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Research progress and prospects on the role of mVOCs in rhizosphere immunity

WANG Jianing, WEI Zhong', RAZA Waseem, JIANG Gaofei, XU Yangchun, SHEN Qirong

(Jiangsu Provincial Key Lab for Organic Solid Waste Utilization, National Engineering Research Center for Organic—based Fertilizers,
Jiangsu Collaborative Innovation Center for Solid Organic Waste Resource Utilization, College of Resources and Environmental Sciences,
Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Soil-borne diseases are a common impediment to the sustainable development of agriculture worldwide. The rhizosphere
microbiome plays an important role in the development of immune barriers against the invasion of soil pathogens. Rhizosphere microbes not
only compete for nutrition and produce diffusible antimicrobial compounds, but also interact with other microorganisms and plants by
secreting microbial volatile organic compounds (mVOCs) that play a role in disease suppression. Owing to the low effective concentration
and long—distance diffusion at the water—soil-air interface, mVOCs have become a hot spot not only for mechanistic research but also for
product development in the prevention and control of soil-borne diseases. In this review, we briefly discuss the initial reports describing the
involvement of mVOCs in soil disease inhibition, and then systematically discuss the current advances in mVOCs research, specifically : the
production of microbes with disease inhibition ability from indoor and field evidence; the mechanism of mVOCs participating in rhizosphere

immunity, including suppression of pathogen growth and virulence traits; the microbial interactions in the rhizosphere; and the induction of
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plant resistance. We also analyzed the biotic and abiotic factors of soil affecting the production of mVOCs and proposed future research

directions and theoretical and practical prospects relating to how to improve rhizosphere immunity against soil-borne plant diseases.

Keywords : microbial volatile organic compound; soil-borne disease; rhizosphere immunity; microbial ecology
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B & RN B 22 42K 1) mVOCs , 30 28 5 3% 20 B 56 5
17 F A L AR A B OB mVOCs 53 (acetamide |
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BRI, AT LU T ] b A% e e

F AT i 21 mVOCs HAT M AR P A4 K A RE
Je s N0 B 0 2 H RE ™ AR S0 A ) AL B0
mVOCs A 42 A9 . H T E 0 22 50 20 T8 B 1
] L AR A I LR 9 mVOCs (K 1), e Bacil-
lus F1 Pseudomonas J& 4 7 mVOCs [0 18 RE J1 8 i 5%
Bt i) iz o W B. amyloliquefaciens T 7= A4 ) mVOCs
WE BB 0995 It EL T Phytophthora capsic T 22 K™,
1 BE I i 5 )5 40 & Ralstonia solanacearum 14 4 Fl
HURBE 1% Bacillus subtilis ;=4 #) mVOCs B il
I B W& Curvularia lunata® 195 J5 41 B8 Clavibacter
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Table 1 Reports on mVOCs that could inhibit the growth of fungal or bacterial pathogens

9 B TR ECEE) B TIAE mVOCs 1 %38 SCHK
Pathogen Beneficial microbe mVOCs with antimicrobial function Reference
o S L T
Aspergillus parasiticus ,A. niger Shewanella algae YM8 Dimethyl trisulfide,2,4-bis( 1, 1-dimethylethyl )—phenol [26]
Phytophthora capsici B. amyloliquefaciens UQ154, 2—ethylhexanol, benzyl alcohol , 2-heptanone [25]
B. velezensis UQ156, Acinetobacter sp. UQ202
Sclerotinia sclerotiorum Bacillus spp. USB2103 Acetic acid ,2-nonanone [33]
Rhizoctonia solani Kiihn Serratia plymuthica 3Re4-18 B—Phenylethanol [31]
Alternaria alternata Burkholderia ambifaria Dimethyl di-trisulfide ,4-octanone , methyl; [30]
methanethiosulphonate , 1 -phenylpropan—1-one ,2—undecanone
Phomopsis macrospora Burkholderia pyrrocinia JK-SH007 Dimethyl disulfide [34]
Curvularia lunata Bacillus subtilis DZSY21 2-heptanone, isopentyl acetate [27]
Fusarium oxysporum f.sp.nivew Paenibacillus polymyxa WR-2 Benzothiazole , benzaldehyde , undecanal , dodecanal [35]
hexadecanal , 2—tridecanone , phenol
Pythium ultimum Phomopsis sp. 1-Butanol , 3—methyl, enzeneethanol , 1-propanol , 2—methyl, [32]
2—propanone
3 JE A AT
Agrobacterium tumefaciens Pseudomonas chlororaphis 449, 2-Nonanone, 2-heptanone , 2—undecanone , dimethyl disulfide [29]
P. fluorescens B-4117,
Serratia plymuthica 1C1270,
S. proteamaculans strain 94
Ralstonia solanacearum Bacillus amyloliquefaciens T-5, 2-Nonane , butylated hydroxy toluene, heptadecane, [3,26]
Pseudomonas fluorescens WR—1 2-Undecanone ; benzothiazole , | -methoyl naphthalene,
m—xylene , benzaldehyde

Clavibacter michiganensis ssp. Bacillus subtilis FA26 Benzaldehyde, nonanal , benzothiazole , acetophenone [28]

sepedonicus

michiganensis ssp. Sepedonicu™'; Pseudomonas fluore-

scens A5 IR ?Hf]Agrobacterium tumefaciens™ Fl
R.solanacearum™ W BE I o BLAb Shewanella™  Acineto-
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LA A= 41 ) g 5t L B R S A T 1 mVOCs ., A7 AR
P 4497 I B 9 mVOCs 1 EL TR 2 & T A N A=
P AT ) 9 AR BT Phomopsis sp. I mVOCs H AT
i Rhizoctonia | Fusarium F Pythium %5 22 70 K 90 9%
JRECTE R IEPERE /1P DL BRI R A g R
P77 H2 1 mV O Cs X 25 288 - A& AR P 35005 11 29 7 il e
73, X LG A YT LU T T & AR B TR R 2 T AR PR B
JERE] .

2 mVOCs ZEMRBREE RN E I

AL IR AR PR AR EEA 3R (D E
R AR PRIERS 5 (2) FEAR PR e AR K 5 (3) FEAR 3
TR AE I, IR BUR L, mVOCs 7EiX 31 72
W R T AR — & mVOCs B3R T s
DD, R 3 5 e A R A= B T e D L =
R e (E 1),

2.1 B85 T EREE N R RER T I BB R EE S
SRR F AR P R ) MR PR A 1] 32 Bl A I A

WERAR IR —H . m T HA S H LM, mVOCs fig

i 1 SR 2 18] B 23 LA T PR, I mVOCs A

BRI S
Activating
plant immunity

O3 5 B A KA BURG 7
Suppressing the growth and
virulence of pathogen

QOWELIEHEY o
reomeT ] ¢ F
Altering soil microbiome o
composition and function '-.

1 mVOCs #I ] T R EE N SE M RBREILE
Figure 1 The mechanisms of mVOCs inhibiting the rhizosphere

invasion of soil pathogens
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