36(4)575-580 B 2B ¥ 444 Chinese Journal of Biological Control 2020 4E 8 A

HEE M S BRA E XISIE & Y BN & & 1 R Xt
3 RBE RO E

?r /IZI gt(ﬁ%g %//\EE, HE }PI:%, §K§1§*

<mmch FRYRYAEBE, K4 030801)

WE.: IR BATHE Bacillus amyloliquefaciens XI5 1% & M 41 it *t 3 R 48 J§ 3% W Monilinia fructigena % %
AR AW A R . 3 3 E AR AR R B A 1 S BX O £ (Solid-phase microextraction-Gas
chromatography mass spectrometry, SPME-GC-MS) &tk XI5 = & B35 & M4 A AT, FF TR 5
ok AR R A I E N, B AREMIENE AR XIS BRI RN FEREE RO R EREW,
XIS W ARAE K MM Rt 9 MAE YR R AW AN 7 47.9%~84.8%, HP M ERBHE R A NNE £ K5
84.8%. SPME-GC-MS 4 U B 410 B & M 2 R B, T bk XTS5 4006 09 £ B4 & 4 it & + — B ( Dodecanal ),
HANEHERNEL YR EE X 2-F8 (2-Nonanol ). 2—-7, 3 .8 (2-Ethyl-1-hexanol ) f1 2—+ —8&

(2—Undecanol ), 3+ 2—F B4 ] 3 R A5 i 7 1 49 ECso A1 3.43 pg/mL, H XIS W ERERE 2-T8® &
%E%%T%ﬁW%ﬁ%%ﬁﬁ%%é%&ﬁﬁ#%,Aﬁx%%ﬁ%%%%%ﬁA%E1M%~nﬂe
166.4%~97.6%, HiEERLE.

x B O MBERFRATE; EAMMFT; SPME-GC-MS; MEEM; BAREXK
FEIRES: S476 XEktRESRS: A XERS: 1005-9261(2020) 04-0575-06

Antifungal Activity of Volatile Organic Compounds from Bacillus amyloliquefaciens XJS and
Control Effect against Monilinia fructigena

GUO lJiexin, ZHANG Yuming, ZHU Honglei, REN Lu, ZHANG Baojun*
(College of Agronomy, Shanxi Agricultural University, Taigu 030801, China)

Abstract: Volatile organic compounds (VOCs) of Bacillus amyloliquefaciens XJ5 have good antifungal activity
against various pathogenic fungi such as Monilinia fructigena. The VOCs produced by strain XJ5 were detected by
SPME-GC—MS, their antifungal activities were determined by two-sealed-base-plates method, and the control
effects against M. fructigena were evaluated in vitro. The results indicated that inhibition rate of XJ5 VOCs against
nine pathogenic fungi were ranged between 47.9% and 84.8%, and the highest inhibition rate against M. fructigena
was 84.8%. SPME-GC—MS analysis and antifungal activity determination showed that the major VOCs produced
by strain XJ5 were Dodecanal, and the major VOCs with antifungal activity were 2—Nonanol, 2—Ethyl—1—hexanol
and 2—Undecanol. The ECs, value of 2—Nonanol inhibiting M. fructigena was 3.43 ug/mL. In vitro fumigation with
XJ5 bacteria suspension and 2—Nonanol can effectively inhibited the mycelial growth of M. fructigena and the
lesion development. The fumigation control efficacies of XJ5 bacteria suspension and 2—Nonanol against M.
fructigena were 14.4%~71.2% and 66.4%~97.6%, respectively, significantly different from those of the control.
Key words: Bacillus amyloliquefaciens; volatile organic compounds; SPME—GC—MS; antifungal activity; control

effectin in vitro
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S TR JE 905 A2 S A S I B A e ) — i R, ARG RS K, TR R R gk
AR, RS Foi b b AR B R B s AR RO B TR M IR YT 30%, S
R BRI ik 8 AT R B AR I R e B A % T D i 3 P 9 T A A
P, A IRARAEDINT 8 2 15 Pl I S T S W, R AR B L A RO R . Tk
BBER SIS I, 2 P A R RO RRAB S0 I AN 18.7%, TR IRAL R il 45.5%. AL2F R
TSNS R S J S s HAT B A WAER, (HRIAMH 2 =i 2atE . REARE . FseRimG 4 &
A7t BRCASAE e 55 ) L, PR AU BB 28 77 oA 2B eh B v R e o 3 B R 7

AT R — RPN RE . B WA BB TR T 0 A B A I R, I A TR R 43k B AR
PR LB A RIS B At R R A i IR IR B2k U K P B (volatile organic
compounds, VOCs) 1%, Hoh, $ RN R th T8l . i . 5 FEk . fEhimR AL M
SRERL PR HZNZ . WEEYRR VOCs HATEEEY AR Witk Rk Rig itk A
o3 J A KN 7 R AN RE ), e B s g e WY, JEAS 2 AT 8 Bacillus vallismortis 12a 1
M ZEMUKT B Bacillus altitudinis 14b 2 BRESHT B 10 B R IR R4 I el etts Jog ol B S35 kA e, ]
T CEWRH 05 R IR, A B I BE Y e . Zhao 251 WIFSY R, WSS ZEMUFFIE Bacillus subtilis CF—3
FEAE R R AT 2,4~ B0 T HEORG BEAT R BT 1 75 50 SR S 52 SR AR I B AR A i RS, e ik 2 e e R
T R A K.

I I AR T AR R 2] 1 RS SR J9 99 181 7 730 K 85903 TR Botrytis cinerea~ 3L SR TR Alternaria
alternata 52T JR B A ) WSS HUIE P IO ZF AT 181 XTS5, 2858 58 N ARTER: 2F AT %1 (GeneBank 5 5% 5 :
MTO000964) . K HAE R DRI, KA SPME-GC-MS i H 5 R MW b AT/, It
PR T BERE XTS5 $5 R EA) ORE S AR S IR B VA A, PR RIS DU A e R BR JG i F B7 vE J AR
i 7 T PR S FH Y )

1 MRE5ERZE
1.1 ksl

FRVERY ZE AT 14 XJ5 (GeneBank &35 : MT000964) 11l P44 KM N AE T IR 45 L 527 & (i 4t
SERAEIERE . BRI BLBBR R . IR LR Rhizoctonia solani~ T TR R Alternaria
solani SFERIRIEIRE Glomerella cingulates “F-RACEUR 1R Botryosphaeria berengeriana. FiAC L B
Rhizoctonia solani J& AR Fusarium solani 1758 gt W R 265 TAERE AR P OMRIFEE AL,

PDA £;7%3k: +5 200 /L, #i%i0E 20 g/L, £f§ 16 g/L, pH7.0. NA ¥i783k: 4WE 3 gL, EAMK
10 g/L, NaCl5 g/L, B/l 16 g/L, pH 7.0. BPY $55%i: HEMWK 10 g/L, FREHE 5 g/L, R 5 /L,
HIZIHE S ¢/L, NaCl 5 g/L, pH 7.0. XHRZGH]: 45%KEEK LA T QURREEDREA R A,
PD20160183)

1.2 E¥k XI5 FER Y RINE N

DAL 3 9 Bl JR BT R R R R, NA SPAR ERIZeBaRh XI5 Wik, PDA PR B HATN 5 mm (IFE
Y R R DF, K NA PR PDA ARSI, I PE giigefiidst O, 25 ClIEERFE 3 d Jall e deEiatt,
DA NA PARABANHE AR, 3 REE. HER (%) = CFRARMEEEE— OB RE HA / g
B HAA—5mm) X100.

1.3 EH XIS ELAMYREES GC-MS &7

¥ 3 mL NA B 95501 20 mL o T BERE P, BBk I i 70 B R TV E N IR S 1X 10° efu/mL ()
XJ5 B 20 uL, PE gi%efiidt )5 26 CIHERFREFE 7 do R TS EAAS I A, AR 70 C.
AU TB] 40 min 454 X XI5 WAREE R BT, ARG REAT GC-MS 7. LLERIZK AN, 3 K
.

ARG LA (0 RE Rl TG—5 MS(30.0 mX 0.25 mm X 0.25 pm, Thermo); 25 4 %/<, ii# 1 mL/min;
HEFEITELEE 250 °Cs iEFET A 50 CLR¥FF 2 min, J5LL4 C/min AFRTHEZE 150 °C, JF4EFF 1 min,
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PLS C/min MEFHE S 250 C, FF4ERF S min. JARES1E: BN ESI, HLFRER 70 eV, HLETHIR
[ 280 C; A% bLi#ivalH 45~500 amu, FAEHIREIN ] 0.2 s. GC-MS Jrfd il K12 NIST ik £ds 2
R AT, HENAL GRS .
1.4 B XI5 EL Y RARE S IR EENE

FH N 5 0 AR XTS5 72 AR 9 Bl E B R AL S W), SIS 1. 54 105 504 100 pg/mL FHf
FE, FEA S uL INEIR IR I b S 255704, IFE PDA SRR P S 2Pp 4200 5 mm 13 S8 8 995 14 14
Df, B AP PDA RO I, IR PE gigefiidf 1, 25 ClEEFE 3 d e imte, CLZHP
B IR AR, 3 R .. WEE (%) = GHRABE HA—CBAEE EA) / AR EE
£—5mm) X100.
1.5 EHK XIS X3 RBEm AY B KBRS0 E

OB R . KM RSER, ] 75%W9A5i12 30~60's, SRJEHITCHIKRYE 3 W, T R sekim
Ky, H 6 mm {HEERIFTALASAEREAS SR EAT AL, HeM EAA N 6 mm B R D, 2 5
oy BN RAT A 42 emX 32 em X 22 em FEIAAE, BEFE 10 RS H . FRE XI5 LR T BPY 159
W, 28 C. 180 r/min i RREFRRAIFN LW, BN RIEIZ 1% LLEIHERN T BPY 8578, [AIFE4%
PR IRS IR 72 0 5, IRV BBGE AT 5k, TR RS BUR H 3 XI5 BIRIRIE N 1X10%, 1X
10° A1 1X10* cfu/mL FIBEIE, BTN 20 mLo JH A MR 2— T8, @K% 0 105 50+ 100 pg/mL

25 ClHIEIEFE S d JGE KA PREE AT, THEBIARCR . BEALBEFERN 10 AR, DRI A8 B ok
AT, DAMEREM A 450 300 F 225 mg/L (1) 45% K8k AL A BHTERT IR, DIASEER A28 (IR,
23 W AR (%) = (M IRRBE HA—AFRALWN BT B AR / (M IR BE H A2 —0.6 cm) X 100,
1.6 BEFKITSHH

X F Microsoft Excel 2010 F11 IBM SPSS Statistics 20.0 #4556 B g 84T S v A1 2071, IF N Duncan
OB AR ZE R0 AN (R A B2 R) 1 22 S EAT SR 3507 22000 (P<<0.05) , T i P 3ME e %=
2 HRESHR
2.1 EFk XIS EA M RAINEIL

FEVER AT R XIS R PEY) IR BTN O FolbkE 03 i B 1R S8 A AN R B A R, LR R A
47.9%~84.8% (K 1) o b, XI5 ¥R ANEY) TN 30 S 6503 B R 400 11 R R B e, T4 84.8% (&1 1) &
2.2 HHE XIS ELZMEYIR GC-MS 4R

PRIRE XIS FER DT oy BT 0, AR e T AR /N AT HEM XTS5 FE R TP S0 A TS B2 Ik

R 1 EK XIS BRI 9 MR R E R AH R
Table 1 The inhibition rate of strain XJ5 VOCs against 9 kinds of pathogenic fungi

TE 41993 J5U 4 Plant pathogens I Inhibition rate (%)
AR B Monilinia fructigena 84.84+1.66a
&M KA B Botrytis cinerea 84.00+2.09 a
FLLBERR N Alternaria alternata 78.33+0.72 b
S 222995 1 Rhizoctonia solani 71.76+£1.18 ¢
T hh LR Alternaria sonali 64.92+2.49d
SWERBIIRH Glomerella cingulate 56.19+1.41¢
I LU B Botryosphaeria berengeriana 55.90£0.59 ¢
WAAESLARIR 8 Rhizoctonia solani 49.74+1.24 f
J&5 B2 WA 4 Fusarium solani 47.93+230f

v AP G AR 7 BER R Duncan B &M 2R AE P<0.05 K22 5 W3 1

Note: Different letters in the same column mean significantly different at 0.05 level by Duncan’s test.
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WY, BT R, 32Tl 2—
F =kl 22—, 2— 8. 2-ZFE O, 2-

Tz 2Bl 2— M FRBE =4 10 Fh (K 2) . A
o R I I AR K, AT 12.48%, D R EHE
23 EAMMRARESHEE

DL SAB S R 9 FR B, BTl 10 Fpds ke vk ﬁftmem

POIFCRAT 9 Aoboxsk S AR 8 o 1 BT AN [RDRE B A il
Witke b 2-TWE, 2~ O, 2— A

i 10 pug/mL N, FERLILE 80%LL |, H: 1 EHk XI5 R MR E RIBE R E I E R
AR IR FIE T 46%, 2—TFF EC50 /) Fig.1 The inhibition effect of strain XJ5 VOCs against
j’\j 343 ug/mL (2% 3) . M. fructigena

2 E XI5 EREYER SPME-GC-MS #HE5R
Table 2 SPME-GC—-MS identification results of VOCs by strain XJ5

P L/l i PR B I 1) AHR U THTAR SI RSI
S/N Compound Chemical formula Retention time (min) Area (%)

1 3—¥85E—-2—"] il 3-Hydroxy—2-butanone C4Hg0, 341 3.78 816 851

2 P =) Cycloheptatriene C;Hg 437 0.57 942 943

3 2—Pfili] 2-Heptanone CsH,;,0 7.5 0.72 891 909

4 2-ZJLCE 2-Bthyl-1-hexanol CsH 150 1227 0.93 915 915

5 2—T:/ii 2-Nonanone CoH 50 14.59 0.67 920 934

6 2—T:fi# 2—Nonanol CoH,00O 14.96 0.77 881 886

7 2—+— 2—Undecanone C11H,0 21.8 1.02 915 915

8 2—+—% 2—Undecanol C11Hx0 22.1 0.94 930 944

9 f % Dodecanal Ci2H40 25.71 12.48 923 923

10 2—+ =%l 2—Tridecanone Ci3H260 28.47 2.62 878 881

e SURALE DN MS 5 5] 5 itk B P rh R AE R 18] LU AT B I AU ;. RST & HIBR v ] 5 405 400 S AR U AT B IO ARBLEE
Note: SI is the similarity obtained by comparing the MS spectrum of the compound with the standard spectrum in the spectrum library; RSI is the
similarity obtained by comparing the standard spectrum with the compound in inverse phase.
#3 IMERYMERBEBHFENNESR

Table 3 The inhibition activities of 9 standard volatile compounds against M. fructigena

gl ECso (ug/mL) =Wy MR AEL
Pharmaceutics Toxicity regression equation Correlation coefficient
2—F# 2-Nonanol 3.43 y=3.5691x+3.0892 0.9740
2-2 3L CUFF 2-Ethyl-1-hexanol 3.69 y=3.6955x+2.9025 0.9776
2—— 2-Undecanol 4.36 y=3.6078x+2.6923 0.9661
IRPE=4% Cycloheptatriene 24.87 y=2.8603x+1.0081 0.9333
2——i 2—Undecanone 24.29 y=2.8990x+0.9836 0.9389
2—T:li 2—Nonanone 25.91 y=1.1830x+3.3279 0.9271
2—FEfll 2—Heptanone 29.59 y=0.4932x+4.2745 0.9775
2~ =%l 2-Tridecanone 32.50 y=2.6141x+1.0479 0.9186
+ 8% Dodecanal 177.46 y=0.5737x+3.7097 0.8588

2.4 Bk XI5 AV ERIBIEFR B KB

I 2 B, AN [i) A L St 02 SR 0 T 1 22 2 K RO B A AR E o 2— T R A 3R
Fe S0 (BT RUAE 66.4%~97.6%, TRTE XIS FE AN R I Wi IRIBT 27E 14.4%~71.2%,  BHAEXT REPKBE et
R AE 94.4%~98.4% (£ 4)
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R4 TREIALIEX S RIBE R R B IRBIY

Table 4 The control effects of different treatments against M. fructigena

AbH Treatment MBI E Treatment concentration i PE E 42 Lesion diameter (cm) B ¥ %04 Control effect (%)

2—T:i¥ 2-Nonanone 10 pg/mL 2.0040.10 66.4+2.4 ¢
50 pg/mL 1.63+0.32 752+7.7b
100 pg/mL 0.70%0.10 97.6+24a
XI5 1X10* cfu/mL 4.17+0.29 144+69e¢
1X 10 cfu/mL 3.10%0.10 40.0+244d

1X10% cfu/mL 1.80+0.26 71.2£6.3 be
BK®EN% Prochloraz 450 mg/L 0.6710.58 984+14a
300 mg/L 0.73%0.55 96.8+3.7a
225 mg/L 0.8340.52 944+48a

SR M. fructigena - 4.77£0.25 -

i FFIAE SRR IR Duncan B R AE P<0.05 /K-F-2E 5 B35

Note: Different letters in the same column mean significantly different at 0.05 level by Duncan’s test.

3 itig

TWAED P A1) VOCs 15— AL I SR G- il 35 DR 2B BT o, WA 2B B B R A G s Dl
ol DAk S R B AR 3 R 2 R B 2. Gao U VRIS 25 MU AF 1 CF—-3 VOCs Hh = BRI T 2,4—
BT REMERY R SR, L e R I T A A B R 7 B T AR i SR SE A A SRR . Hassan U ST R
L, A ZFE BT B Bacillus licheniformis 3502 [ K4 3~ FE—1—"1 BEAEPARCRH itk T oK b0 2 il 25 1
Aspergillus sp AT F & Penicillium sp.WAEK . = HOFI FL0 25 28 1A SR B R I T o AR, fi#
VERR 2 BUAF B XS 45 RNV 0T 2— Tl 2— L3 OO B 2B S50 Jn 22 i i B0 B EL AT L Aol
HAZB R R D) A S SR B AR B iG . IR RIS RO, BT M T 5 A 0 1T TR 22 A K S Bt
o R RIS ARG SR, RSB A N T eV DR R ) SO Sk B R &, S
23 n] A Tk FL R A R D ) S AR A R R M T e ) RS

PR 2 T V2 2 b o 56 [ fr i 25 i B LR (FDAD ZASAIER A, WTEkR MBI600.
£727. PTA-4838. ENV503 %5 gl #A e fr it th AR B BR &, I HLAE [ N A3 RAT IR D IERLAE ) 2
S ARG FHAEN] (NY—1009-2006) 2 St At AHIF ST Ay 39976 3 5405 11 v 21 J5 B P R 10 v R i 18
S5 BRIV XI5 BRI 32 AR 9 H AT 96.8% MBI 8, KW BPE XI5 A ] LU R TED R, I AF
AN B E oT,  wIAER— ARSI, EftER P ERA RGN ). #dkiE 2, 3-T
TR 3-FRIE-2— TS T AT MR A KR SR R R PE0, Rath 25U R IS 2 T
W Bacillus mojvensis RRC101 VOCs H1 LR LERAN 2, 3= 1 FEXT LR T+ 40 T PR AR AR 2B KA W S e e 4
Mo ARFFERIR XI5 R B 005 358521 I, Alaad i 2250 s ik XI5 e s raak A K 7 H
HATIGUE, AR 2F AT 18T XS 78 S Br T AR AR 7™ Ko W FH A B A 08 S 1 BV A0 H R A s = 43

& £ X Mk
(1] FA55. WLeAE 48 s v Al B 4 g B BOR PERT X D). b il K2, 2015.
[21 JUSETT, EFN, ST, KRG RSB HART S R R[], frih kR, 2015, 36(12): 385-389.
[3]  Z2JEhk, FEACHR, MR, A%, NIRRT AN BER B w8 (K35 0 2 (7], g 77 50, 2013, 42(5): 95-97.
[4] KR, ST, STRAS, AF. R A AIATR BT A Bk T RS R RN, RS AR MEAREE, 2013, 42(5): 105-109.
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