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("FRERIKFARFRR, 4N 350002; 246 E LA K FHEMARPHR I, 480 350002)

B OE ER,ANAMEDRELEAID WL E 2 XA, L RE B RIER M
Mk A KA AT AR, T X R TR B2 T 5,
RXNAEHENELEN TR E M T EURGENER SN TR E LD B
FTHEWFARERITER, GXBRELA DT EEMAEN AL LN HEELED
FRAW SR UREE NG EFONAHRTT ZRER, WA EZFEG - EELEY
FUE B R A K ek A LA T e AE R AL LR R B R AR 7 T AR
TRZ,

xR EAMWE; BE; 4H; KAH; HORE

Research advances in microbial volatiles and their biocontrol potential. ZHANG Qing-
hua'?, HUNG Li-li', LIAN Xin-kun', ZHAN Zhen-liang', FENG Li-zhen'>* (' Forestry Col-
lege of Fujian Agriculture and Forestry University, Fuzhou 350002, China; * Institute of Forest
Protection in Fujian Agriculture and Forestry University, Fuzhou 350002, China).

Abstract: In recent years, increasing attention has been paid on the study of microbial volatile
organic compounds ( MVOCs) not only because of the species diversity of MVOCs-emitted mi-
crobes, but also the complexity and versatility of MVOCs. This review summarized the methods
for MVOCs collection and analysis, diversity of MVOCs-emitted fungal and bacterial species, di-
versity of antimicrobial MVOCs substances and its application in the biological control of plant
diseases. Microbial volatiles represent a new frontier in bioprospecting. The discovery of new
MVOCs-emitted microbial species and the specific biological activity, function, action mechanism
and application of MVOCs should be considered as important research areas.

Key words: microbial volatiles; fungi; bacteria; actinomyces; plant disease.

FERAEA DL LA N B A 50 R Y R B0
Tk, BEEFE 20 “CH10.01 kPa FREE T PR M # % | ik
NSRS (Morath et al.,2012) , 3% S5 4 LY 46 K
ZROESENRTER Y BT, K PEIR, ATE &k i
i 1700 F b AR A B9 5 KA DL (Kreuzwies-
er,2015) . TEAZS R G, ALY AT LIl i ) 23 e
() L PR A Y B, ik B B AL 34 A
HAEFAE H, LURAMEYI A ERL S BB . [FIRE,
A= I RE AR R R 2 5 DI RE 2 MR K 1
¥ 5t ( microbial volatile organic compounds, MVOCs) ,

AR AR B 4R L 4 0 H (61201400823) fREEHF)T
FAERLA T H (JAT160149) Fl 48 244 W BT 5 H (K8113001A |

K81MKAO2A) %8,

Wk H B 2016-11-24  $E%Z HI: 2017-02-17

# HIRMEH E-mail; fjflz@ 126.com

gttt O & & LA w7 A 045 L YA LY
346 T, FEA IS B B 5 R LR R BRAEY)
JoT 5 1T 2 5 A8 Y 250 il el LB T A I HE R A P
FEREE R B K R TR | 55 P 5T (Morath et
al.,2012;Lemfack et al.,2014) , W52 8], MVOCs
YERI A - ()RR N AR T 15 S5 W o
(2) 2055 20 L (B0 A5 5 90 I35 (3) AT e A Al e kg
i (4) AR KA IS F (Kai et al.,2009) ,

A VR A A R AR AR EAE A i A 4 v
AR PSR AE Y A IS 2T MVOCs BT
AW B A N T A YR E A BRI T,
MVOCs FEAFH: R4 () 20 B R 28 i PR N 25 R0 1248
BRI ACE YR T, RE R AR PR T
VR FIFE EL, DS S 1T 17 36 FA B2 R, 0 BB v X A
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THAEP RS, D1 AR, KV P TR ) B4 31 4
R BRAWRGE  HR R L0 15 48 JR 7
YN B Muscodor albus 1) % B0 LA K i I 7 &
1bJ5 (Strobel et al.,2003) , 13k B £ fie % B
£ MVOCs I RUE VIR R 3

YTV RANEY RS KL DI RE ) 2 A2 2
P, AR SCEA MVOCs FORF5E 5 s B MVOCs i
HEYIZ R MVOCs 17 Z A6 & MVOCs 7F 48
Y A IR VA O T AT T A TR

1 EREENIHNBES T E

L1 WdRTik

 MVOCs HYAFIE , HORH DA 5 A0 2 A 3 PAT 1Y)
B T, MVOCs WU B 2% B S A A
L2k AR AR Z R, WHFE MVOCs 2
KB — L R YR RS B S rT RE
Z H AT AR IR R sy, PR, S 2
MVOCs B AR I m &0 il T AN W) 4k
SRGERY ORTRAPE S MVOCs B4, 1 HL 38 25k o if
a5, BIHFCA I, 8 7E MVOCs BURE Pl
FAR F A WA (liquid-liquid extraction, LLE)
(Pandit et al.,2009) . 7518 ( steam distillation, SD)
(Siani et al. ,2004) [R]H} 2518 A B ( simultaneous dis-
tillation extraction, SDE) ( Chaintreau, 2001 ) WX 474
£E (purge and trap , P&T) ( Webster et al.,2010) I
FLRARZEHL ( supercritical fluid extraction, SFE) ( Du-
arte et al.,2004) F1[E A5 #5 B ( solid phase microex-
traction, SPME) ( Mills et al.,2000) , H:# LLE SD
FI SDE JE 22 ML) VOC AR AR, (HR X SEHAR A
I AT, A HLEA R RO, S K i B
—BEARFRE RN VOC I8, ands | BR AN AT VOC B
SITEANFRAL U Z8 18 1 o B vp 25 40 e e A .
%, P&T SFE Fil SPME Bk S £ AR SE ik #h58 A
LF IR VOC WU AREOAR , JU L SPME, [H i R AL

YA IR 1] SR A PR PRAF R A, B PR i B e 2
WA B R AR ( Zhang et al.,2010) .
L2 optitk

iR LR SR 5 | X 1 8 1 i Ay it
TP MT % . SAH-F IS A (GC-MS) 15 25 T H
A5CHE 3 B8 T R R R A ARSI . g, A B A T
FO BT A ML 53 1) 32 B2 R T BE (Matysik
et al.,2009) ,{H 2, B 3% o B 20 3 1l 2 Fh g
TN SR A NI T8 A TS R S

JB T v R ORI 1) ASC 2 , A e 49 15 1 U 3 A o
Tk (SIFT-MS) F1 5T+ % #% 5 BT 3% 5 ( PTR-MS)
PRR AL 7 i B IR R A 1 i 2 8 11 1
Az TR S BT X 2 5

SIFT-MS 2 3 | R e (T A
HHREE N 107) AR R MR B AR . M7 kA
v O FEAT THUA L, ke G 453 2 RS0 22 A, 4 i) 3 P
T M B AR 2 IR R AR Y AT
I A G T 5 (Aspergillus) A& 22 B ( Can-
dida) . Muscodor . % J1 B ( Fusarium ) F1 [ Bk 52 £
( Cryptococcus ) 7 A= W% K M) TS 1873 8 29 A ( Scot-
ter et al.,2005)

PTR-MS HA7 T B 5 e 4 o 5 R i, vl S
HEAT A3 BT AAEA I 5 43 PR ) SRR v Ry
F T HIETS AR, BERS I L VOC Lo i) 26 % 35 i,
M HZ I R Ezra 45 (2004) % i Muscodor albus
FEA B MVOCs BEAT T 7 BEG AT

HL ¥ (E-nose ) 7ERZ I MVOCs J7 Ifi & —F f
HISCATRI 55, LAY L 5 3R G0 Hh 22 4% A0 I
5 A7 BAL PRI TT AR K 225 H P 2 A
(AREEZRAE, 2011 ), AL FE 51 B B8 72 VOC 2
SR L NTHE7)5 e e i ¢ & T DR (SR ko I R
Y HAE S, HAE S A BT AR U AR R A T
PUI, A TR SURIE Y . LR MVOCs $5 4L
P AT LA T 60 49 b 568 7 B2 2 AR OC 10 LB, I
FE TR 245 W) 0 A RCPE RN BT B B R UN AE
2012) . fEE M Z AT, XA EORSE ML T A
IRy, K RN 2 7 i v ™ L BE 2R LA Y A AK
FB(4’EF,2014) o AR, T AELO N
A SR O PR PR 2R B A - Y
FARLESE (Bastos et al.,2007) ,

R R JE GC-MS SIFT-MS £ & PTR-MS, &
TR 53 ) 2 RS T AT 10 0 o 580 e i 4
PRI A R G B Bk, B ik s
T 2 45 0 A% % 3L PR ( Nuclear Magnetic Resonance,
NMR) SFH AR IEAT 252 . fHH AT B MVOCs W5 5
XAAAFEAT R MVOCs 1 DL & NMR 3¢
BEOR . Booth 45 (2011) #iiR T — W4k A, ¥ Car-
botrap A F1 B ( 3€ [ Supelco A= =) FREIE £ T4 %
HE— AL -, 3125 R PR A 47l 4 1 A
ELR Y MVOCs, 3l 2 AT 42 i B8k Ji= il B i
PR AR, ATIAE] 65% ~70% PR, I 46 5 &
PL mg TR T, F0E i gk — 20 o B B T R G
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SR TG P 5 E T T
2 BRMIEENE MVOCs B EMMEEE

MVOCs 7EA4: S h R B2 n9 /6, 7
Y=, AT MVOCs (248 7E T2 AT TRERT A
PR R A OSCRTAE A 0 A I Bia R 1
i A RE AL 27 4R 24 i Tit T, A7 B 7B 3R B
FUF AU A 7 R T R B 0 T RSk A SR SR

T FARGE A0 7 AR A BT T MVOCs 1S Me-
Cain (1966) . flb7£ 1966 4F 5t iiE B JK {6 4% 55 w4
( Streptomyces griseus ) ;== \) MVOCs BEUSHI I Gleos-
poriumaridum i W B, (McCain, 1966) , % %5
JEE A MVOCs B A=Y, BAEC IR ZFhEE
B AR B MVOCs E % A7 55080 1 48 0 05 Dt 1 9 2
KA i A . 1 W (2008 ) K BE, %
RFHEAE R B F-1 774 (1 MVOCs BE 5 1R 47 b By 36 it
S T A 1Y) DK RIS RBL A I 114 JE A2 5 4R LR
(2011) i BA , BE T JK-1 P24 19 MVOCs RE% S
FORBEE I A S, I BB A Rl i e 00 3 i
AR EEH , AN AN, JK-1 38 RE3d i BT MVOCs B
TR TR AT A7 (4 75 220 5 2F FAT 18 ( Bacillus spp. ) fE
NIE LAWY E YA 22—, AT E
AL BT P B ) I IR ARG, e

F1 BEBBEMHEY MVOCs WA EE Ak

1993 4, Fiddaman %5 ( 1993) 38 , Bacillus subtilis
NCIMB 12376 B Bkt i B 5T MVOCs 110 il 57 A
2 ¥ ( Rhizoctonia solani ) T J& B ( Pythium ul-
timum) o IRTERK L2 W5 K IR, 22 Fh 25 F AT 14 R
TR BB R 5 MVOCs , I %5 48 90 5 Ji v A7 490+ 1
M BEAEDPRE T (£ 1),

(B 53 5% 25 TR P02 R AT B AD , AATTIE 2 B H A
AN [RVRE AT LA AR BUR PE MVOCs,, — IR T 44t
W FEHLIE I 1018 BRANTE , A7 32% Y TR PR BE A%
FEHLHTE R MVOCs, 173X 328 4~ 4H B i MR & T 5 A4
Kl 77 BUAT 8 B (Alcaligenaceae ) | 2 /4T & H
(Bacillales) . 2l Bk Fl ( Micrococcaceae ) | AR I8 B FF
( Rhizobiaceae ) F1 %5 5.l 1 &} ( Xanthomonadaceae )
(Zou et al.,2007), | H I, AR BHKF HE
( Agrobacterium) 17 4l B J& (Arthrobacter ) | % AT B4
J& ( Bacillus) AN 3¢ [ J& ( Burkholderia ) & FT T &
( Lysobacter) . S AT 1 J& ( Pectobacterium ) & B
B & ( Pseudomonas) Vb 55 BT & ( Serratia) 2l /\
B IR & (Sporosarcina) | B H ML TR J& ( Xanthomonas )
M PAE BB YE MVOCs BIBE 7 (Kai et al. ,
2009) , S BRI 2 1 4 TR B A I RE 5 BT A
PR MVOCs , [HIX A P i s /D B, Bt 70 B
R FRHAR R, 2 ANTTRARAS 3 i 40 5 5

Table 1 Bacillus strains emitting antifungal MVOCs and the plant pathogens inhibited by the MVOCs

ZF AT R PR o I T

TARVER AT Bacillus amyloliquefaciens NJN-6
HRIERD ZERIATE Bacillus amyloliquefaciens PPCB004

18R 5 Penicillium digitatum

R 1 i L AL RY Fusarium oxysporum f. sp. cubense  Yuan et al. 2012

Arrebola et al. ,2010

B KHE R Penicillium italicum
JZ P& T FF Penicillium crustosum

RTERD EARIFT I Bacillus amyloliquefaciens SQR-9

TRVER AT B Bacillus amyloliquefaciens subsp.
Plantarum UCMB5113

FH 57 /R R Ralstonia solanacearum

WA #GHE Botrytis cinerea
H A& Alternaria brassicicola

Raza et al. ,2016
Shashidar et al. ,2016

ZEEEAEAR A Alternaria brassicae

WAL Sclerotinia sclerotiorum

FRVER ZE AT Bacillus amyloliquefaciens T-5

H 57 /R K Ralstonia solanacearum

Raza et al.,2016

FE4R 2E AT Bacillus atrophaeus CAB-1
55 /NZE BT Bacillus pumilus TBO9

A ZEFUAT I Bacillus subtilis BAB-1

M H ZEFUNT 1R Bacillus subtilis B2g

M B ZEFHFT A Bacillus subtilis C9

AGELZEAAT I Bacillus subtilis G8
Wi ZEHAT I Bacillus subtilis PPCB0O01

H s @A Bacillus thuringiensis TB72

WA ZGTE Botrytis cinerea

JEAUBAEFE Colletotrichum gloeosporioides
WA ZGTE Botrytis cinerea

SAKZLH%E Rhizoctonia solani
JEAUBAEFE Colletotrichum loeosporioides
BREFEH Chatomium globosum
SEFIRIEIR B Glomerella cingulata
R JIHE Fusarium oxysporum
MW Aspergillus niger

%2 FHEHIEE Corynespora cassiicola
S22 K% Rhizoctonia solani

W45 Sclerotinia sclerotiorum

8 RE BE Penicillium digitatum

B KM TEE Penicillium italicum

S 9% B Penicillium crustosum

JEAUBAEFE Colletotrichum gloeosporioides

Zhang et al.,2013
Zheng et al.,2013
IR, 2010
Kai et al.,2007
Islam et al.,2012

Liu et al.,2008
Arrebola et al.,2010

Zheng et al.,2013
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ORI,

FH XS 40 MVOCs 1 BF 5%, B B ™ 2R i
MVOCs FHRIEHME (5 Hy A A R ™ A 45 R PR
WIS T ARZ I 1Y %8R, U H TR N
H: BB Muscordor albus ZILL)G . M. albus & Stro-
bel P70 BRI, JF S B m B . [F] A
IR I M. albus 7=AE MVOCs BESEMIHI L B AL
FFE I S BRI ( Strobel et al.,2001) o AUE M. al-
bus , Muscordor J& B HABFF M. crispans M. fengyan-
gensis . M. roseus B8 9% 7= A B s IS 1 B9 MVOCs
(Mitchell er al.,2010; Stinson et al.,2003; Zhang et
al.,2010) . 4 M. albus jifi JH 2] 13 BEOR 471
BA AR MVOCs R I H X 20 i - FE i P I
il 4n 22 )55 22 & %5 ( Aphanomyces cochlioides ) , Fd 77 H3
2548 1 ( Meloidogyne incognita ) , % W J6S %5 (P. wlti-
mum) , FHEERE (P. capsici) , LR 22 (R. sola-
ni) A1 KON % B2 B ( Verticillium dahlia ) ( Stinson et
al.,2003; Grimme et al.,2007; Camp et al.,2008) .
AUHE 3P IVE L, M. albus 724 () MVOCs [AJFE
A X i 6 40 2Rt 4 J e Ak 38 v A5 R A AR T
albus 7= ) MVOCs 1T LLBjIA H1 Penicillium ex-
pansum 5| FH)SE R B2 95 F Botrytis cinerea 51 )
SER IR B9 VL S Monilinia fructicola 51 8k F 1Y
&89 ( Mercier et al.,2004 ; Schnabel et al.,2006) .
SR, P2 A= HL W MVOCs A& Muscodor H
A RETT, Z MY N A= LT W] L™ AR B PR R
(1) MVOCs (% 2) , 3241k, X EE= A BT MVOCs
22 AR LR R 28U T 7 %78 1 A 1w H (Xylaria-
les) N2 IH @ T2E5C A e 38 T 44 B 75 T 20 110 1 9
W 78 1T E DR R W BE R HT I MVOCs,
Hirr Schizophyllum commune ¥ A5 N, KA
HAb B REDRIEAR, e NEF R &8 B s ry , 1E
HARF RIS A A, WA — IR B Z A B L bT
i MVOCs MIRUEY)—T B, 408 27 R
(Aureobasidium pullulans) TP 8 BE ( Saccharomyces
cerevisiae) | [A] B AR 22 8% £ ( Candida intermedia ) .
Wickerhamomyces anomalus 1 Metschnikowia pulcherri-
ma BERCAIHUE MVOCs RE S il 7K AR5 S5 A A e
B K2 9% ( Stinson et al., 2003 ; Huang et al.,2011;
Parafati et al.,2015)

3 HE MVOCs KiEER S SiF
WFFE A, A= 17 2 1) MVOCs S 17 52 2% 1Y

RAY, BT, B4 i 250 Fhok 3 KK 346 Fi
Sk H MR A MVOCs {53 (Schulz et al.,2007 ; Morath
et al.,2012) , XECIE LAY FALFEREE He2R ke
5 SRS AR B, — i E BIRN2E
SRR AR MVOCs il e B B ae 5L i B o7
P Ik 88 0 A B 58 2 K A AR T A i A [] ( Kor-
pi et al., 2009; Morath et al., 2012), Minerdi %
(2009) A1 Zhang 25 (2015 ) 73 B4R IE T ALk T] =
(F. oxysporum) WT MSA35 [ K Fl CanR-46 Ttk fE
PERETLBUA MVOCs, HPNHE R 4289 MVOCs A
SyIFARSE A, PSRRI RE R - AT H
TE WT MSA 35 FARFELAY MVOCs ARSI
L o-HERR S T AE CanR-46 BB BB MVOCs
WA oA B FEAE IR 5-CIRIR .

B E AN W R BT P B, A
T2 R TR B 00 AN [) T A T 22 5 . 2 B 52 Ik B
Muscodor J& FLE A [FFP R MVOCs 853 & %
FEPE R, A TR 3 2 2 FE 1Y (Strobel et al., 2001
Stinson et al. ,2003 ; Ezra et al. ,2004 ; Mitchell et al.,
2010;Zhang et al.,2010) , HIiL K WT MSA35 B
JECHY MVOCs XA RN S0 24 (4 5k 7 11 Jas LR 1Y)
IHIVER 25 B 2 B WT MSA35 XEUREME F. oxyspo-
rum B . (Minerdi et al.,2009) , 1fj CanR-46 X}
F. oxysporum FHNEEAE F AN AN Q0 XAZ 8 B g ( Scle-
rotinia ) B BN VEH (Zhang et al.,2015)

U TE MVOCs R H 140 B % PR A 2 R
W Z B0 3 [ R A, B — oA A
ARERI LS MVOCs IR GWAH S BT A ROCR . 18
PINAEER M. albus BERLI MVOCs )l £ 24 1
Wy o B e A ERANAG . B2 A A ) 1
YR B RN e 5 BUEb i A
FET:, SRT IRA T o ) 2 AR SE 2 R A A il
WA 5T (Strobel et al.,2001) , BIE 4,
AT S8 s AR o3 B W SE B R S B Lo
AR YITE PRI B E T — S R MVOCs h
EBGUEAE B (K 3) .

4 MEMREEREYRENR

FEAON Tl Fifil 25 77 16, MVOCs #8471 FH
J1 AEARY A2 7R 7 T, MVOCs 89 1 FAE T : MVOCs
YA A B iR 7R 4 A s SR, T LAk 2 A
FAME R, 2 EEAE R EEHRR, T
T W 8 P 0 e O 0 o P R R b T
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Table 2 The endophytic fungal strains which can produce MVOCs and the plant pathogens inhibited by the MVOCs

MVOCs 724 B

MVOCs il %5

275 3CHK

HZEHUN B Irpexlacteus

Myrothecium inunduatum

Zifm
Nodulisporium sp.

Oxyporus latemarginatus

VENE

Penicillium expansum

Phoma sp.

Saccharomyces cerevisiae
Sporidiobolus pararoseus

Trichoderma spp.
A

AR TTH
Fusarium oxysporum
Sk L]
Fusarium oxysporum
HIATR

Xylaria sp.
Nodulisporium sp.

FMEE Oidium spp.

LNRJE B Pythium ultimum

%A Sclerotiniasclerotiorum
KA T Alternaria porri
BEERSTE Alternaria solani
BAEURIEIR B Colletotrichum capsici
TSR Colletotrichum musae
BETFRIRIE TR Colletotrichum gloeosporioides
Rk TIHE Fusarium oxysporum
HhEJI T Fusarium solani

TE2RHI Nigrospora oryzae

8RG8 Penicillium digitatum

Y T8 Penicillium expansum
MG 22 Rhizoctonia solani

FFAE /I Sclerotium rolfsii
BEMSHL Alternaria alternata

WA ZGTE Botrytis cinerea
JEFIRIFEE Colletotrichum gloeosporioides
R TIHE Fusarium oxysporum
S22 8 Rhizoctonia solani

IR % Botrytis cinerea
RIHIETE Colletotrichum acutatum
1 RARJE IR 1 Monilinia laxa

Y JRE B Pencillium expansum
FEFKIEH Ceratocystis ulmi
TR R Cercospora beticola
=y Phytophthora palmivora
WAL Sclerotinia sclerotiorum
KENFCAL T Verticillum dahliae
Guignardia citricarpa

KA %GR Botrytis cinerea

RV TIHE Fusarium oxysporum
S22 8 Rhizoctonia solani
FIZ8955 B4 Sclerotium rolfsii

WAL Sclerotinia sclerotiorum
BRI Colletotrichum capsici
FE KM% 461 Helminthosporium oryzae
HWEEEAS L Alternaria brassicicola
WeIITE Fusarium spp.

KAGEERET Verticillium dahliae
JICRIE R Pythium aphanidermatum

BABRERE Phytophthora capsici
JICRE B Pythium aphanidermatum

Koitabashi et al.,2004
Banerjee et al.,2010

Suwannarach et al.,2013

Lee et al.,2009

Rouissi et al.,2013

Strobel et al.,2011

Fialho et al.,2010
Huang et al.,2012
Amin et al.,2010

Minerdi et al.,2009
Zhang et al.,2015
Séanchez-Ortiz et al.,2016

Sénchez-Ferndandez et al.,2016

MVOCs BRI A% 14 fiff B — Mt 2 76 A0 4 25 3 i SR 55 v,
PEIA ) HAE , MVOCs EZAF (R ) FAH
(Hb b)) Al A,

I BEAE A R TR RN R AT
LR I A BB I o B B 22 K 2 B,
YER Dy 20 Z 80, il vE e & 9 B e A
[fil (Morath et al.,2012) . A4 YR MVOCs, £
& F SRR AR AT M 70 0 L O 7E R s
% MR FE B (Aochi et al.,2005) , it M
IR BB AE R F. oxysporum TEFE WT MSA35
FE BOPE A AN B H MVOCs 7] LABURTE F. oxys-

porum B (Minerdi et al.,2009) , WA E T M.
albus [FFER] LU T Bii6 AR & . 24 ) 3 rhoit
A M. albus W] LAB {6 S AG 228 H (R, solani) 512
[P 22 AE TR 08 A R BRABURE B (P capsici) 5 HEBILT
FEMUAR JE& 55 ( Mercier et al.,2005) , W55 EF M. al-
bus BIREREFYIMIL 15 ¢ - L' (CEFREEBD A
FEFR L5 dJa, AR  JEUER AR BE 1009 46
T, MR M. albus IALSE, (R HL (47+3) 5 R
ol J5L o 1 b A 4 (493) AH24 (P=0.05) . 24
IR AT E Y MVOCs R BAT B 6 AL 3 199 )
(Kai et al.,2009)  H G VE FH 2 & X090 I o i —
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Table 3 Selected antimicrobial volatile compound produced by fungi or bacteria

ViAo

X

23k

1-Butanol-3-, methyl-, acetate

6-Pentyl-a-pyrone

Isobutyric acid

1,8-Cineole

5-Hexenoic acid

5-Pentyl-2-furaldehyde

5-(4-Pentenyl ) -2-furaldehyde

a-Humulene

1,3,5,7 Cyclooctatetraene

Dimethyl disulfide

2-Nonanone

2-Decanone

B-Benzeneethanamine

Thymol

Decanal

Cyclohexanol

HO

[0)
o
/\/\/EI
o (]
(0]
\‘)I\OH
o
o
/\/\)J\OH

A
o
(0]

/ \ H

(o)

7
O

OH

OH

WFIHIE Xylaria sp. PB3f3

AEBEJE Trichoderma sp.

Muscodor albus

KA E Hypoxylon sp.

9&{@4%7} lé_i;l Fm!lrium oxysporum

M2 B Trpex lacteus

AR TTH

Fusarium oxysporum
k)R

Gliocladium sp.

Streptomyces alboflavus

SEFTE B Bacillus

TS BRI Pseudomonas aurantiaca
LB YMITE Pseudomonas chlororaphis

ZREHB I

Pseudomonas chlororaphis

Sanchez-Ortiz et al. ,
2016

Dodd et al.,2000

Mercier et al.,2007

Shaw et al.,2015

Zhang et al.,2015

Koitabashi et al.
2004

’

Minerdi et al.,2009

Stinson et al.,2003

Wang et al.,2013

Zheng et al.,2013

Fernando et al.,2005




2042 ERARE F366 BT
&k3
Table 3 Continued
LY/ &5y Kl EZ BTN

Benzothiazole

.

NN

2-Ethyl, 1-hexanol

Dimethyl trisulfide

ZREHB I

Pseudomonas chlororaphis

PR BB Pseudomonas fluorescens
BRI Pseudomonas corrugate
SHEME MR Pseudomonas chlororaphis
T EAR AT Pseudomonas aurantiaca

SEEMBR AT Pseudomonas chlororaphis

o E B IABLE] , BRI 22 A, MVOCs 5 HE9) 2Z [8] A7
FEHAE ,MVOCs XHEYIAT 45 AVE 2 — 215 1)
(B TR AR U I B A . Ryu 55(2004) BF
FER I, 440N I 22 88 TEA B0 2F JAT I ( B. subtilis )
GBO3 Fil fift J€ Ky 2 0 #F B ( B. amyloliquefaciens )
IN937a F=AE 1) MVOCs 1, BERE 5 3 1L RI I £ 0 At
SSRGS, AR 2 B8 B ( Erwin-
ia carotovora subsp. carotovora) 5B R . X &
MVOCs Biia s & i o5 —1E AL

5 R, b b3 R MVOCs 77 2
—ANAHXS 5 B PR TR RS AT S s
AL TR AR . HRT, T A MVOCs 7%
3 AR PR X403 ( Gomes et al.,2015) . fHAE
Py s O A AR 25 T LA BT i R MSUS R LT
o Y RAFERE . AR CEAR GE MBI T AR
A MR A S HUE Y AR T RS YU OB
B MVOCs 89 A= 9 ) 55 A8 W) 7™ i BB 4 s H0 78
MVOC 7E % B IR A 5§ B = B3R A
MVOCs ANEfEra ¥y~ i R PR B Y. BRA
BT A B 1 2 i BAT I T BT 5% 1 3 A= ) el
R, B AT A A 3 R e A T .
ALK S0y 2 N IS 1) R G ASCR 5 B B 52 R A 7 v
A TN AR 22 Pk

5 B 2

ARSI R AR WL o3BT 7k Rt
MVOCs AR R ZHME PUE MVOCs 115
PER Sy ZREME RN AR I MVOCs 19 13 F L4 T
HEAT T 2858 A e LIYER , B MVOC B A:
YIRh 2 Z AR MVOCs J805 0 2 RENE | i ELX Fh %2
FEPETE LT AR AT BEREAIRA, . X T AR 35 A b7 i
M5, WE YR B A2 2 R HEAT AL T F0
R SR B 3 BT IR 1 R AP B, AR AT AR 5L 00

FNRAG T IR R U E P s Rk (02 S BR
N AHEAER A BT, & THURE M MVOCs B EEHL
PREEATHGE v RESE A BURE M MVOCs BT 8457 19
EaME, I MEH A G v LAHEDT 4 A5 )
WS . —J& AR I EL A RE ik A 30 PR RN D g 1) 3
=P a5k AT , N B RTS8 SORE , AT
JIFREUCEE I MVOCs FARZ AN RBARK SR B £t 142
XFVOC BT HEAT /30T, X R el S 5 i e &
Y1 =52 MVOC Tt AT, b iz B MVOCs A=
YEAE B VR R B2 B B AT A AT Al 1
P58 = IS HUE M MVOCs BYVE FHBLHED ; 56 DY, 4
FEA B BRI R 2 7 B MVOC i AR
YIAEAE Y AR B A o P 5 10 B )

2% 3k

a0 K, A, BRI, 42014, B STE RN AT Y
H ZRARALY:, 42(25) « 8747-8748.

FEIR, BEFH =, WP, 5. 2010. MHZFEFTE BAB-1 7

RIKZE BAR R By B A E . AR, 43
(17) . 3547-3554.

ZHAN. 2011, SRR JK-1 5952 KB T RE A B AL )
AIBEFE (A e 30) - 3L ARl R,

JTWIIE. 2008. Y5 7R A BE R T B AR F-1 28 SO
WG 5T (2208 30) . R, #rbk
AR,

FRETM, ARFLR. 2012, HLF-SAE R A2 WP A i
FRIEHA . EZIIL, 14(6) : 21152119,
ARERZE, X B, MR OME, 42011 HLFRLEOR KN FAFSE

e ARIESARIEA, 17(11) ¢ 4-5.

Amin F, Razdan VK, Mohiddin FA, et al. 2010. Potential of
Trichoderma species as biocontrol agents of soil borne fun-
gal propagules. Journal of Phytology, 2: 38-41.

Aochi YO, Farmer WJ. 2005. Impact of soil microstructure on
the molecular transport dynamics of 1, 2-dichloroethane.
Geoderma, 127, 137-153.

Arrebola E, Sivakumar D, Korsten L. 2010. Effect of volatile
compounds produced by Bacillus strains on postharvest de-
cay in citrus. Biological Control, 53. 122-128.

Banerjee D, Strobel GA, Booth E, et al. 2010. An endophytic



SRS B E IR R AR R S E W B A A TS

2043

Myrothecium inundatum producing volatile organic com-
pounds. Mycosphere , 1: 229-240.

Bastos AC, Magan N. 2007. Soil volatile fingerprints: Use for
discrimination between soil types under different environ-
mental conditions. Sensors and Actuators B Chemical, 125 .
556-562.

Booth E, Strobel G, Knighton B, et al. 2011. A rapid column
technique for trapping and collecting of volatile fungal hy-
drocarbons and hydrocarbon derivatives. Biotechnology Let-
ters, 33: 1963-1972.

Camp AR, Dillard HR, Smart CD. 2008. Efficacy of Muscodor
albus for the control of phytophthora blight of sweet pepper
and butternut squash. Plani Disease, 92 1488—1492.

Chaintreau A. 2001. Simultaneous distillation-extraction: From
birth to maturity-Review. Flavour & Fragrance Journal,
16 136-148.

Dodd SL, Hill RA, Stewartc A. 2000. Control of Athelia rolfsit
disease on lentil seedlings using 6-pentyl-a-pyrone. Soil Bi-
ology and Biochemistry, 32. 1033-1034.

Duarte C, Moldao-Martins M, Gouveia AF, et al. 2004. Super-
critical fluid extraction of red pepper ( Capsicum frutescens
L.). Journal of Supercritical Fluids, 30; 155-161.

Ezra D, Jasper J, Rogers T, et al. 2004. Proton transfer reac-
tion-mass spectromeltry as a technique to measure volatile
emissions of Muscodor albus. Plant Science, 166. 1471 -
14717.

Fernando WGD, Ramarathnam R, Krishnamoorthy AS, et al.
2005. Identification and use of potential bacterial organic
antifungal volatiles in biocontrol. Soil Biology and Biochem-
istry, 37; 955-964.

Fialho MB, Toffano L, Pedroso MP, et al. 2010. Volatile organ-
ic compounds produced by Saccharomyces cerevisiae inhibit
the in vitro development of Guignardia citricarpa the causal
agent of citrus black spot. World Journal of Microbiology
and Biotechnology, 26. 925-932.

Fiddaman PJ, Rossall S. 1993. The production of antifungal vol-
atiles by Bacillus subtilis. Journal of Applied Bacteriology,
74. 119-126.

Gomes AAM, Queiroz MV, Pereira OL. 2015. Mycofumigation
for the biological control of post-harvest diseases in fruits
and vegetables: A Review. Austin Journal of Biotechnology
and Bioengineering, 2. 1051.

Grimme E, Zidack NK, Sikora RA, et al. 2007. Comparison of
Muscodor albus volatiles with a biorational mixture for con-
trol of seedling diseases of sugar beet and root-knot nema-
tode on tomato. Plant Disease, 91 220-225.

Huang R, Che HJ, Zhang J, et al. 2012. Evaluation of Sporid-
iobolus pararoseus, strain YCXT3 as biocontrol agent of
Botrytis cinerea, on post-harvest strawberry fruits. Biologi-
cal Control, 62; 53-63.

Huang R, Li GQ, Zhang J, et al. 2011. Control of postharvest
Botrytis fruit rot of strawberry by volatile organic compounds
of Candida intermedia. Phyiopathology, 101 . 859-869.

Islam MR, Jeong YT, Lee YS, et al. 2012. Isolation and identi-
fication of antifungal compounds from Bacillus subtilis C9
inhibiting the growth of plant pathogenic fungi. Mycobiolo-
gy, 40: 59-66.

Kai M, Effmert U, Berg G, et al. 2007. Volatiles of bacterial
antagonists inhibit mycelial growth of the plant pathogen
Rhizoctonia solani. Archives of Microbiology, 187. 351 -
360.

Kai M, Haustein M, Molina F, et al. 2009. Bacterial volatiles
and their action potential. Applied Microbiology and Bio-
technology, 81 1001-1012.

Koitabashi M, Kajitani Y, Hirashima K. 2004. Antifungal sub-
stances produced by fungal strain Kyu-W63 from wheat leaf
and its taxonomic position. Journal of General Plant Pathol-
ogy, 70 124-130.

Korpi A, Jirnberg J, Pasanen AL. 2009. Microbial volatile or-
ganic compounds. Critical Reviews in Toxicology, 39: 139-
193.

Kreuzwieser J. 2015. The Venus flytrap attracts insects by the
release of volatile organic compounds. Journal of Experi-
mental Botany, 65: 755-766.

Lee SO, Kim HY, Choi GJ, et al. 2009. Mycofumigation with
Oxyporus latemarginatus EF069 for control of postharvest
apple decay and Rhizoctonia root rot on moth orchid. Jour-
nal of Applied Microbiology, 106, 1213-1219.

Lemfack MC, Nickel J, Dunkel M, et al. 2014. mVOC: A data-
base of microbial volatiles. Nucleic Acids Research, 42 744
-748.

Liu W, Wei M, Zhu B, et al. 2008. Antifungal activities and
components of VOCs produced by Bacillus subtilis G8. Cur-
rent Research in Bacteriology, 28 28-34.

Matysik S, Herbarth O, Mueller A. 2009. Determination of mi-
crobial volatile organic compounds ( MVOCs) by passive
sampling onto charcoal sorbents. Chemosphere, 76. 114 -
119.

McCain AH. 1966. A volatile antibiotic by Streptomyces griseus.
Phytopathology, 56 150.

Mercier J, Jiménez JI. 2004. Control of fungal decay of apples
and peaches by the biofumigant fungus Muscodor albus.
Postharvest Biology and Technology, 31: 1-8.

Mercier J, Jiménez JI. 2007. Potential of the volatile-producing
fungus Muscodor albus for control of building molds. Cana-
dian Journal of Microbiology, 53. 404-410.

Mercier J, Manker DC. 2005. Biocontrol of soil-borne diseases
and plant growth enhancement in greenhouse soilless mix by
the volatile-producing fungus Muscodor albus. Crop Protec-
tion, 24; 355-362.

Mills GA, Walker V. 2000. Headspace solid-phase microextrac-
tion procedures for gas chromatographic analysis of biologi-
cal fluids and materials. Journal of Chromatography A,
902 267-287.

Minerdi D, Bossi S, Gullino ML, et al. 2009. Volatile organic
compounds: A potential direct long-distance mechanism for
antagonistic action of Fusarium oxysporum strain MSA35.
Environmental Microbiology, 11. 844-854.

Mitchell AM, Strobel GA, Moore E, et al. 2010. Volatile anti-
microbials from Muscodor crispans, a novel endophytic fun-
gus. Microbiology, 156: 270-277.

Morath SU, Hung R, Bennett JW. 2012. Fungal volatile organic
compounds ; A review with emphasis on their biotechnologi-

cal potential. Fungal Biology Reviews, 26: 73-83.



2044

EREAE FE30E FHTM

Pandit SS, Chidley HG, Kulkarni RS, et al. 2009. Cultivar re-
lationships in mango based on fruit volatile profiles. Food
Chemisiry, 114, 363-372.

Parafati L., Vitale A, Restuccia C, et al. 2015. Biocontrol abili-
ty and action mechanism of food-isolated yeast strains
against Botrytis cinerea, causing post-harvest bunch rot of
table grape. Food Microbiology, 47. 85-92.

Raza W, Wang J, Wu Y, et al. 2016. Effects of volatile organic
compounds produced by Bacillus amyloliquefaciens on the
growth and virulence traits of tomato bacterial wilt pathogen
Ralstonia solanacearum. Applied Microbiology and Biotech-
nology, 100 7639-7650.

Rouissi W, Ugolini L., Martini C, et al. 2013. Control of post-
harvest fungal pathogens by antifungal compounds from
Penicillium expansum. Journal of Food Protection, 76
1879-1886.

Ryu CM, Farag MA, Hu CH, et al. 2004. Bacterial volatiles in-
duce systemic resistance in Arabidopsis. Plant Physiology,
134. 1017-1026.

Sanchez-Fernandez RE, Diaz D, Duarte G, et al. 2016. Anti-
fungal volatile organic compounds from the endophyte Nod-
ulisportum sp. strain GS4d2Il1a: A qualitative change in
the intraspecific and interspecific interactions with Pythium
aphanidermatum. Microbial Ecology, T1. 347-364.

Sanchez-Ortiz BL, Duarte G, Lappe-Oliveras P, et al. 2016.
Antifungal, antioomycete and phytotoxic effects of volatile
organic compounds from the endophytic fungus Xylaria sp.
strain PB3f3 isolated from Haematoxylon brasiletto. Journal
of Applied Microbiology, 120, 1313-1325.

Schnabel G, Mercier J. 2006. Use of a Muscodor albus, pad de-
livery system for the management of brown rot of peach in
shipping cartons. Postharvest Biology and Technology, 42 .
121-123.

Schulz S, Dickschat JS. 2007. Bacterial volatiles; The smell of
small organisms. Natural Product Reports, 24. 814-842.

Scotter JM, Langford VS, Wilson PF. 2005. Real-time detection
of common microbial volatile organic compounds from medi-
cally important fungi by Selected lon Flow Tube-Mass Spec-
trometry ( SIFT-MS). Journal of Microbiological Methods ,
63 127-134.

Shashidar A, Staffan M, Agerlin PM, et al. 2016. Multiple
effects of Bacillus amyloliquefaciens volatile compounds
Plant growth promotion and growth inhibition of phytopatho-
gens. FEMS Microbiology Ecology, 92. fiw070.

Shaw ]JJ, Berbasova T, Sasaki T, et al. 2015. Identification of a
fungal 1,8-cineole synthase from Hypoxylon sp. with speci-
ficity determinants in common with the plant synthases. The
Journal of Biological Chemistry, 290. 8511-8526.

Siani AC, Garrido IS, Monteiro SS, et al. 2004. Protiumicicari-
ba, as a source of volatile essences. Biochemical Systema-
tics and Ecology, 32. 477-489.

Stinson AM, Zidack NK, Strobel GA, et al. 2003. Mycofumiga-
tion with Muscodor albus and Muscodor roseus for control of
seedling diseases of sugar beet and Verticillium wilt of egg-

plant. Plant Disease, 87 1349-1354.

Stinson M, Ezra D, Hess WM, et al. 2003. An endophytic Glio-
cladium sp. of Eucryphia cordifolia, producing selective
volatile antimicrobial compounds. Plant Science, 165; 913
-922.

Strobel G, Manker DC, Mercier J. 2003. Novel endophytic fungi
and methods of use. USA: US 20030186425A1.

Strobel G, Singh SK, Riyaz-Ul-Hassan S, et al. 2011. An endo-
phytic/ pathogenic Phoma sp. from creosote bush producing
biologically active volatile compounds having fuel potential.
FEMS Microbiology Letters, 320 87-94.

Strobel GA, Dirkse E, Sears J, et al. 2001. Volatile antimicro-
bials from Muscodor albus, a novel endophytic fungus. Mi-
crobiology, 147 . 2943-2950.

Suwannarach N, Kumla J, Bussaban B, et al. 2013. Biofumiga-
tion with the endophytic fungus Nodulisporium spp. CMU-
UPE34 to control postharvest decay of citrus fruit. Crop
Protection, 45. 63-70.

Wang C, Wang Z, Qiao X, et al. 2013. Antifungal activity of
volatile organic compounds from Streptomyces alboflavus
tdl. FEMS Microbiology Letiers, 341, 45-51.

Webster B, Gezan S, Bruce T, et al. 2010. Between plant and
diurnal variation in quantities and ratios of volatile com-
pounds emitted by Viciafaba, plants. Phytochemistry, 71
81-89.

Yuan J, Raza W, Shen Q, et al. 2012. Antifungal activity of
Bacillus  amyloliquefaciens NJN-6 volatile  compounds
against Fusarium oxysporum f. sp. cubense. Applied & Envi-
ronmental Microbiology, 78: 5942-5944.

Zhang CL, Wang GP, Mao LJ, et al. 2010. Muscodorfengyan-
gensts sp. nov. from southeast China: Morphology, physiol-
ogy and production of volatile compounds. Fungal Biology,
114 797-808.

Zhang Q, Yang L, Zhang J, et al. 2015. Production of anti-fun-
gal volatiles by non-pathogenic Fusarium oxysporum and its
efficacy in suppression of Verticillium wilt of cotton. Plant
and Soil, 392, 101-114.

Zhang X, Li B, Wang Y, et al. 2013. Lipopeptides, a novel
protein, and volatile compounds contribute to the antifungal
activity of the biocontrol agent Bacillus atrophaeus CAB-1.
Applied Microbiology & Biotechnology, 97 9525-9534.

Zhang 7, Li G. 2010. A review of advances and new develop-
ments in the analysis of biological volatile organic com-
pounds. Microchemical Journal, 95: 127-139.

Zheng M, Shi J, Shi ], et al. 2013. Antimicrobial effects of vol-
atiles produced by two antagonistic Bacillus strains on the
anthracnose pathogen in postharvest mangos. Biological
Control, 65 200-206.

Zou CS, Mo MH, Gu YQ, et al. 2007. Possible contributions of
volatile-producing bacteria to soil fungistasis. Soil Biology
& Biochemistry, 39 2371-2379.

EERN  SkiELe, B, 1986 454 A PRI, M R MR
H2E2F 55T, E-mail: zhangginghua@ fafu.edu.cn
=EHRE WTEHE




