 7.0(Sandhya et al., 2004 ) ; & F 4
W BE 5L AR W kY 6 ¢ TR M 1.5 g Z8 1K
100 mL ; £F 2 Z B Ao i 355 55 3% - R S g JBEREA
5g FRHILLTHEZRS ¢ AN 2.5 g BEER — SUE7
0.5 g BitfRH 7.5 g 787K 500 mL,pH 7.0; FEEkE
K55 35 5L . & K75 S(CAS)60.5 g 1 mmol/L FeCls -
6H,0 10 mL . HDTMA 72.9 g Bifl5#3 15 g, %10 /K &
Z¥ %1 000 mL, pH 7.0; Dworkin and Foster (Dworkin
and Foster salts minimal , DFSM ) ¥4 37 3& . KH,PO,
4 g Na,PO, 6 g . MgSO.-7TH.0 0.2 g i ik 2 g i
PRGN 2 g FTPIEIR 2 ¢ (NH.).S0. 2 g, ZHor—IRIR
(H:BO; 10 mg. MnSO; - H;O 11.19 mg. ZnSO, - 7TH,0O
124.6 mg.CuSO,-5H-0 78.22 mg.MoO; 10 mg.100 mL
KA 7K ) V7 ¥ (FeSO, - TH.0 100 mg .
10 mL K 18 2818 /K ) 4% 0.1 mL, &£/ 7K 1 000 mL,
pH 7.2; ADF B5 3558 o ACCYE T ICHE /K, 11 0.22 pm
THCFL B RS At U8 JBR A T , N2 % (NH. ) .SO, H i
J6 K A 1Y DF 35 33 B, i ACC Y 249k B2 3k 3
3.01 mmol/L; IAA ¥ Il 5 % & . 25 A Bk 20 g.
K,HPO, 1.15 g . MgSO, - 7H,0 1.5 g . N =¥ 15 mL .,
O IR 0.1 g, 28K EZE 21 000 mL,pH 7.2,

T RS < 58% W 7 - 6 (metalaxyl manco-
zeb) IR MR ), 7 & R AR AE BB R A F
52.5% MWEME T I - 75 K & (famoxadone cymoxanil ) 7K
SR, 96 EAEIRA F . HPS-250 553548 , M /R I
TR FHARTF KA FRA F] 5 JFC-1200 25k 5
A, BERRGH A 48 (116 ) B2 55 A3 FRA 7 5 S-4800 F 4 Ha
TR, B mssidoR (i) EPR 5 2 A BRA ] .
1.2 Ak
1.2.1  PY-1 K Bk BOR B8 i 0 ) -

4 PY-1 B BRI 26 42 Ff T PDA P-4l I, 28°CF
PR EE SR S d, s AL SE UG o KIS TR0 PY-1 TR Bk
FERD A 100 mL CM 35 35 3119 250 mL = £ i
H1,28°C . 180 r/min #i& ¥ 45 5% 3 d JFAEFh F 45 H o
PR FIA% 5% A5 90 mL CM #5337 3L
90 mL % RS 37 25 T 250 mL = A, 28°C .
180 r/min 3% K797 5 d, K154 PY-1 B Ak & B2,
4°C - A7 o H4 PY-1 BRI Bk & B2 ¥ LA 10 000 r/min .
4°CTH B30 30 min KRG, HiFIRZA HAE 0.45 pm
LB g , 215 PY-1 K BRI, %5 .

122 #HAFFRARTEEFRHNE

2 [T SO 55 (2005 ) 7775 11 4 781 460 7 2 R 9L

THEETAF . R H )R R B A A 0, 7 [l



866 RIS 45%
SCHE JUIR K IPE R R R R A e, Rk

LS T I o T LA 2 /A SR | =
P 5t 22°CHE R 5 540 T B RS 1E 5% 24 ho fRIELT
Pp=r | I 4°CTUA I Z2IB/KOK 70 BE v T, BC il A
173 B IF K, 2 000 r/min 2.0 20 min, H & 3 ¥K,
F B TR B R BE Dl 1x10° 4> /mL 46798 B
#H.
1.2.3  PY-1 %93 R A 70F & AF0TF EAR 6%

TERE It Ko R/IN—F W 4 v, G R 7K e
Ve AR PR A A AL, R L
FIRUEACI H AR M 15 em (935 3R ML . 4% 1 mL ¥
JE R 1x10°4>/mL 4 % 76 559 DA A 5% 8 07 i
Fub 5w, B O BRI, BT 22°C R 12 h
TGS TR . et AR A 2 AT PY-1 18
PR R T UG 20 L A5 1 7 1 %6 76 R AR )2 L
3T 1.5.3.6.12.24 hm , I R 1 s i 2 bl
B4 mmx4 mm K/ 2% e BEESE 4 h, 4B
PEER K PPV 3 UK, 2 CRERBFE WK, T8 RNFE (8
TSR BSE . DA N G T 5% 5% T4 Ah BRAE SR X
W 38 T B R PY-1 & DB TR AN G T 5 35
TR R 2 R A P ) s ) (2R, 2011) 6
1.2.4 PY-1&W =% o4

214 R RS . 2 I8 Ghose(1987) 7 15, #E PY-1
R AR A RS R A | 28°CHHIR G FR 5 d
Ji , 11T mg/mL WISRZLG (A 1 h, B NIRRT S
FH 1 mol/L AL EIZ i 1 h, WA JCE e LT
JiE G . 2 M8 Reid & Ogrydziak (1981) 7545, PY-1
PAMR s 2 B DU LT ot Ry o — i R A B 5 5 1
28°ClH R 57 7 d, WEAT TC 35 FH Bl ™= A= 5 28 1 g Ao
W - 2 PEAIEE 75 45 (2004) 771 B PY-1 1 B 28 il 12
Pl F AR g2 4 1, 28°CHE IR S 37 3 d, WA Toils
B 5 R AR Z A - 2 B Machuca & Milagres(2003)
J5ik B PY-1 B MR S TREER R i 9 4L I, 28°C1H
HRE R 7 d, AR B AR 1k s ACC B & B 7 - 2 1]
FEEE(2012) J77% B PY-1 W MR AN ] DL ACC
hifE— & JR Y ADF 15373 |, WL%% PY-1 B AR E 7S
TEREFR L FAE A K s HON U 5E < 2 I8 Hogg & Ahl-
gren(1942) 7%, % 4.4 o/L H &R A PDA K5 3%
i, PY-1 MR Tk g 3t 1, R 2%
Na,CO; Fl10.5% v R TRV R M IS Al R s 7 4 1
B L, 28 CHE RIS FAR T %97 4 d, UEIE 4R 2
AR TAA K - ¥ PY-1 R PR 7E % 0.5 mg/mL
RN DF 53R 159 5 d, Wi T mL 1 B S
2 mL Salkowski i TR A, 20 min J5 W52 B B TR Zi

1.2.5 PY-1 i 4k64 & ) By 5384

RIS AEIL T8 A B2 B i A el vh i AT, A
FEBEI iz X B2 E , kAR E . F2012—
2013 4F ¥ 28 2 AR HEAT PY-1 T b 9 H ) B 20056
TR S B0 24 K65 BT R 104 FH () S 8 v U3 1
e 70 (1)PY-1 LI ; (2)PY-1F6 B 300
R (3)PY-1 7 B 500 %9 ; (4) PY-1 % B 700 %
;5 (5)52.5% WEmk B TR - 75 IR 2 000 £ 5 (6)58%
FREEREF 1 000157 5 (7)K% IR BA-Ab 38 10 fk
i, EAE AW BENLIX %3t BN X BENLIE A
10 245 A 0 & LI RTA I R, 20 BiE SR 45 20
M R AR S bR o 0 9 - TCHGBE 5 1 % - ik BxE
TR0 AR 5 A TR Y 5% AT 53 5 o5 B T AR 4
AT R A 6%0~25% ;5 5 G - o B 1T A o A - g AR
(1) 26%~50% 5 7 G - I BE 1T B (5 B2 A1 L) 5 1%~
75% ;9 K R BETA AT AL 75% DAL

T () 46 28 7 B 2 L R N AR it 24, i 24
B4 S 25, LIS 24518 R , I A6t 24 1 R A
TEHRE. R 7 diitizy 1 Uk, Heitizh 4 Uk, 7656 3 it
ZYHTTRAR G FE B, TR LR R sk, B B Rk, 5
425 10 d, AT TR A, T LR i, RIR
Wi R GEGEERESE,2014) o BisGE R IE TR 50T .
RG], WRER A 7 TR A 27 A 245 45 A BG4 8
BRIGSEM . PRANEA A T A iR/ AR B s
45 S IER R 225 3P0 PY-1 K BB 4 1Y
Gtk IRTETRE=100x Y (45 G0 MO T8k
1B/ GRS B BO R AR RAE) 5 Blisk=Cht R s
B — A FG RO X IR I TR R0 100%
1.3 RS

TR K e FH Excel 2003 1 SPSS 18.0 Ak 4FE4 7
it b, R /N 35 2280 (LSD) WL kT 2 5
EVERES

2 BZR55H

2.1 PY-1HEERAFERAFEENIMN
FH A I R 2 R W s, ok R 2 ) % R S TR
BT RN A TR A, eh , s 51 E 0
1M 25 PY-1 T8 Pk & BEUE VAL ] 1.5 h )5, 1 %6 7 250
R0 20 A AR S T U 1 IR 4, A B 3 L6
12 124 h J5 76735 A 7 A1 25 5 6 BEAH e &
A R AR, IS TRV R BE i 4 4 L IR (14
1) o A PY-1 B R A RS T HP 04400 B 336 12k 40 o vl
DL AR TR 2 R A 1, B AR YRR
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KEFIEE.
2.2 PY-1 EREEHMKEHHT 5

PY-1 RSB P AR I 25 31 SR, PY-1
PRRRAT A RS L T B R IR k= L
BRFR R A B A B AR PY-1 B AR A 43
f LT TR R PR ANZE & Fed (R 11 5 (B 1E 2T 4 2 il
R 5 7R 56 R WLaB I 1B . PY-1 B RETE ACCHE

b E— VR 9 ADF 15 95 3% Bl DUE# A K, £
PY-1 B BE AT DL A ACC W2 5 PY-1 B Ak i 2 4%
PP A B &R PDA K573 I, JEAREI (0 A 9%
IRLLAS A HON P74 PY-1 MR AE 5 A (A
PR 1Y DF K5 38 P 75 3% 5 d, W B 5 Salkowski it
VA 20 min J5 2B 26, R PY-1 ™9
TEAIAAK2),

BEl1 EHPY-1 B EEERERFRRAETFRENZMN
Fig. 1 The effect of PY-1 strain filtered broth on sporangium and sporangiophore of Plasmopara viticola
a: XTI b PY-1 KEEIERALFR6 h, a: CK; b: pathogens are treated by fermentation filtrate of strain PY-1 for 6 hours.

B2 Btk PY-1EEHR G =4 AR
Fig. 2 Antagonism metabolites plate detection of PY-1 strain
a: JLTJEE; b: B AHE; c: HCN; d: ACC; e: Mg4kE; f: IAA, a: Chitinase; b: protease; c: HCN; d: ACC; e: sidero-
phore; f: TAA.

2.3 H£BE PY-1XE %75 4% B B B B R0ESN
TE W [ B RGRE  , 2012—2013 4E A= B ik 2k 14

PY-1 & I ¥ 6) 7 26 75 25 9 25 2 A AR 4 19 Bl 40 o
2012 412013 4F PY-1 & B2 B 1 o 3 B 58043301
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45%:

89.17% #1190.08% , L. 52.5% WM B - 75 K 2 000
15 4 B7 %% (92.96% . 93.08% ) &A% , (H 2 & T
58% H FEREE 1 000 f5 3 1 B34 (73.48% .75.28%) 5
ARIHBHRL LY 52.5% WEME P - FE R 2 000 1357 1 B
ROFHAR (R T 10 35 25 55 5 2012 4F R 2013 4F PY-1 K& T
TR A A 95 55003 M 87.33% 11 86.28% , 5 52.5%
I ae DT T - 5 IR 2 000 A3 B BHACA 4 . 24 PY-1
TR TR B 300 F5 R0 500 R ), A S A S By 4 12 ik

FAIK T 52.5% WEME TR A - 75 IR 2 000 F5 I 1 B AL
(BB T 58% WG 4551 000 RIS, PY-1 K
TRV 700 435 3 F8 80 X ) 2 R i I ARSI B 2% 5 58%
R - BB 1 000 A BT RIHH 24 (3 1) o IR HA], &8
PY-1 B RERAL B S R A T IRk, P R R
P 11~16 em 22 [a], HpoR R AR KR S xR 22 5, H.
KERLE .

K1 EHHEE PY-1 A& FEE %A A BB RL

Table 1 Field control effect of PY-1 strain treatment against grapevine downy mildew

2012 2013
b A1 b A
yLs TEAL FEAL TREL FEAL
Metaphase Telophase Metaphase Telophase
Treatment Metaphase Telophase Metaphase Telophase
) control ) control ) control ) control
disease disease disease disease
] effect (%) } effect (%) ] effect (%) ] effect (%)
index index index index
PY-1 REERR 0.25+0.05 89.17+2.13 1.07+0.28 87.33+£3.32  0.37+0.05 90.08+1.43 2.12+0.20 86.28+1.29
Original fermentation kl abc ijk abcd kl ab fgh bede
solution of PY-1
PY-1 7 FE 300 /i 0.3240.06 86.52+2.45 1.40+0.20 83.33+2.34  0.54+0.08 85.67+2.17 2.58+0.40 83.28+2.60
Original fermentation Kkl bed hij cde Kkl bede ef cde
solution with 300-fold of
PY-1
PY-1 % 500 f5 1 0.37+£0.06 84.36+2.58 1.68+0.55 80.04+6.52 0.55+0.06 85.43+1.55 2.93+0.53 81.08+3.40
Original fermentation kl bede ghi ef kl bede e de
solution with 500-fold of
PY-1
PY-1 i #5700 £ 0.63+0.10 73.24+4.11 2.48+0.34 70.57+4.04  0.98+0.10 73.92+2.52 4.74+0.43 69.36+2.77
Original fermentation ikl gh ef gh ijk gh c ch
solution with 700-fold of
PY-1
52.5% WEME P - FEIR 0.16£0.07  92.96+2.85 1.01£0.36 88.03£4.23  0.26+0.06 93.08+1.61 1.97+0.49 87.23+3.15
2 000 f5if 1 a ijk abc kl a fgh abed
52.5% famoxadone
cymoxanil with
2 000-fold
58% HIFHEREE 1 000F5W 0.62+0.11  73.48+4.61 2.64+0.38 68.58+4.54  0.93+0.18i 75.28+4.71 4.91+0.44 68.26+2.86
58% metalaxyl-mancozeb jkl gh ef h jkl fg c h
with 1 000-fold
THZKXT R 2.34+0.62 - 8.41+0.63 - 3.78+0.32 - 15.46+1.46 -
Water control efg b d a

F P BHE Y AR e, R BNEE S R RNG FRE R R4 LSD MK I TE P<0.05 7K F-22 53 1. # . Data in the table are

mean+SE. Different letters in the same column indicate significant difference at P<0.05 level by LSD test.

3 iTig

ARBFGE LB, R PY-1 & B e S BRI 76
I BT T 90 TS0 R 2 MR A IS RIS
S B 1 R RV K R B O, TR PY-1
eI A A A T 0 R R > — (R

2016) . Baharlouei et al. (2010) % Bt JK 0 5 55 B
Streptomyces plicatus 101 X =Yy b &G JLT i fig
B2 R, DA T A9 o) e D R T 22 A K5 K e AR
(2015) W52 R W, Z 45 27 MIAT 5 Paenibacillus poly-
myxa (SR10, SR11) | il 3% X 5. 0 i Pseudomonas
brassicacearum (SR21) Fl f# J€ Ky 28 M AT & Bacillus



41 FHGEL IS I R EERETR PY-1 15 1™ ) 70 KO0 356 1 2 P IR B 8P 869

amyloliquefaciens (SR22) X, #lf 7= ¥ # & A HCN,
HCN XA Py s i ol B 8 R AE T . ASBIFSE LA Al
RIZ5e, R PY-1ACE ™ W) & A JL T Bl 2 e
HCN FEEK R ACC it A B TAA , LT g Al
[ T A 20 M RE A AR, B 605 7K s T 20 B
TR BOR R 2 R AZ YL e TT . PY-1 REfE R IR 4
Fe B2 DR A LR Al s AR 1, T e A R
S AN BE K AR AT HON A G

RERR 2 S HUHLE 08 3R T8 A G (R 26
FEAR A, 2007) o Fe* ) I B2 S 1A= 1 A A 0 BR
KR BERE R AT B R R 5 Fe B A ie AR I8,
RENS 5595 I il A 5 4 B T 3k 240 s st v 1) H
). Ran et al.(2005) X} 3 B AR 5P B b FLRg 2k 2K Gk
R B IG Fe R IR B AT T RIFSY, 25 SRR
YA il 5 Pseudomonas fluorescens WCS374r [ #k
FE AR AR P, putida WCS358r REMSIE 13 %] Fe**
eI SR ER A . PY-1 BRRA G ™ A rg ek
R A A AR ER M E AL 2 —  H
FHDLHIE ERALHIAZ D RILHA FrE— 2D,

It 2z s e O PR S AR AE AR ARG . fF9E 3R,
ACC BN e it AR KT  id A
FE 0 00 P R ol 3 PR 1 T e (PR IR 55, 2012)
TAA AR AR, fEp ) A Rt B i 35 O
HEAE . #E 55 (2013) A L3 43 B 545 ACC I
B PR R R ACC30, il % 1 45 = FLfE b i it
SAEHTE AR s TR B4 (2014) R Hb /N A
HRPBR A 5 o3 25 5 0 5 bR ACC I Z B A 7, HL
[R) s RE 7= A= — S B ) TAA RN ZRA , A B pY 4
AW TT . PY-1 HPRAERE 73 ACC i Z B FI TAA , i
W PY-1 B PR3 o (i A ) A T 4 S b a1, DA
IRBIHUIR SR o TR e i e S PR BT Z (R Y H
YERZR T E A, BARC EAHVF 2R BER (B 5
i — AT .

AT ISR PY-1 TR PR A T 1) L [) 977 28086 7 7 1
o L84 2012 4FF12013 45 2 4F H [0 Z5 4, PY-1
KA R L300, 500 . 700 7% 5 F X 46 76 B3 0%
YA 2 B 55, Hodr 700 485 BRI A I B 3%
58% W R - FhFE 1 000 F5 M B R0AH Y o R BT
PY-17E8 %10 AR IAEE T B AR , ATAE N i 25 7R
B E AR TR TS T 2 N H

& % 3L #k (References)

Abdalla MA, Win HY, Islam MT, von Tiedemann A, Schiiffler A,

Laatsch H. 2011. ChemInform abstract: khatmiamycin, a motility
inhibitor and zoosporicide against the grapevine downy mildew
pathogen Plasmopara viticola from Streptomyces sp. ANK313.
Journal of Antibiotics, 64(10): 655-659

Baharlouei A, Sharifi-Sirchi GR, Shahidi BGH. 2010. Identification of
an antifungal chitinase from a potential biocontrol agent, Strepto-
myces plicatus strain 101, and its new antagonistic spectrum of ac-
tivity. Philippine Agricultural Scientist, 93(4): 439-445

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) [BRi, BIEH®R, FEG-F, ${d, A58 . 2011, Al
i ZF HUFF TR B-FSOT X0 7 %4 7R 20 (1 B VA R . A1 4P, 37
(6): 194-197]

Chen J, Ding Q, Wang M, Zou XL, Zou HW, Gao JL. 2012. Isolation
of ACC deaminase producing bacteria and their effect on plant
growth promotion. Soil and Fertilizer Sciences, (2): 92-97 (in Chi-
nese) [FRU&, T3, LA, 4R/, 4R1E3C, MR 3E . 2012, R PR
ACC BB VAN A 1473188 S HAR B AR WS . PR e 50
EL, (2): 92-97]

Chung WC, Huang JW, Huang HC. 2005. Formulation of a soil biofun-
gicide for control of damping-off of Chinese cabbage (Brassica
chinensis) caused by Rhizoctonia solani. Biological Control, 32
(2): 287-294

Ghose TK. 1987. Measurement of cellulase activities. Pure and Appli-
cation Chemistry, 59(2): 257-268

Hogg PG, Ahlgren HL. 1942. A rapid method for determining hydrocy-
anic acid content of single plants of Sudan grass. Agronomy Jour-
nal, 34: 199

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)
[BAR, 222440, TRE 22, BRSO, 2Rk, ) 1ESF, BRHe . 2013.
5 2 4 B D ) 081 A B i YA A8 R il v L A 255 4, 29(16):
181-185]

Huang G, Gao H, Wang C, Zhao Q, Zhang WF, Dang J, Ma XT, Yan X,
Gao JP. 2013. ACC 30 strain with ACC deaminase activity: its iso-
lation, identification and growth-promoting effect. Microbiology
China, 40(5): 812-821 (in Chinese) [# 5, m ks, TEE, B, 5K
SCUE, SEUR, THIRSE, R, AT 2013, ACC B ARG I 14 14 bk
ACC 30 (9535 M BHAR AR UE i 4R, 40(5): 812~
821]

Li QL. 2011. Identification, biocontrol potential and mode of action of
Streptomyces JK-1. Ph. D Thesis. Wuhan: Huazhong Agricultural
University (in Chinese) [Z= ] . 2011, 455 B JK-1 14 % 8 M H:
B v RE A B RILA O BFTE . LA Anie sC . BB ARl
]

Liang CH. 2016. Identification of actinomycetes PY-1 against Plasmo-
para viticola and structure determination of antimicrobial sub-
stances. Ph. D Thesis. Shenyang: Shenyang Agricultural Universi-
ty (in Chinese) [42 773 . 2016. 7 % 75 55 A5 B i 28 18 PY-1 %



870 i R/ A= S 1 454

S ST TG P STAE AT . P 2A e ST PR : PR
%]

Machuca A, Milagres AM. 2003. Use of CAS-agar plate modified to
study the effect of different variables on the siderophore produc-
tion by Aspergillus. Letters in Applied Microbiology, 36(3): 177-
181

Qin BJ, Luo Q, Gao M, Hu HY, Xu J, Zhou YQ, Sun JG. 2012. Isola-
tion of wheat endophytic diazotrophs and determination of 1-ami-
nocyclopropane-1-carboxylate deaminase. Scientia Agricultura Si-
nica, 45(6): 1066-1073(in Chinese) [ 5%, & By, = #k, W,
i, J5SCHS, PhEDG . 2012, /NE A R 43 25 SO ACC
AR E . ERFE, 45(6): 1066-1073]

Qin WT. 2013. Rapid detection Plasmopara viticola by molecular
method. Master Thesis. Beijing: Chinese Academy of Agricultural
Sciences (in Chinese) [Z& SCHE . 2013. %4 5 2500 B DR 2746
M7 EERIE . BB Ane . dbat: AR B

Ran LX, Xiang ML, Zhou B, Peter A, Bakke PAHM. 2005. Sidero-
phores are the main determinants of fluorescent Pseudomonas
strains in suppression of grey mould in Eucalyptus urophylla. Ac-
ta Phytopathologica Sinica, 35(1): 6-12

Reid JD, Ogrydziak DM. 1981. Chitinase-overproducing mutant of Ser-
ratia marcescens. Applied and Environmental Microbiology, 41
(3): 664-669

Sandhya C, Adapa LK, Nampoothiri KM, Binod P, Szakacs G, Pandey
A. 2004. Extracellular chitinase production by Trichoderma har-
zianum in submerged fermentation. Journal of Basic Microbiolo-
gy, 44(1): 49-58

Shekhar N, Bhattacharya D, Kumar D, Gupta RK. 2006. Biocontrol of
wood-rotting fungi with Streptomyces violaceusniger XL-2. Cana-
dian Journal of Microbiology, 52(9): 805-808

Wang WQ, Xu XM, Liu JD, Ma ZQ, Han XY, Zhang XF, Li HX, Kang
LJ. 2005. Fungicidal activity of bamboo vinegar against several

phytopathogenic fungi. Acta Phytopathologica Sinica, 35(6): 99—

104 (in Chinese) [T 3SCHF, VFIEME, X425, ko, #5750, 5K/
WA, ZELLRE, HESLAA . 2005, PTBSIRO0 LA AR 49755 i 1R 4400 )
TEME . R A, 35(6): 99-104]

Wei HL, Wang Y, Zhang LQ, Tang WH. 2004. Identification and char-
acterization of biocontrol bacterial strain 2P24 and CPF-10. Acta
Phytopathologica Sinica, 34(1): 80-85 (in Chinese) [#11 &, T
I, BRIIRE, JESCHE . 2004, 2B bR 2P24 5 CPF-10 (Y% 5E 2
HEB AR HER BT AE 3 Mt . AR B2 4R, 34(1): 80-85]

Yu MX, Zheng FC. 2007. The development and utilization of sidero-
phore on plant growth promotion and plant disease control. Chi-
nese Agricultural Science Bulletin, 23(8): 507-510 (in Chinese)
(A2, FRIRAA . 2007, I R R TEAL FEAE Y A 1 Lo 3 B 45
DI IR . A AIE R, 23(8): 507-510]

Zang CQ, Zhao KH, Liu CY, Liang CH, Yu SY, Liu L. 2014. Screening
of antagonistic bacteria SY286 and its effect on grapevine downy
mildew. Chinese Journal of Biological Control, 30(3): 402-407
(in Chinese) [ #E, X 418, XKL, AR, TEHG, XTI .
2014. = B3 AT SY 286 A4 i 126 b X 4 %65 56 250 B BTG RCRF
FE. T EAMIBIARAR, 30(3): 402-407]

Zhang GZ, Li HC, Sun YL, Liu XP. 2014. Isolation and identification
of rhizobacteria producing 1-aminocyclopropane-1-carboxylate
(ACC) deaminase. Journal of Northwest A&F University (Natural
Science Edition), 42(6): 189—196 (in Chinese) [ [EH:, 2=,
PIACHR, KUTET- . 2014, 5 B ™ ACC it 2020 1 114 i 2 5 2
PUALAMABHE 274 (HARRRFERR), 42(6): 189-196]

Zhang L, Wang GL, Duan JN, Zhao LF, Li HX. 2015. Suppression of
tomato Fusarium wilt disease by bacteria strains and their mecha-
nism. Chinese Journal of Biological Control, 31(6): 897-906 (in
Chinese) [3K5%, B2, B, 22 R, A28 2015, 734
W73 T X 2 A 22 9 ) 7 9 28R S LB . T I AE W B 24 3,
31(6): 897-906]

(WAEHH. T 5t)



