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Review of how secondary metabolites defend plants against
herbivorous insects
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(Zhejiang Provincial Key Laboratory of Biometrology and Inspection & Quarantine, College of Life
Sciences, China Jiliang University, Hangzhou 310018, China)

Abstract Secondary metabolites play an important role in the defense of plants against herbivorous insects. Attack by
herbivorous insects activates a plant’s defense signal pathway, causing it to synthesize a large number of secondary metabolites.
These secondary metabolites have a variety of adverse effects on herbivorous insects, including lethality, repellence, appetite
suppression and interference with enzyme activity. They can also influence insects’ growth, development, reproduction and
symbiotic bacteria, and attract predators of herbivorous insects. This article reviews research on the defensive properties of
plant secondary metabolites, and provides a theoretical basis for developing more environmentally-friendly, and sustainable,
methods of pest control.
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B, HA R A KILFARERI—KP 5, R
PE A FIPET, 8 LS 2k | Ll A
A% (BRBEEMXIET, 1996 ). KA
B R SR S T BT RME S, X
Be) Tk G A A AR PR SR A b
Pl . ARTEE L R AL E R (Wang et al.,
2018 ), Ay —SBAE Y AR ) 2 e A )
AR AR IEVERT, AR AR R T R IS R
RER . AR RIS DRE (LR,
2009 ) WAARHEYIZ: 5 R B A S 7 B4 D42 AL
ML, A R BITAE 5 AR LS B A0 1)
2%, TSR0 S B A HIRAR A5l A= P
1, R AR XA B 1 B B B A AL
A2 B EATFEN R )2 560, O E BUpia
WFFE TAR R R R

L) BT X B B AL , T ARG
2 BT AEATL R Y T2 R Ay o AR AR
X AR PR B A A ] 32 20 D9 LR LA i -
Sl SRR TR SRS L AR Kk
. OBt SHER AR L R I A A

1 NERFEZEIGERIER

A F Y AZ R R ECE R, AR
FrE R WA (RS, 2009), Hop
A — SR AR AR 22 X) B AR Rk s AR
FH ., TS ) B 627 A B e B

PRV A AR 2 A AR R B s AR
SR PO BT, A Y B MR {3 i
L1415 Tetranychus viennensis Zacher 1 — Bt
1% Tetranychus urticae Koch % A [ F #4% & 1<,
DRI PEPERIE ST, 45 5 W LA I Xt KA AR
Rhus typhina i 7 (1945 & ) o 6 IR et
M B %) AR Carica papaya L. 224 Ginkgo
biloba L. B slEPE (X528, 2007 ),
& Solanum lycopersicum L.54H- Xanthium
sibiricum % ¥ % P W A AQ I 4 1 %) /N 2
Plutella xylostella (Linnaeus) Ht B i 3 195
wEERT (308, 20105 EWyE, 2015), SP5EHH
K Cupressus lusitanica Miller H i8I il Fl a-3%
I %t R4S ¥ Tribolium castaneum Herbst 4 1l 5

() SREVE T, AT A 12 HUr) k) Bett et al.,
2016 ), 25 Aloe vera S lBUPpxtiti/ NSl Bactrocera
dorsalis Hendel HHUE A RibEVEH HLASF2E I AL
1, TR 45 27K S XA /0N S i 7 =3k 7] 4 FH

(A, 2017 ). ZFUESE (2016 ) BFFTIESE
1%t %4 Mikania micrantha Kunth ¥4 £G4 %A
RERHEY Y27 25 R HUBB.Lont Y Brontispa longissima
HA B 2l EH B AT /i% Corythucha
ciliate Say A ZHAPIETF EHP TS Cedrus
deodara. #2114 Pinus armandii Franch. . [ # Pinus
bungeana Zucc. FlI#4# Broussonetia papyrifera 25
FHE R AR A A 3 ) ki, LR AR
M RO Y B R 74.84% (AL,
2019 ),

AP AR S R A AR EEA, A
T8/ HO6 25 EAE 003 o A D58 N R
FRHLAZE TS ( Electrical penetration graph, EPG )
FARMF THEN THE W 45 CEl Nilaparvata
lugens (Stal) H &1 I RIARAT A , BF9E 4 3R L IRTE TR
INT w5 A AR %) Rk v SRR R R B[R]
b xt RRAL 3G hn, I BB A& 85 18 R vk B2 i
s ARRIERBOE R ZE ] 5 LB, teah,
My RELZE v A R AL B ) K AR I J5 TR B A
2R A EShEAR R, JEI T AR K
AR RIEE/EM (Jinetal., 2011; &5
2011 ), MPitk7KAE Oryza sativa L. Ff IR36
PRPUT RN B, AR, 22 st K Els
AR RS2 B R O PR B R (kAR
2007 )o B A= T i = AR ) B-Aa PTG T o2 B0
DI o-FEF I | o= b 0800 B-b 0S5 B vt
iy i B W E/EH (Wang et al.,
2021 ), MZTEEA Alnus rubra 4 By FIR B oy
SRR 5 H B A W 4 5L IR W A5
L3I Trichoplusia i, 1B Orgyia leucostigma
FIFKEE Hyphantria cunea 45 B HL 3R 30 g & (4R
i, BHMAEA (Leaetal., 2021), 25
754 (2018 ) JH1Z& Morusalba L., 7 HE Fraxinus
pennsylvanica Marsh. . 245 Ailanthus altissima.
F## Ulmus pumila L.F1224% Populus nigra %5 8
Fh#k 25 [ 1 1% Hyphantria cunea iz 25 72 B AN 6] 1)
T R, e R R SE [ K 4 14
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SRR FAEYM R P R S R S R E
1 ) BB 2 N 3 A DG o % 5 [ 1 Mk B 3 1Y)

PPAMAG KRR B RN AR A N BRI 24

BRI R S: b, R ImTiE T A MR R AR AR AL

I R o S8 I gk Al A R B R
(Panetal., 2016 ),

2 THERENEFE

— Sy AR AR T 3 R e A M B LA
N BEHIE AT B AR T, TR As B S A O X AR A
B A3 B0 2 30 e e R PR T 3 R A T
ZEHY (Lingetal., 2019; FHEM, 2020).,
YRR EEAE 0 B Rl RO el £
f 521 fifd {42 P450( Cytochrome P450s, P450s ).
B BEH BK-S5% 4 8# ( Glutathione S-transferase,
GSTs ) FIFRIR MR ( Carboxylesterases, CarE )

( BB, 2020 ), BbAh, & Mt NH 6 EE A

( Acetylcholinesterase, AChE ) J& 5284 F ) Ji
A RRREE , W 5 AEAIHI CR BV Yang et al.,
2013 ),

WK AE AT B AR P il %) 52 e A AT 2 P
[FIVEFH Y, 5% 2 B 1 R 0T 35 1] 1 M AH DG
BEMG LA B 2T AR B i )0 M2 S 3,
BT IRAEIS T P450s HYIETE , (EXF CarE Fl AChE
IR IHIVER, X GSTs [ M52 i = 300
TEARIR SRR B, SV BERT RG], o] ReE R B
B O IR TE SR B A SR A B (R
., 2020 ), ASFIRAARCEIP O] R AP RS AR
RORMAATE2E 5, A7 A Ji R %o 56 1] 1 ik 1)
CarE 1H MR RZIIIHIEN , Wik
WP A] LA CarE A6 ME (XIIREE, 2020 ), K%
HXIPERE Lymantria dispar 4 HUANE) GSTs
F1 P450s {5 PERA WE T FIER, X PR A Al fE
FE S5 T MO8 KR Y g A R

(Wang etal., 2019; FHRilk, 2020 ), V1L M
FRUEARE YR B AR N =20 R A B35
M, Ling %% (2019 ) {58 qPCR F-Bebit 58 &k ML 5+
TR AT 5 S AN (5 K P450 A E H K-S AL L T
AHCHE P AR, TR w7 H X6 2 P R A s g 1
FERRIB M o 7E—E TR SR,

BT R GBI Omphisa plagialis Wileman 3= 2 fi#
BRGNS BEAR R G A 2 E N HRIACR (Yuan et al.,
2020 ). FEPIRE MR M T R R ERU R AE AR
WA TR, 7ERE R e g 2 h .,
FHOCHIFGE & B, AE PRSI B H 2 o e LA
5 . A5 o B2 2R3 A T AR Be i A i 20
MutaZ P450; T 7 WXt £ mE N e A BH 1
MEIETE (O7kE%, 20205 Gaireetal., 2021 ),

TR A A IR T 2352 B i) 3 2 fi
BRGSO TR AR ER S, 38 v Al R 77 AR 5
Wi ( J7%E%5, 20205 Mashhoor etal., 2021 ), JF
iR ] [AR AR i Y B, Xanthogaleruca luteola 3 #44))
HO) o-YE R . N 7 R B A R, E— 2
TFF 9 3% WA I 1 X P 8 90 1 T e s 1 081 4 2
LA E AL OIS HEIORSEERT) ( Mashhoor
etal., 2021 ). ML AR E Paratrioza sinica {44 1Y
Na -K'-ATP fififll Ca"-Mg"-ATP F{E T F W . W
FETH . o~ P THIEE A 28 i ) A0 BT 35952 31 W 2 1Y)
VR R4, 2020 ), MAESE H 5 Sinacalia
tangutica (Maxim.) B. Nord H/3 85 Hisk iy 2 Fhik
A AR 28 S 9k BH X S B KR P ) 2 T R A
fiti . ATP [ . 3o 80Tk S BRI o S A W i 1) T PR 1
AARFFEERERER (ARES, 2006 ), &
Z, AR AE X B H 7™ A oA 57 T 52 1 174 []
B, At 2s S ER BAR S PR AR AL

3 MBEREREE

YA TR R AERRE, 3
AUk F Dy A AR R B AE 4 ( Rosado
etal., 2019; Maetal., 2021; Chabaane et al.,
2022; EEAE, 2021 ),

WY PO B IRAERK AT REA REY
M (Chen et al., 2018a; Puri et al., 2022), f
o, MR PTTRI e X Ok L Tenebrio
molitor [AAMBIVER], Hrpate Fxf sty
MR R B IR s, R4l dUi) 50
HEAH LG 35 B, AR R AR HRE g 2 (7
P4, 2021 ), Hit iz 238 nT BRI RS ik Spodoptera
litura Fabricius FI#7#4% . Helicoverpa armigera

( Hiibner ) Myghid AR, HHARE % ( Chen
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etal., 2018a; Su et al., 2018 ), FETEREMFAK
R HRXT YR HAE K Ly du i A K i, 1
R KR BT R 5 B AR N I TH AL R ZE 5, BRIR T
HALRERTEYE , FER B ATH AR RS e T T B
T B AE KK F (Feeny, 1970; Chen
etal., 2018b ), L7 ERALHH Y S ik &)y BB TR
W, NRRIER SC R, B 4 e e st
( ERmSE, 2014 ), #:XEEHS Piezodorus
guildinii 5 H 28 im F R EAMESR S, WIoikoE
UG Rz, D PR R e AR Wy I 1 () A FH
55, fdHAE R A W AT O BRI E Y
5, T80T FET R 1 T ( Bentivenha et al.,
2018 ), TEXTEE HIKPR PR, FIRE
(2020) FIHHT | EEMKZRELSY S A
T AR S 0, BF5T & B Ab BRAT Y &)y e
P BT A T 0T BRA, B b FRAH 1 4 B AE R Ak
WA BR300 T SRR X L E A KR T
[FIREAELEIN IR, KA AR FHASORTE— 2
7 i B (A N R A A HEVE T, 7R (B =Z AT
S (XIIGEER , 2020 ), WF5E A IUAR L Gossypium
spp. AR R T 1 & TEAE SR 30 T &bl
AR B T TR TS SO A U
Tetranychus cinnabarinus R FERCE /D, & F
DI FEER (Maetal., 2021), HBEMAE
FHEFE TEERAEY, IR ENAERKET
FINEIER , BAEY IR A B — AR ik
Yt . WF9C &I 2 4 JRSE#R Zeugodacus
cucurbitae G4 U A K INHIROR B3, FEf
RV SRR L R (Purid et al., 2022);
FIAEPFR X RI SR sk i A KA T HRIVE R, I 33
H4h KT (Rahman-Soad et al., 2021 ),
[FIRE, VRS YRS S T H BT R &R
Y B T o iR R — i S IR T, B
AN TRIRR B s el N 28 7% 2 S AR RS, A AR
i R TS A I ME D B TR A i
HTERAA T Z BiET, VI RFEiRE] 3
% 2 A4 HBAETS ( Tougeron and Hance, 2022 ).
Fritb =z Ab, B Capsicum annuum L= A (I A=
U HARER Al R 4 R A B g, B
A0 U0 18 D R B, B RSP Ak R 25 A7 210 40 4l

( Chabaane et al., 2022 ), Rosado 55 (2019) &
PR & Fib e JR ik Dysdercus peruvianus 2 B &5 A
i 5 25 v A B A5 B ) i 28 B 2R HH R 1 ]
B, KRB W R e B E TE R AR A8 - H o
A= BN TR 7 R Y R N DN E= 27 N5

4 FtEBBIHIEEM

— SR Y R A T R R R
RIS B RA B R4, A BRI AEAR
WY FEA LIS . BRSSP AR
BB Y FAE DR I 55, X b S E 8 2
FHTAE IR HOR), AR R 207 00 B # M
fii A (XI°F, 2019 ),

W B RO H AT Bz R ) R A TR
2z —, Ho E e i xR A B BOEAEH E
bR R, M, V, XS Hil
FE IR A A — AT B A B SRR, AT fil
ATEME (RICESE, 2001 ), BARERH HREEM,
(RTRIR A A A AL T BB AEAE 25 57 191
e, ¥R HEER VXK Bt Mythimna separata

( Walker ) A#EAAE 2 B T ELOEIR 7RG du iy rh
J170 Vg R ) A4 LB SR PN S R 5, (BN e i 1
THALBEEPETCZ ) (X EEAE, 1998 ), 1)1 B
AR W Pieris rapae 4y Bt 1 1 97 1 Ik
Spodoptera frugiperda [ EFEAE FH I Bk X B
AR R A B B B L, R s T2
RBH, & kB B AET- ( Mordue and Blackwell, 1993 ;
5K, 1993 ), WHh, WAHVFZIRAREYIX R
HERI M R B, LS T B WA o-
FATH BN M AC AR B R YA R E T, BT &l
MR FEVETE SR (T Hi%, 2020 ), AWFSEERI,
T H 28 B U XA L i HE RS - 1% iF Cerataphis
lataniae ¥4 B 8/EA, HHXTHEF R AAF7E
Fl R M, UBH [ — R XA [R) b B U S0
KWATRRAEE —EMESR (A%, 2015,
2015b ),

o i S AR ) kA AR D0 B e ) R S
REBCAE IS, — LM 24 Bk i) L id i 78 B
Ry B2, I B RE S B L I R sl e R &
ASEE, SR R AFET . e Bl B e
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BEFCRMARRNERS, AESRET
W&, JET-HFE (Dixitetal., 2017), BEELHE
T ki 575 0 i e %) B AT B A AR L O T
10 % i 25 BOE 3 I AN B R R & R B T

(Paspati etal., 2021 ), JePTRkRHR A AT
B SR 2 WAl PRI R R AE T, (R
3 AT IBET -l 2  SE BRI, XTH 4 i i
JLFAEIE (de Leao etal., 2020), K, AIF
WA X B R R T N S R E R
A AR, A REsZ B H A KRS 52

5 SIBFRAXE

18 2 B P B R B iR A 45
PER AR B 2 AR R R EL ( Turlings
and Erb, 2018; Erbetal., 2021 ) FHfffs =00 &
LR, AR R MY ot E AR S A g2k
=L/B

Pl VR B SR I o WA R 5 | Y AR A
M 1 7 A 4 PR R AE AR i 5 ) R OR R, il
n, FERik Spodoptera exigua (Hiibner) 143
WA TR K Zea mays AR FR R AT R A
S =, DT 3 i X $0 A AR B I 5] )

( Huffaker et al., 2013 ), —¥bpi2ds  JgHHERIS
1R 53 W P mT DA Ak ™ AR 4 R e 5 1R
B, WnkEE Kk Manduca sexta 4l 5 11 s 43
WAl DA% 0 BRI e X -o- 7 R b 4 R O A TR
W5 IR Kk K8 ( Gaquerel et al., 2009 ), iX
SO s 43 W W TR A AR (AT LAS S AF FE AR R R
AH U A AR 0 1 3 G A A A 0o A £ 1 R
& T8 ( Herbivore associated molecular
patterns, HAMPs ) ( 5K H FHFIZEKAR, 2020 ).
L ¥E &Y ( Green leaf volatiles, GLVs ) 7E—
ERE FRERSIE IR HAMPs BO1ERT, i, 425
J+ Arabidopsisthaliana 1) (E ) 2-CURRERT (Z) -
3-J5 O 1R HH g AT 39 o XF 75 AR e i | 0 B AR AR
7P ( Shiojiri etal., 2006 ),

— R AE AR B R B 5135, s
AN ) B A R T R o AN K R 1 A2 4 R EUIR
BRI B- (E) AT 233 o A mU 2/ g
Anagrus sp.f 51 1 (RARIREE, 2009 ); ZEBF

SR, EARBE B- (E) -AMTHa515H
S A %A (Tamiru et al., 2017 ), M&E
KAR HUHUE R 3 I EORA MR R & B- (E) -
AT g B A T | R B SR 2k H ( Xavier
Chiriboga et al., 2017; Block et al., 2019 ),
Jt3&—H: i 1E Solidago altissima 7E i 52 iRl
TR FEIESB B-IEVeM, T R
( Thomas et al., 2019 ); 7AW UESLZF FAEY)
FERLAY B~k W T LAz i 25 W 5 | iF Hf 1 SR 52T
4 (Wang etal., 2022), HIt, BIAWRIGTERY)
175 % MORE A T B o fd B Al vk
1E i 57 My Bl Bemisia tabaci iR % [k &l
Trialeurodes vaporariorum 124 i B B 1 28
WEY (a7, 3-8 . B-P k. B-HEEE
I a-7K 7 X RES |5 F /)\% Encarsia formosa
a4, MR AR (Ayelo etal., 2021;
Chenetal., 2021 ), IbAl, V#2207 A4 & 548
S BRI AEACE S |, filan, S
@ it Harmonia axyridis 43 %% i & ¥ Cnidium
monnieri BT 1,2- R FIX 228 5] ( Cai
et al., 2020); EUFRSsZBEY TR K
MR HBERY 5115 (Rodriguez-Saona et al., 2020 ).
Bl AR | A B SR = 2 R G R
MBS, (b5 B R O E BBR Tk Z —,

6 HMERENLER

W5 & IR Y B AR o] A R s iE B TR
ZRAIE S R U8 A A BAE R R, i, —
SURE YL R S U il A0 B B M | (45 A0
YNGR A, S i b R e, SR R
BT~ (Mason et al., 2019 ), fEWFEHT. Bk
fn PG A8 BV R s, R B
Toft 7 A SR 10 i 3 TR A O3 A A AE B 25 5%, DAE
PEKRE S A R B 48 R EU I R I
T VLB E 7K A i ol oy 2 10 4 U A 0 1) 7 R
WEERE, 7R3 25% LA WAR S AP =F
Z R % (Wangetal., 2021), fEBFFEARHL.
TR S R o6#E U I8 BRI sE e R A
KRG IE PR AR T R RS L
g 3 dr, BUE TN FUECE ZH11 KAEFE LT
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HBE RHT KREWHEBRRE D, RIS
RHT /K5 R4 CEURE fE AR 2 (2R
AT, 2021 ), MHOCHIZEERM, SkmiAnje T
AEfE 2 AL T B Dendrolimus superans 4 H /718
R L (Zeng etal., 2020 ),
YIS IO 2 R R 2R AR TR A S e, G
/N Blattella germanica 7E AR [RPES AL B, B
AR R Z R RA B 25, Hirp
UL AR R T ] S B E W R R e, A G A
YokS O B 18 TR A P EE RN (BER
W, 2018 ), KTHEY . tHEMR R AT
HYBFSE IEAE TG N, SR, St i aiFoe 3R B =
BN R R A0, o8 i A=A
Wy anfar 52 e B SR PR A TR X — 20 R =
FZ AR HAEEE XL (Wielkopolan and
Obrepalska, 2016 ),

7 REERE

X s R 2B R R, A AR
W AR R E R A R, TR
2= B R PR E AR, RIE AR A=A
X AR A IREEME( Divekar et al., 2022),
X RS A RRa R A S L, HAl, 2
AR AE YR AR A 7 s T T TR AR
AR, WA FIEY) (A ED Cymbopogon
citratus (DC.) Stapf., ## Eucalyptus spp. . 2% %
Rosmarinus officinalis L., 4% Zingiber officinale
Roscoe 5§ ) FHEHUH > A AT WG T v FH T I
HiaskER| ( Tripathi et al., 2000; Goodine and
Oelgemdller, 2020; Lietal., 2021 ); Effiz
TR RN S A S O A IGEE R R
] ( Morimoto et al., 2006; Qiao etal., 2014 );
AR | FO DS RN R A IR R AR B B
VERAE YIRS RT3z 0 H (X, 20195 Souto
et al., 2021 ), Kk, WFFEAEDR AR YIE
B A LR I R 3 R g e B R i o i 2
NS, XTI &H BUAE YR EaskE ) . FE R, R
FI LA B AE b sAs b s 5 I B A B ORI ME

I3 7T, AR A A v R 3
A TR A SRR B i =, AR A R B

Bh B a3 B 25 F AR R s A Sz, i,
ey L) e Y R e SR PN ORI
HAMHIZEFIR ( Jasmonic acid, JA ) S B
FEH A RIS, 2019 ), X obinff 2% S e
Hypothenemus hampei )iz 18 34 I 53 IEHA
o T A A= e e R i 2 R PR B T e
I MR 3E i P ( Ceja-Navarro et al., 2015),
AR, RRGEMAEYS S T 16 £k
FOA FER A A A R AR, sk
Bk Psylliodes punctifrons 1117 18 72 B @ 41
( Shukla and Beran, 2020 ). IIZ54 ™ Curculio
chinensis i H AN SIFF & 401 ( Zhang et al.,
2020 ) FItHilE Bactrocera oleae 4t figgid A=
W (Blow et al., 2019) ¥& 5WphiE x4 #
UAERI A E T, DTS B i 32 34540 ¢
itk WS, mrseprad, AR A T
1) TR AE 22 FE 1 RS M 35 A 5 (2 R AR AT
TEAE Y- B L H AR Hhowl S A TR A FH 1 A I
ARt — 5%
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