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Volatile organic compounds of Bacillus velezensis 6W1 inhibit
the growth and toxin production of Fusarium graminearum
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3 Sanquan College of Xinxiang Medical University, Xinxiang 453000, Henan, China
Abstract: [Background] Wheat scab and Fusarium toxin pollution caused by Fusarium
graminearum complex seriously affect the yield and quality of wheat. Volatile organic
compounds (VOC) produced by biocontrol strains can be used for the biocontrol of plant
diseases. [Objective] To provide a theoretical basis for the full application of biocontrol strains.
[Methods] We collected VOC from Bacillus velezensis 6W1, an antagonistic strain isolated in
the previous study. The two-tier culture dish was employed to study the effects of VOC on the
mycelial growth of F. graminearum. The plate confrontation-fumigation assay was employed to
examine the effects of VOC on the spore germination and deoxynivalenol (DON) production of
F. graminearum. The components of VOC were qualitatively analyzed by gas
chromatography-ion mobility spectrometry (GC-IMS). [Results] The VOC produced by B.
velezensis 6W1 inhibited the growth and DON production but had no effect on the spore
germination of F. graminearum. The results of GC-IMS showed that the VOC produced by the
strain mainly included esters, alcohols, aldehydes, alkenes, and ketones. The inhibitory effect of
the standard substance of each component was tested. The results showed that these substances
inhibited the growth and DON production of F. graminearum. [Conclusion] In summary, B.
velezensis 6W1 can produce VOC capable of inhibiting the growth and toxin production of F.
graminearum. This strain demonstrates great potential in the development of biocontrol
products, and its VOC also have high research and application values in the prevention and
control of plant diseases.
Keywords: Fusarium graminearum; Bacillus velezensis; volatile organic compounds; antagonistic
effect

RAHRJIE (Fusarium graminearum) iy £/ R IR RIVLHEHLIX , /INZZ R B 005 1) R I 17 DL e
ZMBR DAY NE S5l RE/NERER  TUE, AR A TR X
(Fusariumhead blight, FHB), SEU/NE =B 25%, o THE KA TFIRED, ] HEaER Y
BN, ERE, DNERERA RS NS, S5 A 2R SR AT, 0
T, X EFBEZSEEZHNENZm, EHEEKT JI5i 480 55 5 ik )] 445 1% (deoxynivalenol, DON), K
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IR % J [ (zearalenone, ZEN)F1 25 Ji& Hi 7 M i
(nivalenol, NIV)& . X #6155 28 25 B 5% B Al
FRUBTE/ N R PR, X N B B REAR A 1 P B g,
Hrh DON B 3 V5 Y40 [l 5 K 75 Yu i Bl dwe ™
TEAE S il AR A7 245 0 A T B e R P X
o B AR T T 2 2 A i — R A s
oRim, FERIAM e 2, AU IR AR AR
fat By A R UM, 8 T RE R BCH ] ) R A i )
B AE B, R IOE HE J T 7 2R 1S BURIAR
R IR TR R 75 Y e e
I, BT ) AR A D TR A D 73R T TR
PR/INE ) o i 2 4 HLAG R U, AN AT A
DR /N ) SBT3 ] LA/ Xk PR 1 17 THT
s, ARl AT 2 R R

E 5 v AE ) L e 3 7 T, A AR A A
A= Ky A P A T B IR ELA T R A B
TSR AR W & S U, s sl Pt E
il S AR A s D T R A B TR R (R T
SR, A AL AR SO A T A A B
SRINIGE , XU PR 3R i 0 fuli A 0 0 i L T ) T
ARG, SRR E o RN, S RAEYIBNG
AL 2= T BoA S0k 7 FREE R, R e AE
gl AT R R RS HAr, 4w B
S5 2T R TR BTG /N2 AR B3 s 1 A B
AN, AT 32208 2 A AR (Bacillus spp.) . %
Mg B (Pseudomonas spp.) . il £
(Actinomycetes sp.)55, ELBH 4 B L0 K RS
(Gliocladium roseum) Fil £k 4 - 7% (Coccidioides
spp.) S50, X B A B B 3 B AT DA A A T
o 5t AT 2B R LA 7 O T A 1 B A W A B )
JoT o AR, AR B TR A R R A AL (volatile
organic compound, VOC) . & i i N & 1 A9 5
R R R IR AU B n] LA™ A 2 R
PEYI T, I ELRESE AN I e AR A BEA, 7ER
AT AT BT RICR , W LA 3 1 R AR DA

B 1 A 2 B e 10, Rybakova 2K,
FEPU R 7 A 04 22 P 0 B8 0 I A 0 5 D
B ESE N, X2 VOC MY HATEFER, W
A LME N —FIb 21550 FE A TR R , i
PP KRS, S Y B B pLE
WA X R IR RE 1 o TR, AR B T
A1) VOC S —Fl HAT |12 107 F RS A= Wb 3
FE.

VOC 8% PLH P S 2850 A 28 KSR
dHER, BT RN, VOC FEH
Y- 40 TR AR A A R B EEAE A, VOC REA S
P R B AR R AR A K IR S E D
PPl voC EEENEMERE A, Bk
BRI R4 1000 R 20T A ECRR 7= A Y
VOC HA—E2ES, MEFL™ARE, R, &
Voo B EESE, WIECRH EECAEE. L R M
1 X35 B AL AR X b S YTE A
AR I R R R s M A, Yo Ak B D -
BRGLHEEECEMN . A" 4Er voc 5
HEMAERENTAEERYVLR, WL, @ AH
TP A AR KA, AT IS B R A 45
R AR =4, Hodr, XA o= voc
R R F BRIy . EIRK
PR IREE . WA KR pH &N iR,
VOC 2K AT AL, 7E 20 °CHFI1 0.01 kPa 4%
PF R AP & AR, HA R A 4 2
P, REAS PP BLUR 2 S B B 4
25 SRIFLIR AR, AT 4R o X A 2 9 B o
VEFRUS ART7ERS PR A, 2R AT 8 40
HAG 12 0 F RS, Ho™ A 3 R A E %
A WU AR B A SR R . 20 22 90 4EAR,
Fiddaman Z5"F 57 2 B 5% 35 5 S5O0 A B 2R R0
BRI (B, subtilis)Zr WPt B R 45 4 1k 4 Jo i 72 Hp i)
wmEYE, W oA E AWK RE
LR 38 1B R BRI RSN B R R T
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P RUESE T AR ) ) A 4K S A 2 i L4
7

VL 43K , Gotor-Vila ZEPWF 58 T ff 3 3 24410
FF#i(B. amyloliquefaciens) CPA-8 ¥ & M4 o %if
FHEBE RS2 R 5 Monilinia laxa. M. fructicola
J Botrytis cinera ix 3 g Jii I A HI/EH , 1
FEHAE RIS FEBG BIH  EY VOC &
—MAE SR TH, AT EEY b B
FIEBBIR AT YIRS Aol FIRREE Y
A 25 FIALNE S At 1 AT RS A AR S AT AR
it o AN TR ZH T I 20 B 0 DL S 27 A I TR AR
6W 1 X RAT i I T8 AT B A5 a1, Y
PR R 6W 1 IR 25 8l 0 0 AN H2 fi 1) 17 00 1 2B
FEI, A RE RS h ARA P T R A, D T
R 6W1 AT L= A BARPUIEERY VOC, b
5% BAEIR A M IR 6W 115 % M40 o % R A4 ik
JIE BB 22 4K o A= 4671 & S DON F: 3 7™
AR, OF BRSO 3-8 T A% G
(gas chromatography-ion mobility spectrometry,
GC-IMS) By H: T S35 A Loy, I R TE
HE )3 T AW BTG b A R )2 OO T B 4 B
WA, JCHEF M ER VOC 5 EY)
Biiia

1 MRETE

1.1 #R
1.1.1 #&

K44k JIH (F. graminearum) PH-1 #1013
7 2 4T 1 (Bacillus velezensis) 6W 1 ¥ VT 754E
LV B 2= B 7™ b T i e 4 5 B IR R T IR AT
1.1.2 EHE

LB 3555 (g/L): AR 10.0, EEERZE
¥ 5.0, NaCl 10.0; 544 %545 % BB BUIE (potato
dextrose agar, PDA)}5 353 (g/L): 44 200.0,
g 20.0, HEE 20.0; BERER Y 8 1 PR E A
B (yeast extract peptone dextrose, YEPD)}53F Ak

(g/L): Hi%IHE 20.0, BEEERY 3.0, BREE MK 10.0;
o f & M R W A 5 3 (trichothecene
biosynthesis induction, TBI)}&%FE 3k (g/L): REHH
30.00, KH,PO, 1.00, MgSO47H,0 0.50, KCl
0.50, FeSO4-7H,0 0.04, trace elements 200.00,
J& % 0.80 ;
ZnS0O4-7H,0 2.20, H;BO; 1.10, MnCl1-4H,0 0.50,
FeSO47H,O 0.16 , CoCl,'5SH,O 0.16 ,
CuSO4-5H,0 0.16, (NH4)¢Mo0;0,4:4H,0 0.11,
Na,EDTA 5.00,
113 EZRFIANEE

TRIzoI® X, B A0 A 5 A W) BT PR
] ; TaKaRa [ % 551 £ F1 2xTB Green Premix
Ex Taq I, FHEAYEARAU)ARAR . —
SPREEEFRI, Hove & AR IR FRA A 5 ekt
B, IR IR BEST a0 PR v 627 B lse
AR CRHCA R A s HPLC-MS/MS, AB
SCIEX A dl; SEMfZOLE fE PCRAL, & IRk
B A RS W) 5 A % - B 1 i B i 1 A AY
(GC-IMS), GAS A+l
1.2 EHR W1 ELZ BN ARARIE
B 224 KR HIHIE A

FH 3 A% 15 5 LI SE T AR 6W1 77 AR 1
VOC ARSI B 22 B Kb E R . 72
kg ELA LB Hi3edk; 5—# P E A PDA
iR Bk R AR 6W B VEHFN T 20 mL Y LB
WitARREFRFEAp, 37 °C. 180 r/min 53% 24 h, B
100 pL 1R (ODgo=2.0)4% 1 2 LB KiFe 5k I, H
RIEHRATBRIRATIYS], 37 CIEIEEFR 24 h,
X BRZH AN EER ) LB i3kt . BORB IR bR
HERE PH-1 BB E T PDA $53R3Lih%k, FH
MR E, 25 CCIERT IR, 3 d Rl & RvE F1e,
AR, a4 PES,
(%) =
MR cm) — APV (om)

XTHREEVA 1 (cm)

TBI trace elements (g/mL) :

%100 1
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1.3 EHR W1 EL MBI RERIIE
o5 T E & RS I 1E AR

I FH SRR A1 0 2 B AR 6W 1 7= AR 145 &
A HLAIRT R A ik ) B AT 0 & I RE I . PR R
6W1 A K45 12—, B ARSI #4470
THeA %] 30 mL YEPD E5 3R 3Erp, fF2&U N
1x10° 4~/mL, ¥ IRAT K IR 24 h B TEFE 6W1 57557
MANTE A M A HIFH YEPD 35522
BigRm b, IAHNE R LB [ AR: F2 5 0 %) iR
F SRS, 25 °C fHIRIGSE, I 4. 8. 12h
JEEC1 pL Ml B ERIH RO, TSE R
TR T BB R AR, TR T

s o _ BRI H(D)
T K (%) EEIEES x100  (2)
1.4 Etk 6W1 XAV DON %
FEE B RN

BRI PH-1 20 A= 4280 5] 30 mL
TBI }igedkrh, WFLZRED 1x10° 4~ /mL, ¥
WATEEIE 24 h YRR 6W 1 B35 MANAE & 47 B 4%
Fhor A1 TBI B3R ssRm b, LI
P LB [ {ARSEIRIN X IR, B 0 B, A
AFR 3 AR, 25 CCREOLHMIE TR IR 7d,
Fr=4 DON H %, 7d 5 AXZL Mg, 4
IR VR R 22, WA R G TR R T
M, FREW2, 1 mL HEEEIER, Kk
Wtk 0.22 um A HUAHIER S AT HPLC-MS/MS il
SEFESH DON BE R i, 1B R 22 1 8
EYRa oy - L

fii F1 TRIzol® a5 4& Bk 1 /5 MO T 22 5
RNA J{#| ] DNA [ Z:BREEKZH DNA, Bl 5 A
FH TaKaRa Jz % 51200 G0F FL R L cDNA 58
¢ Y6 %€ 5t PCR 7E Roche Molecular Systems [
SERL, ISR 1. K ZR: 2xTB Green

*®1 AKWMREAAS

Table 1 Primers used in this study

519 il

Primer Sequence (5'—3")

Tri5F GAGTGTTTCATGCATGGCTACGTC
Tri5R CTGAGCCTCCTTCACATCGTCC
Tri6F TATCGAAAATTATATAACCACATC
Tri6R CTGAGGGCATTCTGAGTAGCGACA
GADPH-F CTTACTGCCTCCACCAACTG
GADPH-R TGACGTTGGAAGGAGCGAAG

Premix Ex Taq IT 10 pL, 1E. SZIa5[#)(10 pmol/L)
£ 1 uL, ¢cDNA (100 pg/mL) 1 pL, ddH,O 7 puL.
BT A A5 095508 L) GADPH KEDH R4 7R o, 2t
PN E 7 PCR W25 : 95 °C 2 min; 95 °C
10s, 56°C20s, 72°C20s, 45 MEH; 95°C
10s, 65°C60s, 97°C 1s.
1.5 GC-IMS 7Tt EE 6W1 E L B4
B4y

GC-IMS J&—Fh 55 IS M 7T
TEFF IR EAR, ATSEEL VOC AP 43 #T
GC-IMS FH TGN <. AR A ) VOC,
AR A =R BRI B S
. Al EEE L B R R AR R 2% S AR A
GC-IMS 43t BRI THE S VOC 72
BT AT T Y 43 8 L B8 R A5 Hh 0 8 1k M
Hiz gyt e

EIEAME B RAR 6W1 R 20 mL (9 LB
WA, 37 °C, 180 r/min B335 24 h J5 1)
B 10 mL P FHEAEm XTI S AR LB
B33k, 60 °C. 500 r/min B & 10 min 55 .
FAEIE 3 ANEE .

Kl 2 F . (3% A A S FS-SE-54-CB-1
(15 mmx0.53 mm, 1 pm), i 60 °C, R A3l
TiZs JhkE, JERERELA 100 uL, JEFEETEEE N
85 °C, HAEB T NFELE Nyo BT T
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WA A 2 mL/min, {£3F 2 min, 10 min Z&44E34 0 T 25 CHEIBAI B 15, 3d ol R Ei% Eis,

% 100 mL/min, 20 min ZEPEREHIZE 150 mL/min,
EBTTHT ]2 20 min.

BPaAb B . 3@ iF GC-IMS Library Search %X
PENE R NIST $d 2 H1 IMS 50 12 XA 0 21
) VOC AT E ST o R GC-IMS (XA &
1953 M1 544 Laboratory Analytical Viewer (LAV)
XoF TR R A 8 45 A P SR A R AR T4, il
Fl Reporter #fifFtE# voC 7K, iz
Gallery {4 R VOC f8arldit, AL
sl [ R M B 1 25 5
1.6 VOC #@ifrEmEINIEIESEMN
¥

ik 28 GC-IMS 434 1) vOC, FIMH
T 7% 1 7 Y Bk DN LA AR A Sk 0 T TR 22 4
KRR . ARSI R MER PR PH-1 B E
T PDA Higpfkrho, fEE SR M35 R E — K LA
AR, TEUEACH JL A4l VOC 4, BEFh) i
AR 50,100, 200 pL, ¥E3508 0.59.1.19,
2.39 uL/mL, LAEA 50, 100, 200 uL JCEEK N
it BT Sy R R s DB ) A K

ARSI, bR 3 EA

BRI PH-1 20 A= 1 F42 70 %) 30 mL
TBI ¥igRdkh, WFZMREN 1x10°4~/mL, 7E
BRI G5 A — R ISt FEuB 4t i A
50 uL 4l VOC 4fifh, LAURA 50 uL JCIR7KN
XTRE, O B E OA 25 CCRARE ISR T e
B3R 7 do BERIRHULE TIL W 1.4,

2 BRS04

2.1 VOC MARABINERSEBFHAN
EIESIESES

gEHL R AR 6W1 B9 VOC BEMZ IA &4
RO E 224K, 7ERRSR 3 d Ja s K™
HIRGE, M B EEKIER (& 1A). Wkt
BRI BRZH 0 B 22 2P AR T B %, 25 Lk
Bl VOC Ab3E T TE AR 255 59.69%
(F 1B). MEFXTEEAL, RAHRIIH S EAMT
ZIE VOC Ab 35 W A& 2831 Jo W A2 1k (&
1C), FWAER 6W1 771 VOC AFEIR 434 76
Tk .

CK Strain 6WI 3
£ 2
2 g
2 g
B g
oy 8
£ -
S G
Strain Strain -
PH-1 PH-1 :
CK Strain 6W1 8
Time (h)
1 FELXMBNIMNARARINEERKA) LB FIELNZM®B)  ***: P<0.0001; ns: TRZEER

Figure 1
(B). *¥***: P<(0.000 1; ns: No significant difference.

Effects of volatile organic compound on Fusarium graminearum growth (A) and spore germination
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22 EBEZMENYI DON FR7EW
A

K 2A B8R T HR 6W1 P24 1 VOC BES I
BN DON B KWk, BIERESR 7 d JEXTR
22 DON B & ik 18.5 pg/g, 1M VOC
WEBRAY B 22 AR AGI . DON #% . &5 DON
B 2 AR A R B R R A T
Rk 3 MR 15 ASRRISE R gig iy,
Tir5 Fl Tri6 FEH Y FRIAEFR G RGI R 2%
FEP FIFSERZEEE & PCR Xt Tir5, Tiré
SR PR d AT 0T, 25 R WK 2B iR Tirs
1 Tri6 J K Rk KFAE R R 6W1VOC HYAEFET
BETW, JLEAERE, 456K 2A WHZERE
SRR, DLWAERR 6W1 (19 VOC RE &Ml
DON 7 E ORI R Ik , iR Z5% M DON HE %
OFAE 98
2.3 EAMBVESRNE

VEEL LB 8532 340 CK T 2, AE
Pk 6W1 BRI RIS, LB 2 A it )
fIZS . 78 GC-IMS ik pybIE K (& 3), 9
AR BN S T 1 L BR IsF 8], R AR bR s 5 1
TERERTIA]; REARFR 0.5 Ab LT (B TE L& RR 0 —
AR SV 5 - (reaction ion peak, RIP), RIP P

A kool B
25- =)
— i)
QD N
2200 &
= &
2 15 &
3] =
E :
% 10+ q?o
Z 1)
o 51 =
3 E
)

0 | ~

Strain 6W1

ME A AR —FD VOC., SEIBIE B T
BRI EE , RN, 2L EaFRRK
(MR, BRI 0 3 B i VR B o R, 7
WA X RS, Tt E TSR ST
(N R = R Z A& e ) kA,
LA AW AR T ZEES, W 2%, &
P RIIE T P as B 2 A0, 4l U T AR N —
RIRMALETE

1t Gallery Plot ff {45 X 0z (1) il AL 4K KT i
HHEH A, A 6W1 8 R PEALS Wi Hs 2L
EIE (B 4), BRI R T RS 583 VOC 5
BEFERZE VOC ES . K4 LIEH, @
Pk 6W 1 BRI RE A= ZFl VOC, L% H 60 4k
i, HHEZS AL B, CiX 3 MK,
A KIS RTE CK FIEES 6W1 HERTETE,
B BA AN B XI5 L AE2S sk
HAELE, A RS2 THE P AR RIHFE T X
S, FEURR AL LY S AR T E SRR,
A5 ] R R A 0 A AR R 3 Sy T 4 R
1M C X 8y 17 B B AEAE S A Bk 6W1 b
FETE, X 17 P E 2RI | FRIs . MR
W, AR N HAR AR VOC dE T iE—2
23R 2)-

gk &3 CK

&= Strain 6W1

Tri5

Gene

2 EAMENYIX DON SZA)RZHEERIAB)HIEMN

Figure 2 Effects of volatile organic compound on DON toxin (A) and toxin-producing gene expression (B).

*adk: P<0.000 1.
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[ R |
0.000 [V] 2.348 [V]

+] CK3

+] 6W1-2 [+] 6W1-3

[+] CK1

[+] CK2

500 |
[08:20]

450
[07:30] [

400
[06:40] [

350 |
[05:50] |
300 |
[05:00] | I
250 | o
[04:10]

200 | &
[03:20]

150 |
[02:30] [

100 |
[01:40]

Measurement (r/s) [min]

[+]6W1-I

L} ’

} 2008 ‘ ! 204
- -‘.!q - -ty o
LJ ll“‘i f.

.“‘.4- ";.‘.A- e

0.50 0.75 0.50  0.75 0.50 0.75
Drift time/1/KO

3 Ek oW1 WEHEEIEEFIBETERE

0.50 075 0.50  0.75 0.50 0.75

Figure 3 Gas chromatography ion mobility spectrum difference diagram of strain 6W1.

B4 ZELRUEAIYNSHERIE-BTFIBIEESEE

Figure 4 Gas chromatography-ion mobility spectrometry fingerprint of volatile organic compound.

24 #EX N bR X R RT]
B & DON 5 ZHIHI R

454 GC-IMS MR ZE R A& M4 M LA
Kt R MafE S, SEHCLH 10 A i T4
UG VIR UE , TR Bl 3 PR EE:0.59.1.19.
2.39 uL/mL. MK SA AJHI, ¥E R 0.59 pL/mL
F, BEME . 2-PESE 8 R T RE RS AN HI R A
W wm 22K, A KRR R 100%; 4
MROWE. IE T, R 2-HE TR T Mt
RO, 2RISR 6.69%-25.05%.

MR IkF] 1.19 pL/mL B, 1-804-3-f, IET
FEA I RIA E] 95% LA |, ZBRATR . 2-H 3T
B2 THE . BE3gHR . ARSI R AAAE 50%-80%.
MYREEIAF] 2.39 pL/mL B, TR 4l REsE 4
MR SGR AR #2530 VOC 4l
XFARZHR I DON B2 A MW RZ, 455 3R
PEREIE PER A S S TE I — 3, Ol PRESE
8 I 5E 4N T DON #E 74k, ML
CWRFN 2-HE TR T ERFE R 2%, DON
HHEHN 4.6-6.4 pg/g (K 5B).
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*2 SHEE-BTIBERRAUGNNEREEINIES

Table 2 Volatile organic compound components detected by gas chromatography ion mobility spectrometry

45 No. 1A% Compounds 122 Chemical formula
1 2-J% i 2-pentanone CsH,,0
2 1-J%)%-3-F5 1-penten-3-ol CsH,,0
3 2.2 Z Tk Ethyl acetate C,H;0,
4 C. i Hexanal Ce¢H,,0
5 2R T ik Butyl acetate C¢H,0,
6 1E TP 1-butanol C4H,,0
7 Jii-3- 2 43 T (z)-3-hexenyl butyrate C1oH, 50,
8 BF% Heptanal C;H,,0
9 2 2-heptanone C,H,,0
10 1E T Butyraldehyde C,4HgO
11 2,2,4,6,6-11 H B e 2,2,4,6,6-pentamethylheptane CoHae
12 %418 Ethyl 2-methylpentanoate CgH,60,
13 H M Myrcene CioHig
14 3-FH 3L T 3-methylbutanol CsH,,0
15 T R Al Diethyl disulfide C4H,0S,
16 2R 5 T T Isobutyl acetate C¢H,0,
17 2-HFE TR T MR Methyl 2-methylbutanoate CyH 50,
A B
50 L 100 pl. 200 pl 50 ul 100 ul. 200 ul.
o« CIEIE « 0|09
= — 150
2-pentanone . . . 2-heptanone -
. < y \ ?(}
m—— 2 3
1-penten-3-ol § . . Butyraldehyde . = 10
= o N 2
Ethyl 2 g }
Ethyl acetate 0 2 A €]
methylpentanoate a2 5t =4 o (0]
= *
Hexanal 1 Myrcene % E
N’ a A 4
0ok
Butyl acetate 3-methylbutanol
e R S
B e o S S S
SRS NS A S
1-butanol n - Isobutyl acetate q;%qe ) Q,°.d ’1?@ %Qa c»&z@é:\@
y Ry &Q@ WSEE
Heptanal . . . Methyl 2- v ..x\'y
methylbutanoate Q‘}@ @,ﬁj@

5 VOC MAABIIEEK(A)K DON HHB)HIZNT
Figure 5 Effects of VOC on the growth of Fusarium graminearum (A) and DON toxin (B).
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3 WwE5&#

I A B AR BT 16 B AR i ) 2 AR |
/N SR B O KL ST, AR ™ A e
WP T o3 AR HE R R R AR R L FE AR
RK . IR R LR RIS, TEPL SR
G — HA RN, ZHWI BT R X sk
FER VDU IR, & T HE B B
AIBETEARR A o ARk, KRTFAERTw VOC 1Y
WFoE S 2, C A W IE B U P Reas A L
A A A Y A K R B R VOC, Wk
75 14 J& (Sreptomyces) . 2961 141 J& (Bacillus) 5 2
PR S BRI AT AT A ORI B A 2 P 2T
Zou ZEPSHEMIR A 1 018 T2 3 b % B 328 k4
B AT LA AU R R R Y, AT LU RR 25405 55
(Paecilomyces lilacinus) #il J& 16 % 7] Jg ¥ &
(Pochonia chlamydosporia)fit & 22 4E K K& 7+
K, iHiT GC-MS % Wtk A M R WY
Dilantha 2GR 197 #RANE R BLA 14 Bk
AR ™ A R PR G, FEAR SR+
B, XYy B 1A% A (Sclerotinia
sclerotiorum) i 1% i & T 22 A, Hoh Rk
DF200 . DF209 % 58 A& B4 il 2250531 7 88%
1 90%, Btk DF35. PA-23 MMMk, 2
BIR 32%F1 34%. Bu SEP0% BUMAE S 432
HH PR B 2 ST 1 (B. subtilis) L1-21 X K59 bRl
(Botrytis cinerea)fi #tZU A FEHLAE A, i3
(39.63%4.73)%. Mu VK% B + e 4355 5 1Y)
FY5 AT H(B. atrophaeus) J-1 XF Z i ¥
SR BT R T RSB TSR IR AT LA R
PR 800 . TEARDESE Y, T 1
KPS 2 AT T 6W 1 77 AR 45 & ) R BE
% A S5 AR A Sl T TR TR 22 B AR, I 3R A 3
59.69%, Jf HEeHW i i 22 DON #: R 774 I
FEEEA SR R, AT & . X3k

B DL SR 2E AT T 6W 1 7P A I R P i B A
TEAER AR BT 1A N FH AR AL, T BEXTE /N R
s HLAT B EAE

VOC J&—Fli 2 2&mMIREY, Sl
VIR =y, HETE 258 BRI, RiEF
BLIA T 250 B, RIS T AN B 340 B,
XFP VOC $HE T ELA 10 TR RO i A8 ) A R AR
AL A PR IED ) Kai 2505 1 TS 4R
A GC-MS M A TR 40 H 7= A 148 A P
T A 2 TR R M) B AT L IR R T S [R] 9 2
MRk, M1 FhEIIE 30 Fifb &4, & BIASIH]
AN REP= A 4 Al VOC. Arrebola 25057
FE AR YR S0 F 58 b 5 2F 760 FF 1 (B, subtilis)
PPCBO1 . fi# V€M 2F 4T 14 (B. amyloliquefaciens)
PPCB04 K & ® (PPCBOI+PPCB04) %} ¥ %5
(Penicillium spp. ) A5 HL/E A, 1t GC-MS 434
2 FhEE MR R VOC, 23k 46 T 23 Br 1 bk
PPCBO1 (21 )™ A i) BuAh 26 L ik PPCBO4
(8 FNEZ, (H 2 PR Az Y = 2 B LA
S 3-FRHE-2- TR, 5 R Ry 45.98%F1 97.52%
RIGIC PO [ H S5 AR PR A SRk N 5
153 ZE fFF 17 (Bacillus spp.) X4 Fll N4, HFik X4
R IR . HRR N4 R R MoK
e AL (Verticillium dahliae) VD-278 Fo 41 il 2643
K 67.83%. 42.74%. 65.03%F 36.75%, FIH
GC-MS 4 Hrifithk X4 F1 N4 45 R Y, WlsE
4 FpEBEEL Y RG-FETIR., 2,3- T _F.
ST 2-F LTI, Rf 23-T
TR AR AE R E T A R TR . R A P
S AR IS -SSR AR R VOC EF T
R A3 BT, & B RR A0 B 7 A ) 1 R ) SRS
AR H & e & A A ] bk 5-HE-2-C
FRFD 3-FEE T RR A TR SME R Bk, A I A
Wy 5t ¥ 8 41 ) )N 79 4R 2% (Rhizopus  microsporus)
WA o I A, T AR L AP B B 2R AT 1 (B
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subtilis) Y13 7= A= B4 K VLW B REAE T 10 Fioips
B A K, R AR A gk JH 1A (Colletotrichum
fructi col a) i il 35 fre 5 38 3 002 1A fl 2 B
FARFN AR - S K AU AT AR Y13 774
1) VOC, At 13 Fgg i, Hoh T KH
P 3-FHSL-4- TR LA RO N ERR RE RS F I 7
TSI IR TR AR s Al Hh 10 g 2 B At iy
TERFFERT R ZE AT R Y 13 77 A2 ) VOC b & 3R
T 2-BE T AR B T I A KA —E I
AR GC-IMS Xk 6W1 7242 VOC
HEATAMHTREI, B VOC RE4 MRS | B
Je. WEE . MZEAISE, Dot F2E VOC %R
PRI IR 22K ROR, 2Rk P,
P . 2-BRERSERIRICREGR, U 0.59 uL/mL
B RE AR S IR A i ) TR TR 22 A

VOC T LIER A=W i i 700 S 45 il o Jisd 78T 1)
R, WA R AR, Rl DA A
AR I HLAE 175 AR A9 B 1S ke 1 i s S
., Ryu ZE0V% P &5 28 AT 0 (B. subtilis)
GBO03 FlIfif € #1 2 41 7 (B. amyloliquefaciens)
IN937a ;74 1) VOC 7] LAREAIRHARE I 4 i b ) 2
I % J8 Bk 3 FF 7 (Erwinia carotovora subsp.
carotovora)5 | 2 i B L2 i EEFR B, T 2,3-
TR T HEY P O S Y. 2R,
ZERTHMEELREY R 4 d win] LSS PR I
YIS RGP AR AUNE T D 3B 2F
FOAFTR 6W 1 77 A5 A4 S M0 o Xt it vt 1) 0 1
BOR BFFEE VOC X SR IR AR 2GR, X1
B Ak g A A A AR AR O S A E i
At —2 oY
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