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VOCs) LA SR M RCR . RERSUMRIVER,
il 2 R B R G R IR , A ek RR AL A )
AR FVE R =T sl UE Y A VOCs
XPRJE R AT BN AN E . AMGE T
ZR AR BB, L T a0 AR A
25 55 X oy Pt T G 32047 W A5 27 T 7 Ak 3t g SR
o BAN, AR VOCs IR R B
e, TR TAHHELR, GG, RNOERER
ERFE , THBR T IS8 X Hee e, Hik
VOCs 7 [iiA S8 K J5 9 7 1 BAT T2 A58
B AR Bk, ARSOE AR VOCs
Y Z2 R L SRR TS P A AR B RIOR B H 3 B T L
ST 18R, DA RZEYE VOCs 7R 5
SRR BT A — 25 & 5 0 PR LA %

1 HEHFEEZETE IR

VOCs & FE LU EEATCR IR, BRIEALE
R A TG &, 3 ASHRED, ek
ZH VOCs HA RGN, KIEHEIK. MEYR
VOCs B e A AE W1 AS B A R 05~ B dn 4
FIBT . BRI AR K AL & W) 55 A U AR . s B AN
BTSN A1, SR 5 PR TR G A A
RPACIH X S ik, 2B Z Tl VOCs.
RE 4 VOCs WA Z R 24, AW AR )
VOCs WFFRIERZ . AT, CRIMA
349 FRANEE I 69 Fh ELE AR 42 vOCs!'Y, Horp,
AN PR Y VOCs #3346 Fl, FERMEIE . 5.
MWL R MRER . R . MREYIR; M EETE
1) VOCs, Y& MAA 250 Fl, FEREE. K.
[N 7 2N I ) T EP S T e h e
Ve Z R voCs AT, fE
AR 2RI R 5 BB
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1.1 HEIRER W E Y R

PR IE R AR VOCs HA TG T
J& McCain, HAHFFT R, K (055 55 15 (Streptomyces
griseus) ;= = B VOCs BE W% 4l il Gleosporium
aridum fFHTERN . IS, BORZ 5T
B, ZMEERR7 AR VOCs BES 2 11 il e
B A A DT A BB T6 R S5 SR B 3 (R 1), Li
SN2 ULE T BRAGERE R (S, globisporus) JK-1 1%
FhZRiIG , FPA2 0 VOCs REA A0 il I 75 % 6 25
(Botrytis cinerea) N KH| T 55 (Penicillium italicum)
AITR 22 R G Mg B ARG, AR R
e 3 i D B s M WA 7 i, L TR B R
Al REE W R e . R R AR LT
B U R A AR RS TR (S, yanglinensis) 3-10 Tk,
INAERLEESR Y 17 /L I, B 25 30 ] e i
B (Aspergillus flavus)M 27 4E M55 (4. parasiticus)fs
Hefed:, &N 86 g/L B, JLF-BESE &I HlX
Pl ECTR A AR R BB, AR AR B A AN 3] it
B, HELEMER TR 2-H 5 3 EE
2-FHJE TR W BE IR RN OR 2B AHARLY, Boukaew
W R B, BIkEE R R (S. philanthi) RM-1-138
WM Z R =Y, M 15 g/L B =AW
VOCs BIRESE MU e, , H s A ) 5
ZRBS A2 6 ho

FHAF B (Bacillus spp.) MR A H 8
(Pseudomonas spp.) st & 2 HIWIZS BTN, DA
i BIF T8 N 53X 3X PR 2K 40 7 14 A By TR - £ 2 vh
MR IR Y bt R = . Rk, &
TGV A P Z BB T IR G5 . 4k,
RZHETEH, /74 VOCs X PSS Hran w4
YFG ) EEAE LS Z —GR 1 FIR 2), WAk
ZEHIATIE (B, subtilis) Y13 F72A:%) VOCs, HH 4 Fp
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Table 1. Kinds of VOCs-producing microorganisms and the components of VOCs
Microbial ) Fruits and  The composition of VOCs and the main
. Strains Pathogen . References
species vegetables  antifungal components
Bacteria Streptomyces Penicillium Sweet The main antifungal components: dimethyl [12-13]
globisporus JK-1 italicum orange disulfide, dimethyl trisulfide and acetophenone.
Streptomyces Aspergillus flavus, Peanut The main component of VOCs: [14]
yanglinensis 3-10 Aspergillus 2-methylisoborneol.
parasiticus The main antifungal components:
2-methylisoborneol, methyl, 2-methyl butyrate
and phenylethanol.
Streptomyces Colletotrichum Chili The main antifungal components: phenylethanol. [15]
philanthi RM-1-138  gloeosporioides It shown effective inhibitory activity both in vitro
and in vivo.
Bacillus subtilis Y13 Colletotrichum Camellia ~ The main antifungal components: nonanal, [16]
fructicola benzaldehyde, 3-methyl-4-phenyl-1H-pyrazole
and benzothiazole.
The antifungal activity: nonanal>benzaldehyde>
3-methyl-4-phenyl-1H-pyrazole>benzothiazole.
Bacillus Peronophythora  Litchi The main antifungal components: [17]
amyloliquefaciens litchii 1-(2-aminophenyl) acetophenone and
PP19, benzothiazole.
Bacillus pumilus P126, The a-farnesene could effectively control fruit
Exiguobacterium diseases.
acetylicum SI17
Bacillus Colletotrichum Bean The main antifungal components: [18]
amylolicefaciens lindemuthianum 3-methylbutyric acid and 2-methylbutyric acid.
ALB629, UFLA285
Pseudomonas Botrytis cinerea  Medicago  The main components of VOCs: acetaldehyde,  [20]
fluorescens UML16, truncatula  ketone, and alcohol.
UM240, UM256, The main antifungal components: methyl
UM270 mercaptan, dimethyl sulfide, dimethyl disulfide,
dimethyl trisulfide and dimethylnitrosamine.
Pseudomonas Penicillium Sweet The main component of VOCs: acetic acid, [21-22]
Sfluorescens ZX digitatum, orange butyric acid, isobutyric acid, 2-methylbutyric
Penicillium acid, isovaleric acid and sulfur compounds.
italicum
Enterobacter asburiae Aspergillus flavus Peanut The main component of VOCs: n-pentanol and  [38§]
Vit-7 phenylethanol.
The minimal inhibit concentration of
phenylethanol was 0.2 mL/L.
Staphylococcus sciuri  Colletotrichum Strawberry The main component of VOCs: dimethyl [39]
MarR44 nymphaeae trioxide, acetic acid, 4-methyl decane,
4-pentene-2-one, toluene, and o-xylene.
Yeast Saccharomyces Phyllosticta Valentia The main components of VOCs: isoamylalcohol [26]
cerevisiae CR-1 citricarpa orange and 2-methyl-1-pentanol.
Wickerhamomyces Botrytis cinerea  Grape Styrene showed the strongest inhibitory effect.  [40]
anomalus 09395
()
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B3k 1)

Wickerhamomyces Botrytis cinerea  Strawberry The main component of VOCs: alcohols [27-28]

anomalus, (ethanol, isoamylalcohol and phenylethanol)

Metschnikowia and esters (ethyl acetate and isoamyl acetate).

pulcherrima, Ethyl acetate showed antifungal activity.

Saccharomyces

cerevisiae

Candida intermedia  Botrytis cinerea  Strawberry The main component of VOCs: [31]

C410 1,3,5,7-cyclooctene and 3-methyl-1-butanol.

The main antifungal components:
1,3,5,7-cyclooctene, 3-methyl-1-butanol,
2-nonone-4-methyl valerate, amyl acetate and
ethyl caproate.
Pichia anomala Aspergillus flavus  Nut The main antifungal components: [32]
WRL-076 2-phenylethanol
Polycellularis ~ Muscodor brasiliensis Penicillium Sweet The main components of 1255: pogostone, octyl [36]
fungus sp. LGMF1255, digitatum orange formate, f-elemene and a-cyanene.

LGMF1256 The main components of 1256: pogostone,
phenylethanol, 2-ethyl phenylacetate and octyl
formate.

Nodulisporium spp.  Penicillium Lemon, The main components: alcohols, acids, esters and [37]

CMU-UPE34 digitatum, Trifoliate  monoterpenes.

Penicillium

expansum

R2. WEWIE VOCs MANEE M. ZRIER&KIERNSE

Table 2. Antifungal activity, biocontrol effect and mechanisms of VOCs produced by microorganism

Fruits and

Strains Pathogen Antifungal activity and the biocontrol effect Mechanism References
vegetables
Streptomyces Botrytis cinerea, Tomato, Inhibition of conidial germination and mycelial growth. 143 [12-13]
globisporus JK-1 Penicillium sweet The abnormality of conidia and mycelium
italicum orange morphology.
Streptomyces Aspergillus flavus, Peanut Inhibition of the disease and the generation of 1+3+4 [14]
yvanglinensis 3-10 Aspergillus aflatoxin.
parasiticus SEM showed that the pathogen appeared deformed,
collapsed and no germination of conidia.
Streptomyces Colletotrichum Chili Inhibition of anthracnose disease on cherries. 1+2 [15]
philanthi RM-1-138  gloeosporioides Destruction of cell wall of pathogen.
Bacillus Peronophythora  Litchi Reduction of the disease incidence of fruit. 1+5 [17]
amylolicefaciens PP19, litchii Benzothiazole might be the main active inhibitory
Bacillus pumilus P126, component.
Exiguobacterium
acetylicum S117
Bacillus Colletotrichum Bean Inhibition of conidial germination (31%). 1 [18]
amylolicefaciens lindemuthianum Reduction of growth of the mycelium (16%—-18%).
ALB629, UFLA285 Both bacterial volatiles controlled anthracnose in vivo
(79%—85%).
(74k)

actamicro@im.ac.cn
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(83 2)
Saccharomyces Phyllosticta Valentia Inhibition of mycelial growth and conidia formation. 145 [26]
cerevisiae CR-1 citricarpa orange Reduction of diseases incidence (90%).
Pichia anomala Aspergillus flavus Nut Inhibition of conidial germination and the production 1+4 [32]
WRL-076 of aflatoxin.
The key genes of aflatoxin synthesis and
chromatin-modifying genes were down-regulated.
Enterobacter Aspergillus flavus Peanut Inhibition of the expression of toxin-related synthetic 1+3+4 [38]
asburiae Vt-7 genes.
Reduction of the content of aflatoxin.
Inhibition of the germination of spores on peanut.
The abnormality of spores.
Staphylococcus Colletotrichum Strawberry Inhibition of mycelial growth (34.52%) and spore 1 [39]
sciuri MarR44 nymphaeae germination (82.81%).
Reduction of disease incidence (72.17%).
Wickerhamomyces Botrytis cinerea  Grape Inhibition of mycelium growth (71.59%). 1+3 [40]
anomalus 0939-5 The deformity and distortion of mycelium.
Muscodor albus 620  Penicillium Lemon The death of pathogenic fungi in vitro. - [42]
digitatum, Reduction of the diseases incidence of lemon from
Geotrichum 89.8% t0 26.2%.
citri-aurantii
Bacillus spp. Sclerotinia Tomato, Accumulation of reactive oxygen species in the 1+3+4 [44]
VM10, VM21, sclerotiorum Soybean, mycelium.
VMI11, VM1, VM42 Tobacco, Abnormality of cell membrane and ultrastructure of
pathogens.
Bacillus subtilis Colletotrichum Litchi Inhibition of spore germination. 1+2+4+5 [45]
CF-3 gloeosporioides Destruction of fluidity of cell membrane and density
of pathogen.
Inhibition of the activities of protease and cellulase in
pathogens.
Activation of the defense response of fruit.
Increase of the activities of POD, PPO, CAT, SOD,
PAL, CHI and GLU.
Pseudomonas Ralstonia Tomato Inhibition of protein metabolism of Ralstonia 5 [50]
Sfluorescens WR-1 solanacearum solanacearum.
Reduction of pathogen virulence.
Hanseniaspora Botrytis cinerea  Strawberry Reduction of the disease incidence of fruit. 5 [51]
uvarum Activation of the activities of POD, SOD, CAT, APX,
PPO and PAL.
Reduction of the content of MDA of fruits.
Bacillus Fusarium Arabidopsis Increase of the root length of Arabidopsis thaliana. 1+6 [52]
amyloliquefaciens oxysporum f. sp. Thaliana,  Increase of resistance of watermelon to Fusarium
L13 niveum Watermelon wilt. Increase of the net weight of fruit.

2-nonanone and 2-heptanone of VOCs showed strong
antifungal activity.

1: the VOCs can inhibit spore germination, germ tube elongation, and mycelium; 2: the VOCs can damage the cell wall and cell
membrane of microorganisms; 3: the VOCs affect on cell morphology and ultrastructure of pathogen; 4: the VOCs can interfere
with microbial metabolism and affect the content or activity of bioactive molecules in microorganisms; 5: the VOCs can induce
resistance of fruits; 6: growth-promoting effect. —: the antifungal mechanisms are not specified in the reference.

http://journals.im.ac.cn/actamicrocn
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X7 R DL e S B R A Y
AR T, 0B PR R BN T >R >3-
4SS e Zheng 251

FH 3 D€ K ZE FFT 1 (B. amyloliquefaciens) PP19 Hl
B/NZEFUFT R (B, pumilus) P126 774 ) VOCs B
AR — RS, FREM R E RS W
(Peronophythora litchii), 75 8¢ 1) & 955 2K R FEAIK
Martins 283 R B, B. amylolicefaciens ALB629
Fl UFLA285 =4 f) VOCs #FfiE . % K& 1%
Colletotrichum lindemuthianum 3 {17 & %,

3-FHE T R AN 2- P 3 TR S FL B[Rl A P ml 8 2 Bl
1A 3 A e FE [ VOCs. Calvo %4351
BT 3 MREFHIFF B (BUZ-14 .13 F1 15)7 A2 () VOC
Xt B. cinerea . P italicum . $§IR75 5 (P. digitatum)
R IAE R, BUZ-14 7= /E#) VOCs X P italicum
23K 80%,13 F 15 77 A=) VOCs X B. cinerea
M RIE 100%, 2 3 - 5 B A 1Y (gas
chromatography - mass spectrometer, GC-MS), %
IR VOCs A 12-15 F, A5 2-T0 |

2-F M. 2-BEE . IETEE. Zpk. RHEE,
BT TR . WLWE. T-He5% . Wallace RS T
3 RO CIECR B (P fluorescens) 2-28. 1-112,

4-6 BT AR VOCs X 9 R 5
(P expansum)PAN TG, AL RERS 52 20
P expansum W) F B & AR 22 1K E K

Hernandez-ledn V34 T P fluorescens UM256
UM270. UM16, UM240 j=4: /) VOCs B4,

Hop&mib s i mHamee . — P EEmEE . —
P TR IE . R A A P B I g 4
Je ERATI R A [RIRERY, A PR Lk 3,
P. fluorescens ZX y7 4= 1) VOCs H. A # 5 ) 3 &
WP, REA A6 R R IR S0 R i ¢
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BRI BRIbZ AN, AT I8 (Enterobacter
spp.). % BREJE (Staphylococcus spp.)55 7= 1y
VOCs REANH Z R lia, FATBiif R g
MY GG D).
1.2 BERHRER MM E Y R

PLRIT B OF TSN S5 LB BEA 2 77 A S
e, AR AL 32 Sl 1 3R 5 A ()5 4 A T
DSLE . (HBES IR AR R, 5Pk
[l FF B 7= £E 22 P K U M R 2R 1k g 4 i 242
(£ ). UNWRTE B2 B (Saccharomyces cerevisiae)
CR-1 74 1) VOCs H, 3-F - 1- T B0 2- 1 - 1-
TEEREIN A A 2 EE TR (Phyllosticta citricarpa)
(B 22 KRR AR TE Y5 Oro A5, 5
W B DU B (Wickerhamomyces  anomalus) . 1
LYWz EE(Metschnikowia pulcherrima)fl S. cerevisiae
PR VOCs X5t B. cinerea TN 51k 69%, 4
PIEZEAL L 6 d 5, FIXTERAHIL, EOREIKEIR
THTEET BIFEAK 89, 40 Fl 32%; Contarino %1
WAEMX 3 FIEEREFE 5 d PR PR I FE A 0™
AR AR AR, TR A O 3-F -1 TR
KOWE, LIRCEEM OIS I%ERSF VOCs, W3
SO A 2 R A T B A S PO A5 A Db A B A
W% +E;:(Debaryomyces hansenii) W4682, NMYUBETE
BEAREEFRIE W] B, cinerea WM, 1R
REJLSL BB 7= B VOCs i RE A 30 il [a] —
9 P 243 18] DY oA A BB S0 T 1 R A oA O Tl B
30 3o AP R T IR NG A SR SR A, IE
ST 0] BUE 22 % B (Candida intermedia) C410 5=
HH) VOCs X RLAFR I B. cinerea . ¥ HLTH
(Sclerotiniasclerotior) . F&H3EE(Rhizopus nigricans).
B 7] W )& (Fusarium sp.) . &K B 5 (Mucor
racemosu). B B A J& (Penicillium sp.). CHEHS
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(Alternaria alternate) A 7 B (P. commune)??
HA W ERNB AR ; )5, Huang 50PVELH
T 25 [E A AR BOR GC-MS, #%E C. intermedia
C410 =4 49 Fh vOCs, HA, 1,3,5,7-3 /U
3-FRE-1-T B . 2-F--4- MR 2 W L 3-H
Fe-1-TRE O . CBRILHERFIC IR & 1 555 AL =
YIEXF B. cinerea ¥ & M 224K B A
AIVERT . Hua %5208, O e AR B (Pichia
anomala) WRL-076 ;=4 #] VOCs H', 2-K 2 it &
FEY T, e EME A flavus 78 K MBEE
[ o
1.3 ZRE IR R Yk

FRE AN G IR AN BE BRI VOCs RYBISY, Z 21
HIFIR VOCs MIBFFE LM A 2001 4, fH
Y14 B Muscordor albus == i VOCs #i 4R iE
REAE 4 2 AP Z R IR I LR Y, B
A, USSR N AR LR A2 B VOCs G T Ak
ZWIRE R . AMGE M. albus, Muscordor
J& B HARFD , 4 M. crispans®? M. fengyangensis™
SFHRE A HA MRS R VOCs, HFIBE,
Muscordor J& ATy 1A Fh #k e 18 B A 7 A0 TE
VOCs fIfE ST, Ul Pena Z5PSYFH1514 M. brasiliensis
sp. LGMF1256 7£ B {& % 4+ F B8 5¢ 4 0 il
P. digitatum WERKEHE, 774K VOCs B EiT R
LRI RCR RIE 77%, B 5 FEAR T 15 5%
R R . AR, TESIE VOCs JFAN R
Muscodor J& HLF FFA RE ST, ZF0h B AT DL A4
BAMEER R VOCs (£ 1), Suwannarach 257
MAEMNE L] 46 PRINIHEE, (HACH R
W J& (Nodulisporium spp.) CMU-UPE34 5= /4 )
VOCs HIE/EM, GC-MS 2 #rgh Rz, Xt
VOCs FEERE, MR, ERAEAmLZE, SaRZn

JEREIIAG , B2 AL PR REA R WA R I SR B
SRAGE I ) SO A5 19 75 R

2 PUERXENEARBERN E
ZH%

REBOKRE pH B, K50 H— B i
JEEL R et a1 i W] 32 3] J I TR A 24 R
MR E , BN R PR — oE
HFEE R . TR 2% R P A,
BRI ZE R U E PR VOCs A RS PERT, AR5
N BV E e P VOCs i Jit o 46+ FH TR 22 4 &
AR RE 0, T8 R R A0 T R SR R AR X 4
%, T oA B bR T AR ik UL T PR
VOCs X R 1 I 22 A K im il ee 1, A
MBERCRA B — P AETE I EERTEIZ AR VOCs )
RGEFRIBARCR . AR, BORBZ RIS
AP VOCs & B0 EA 15 1Y 30 15
P, BE 2 R ARCR 5 RG34 A0 R M B L
TR 1R 2) Alijani FPHEGE, H RUAHTE ER
W (Staphylococcus sciuri) MarR44 X 47 BB JH
I (Colletotrichum nymphaeae)ft) T8 22 4 £ A1 2R
N 34.52%, XTI RN 82.81%, i
FIIH, S. sciuri MarR44 ;=42 ) VOCs B 7% kb
PG, BORERY R BN AL TR T 72.17%:;
Oro S5 A5 i) JURKIREEE, 7 AE 1Y VOCs £ 22
TR, Fog il i i ue B s A F T oA
8.97 mg/em’, FLAERSL R 0.718 mg/em’.
Sy VOCs 085 AR 16 1 55 16 A 3 i 44
5 AR AN — 8 B IE A DG, Martins 55 U TE
B. amylolicefaciens ALB629 il UFLA285 B{A T
%t C. lindemuthianum 8 223§ AL 43510 16% 1
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18% , fH X 3k 52 J JH g B9 45 1 2802R 4D e ik
79%-85%; 1A LER PR VOCs AR IE T
AE 3 BC 2 5 A I ) g I 10 2R IS A, HLE
TR ER, HILFEA PR,
EARE RN, MZEWTE VOCs 1M B S M
AR R ROR 5 AL L R OC R DT, s
H B. amyloliquefaciens PP19 . B. pumilus P126 FI
E. acetylicum SI17 J7 /£ 1) VOCs FEZE 74 4% 36-72 h,
PR ST, D) 2R S 0 o o S BRI
Mercier % 21 % B 7€ F7 8 I e B 8 1 9 1A
(Geotrichum citri-aurantii)J5 5BV M. albus 620
AL, e R IR SRR e Y R R, (R4
T LT 24 h 5 PR ZE AN B, D BTG ROCR B 2 H
$90 NI, SRBRSE N BRI T A ) vOCs
ZRACTR AL, HPFEREE NS IR A A )
I8 VOCs B 87 M BETEYE . AR B33 ) i
F o IRZWEMIEAF IR EE b2 A AN W) Fb
KA VOCs, filan, P fluorescens ZX 1£ 537 R
[ A s 5 5L b E R 5 57— 2 iR S A 20 F vOCs
AT, TR SR A A 16 B,
502 A NN £ T O € T N o s o - it <
VOCs g 1-+—4 . ZHIEN . LEYR,
TERAAREE IR, P fluorescens ZX FH 42
Be. 1-280% . 12-BRS T he, 3-280a s .
PG 2122 ki BOR S T B SR SR LA R 5
Z5AEXT W anomalus 0939-5 7= () VOCs il & 1%
PERYZ N, 25 RERH], DUREHEONORIR . SRR e N
TR A R A 55 7R 3L (MCDA), 91 4f pHAEH 7,
B IRIRE N 25 °C B, W, anomalus 0939-5 7= [
VOCs MR % M358 , XF B. cinerea 187 & 1 il
HEIE 99.33%, X 2 A KA AR WA F] T
71.59% . 73 4h, S5 J% i [a] L m] BE R i Gl A W)
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VOCs, Zheng 27738 ,
PP19. B. pumilus P126 Hl E. acetylicum S117 j=
f) VOCs FtiksF ARl Mk As, 36-72 h B, 45
A 70, 98, 101 Flt VOCs Kt .

B. amyloliquefaciens

3 B IRAR R MR AR B A
X ER B E W EEE A

N T R E AR VOCs B4R 3R AR AR
PR PR B O S 2008, DL R R AR A W U A TR i
e, FE5r TIRAE IR VOCs BV FABLE, RA
RIS EAR A AR VOCs. s[5yl
T EZ M B EAER N B EEE P TR
R HAA M RETE M VOCs M3 W B = A )
VOCs ZM 2+, AP VOCs B P
FE SR AN T2 o BRAE— R, A P8 VOCs
B 36 R S SR e B A LB LA DL LR A
B, FEAHE: () MERREERTIER . &
MR 2297 e s (2) BN RUAE W 40 R 0 20
LIS, S A BRIDRE ; (3) S4B RS K
FEER ; (4) THBMADARH, ik
AR S I S R B (5) BRI R
Gihitk; (6) RETMEA, fEBEAER, I AIREHg R
R IG KRB PR E . AP VOCs X9 i 14 1
VEFAMLEI AT AL —Fh oA 3, o nl DA R iR 2 Fh
BLE, AFIEREE . AR E . ASEREEY, HAE
FABLH AT e R BUAS ] (35 2).
3.0 MEREEAFER FERKANEZY R

WRTRTIR , RS R G I 4 32 B2 s I BT
RYGRE, WFIE . BB 225 2w W
MRS, RMZERF SR PR VOCs X 5t
P A B RCR B, 1 8 TE i VOCs 1 il Jit 1
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7R M 22 AR KR P F ek, 2
WA A 9 VOCs REE A R il 22 g It B 1
WTRET A T bl 72200 R DL R 22 4 K,
N Bacillus spp.F':EEE/‘J VOCs, TERIH ) 16 Fh
VOCs i, A 4 Bh¥) 5 fE 51k iih 53¢ i 4%
(Sclerotinia sclerotiorum)T# 22 W i 14 S ) FHL R Al
J U, Zhao ZEWHRE , B. subtilis CE-3 77 AE )
VOCs KH FEZMST 2,4- BT HIAR B AR % 1
il B2 M 7 JH T8 (Colletotrichum gloeosporioides)
fFuk, I FRILEL R, Toffano 1
SR, S. cerevisiae CR-1 y7 4 ) VOCs M H F
SNy 3-HIE-1- T REAN 2-FE-1-TWE, BEA]
P. citricarpa TH 22 £ KN & FLADTE B ; 2875 UL
AR W A, P fluorescens ZX F=H: ) VOCs
AE M P, digitatum R P. italicum W) 8185 &
TR J', 2 VOCs FLAAL PR T 227 il H K
RIBEAR, TS INTE PR W B2 P fluorescens ZX 7
FERI VOCs J&, ITERCR R,
3.2 RV R AR Oy A Y R AR 4 i R

200 I ¥ B AE R A W 1L A AN SR HL
WAE &R . DA IE SR A K A S A
e TR0 A EL A BT 1k R o AR S5 A2 BRI fE
JE T ) 1) B — I T 5 T A B R e A
Py = AN T BB Y, A IS A R R
BEEE . BEAR AR (BT, X Se W5 5 A Y i
REI e . Wiz . (5 R S ALk . 4n
G g R 8 452 45 A A 0 S BN A Ar Tl B
WHE R B, FEPUREYI R R VOCs RERS LA
o I A 2 N R R A N ) S R, 5 O
e BE A 20 S B, SN N AR
SR AR, O I AR AR b IR T TR A Y
W, TR B E A R R IE RIS AR, T

57 45 240 i B 0 2 R 1Y) 22 I A B D) RE 2K L 2R
P, AEIHIET: . Boukaew EPVHBIi LT
12 f# %% (scanning electron microscope, SEM)MEL
S. philanthi RM-1-138 =4[] VOCs HEZEA IS
1 C. gloeosporioides, KIR C. gloeosporioides M|
FBE Y SE B M B TR ; Massawe S5 IE
Bacillus spp. VM 11 774 1) VOCs fi 5| A2 1 P48 7
S. sclerotiorum AIHFFR R, FETFEL S, sclerotiorum
IS Zhao 5™ B, B. subtilis CF-3 =
A VOCs BT 20 2,4- U T FEFR B AR AE
M C. gloeosporioides MMM BITE, oA
C. gloeosporioides ML % T, B2 TR 2258
fRAET
3.3 Em 4TS BB M
REBHEDIE VOCs SR MEYI T, XLt
VOCs mBEMEIRGUAE VIR AL BE | Ao, 5l
MNP EE , FEGUZEW AN S EBUE,
LR, HAT, WERMEDIE VOCs X A=)
A HIE A A 52 = 2R SEML . i 5 HL - S 1 B
(transmission electron microscope, TEM)#F 5+
71 8 1 %% (atomic force microscope, AFM)%5 AJ 4)
AR, ZHAIRIH SEM Al TEM M4 P,
S. globisporus JK-1 ;=41 VOCs B4 B. cinerea
O3 A AR AR S B R SR G TE 22 1 B
G, B A A TR 22 48 A PN TR R e T
WX, AN REN S, A 22 A0 B TORE OrE
W e S5 S I O, AR LY 58 B M B R, e
SEEEMAIET; KA, B &Y SEM W],
S. yanglinensis 3-10 /741 VOCs FE 7% 4b HE S fifi
A. flavus R EIG, T3 A. flavus fFABEH & ;
Gong %P8 % B, B[ (X % AT 1 (Enterobacter
asburiae) Vt-7 7= 4 ) VOCs BE 58 il JLFPH W
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BOAE Y09 R, JUILREAH A. flavus #-F1EAE A
Rk, FFEIS A A 22 R L A
XM HFERE L
3.4 THRAEYAB, WA Yk ) A YT
TSR

B R A A iE S AR R, B YRR
YrikA A | B B s A A S s A . TRZE
VOCs R Wi It B 14 0 e A Qi A B A, 4
A AR O R TS M, S O IR AR I Y
AW FUNE T . AR 7 R FIAZ R S5 o3 i %
TR AR A R E MY, Jesh, 2 VOCs iR
FIE S R Jirt T 4 L RE - 1) P 1% 3B i, Bl AT
ADP Ml AMP Z [a) At 5%, i T3 s i Ay
BE AR IR VOCs E-2-C M B Ik
WIRE T4 A. flavus (TN ERER A, BRI N &
F . LWERTEG A Fl ATP &, FEREHN LA
PRI B, 52 A, flavus 15 B9 AL A
RE AR, HOCAF SR, ZEWTE VOCs
HA R E AL . Massawe ZFUIEESE T
Bacillus spp.7=4- 1) VOCs X} S. sclerotiorum BJ1E
AL, S5RRIARLIEN S, sclerotiorum 1K
R, PR R E MR, XULW] Bacillus
spp.) ) VOCs T T S. sclerotiorum 1E 5 I
W R MLEY, B. subtilis CF-3 f2H: ) VOCs
R F BN Sy 2,4- T80T HEIR M ER RE A 5 D 1A
(2 1 A 2F 4E R WS L, DN T A A8
C. gloeosporioides 1275k F 521, Raza 2B
EHEAH=FARSH T P fluorescens WR-1
A VOCs 1 il B R IR R (Ralstonia
solanacearum) K B AT REALEE, Z5H K0,
VOCs FEZEMI)S, R. solanacearum K WNTTEHT
Ak, B WEREED . ok S YA SR

actamicro@im.ac.cn

G EARTS MBI H LRI RE R EL
R 55 A PRI RE A4 2 1 18 21N [] A5 B2 HO KA, TG 5%
ABC %4z Z4:(ATP-binding cassette transporter) , i
MiffsE . EARTE S #RSEIRNEARET
JHFRIK, TR, HREBRERMERSZE, A
IIRAEE AR YR VOCSs 730 il o A= K 19 [A)
I, LB S B R 1Y 4 . Gong
LEDSISE , E. asburiae Vt-7 P21 VOCs, 1E%
B AR O BE S fe FE R M AP VOCs,  fig 11 il
A. flavus 3¢ R KW G L (estd . norB. ordB .
AccC Hl norM)W) ik, W&/ D8 &8 £ 5
H; Hua Pk M, P anomala WRL-076 =4
B VOCs M H =80 Tt 2-28 2B, BE I A. flavus
T R M EMERE R L, BE T A flavus
B o O SE N Ry 3k, [R] A eh s g 4 5 B i
FEH MYSTI. MYST2, MYST3. gen5. hdad
rpdA N FRIBRA

3.5 BRRERSGIHE

IRZ AP VOCs A B A HA MGG,

HA e —MES 0, REAROE R G Rk A
B RS0, DTS A5 SR s S v 7 2 T it
PR B — Bk, EYITE VOCs Xt
gk B PO AT A4E LR 3 AN Jr TR
B (D) fEmRE Rk AL Ee 71, W5 Rk
774 JU T 5 B (chitinase , CHI) . B-1,3- % 58 B i
(B-1,3-glucanase, GLU) ., %&b #1k7 i (superoxide
dismutase, SOD). 1% fk¥)E#(peroxidase, POD),
Z Wy A AL (polyphenol oxidase, PPO). RNZ R
fi#% %4 i (phenylalanine ammonia lyase, PAL). iJ%%
1k T} (catalase , CAT) FHT IR 1M B2 i & Ak ¥y Hilg
(ascorbate peroxidase, APX)5E[5MHIEF, FH4E & B
WEGE Y (2) B RE T A R EHUR IR AE
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R, iR ER . KREERMBEAE YIS
(3) BT RER AN 255 & A5 4k . Zheng 25
W &3, Bacillus spp. =) VOCs H, A 1 Fp
YT o-Je M, e BRI P litchii 1 LAY 75 A
FEREN, AXT P litchii AR B E I TCAEIMER,
AT DA, o~ JE M AT BB S UK T 76 ASON
P litchii WHiME 5 Zhao B 5T 45 5 3 Hfix —
25, AT & B, F B. subtilis CF-3 ;=4 i) VOCs
AT AL, BEMUE R ZA AT RN, 5l
52 POD. PPO. CAT. SOD. PAL. CHI il GLU
S5 B RS - TE s w) Bkl Y R A AT DU
t:(Hanseniaspora uvarum)r=: 1) VOCs B 78 K 4§
JEL R B, SRS K B 2 25 il B 2 I ) £ SiE
KB s, HF—2uRERY, VOCs AT
FRERYBE TN, VOCs AbHS , RS2 [ b A it
POD, SOD, CAT. APX, PPO, PAL jfithiE
ETE, TN A R R TR

3.6 CREMRBEAEYERKIG ™, IR RE R
of o SR B A L

RZBFFEE KB, R K mif H— L5 A P8
VOCs 4B, BE R 2 R 5 R b i 35 & e o
JR ST R I, — S e A K R v AR Y
VOCs, RETEfR #HAEWERK RIS, BOEEY
BFFARN SN, DA T b 25 1 5 R S SR i % s Jt o X e
PET wu P2 R I B T B. amyloliquefaciens
L13 7419 VOCs I, S5 RE, HImIraA
KA 2.39 4, MK 1.5 4, MIARNE N
5.05 1%, £ P AR Bjite H B. amyloliquefaciens 1.13
AR, WO R A BT T LUK B AR I A
FOEFH . HE R ARPRG 22 R 1Y RE ) AN IR B T
68.4% , >R Ji PHTCR S EL 4N 23.4%, ] GC-MS
f#MT B. amyloliquefaciens L13 y= 4 1) VOCs ii457,

A 14 B VOCs, JLrb, 2- WA 2-PEfi X 22
fa 8 T B (Fusarium oxysporum f. sp. niveum) =4
WA RIVER, TR 2,3- T R AR 0 L
HitRE K ; Wonglom 5552 THIBIAZE R, b
1B AR B (Trichoderma asperellum) T1 ;=4

GUSUIESS Sep T E 31 i1 i [H ge e E il 0L
I A T 06 7 R ORI T, R R A
(Corynespora cassiicola) F1 75 3,5 1 (Curvularia
aeria) AN ML BETE S 4500 S8, NI 5E TR )5
A SR I R R D R AR B o

4 [AfEE

S 2% 1, EYBIHAPR C 2B
TRESIEN OB . @R, e, sEMR
PRI PR VOCs At Ay 00 5 Lot B R4 o >R I 2R
B PR AE T ST BN T R R Oy 1) . HAE
SEBRRF Y, A 2 R AR, LR
M LR LA T : (1) SUZEYTE VOCs A= Bk
RATE . WMAEYTEKR S ZHECEm, R . &
WL oK, BB . AR AME B A S R BT
(44 38 R A AT B T IR A W AR R T,
AR VOCs FhE 5 SF R 2 R AR U,
X TCEE S T3 VOCs F 0 TR I 4 R AE BRI AS
FRE 5 (2) B A FAE B AL G2 T i . 7R
VOCs WA FH BT, AR vOCs 2
BONHERL, X2 VOCs Hr, WP it o HoA GG
PR, X S T WP R AL A 4% A B 48T
(), X RS 2 B 5 B P Rl sl HivE 4
XLER AL (3) W AR VOCs 1)
AR, RE VOCs Bk, NETERIG R
i EARE, (H—2 vOoCs AR EN:, Tt
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Je AR 22 A BR 7 A= 8 5 R EE I T R AL
G, A RMAEY R VOCs #E 17 B 2% Ab 3!
PR A, 3 R ) SR A 0 T N DM B 25 42
fi B e A GX 28 VOCs . (4) A= VOCs Ry fifi ]
k. VOCs, TERA G K . Josk B AL A [H
B, SR — A~ Tl Ak andar o7 F Ak, R 5 2R
AR H e B A i LAk, EE TR — &
G A BRA AL SN, AL T P A BR A v AR R
ANFF IR B LR A 11

P, AR R Is® LR L i (1) 4k
SEifi e r® VOCs, H 74 VOCs MIER g .
AR, I SRIE E AT, 7
S P R AR T A2 BB T 5 (2) SR Fb
Tk, CHIEE 5 F AW BRI 2= 58 4
A, &MHfFENT VOCs A SR R, IRATE
WA VOCs MVERIBLE, o & Tl A Wi
VOCs i 5 F2F 32 2Z [ Y BAERE G (3) £ .
R RO 255 5 T S 98 N B T SR P [R5
WAl FH 2 FhB 6 R ORI HAH
H MR TSR], SEBARF T AR s (4) ™
A FTEYIIR VOCs ByZe 4k, YISLif e gk
AR TAEN B N B2 45 (5) KRG Ry fit
MWMAEYIR VOCs =X, 51 ARUKRRH AR FIE
MR AR, e 4 vOCs Mt L Pl i —Fh
AR, LAY VOCs 19 Tl fbi%E 2L
Az DALY
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Control of postharvest fruits and vegetables diseases by

microbial volatile compounds
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Abstract: With the increasingly prominent disadvantages of chemical fungicides, biological control has gradually
attracted more attention for controlling disease of postharvest fruits and vegetables. Among biological control
agents, volatile organic compounds (VOCs) produced by different microorganisms can significantly inhibit the
growth of various pathogens, and effectively control postharvest fruit and vegetable decay. Thus, VOCs synthetized
by microorganisms are favored due to their safety, effectiveness, environmental harmlessness, easy degradation and
no residue. Therefore, we review here the diversity of microorganisms with the ability to produce VOCs, the
diversity of VOCs from microorganisms, the antifungal activities of VOCs and their possible related mechanisms
responsible for the biocontrol effect, to provide an basis to develop biocontrol agents.

Keywords: biocontrol, volatile organic compounds (VOCs) produced by microorganism, antifungal activity,
biocontrol effect, postharvest diseases of fruits and vegetables
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