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TBYIBHEAHEH (plant defense mechanisms)

tE Y PR iRy pVOCs ] 1E B tE &8
T THEYNWEERE  HEEEERR
{L4EE - WBAEE SRS (Mita er al. 2002)
H pVOCs th EH P &tk HTheE - fIREEHEE
MEEMIHER RIS o MG REHHIR IR 0 & A B
JEME (Baier et al. 2002; Niinemets et al. 2013;
Brilli et al. 2019) - T69)F5 SRR AT 73 K B 1%
BT 2 > HA EH PR (direct defense) HlI
T84 o7 R i 3 1 BB A 14 Y pVOCs DA
SOOREAS M (indirect defense) HI
Y EZ B g R pVOCs IR 5[ &
MEE AV KE (Gols 2014) - Neri et al. (2007)
5 1E R EE (citral) ~ & T} (carvacrol)
R A-2-CMiBE (trans-2-hexenal) B 7 S H Bt
W RAGIEHE (Monilinia laxa) #8HME& BL
FHE% o Morse et al. (2012) THZE45 L #IEE
REFNFESD (Lycopersicon esculentum Mill)
TE4 = BT B-phellandrene ~ 2-carene ~ a-pinene
Je p-cymene % 4 fE B {EEY) - 2 pVOCs
Al e B a M EBE R (E ] - E AR (Bombus
impatiens Cresson) ¥f HFE i & 07 = Y fC 2% 2
A HE R HE - Marques et al. (2014) B8 ~FH
¥ (Citrus sinensis var. Valéncia) {{ 4% 4
Y75 RS (linalool) ¥ 5YEE 1 (Colletotrichum
acutatum) ELAHERRIMIFIER - &5
RS R 1,000 mg mL™ B > RIIRESE 2 1B
224 & ° [L4) > a-pinene ~ limonene J 3-carene
F Rt B A B E R B 2 R 4 e T
(Hollingsworth 2005; Xu et al. 2014; Hwang et
al. 2021) » &x& BACHTFE 35 B AE ) B B0 S
il © Cheng et al. (2007) FI| AR /KGR &
722 OsTPS3 DL 4 % % 1Y (E)-B-caryophyl-
lene » bt HH &5 M4 B 4 T 0 51 27 42 18 (Anagrus
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Z2E > MR K E SRR A ST -

TBYIREIRHERIEE (plant-plant communication)
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B At R Y BLE Y RS EE A » LE 2
ELEHETEY) (L (senescence) #f2 » H pVOCs
tm] ZE A Y TR A W AE A (allelopathy) #]1
AT R E A A R BUR A A & 0 T
HEEARER TR F Bl ERE S (Brilli
et al. 2019) <Dani et al. (2016) 5 8= Rk —
J# 48 (isoprenoids) ~ HEHZE & Z (carotenoids)
BLYIHE 3 # & (cytokinins) £ B FNVEE /o 4t
[Fl 4 75Ot & £ 40 (photosystems) &5 1# B2 Ify
BT » AUFFEEEMESESE (reactive oxygen
species; ROS) ffrig Y EALIRE - T & 5
F heeSan o FETHE Y B E T B E Y RS
7S] - Gfeller et al. (2019) THZEH5 4 BEK B 4
(Centaurea stoebe) TREFTFERT pVOCs & &
E P07 (sesquiterpene) » L (E)-B-caryo-
phyllene il daucadiene By FBEpi 5y - H g &
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V& B ) fffi - Srikanth er al. (2024) & 5
EYI R ST " (isoprene) HA AR
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% (nitric oxide) ~ W& /L& (hydrogen perox-
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AR A Y)W R EESE ST (Loreto & Ve-
likova 2001; Velikova et al. 2011; Brilli et al.
2019)

IEEREERME (food quality improvement)

pVOCs HREREMNER ~ Bk EKmE 2
AR — » HERA (limonene) Ry @ E 7K IR
Y FBEFEF RS (Viuda-Martos et al. 2009) ;
B (hexenal) ZHEBkE AT (Lycopersicum
esculentum) B FBEF RN 5T (Selli et al. 2014) ;
min ke R A A A2 R P E AR Y pVOCs Bl Ry i iE
kBN EERE > HPXLERLED
(sulfur-containing compounds) EAMEEELE (pyra-
zines) 30 Fy e 72 EIMYEEIR A7 (Sunarha-
rum et al. 2014) = [HA) > R TEHEE

JELBR - A B RS (B 5 45 R (Ayseli &
Ayseli 2016) - Park et al. (2012) Wi5e45 H 75
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FEIEE S B ER AR E AN (phenylal-
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1. GEOUAEREYERIEARICERAEYIMEDIEE

Table 1. Comprehensive references regarding the biological functions of plant volatile organic compounds (pVOCs).
Plant pVOC compounds Biological functions References

Cherry tomato;  frans-2-hexenal (Z)-3-hexenal and (E)-2-hexenal were the primary aro- Neri et al. 2007; Selli et al.

stone fruits

Citrus fruits;
tea

Citrus fruits;
Mimulus lew-
isii

Pines; tomato

Pines; tomato

Rice; spotted
knapweed

Stone fruits

Stone fruits

Tea

Tea

Tomato

Tomato

(Z)-3-hexenal
(E)-2-hexenal

linalool

limonene

2-carene
3-carene

a-pinene

(£)-B-caryophyl-
lene

citral

carvacrol

nerolidol

geraniol

p-cymene

f-phellandrene

ma-active compounds in cherry tomatoes.
Trans-2-hexenal exhibits the strongest antifungal activity
against Monilinia laxa.

It exhibits potent antifungal activity, effectively prevent-
ing citrus postbloom fruit drop caused by Colletotrichum
acutatum, and functions as an inducible volatile that trig-
gers interplant communication.

It is the primary aromatic component of citrus fruits and
plays a role in controlling mealybugs and scale insects,
while also acting as a driver of pollinator-based specia-
tion.

2-Carene has repellent and toxic effects on insect species
and constitutes the major component of the tomato floral
scent.

3-Carene exhibits strong antifungal activity and weak ne-
maticidal activity in pine.

It exhibits repellent and toxic effects on insect species and
inhibits the feeding activity of bark beetles.

It plays a role in indirect defense by attracting parasit-
oid wasps and may further support the germination and
growth of neighboring plants.

It moderately inhibits both conidial germination and my-
celial growth of Monilinia laxa.

It exhibits inhibitory effects on the mycelial growth of
Monilinia laxa.

Acts as an inducible volatile signaling neighboring plants
to respond to cold stress.

Acts as an inducible volatile signaling neighboring plants
to respond to cold stress.

It exhibits repellent and toxic effects on insect species.

It has repellent and toxic effects on insect species and con-
stitutes the major component of the tomato floral scent.

2014

Marques et al. 2014; Zhao et
al. 2020

Hollingsworth 2005; Viu-
da-Martos et al. 2009; Byers
etal 2014

Morse et al. 2012; Hwang et
al. 2021

Morse et al. 2012; Xu et al.
2014

Cheng et al. 2007; Gfeller et
al. 2019

Neri et al. 2007

Neri et al. 2007

Zhao et al. 2020

Zhao et al. 2020

Morse et al. 2012
Morse et al. 2012

fite (sh1k1mate/phenylalan1ne) RIEFFES > I

B AL 4R 7Y TR i R -4-

phate) &

PEP) ZH4i&s @ EFHFE

EY - #E—

chorismate 2

i [i (erythrose 4-phos-
\EﬁPﬁakﬁFﬂﬁﬁPﬁlﬁJPﬂa (phosphoenolpyruvate;
& (shikimate)
é“ﬁEE{ 3-dehydroshikimic acid EZ

— R REEE » 4% E&
KN KL (Phe) - Phe &5 HHZE P e B e 2 S e g
(phenylalanine ammonia lyase; PAL) {ER] » &
1t B K X A FERE (trans-cinnamic acid) @ #E —
HE R ARERESE (hydroxycinnamic acids) »
A € | FH AL AL (methylation) B

HEHIRE -

FEAE (hy- 174 pVOCs HIRITEEY) -

droxylation) {E&fif& » 7 4£ % 2 IE % RS
RNERIIEY  BEAESHESELEY
(Dudareva et al. 2013; Niinemets et al. 2013) o
FE=REpVOCs BASHIEELTAEY) (fatty acid
derivatives) » 41 1-C2 % (1-hexanal) -
J# B (cis-3-hexenol) ~ F[f (nonanal) k& MeJA
E o PLEHESY) T2 ZFREHEES A (acetyl-CoA)
Ry EITHEIER £ B R 0 EEAE C s N E AT
YT HEE (linoleic acid) B
B (linolenic acid) » 72 L& BRI HS A% Fo HE i

E=-3-c¢

R o H]

LHAELEARRREHE
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Carbohydrates

methylerythritol
phosphate (MEP) ¢———— Pyruvate
pathway

Shikimate

phenylpropanoids/
benzenoids volatiles

e

Amino acids

Volatile terpenes

mevalonic acid

(MVA) pathway . SN

|

Fatty acids

1

Volatile lipoxygenase
metabolites

v

Amino acid-
derived volatiles

1. TEYHES R Z S ERRE -
Fig. 1. Simplified biosynthetic pathways of plant volatile organic compounds (pVOCs).

(lipoxygenase; LOX) #{&E 4= 9-hydroperoxy Bl ;’Eﬁ*ﬁ#ﬁ?ﬁﬁ:ﬂ_‘tﬁzﬁﬂg%g

13-hydroperoxy FRIZEY) - Fie— Him %A (L o \ .
V17K Bl (hydroperoxide lyases; HPLs) EAfiZfR , TE:F@E?’%? fi%%%ﬂ’\jiﬂﬁéﬁﬁ%ﬁ%ﬁ (spe-
S [ (alcohol dehydrogenases; ADHs) % [i% 2 cies) ~ 5 F (organs) ~FAJHE: (developmental

HITEFT - B 25 78 LS B 2 e B B stages) MIRIE(RME (environmental conditions)
ML AT - [ VOCs HA T Bt e P EREHEOREIEIEY T R4

) (green leaf volatiles; GLVs) > ﬁié&%% gﬁggfﬁ (ﬁ[]% * *E&%‘E) % ’ i@a*@&@u%%@
EREMGOBESEAN  FEsnfyye  (CEVIELIR (Possell & Loreto 2013;
}i}ﬁé , &%%%%Eﬁ%%fﬁ%ﬁﬁ&i?%@%%E’\JIE Ren et al. 2014; Chiu et al. 2017) ° %—‘ﬁﬁ ’
#&JE (Feussner & Wasternack 2002; Bruinsma et BENTHERXERTRE Bt
al. 2009) ¢ &~ ZRARBRIRE R - HERERERSE

S5 UUAKE pVOCs B BB i 57254 (amino (Staudt & Bertin 1998; Gouinguené & Turlings
acid derivatives) » & 2 - B2 - B~ DL R 2002; Ren et al. 2014) > [[RE% pVOCs Y&
SEASHAES YR E L > ks ERRUYRBERSEN T 2 — (Guenther
(alanine) ~ fEfEAE (valine) ~ (%8 (leucine) et al. 2012; Grote et al. 2013; Copolovici &
L FERE (isoleucine) 2 FHHifZ L (methionine) Niinemets 2016) = Harley (2013) f#ff 72 & 7R »
SRR E AR P RIEY  ERERE  REGREERT pVOCs HYRM- R E
fi 5 % (deamination) =% ## 4 A (transamina-  JP BDERE S - #HEE LW gEL
tion) %2R o-BAEE (a-keto acid) » FE&KifRE AR ILIETERE PRERL X - b Bk
(decarboxylation) + 2[5 (reductions) ~ &b B~ ZERIMELE - FEEDRE DURAEE YR AL
(oxidations) & E5{L (esterification) Z5{E FH & B B E B pVOCs J) FE R Ay &
g BB 50 BB pVOCs TEEILE B[R Z (Schaub et al. 2010; Niinemets et al.
B R HEEE L &%) (Dudareva et al. 2006; 2014) » Gouinguené & Turlings (2002) A5 EE
Knudsen et al. 2006) - & E K (Zea mays) TR BT AR F @ bk
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(terpenoids) EANg|Ik (indoles) AT4HREL @ AN [EIER
RGBS RIS IE - MAE 22 Bl
TCH AR E - OREI g ERK
RO HY & & 0 BSTEEERAE 37CER T B-caryo-
phyllene Lk ] & = » [fj geranyl acetate & =
HIJ{F 22°C T #: % - Chang et al. (2005) T} %%
e ZE %) (Ocimum basilicum L.) 4 EH
&R 25C  EIRERE T ARENERS
WEEE LAY aRE S W AETERE
SR T VAL > J04E 25C T & eugenol
Bl cis-ocimene & #1111 1SC T RIS £H
camphor B trans-p-farnesene f& & ° Prodhan
et al. (2017) sfa R T AR G B H K
R AN AL E VIRV IR E B ORAY
& RURRE - HIREOR S g B /Y
MR & S LT B T Rk H8HE
25CT I ER R ENT RESEMEE - Ho ef al.
(2021) FHZEEURA [EIHVREL RS & 2 24 B3
(Gynura bicolor DC) BEF 1 BE$H (monoter-
penoids) Eifiz - mE4H (sesquiterpenoids) 4H %
R Hp@EEEHSEE 20 B 25CH s »
48 % FRs M & & AITE 30 81 35Cae > A
a-pinene 81 g-humulene Y4 %f & & 1F 20 CH
i 1M copaene FIITE 35CHF « &7 & SURIBTSE
A REETE pVOCs BIE - il a &
KA HIRSE R Z -

+=h
AAR

Gier Bl 9E R > pVOCs fERZEHF H
HHMEBERAN  OREGEEEEESGE
WREYIPURRE ST ~ (REFEME R RS SHE
% > H pVOCs i 1] F Fy K IR A% & ] 25 5 2 7
ERERENBESERML  DURVHEEER
ZEfFF - R0 > pVOCs B A BB 541
FefgtE > S 2RRRAZEE > 5 pV0OCs
HIFFE M BRE E AR 2 > B L pvOCs HIfE
F &L [E AR > 8 DUE MR AR P S EEEN
e 5—JjH > pVOCs {EIEAI R AT e & &2 &
JEEEAY) (Fh k) » R E— TS
ARt HEREER pVOCs B = »
H A £ E =2 2R & - HAET pVOCs B
RV A LA 1R SE TE FH A B B SR - {E i

4% F2 M

R 2B AR > FEEA pVOCs #Y
VR - 7% e i B PRI R (4 HLAE— 20 Bt e
FeffofBAt -
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Exploring the Biological Functions of Plant Volatile
Organic Compounds

Chia-Hsun Ho"", Man-Hsia Yang’, Chiao-Ling Hsiao’, and Ya-Ling Hou'

Abstract

Ho, C. H., M. H. Yang, C. L. Hsiao, and Y. L. Hou. 2025. Exploring the biological
functions of plant volatile organic compounds. J. Taiwan Agric. Res. 74(2):141-150.

Plant volatile organic compounds (pVOCs) exhibit various biological functions in ecosystems.
These include activating plant defense mechanisms, facilitating plant-to-plant signaling, aiding in pol-
lination and seed dispersal, promoting crop growth and environmental adaptation, and enhancing agri-
cultural product quality. When herbivorous insects attack plants, they induce plants to release specific
volatile compounds, known as herbivore-induced plant volatiles (HIPVs), which attract natural ene-
mies of pests and trigger defense responses in neighboring plants. Additionally, pVOCs involve plant-
to-plant communication, enhancing the resistance of surrounding plants under stresses. The biosynthe-
sis of pVOC:s originates from multiple biochemical pathways and can be categorized into four major
groups: terpenoids, phenylpropanoids/benzenoids, fatty acid derivatives, and amino acid derivatives.
On the other hand, environmental factors influence the emission levels, composition, and chemical
properties of pVOCs, with temperature being a key determinant. The pVOCs show significant poten-
tial as biocontrol agents for organic agriculture. However, their high volatility, rapid biodegradability,
sensitivity to environmental conditions, and high production costs pose challenges to their widespread
agricultural application. Further research and technical improvements are needed to overcome limita-
tions before pVOCs can effectively replace traditional pesticides in sustainable agriculture.

Key words: Volatile organic compounds, Biological functions, Terpenoids, Biosynthesis, Tempera-
ture.
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