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Review of induced plant defenses against the wester n flower thrip and
adaptations by thripsto counter these
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Abstract The western flower thrip (WFT), Frankliniella occidentalis pose a serious threat to horticultural and agricultural
crops by feeding and ovipositing on plants, and by transmitting plant viruses. Plant induced defense responses are the most
environmentally friendly method of protecting crops from the WFT. In the interaction between plants and the WFT, herbivore
damage, exogenous plant hormones and microorganisms, and abiotic factors, can all enhance plant defensive responses. In
addition, plant secondary compounds, intracellular Ca*", defensive enzymes and signaling pathway-related genes, all play an
important role in the induction of plant resistance. The WFT adapts to plant defenses by a series of detoxification processes
and behavioral adaptations. In this article, we review progress in research on induced plant defense response against the WFT
and adaptations of the WFT to counter these responses.
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Baldwin, 2015 ). PELREC H A5 ARG X 10 2 R
SBCR 75 T A A 0 A S e B M ) 7 P AL A
EAVFZMRIE (5KIEHF, 2012; Kant et al.,
2015; Basuetal., 2018; Waretal., 2018; Erb and
Reymond, 2019 ), IE4FEk, XJEm X m#s HoA
T 51 AR P AE %] B Frankliniella
occidentalis ( Pergande ) AYA JAF o8 Ok ik £
( Maharijaya et al., 2012; Steenbergen €t al.,
2018; Escobar-Bravo etal., 2019 ). F|fEY5;
A S 07 LA D AR i) 5 1 7 e — Al B Y
BiiA i ( Steenbergen et al., 2018 ), A CZEA
TSR P A B AR SN O 2K, LA K P AR
Xof L 0 00 52 %7 ) fige 2 A AN AT Ay 3k 1 AF 5
Ji& . LASYI A ] TR 40 7 00 Js o o 4 e e =X 11 8
S RIS

1 EYFESHERENERE D
it

5 3 77 0 S L 498 S A A0 ) 9 AR 8 S BT R
W7, RS R T SN YR KO
iAW . AEAC ) B A 5« A 25 A I
FHOEH . AL (UV) Fil CO, A M ¥
MBS, MYRELEY . Ca® | BitRg L bi
A% 0 S5 A DR S5 7 A ) 7 0 s 7 -l
e

11 HB5iESHEY R R M

A TR o B AR R B A
TP i 1 3 A 40 0 7 B 2 R S PR A
TN S = A B B S0 ( Bruessow et al.,
2010; Schmelz, 2015 ), H 47175 FAH Y B A8 s b
P PGAL 8 ) = BALFE P FPIEAL . (1) PUAERT
TS5 A 7 A B AR B, %o S BT A
VYA 8] S SO A AR (2) HER
TS B 175 T 1 R A 9 A S 0L A AR P A ki
I, UNPG AL #] S AT B Heliothis virescens it
A3 I S RO, 5 T A AR A B AR
o7 R4 e B PG A 46 5 A BUCE 7= B ( Delphia
et al., 2007 ), FRAEHAE (2016 ) AFFRIMIEL T
1640 DBy, — B Tetranychus urticae i /6 B

AT T SRR T A B A S, AT 5 ) e B
e e ST S Co C N A W SV N L
Orius laevigatus U AI 5 SR> AE B A SO, 42
R REON VY AEE] () A= B3R ( Bouagga et al.,
2018 ). B P £b ] E R 1) 2 IO JC B/ NMEE
HAWSI/ER (Venzonetal., 1999), fixf Bk
s ) B HE R /E A (Angelo etal., 1997 ),
PO AEE] S B A5 AR G SR AR (JA)
F 5 LSRR Y T AR ( Maharijaya
etal., 2012; Steenbergen et al., 2018 ), 55 JA |
KR (SA) MM (ET) @iebric kK ik
(Abe et al., 2008; Abe et al., 2009), JEHE
Y BFARN TG R DL S B A B R B AR pF9E R
PUAEE] DI T s G i E s (POD ),
AR (CAT) A eYb ks (SOD) i
PERA AR (SRS, 2018 ), WAl 3515
FHREA B LR LOX. 78 TN 2 R fiff 2 B S5 R PAL
I B-1,3-H RG] PR-2 Kk, HL RGN
P CRFPIEE, 2017 ). (HPG LR S BUE5 51
FE 0y B AE s 0% PR ) i AP OAS [R] T 5+ ( Maharijaya
etal., 2012; Escobar-Bravo etal., 2017a)

1.2 SR 5 SO AE B 5 I R

PN VR AR 0 38 3 S AT R W AN IR A s 1
T T G SR AR 0T VU AR T M o VE AR R
ZAMNE TA 5 S RIYBUE I B R, AR TA
ALFRFEL (Thaler et al., 2001 ). A ( Sandeep
etal., 2019). KH3EHA[F KB IT ( Abe
etal., 2009 ) ¥R ESRAE AR TIE , I PE AL &
A E LREEENT . (5 JA VER T SRR Y
KiA% ME o-Tonone WL A] 175 SAE Y1 5 X PH AL
i) Zh 47 ( Murata et al., 2020 ), JA A5
T A P AR T A SRR F A0 & ) (B)-2-C
W RO B /NS BAT 5 [AE I M(E)-2- 1R
MRS (2R, 2016 ), H. JA -S54 7
A6 S B HTPE R JA VR RS AN [R] 0 A2 A B S
%5 (Chenetal., 2020 ),

JA FI SA A9t I 5 %5 A =15 B
D A i1 e 3 5 T e o )G S N D3
FIREEH , WKAGEERUK IR G ( MeSA ) Jit



34 S VRS VARSI S S A B AR R R A I A S - 481 -

TR 5, AT B30 e s S7er B 1
15= 58 A R [ BH J 4 e, k2 R 1 P A i) 7 R
FEARHCE #5477 ( Koschier et al., 2007 ), ZMNEY)
JETXH A SEAF ) )5 M A A TR B RIS RIS, SR
PR H g MeJA FIASEF IR ( Cis-jasmone ) 2
JA R R AL PSR G 7 ] BGRE PG AER T 2 7
W, HHREEA 1% A0 X 5 57 Ak 2 m T DAk 20 v
EH] L B #13% (Egger et al., 2014 ), #
MeJA . I T A 3 B g 3 A )ik
ARG 1 1 IRA B SR, XY
A 81] I P BCES BRI AR P W] 2351 ( Egger
et al., 2014 ), 74k, MACKFIEIH MeJA Wi
b5 b PSR T2 AELPR FS T P A6 5 4 4
A K3k 96 h (Eggeretal., 2016 ),

1.3 HttAESHEW B3 K 5

2 FELRTY 6 2J T 10 A A s 5 R A TR A A
Wy %k R A A A B AR e g B — o AR
( Schausberger, 2018 ), VPO #] Hh A 0] f£4% A
Y957 (Rotenberg et al., 2015 ), WHEH RS
W ( Erwinia ) FlIiZ 18 ( Pantoea ) 534 14 ( Facey
et al., 2015), iXEEILA: fYAEYXT# E i S AR
Yy B AH SR AT A AE ()5 ( Dutta et al., 2016 ),
A, A BOR YE T 7 B MAT B i A A
DC3000 ( Pst ) Je AR G i A= 1 1 9 e B %
( Coronatine ), JRAI PTG JA B AHERF2 1 5
XFPEAEHT S 4T (Chenetal., 2018),
IbAh, 2556 UV-B. Sl R, REE.
CO, i1 F:Jipin S5 HE A= My R b AT 375 & A ) B
R AR P R HLf6 3 ( Escobar-Bravo
etal., 2017b ), Xf VIZF R A Bl = AU it 58 A5 1A
(od-2) FEARFNEF A RUAR R UBESE R, RS
G PEHE S ( Photosynthetically active radiation,
PAR ) A] 413 B MRARAH OC 1 Ab 2 B A AR F AR He
PifE#i| & ( Escobar-Bravo et al., 2018a ), UV 4
SEHEOR AT PR ] S PTTE S JA R Sl
WA DG, TS AR U A A B B R AR DG 1
IRTCFH (Escobar-Bravo et al., 2018b ), Escobar-
Bravo 4§ (2019) #F— L0538 UESE UV 48 5 AT
AN P 4GB S BT, (532 ) A A
RIRISENA o CO WL T 55t 52 1A =3¢ 2 A 7 0 5 1

K VUL S )& e (Qianetal., 2018 ),
1.4 #EHXRELSHIFEETDHNEER

FE )R A= ARG 7 A 1) 25 R ) B AE SR DA
PR R AERREFEE/EM (Johnson, 2011;
Gols, 2014 ), anZE¥imide (Alkaloids ), <IN
1%( Benzoxazinoides ). {53k #] % B 11 ( Cyanogenic
glucosides ). JrF M ( Glucosinolates ), JE&K
M i & 3. ( Nonprotein amino acids ), y3S
( Phenolics ). 2% ( Terpenoids ), ¥-7*( Tannins )
K25 ( Flavonoids ) 4 ( War et al., 2012,
2018; Fiirstenberg-Hiigg et al., 2013 ), ¥ 0.1%
Y B B 13 ( Thymol ) &2 1% % i} ( Carvacrol )
PR A~ Bl P95 2AS ) Jo A 3SR I I o P A
It R % ( Peneder and Koschier, 2011 ),
Liu % (2017 ) BFFERB 6 Fftk g oG uE = ) i
( Pyrrolizidine alkaloids, PAs ) tl A] A &% [& (K vh
ACH] A7 % HANE PAs Z [AIfE A B 2R

TR KW e — /N ok I IR AL &
Y (245, 2016 ), FEAEYIS S0 RO i
HEAEH . R R S Y
A B PR B | RRICE A A FE 4 A B AR Ak
4%y (James, 2005; Dasetal., 2013 ). WJTGE/N
ACIE B RO A RS . (2)-3-C M
fii . MeSA FLHAD— S8R AN AT 5 | P AL &
RE LIRS A /EH ( Bouagga et al.,
2018 ), T HA— L6475 K Wy an 4B 22 B 28 FH R HH i
AT AW 5 | R B P PO AR ] 5y, X £ 1 i)
Ceranisus menes 24 W 5[4 H] ( Murai et al.,
2000 ), HHFLHE 5 SRR AR Y e T ]
FIEJE: 52 ] PG A4 i) 2 55 27 348 0 BRI 7™ B 4
PERY CEEHE L&Y (Delphia etal., 2007 ),

AN ( Protease inhibitors, PlIs) &
S & PR R A I R oK g
TEPER Y BT, A TR PLs B Al £k B
WU RN B, QR E 2 A8 e bk U A
il 37)A1 L PN 2 ( Equistatin ) fa PG AE ] I i 1
5 dat, PREIERFEAL 45% ( Annadana et al.,
2002 ). FIFH 22 2540 1 e 22 R 28 11 Tl o 55 ik
LN SENG AU EEE o SN I NG D Wrie o TR e % 71
( Outchkourov et al., 2004 ).



-+ 482 - o B 3244 Chinese Journal of Applied Entomology 58 &

15 4ME Ca*'HyiEEREEA

Ca™ 7E ML 5 S B A8 S v 72 24 55 — A 1l
AR o B LB P i S A R Ca kB8
AT Z2 580 2 11 ( War et al., 2012; Erb
and Reymond, 2019 ), fEdEAEPIBE Y 5T JA 1
WA (Yanetal., 2018 ) ks ke 114 Bl
N o Wit CaCly W] S BVG AR 8] Hh B S (193¢
GHIMIE A A (LOX). N IS k& i

(AOS). KNAMM M (PAL) K B-1,3-#%
BT 4 B A BG4 B B ARk, IR BH S 30E
JA G PEAHSEFE R LOX Fil AOS J2 SA i [ AH G 5k
PAL fil PR-2 B335 (XI55, 2016 ), Zeng %§

(12020 WFFEALTIE S PG {6 80 5 B i 5e 5 it CaCly
Ab B GAE R T $E R LOX . PAL Al B-1,3-# %
WEEGETEPE , WASR S AR PU L8] S BT

1.6 BAifIERR BifME SiEMEREEEER

L 0 7 D I 3 R 95 0 £ 5 3 % R R 7 3R
TR V4R R ) B0 S 7 1) SR R, (H L RIYE )
P2 i AR B U LA K B R B A T R A AE
—EXER, XM POD. CAT F1 SOD 45
A% P4 A6 ] B R 375 5 7 A 1Y 2R 4 B AR sz B
FHIREER (B3, 2018); Ah, Zm%HA
{kBF (PPO ). LOX. PAL. PB-1,3-% B b K &
FABEM IR (PLs ) 80 nT 0 2 AN [ F2 B 1) e 38
AR A 7 PG 4G ST SR | AL AT S MR MeSA
LA SRR GBI N ( NBEFF S, 2014 ),
JA JEPEEEN (VSP2 Fil LOX2 ). JA/ET @ %E A
(chiB fil PDF1.2) DI SA i@ ( PRL Al
BGL2) M3k &AL AE IRV AL & S L 15
PR 7 7 A B A s o T B A EEAE ] (Abe
et al., 2008 ). JA {553 FEHE A PIN2 Fl SA id
PEELIN PRL A VS R ABA 3 % L R ASR7E R 448
AU PG AL 8 S e B EZA/ER ( Bouagga
etal., 2018),

2 FHIESIDITEYIRGTE S R R & R

21 BERABHER
fifp R S AR IV S B A B A 3 I B

TR B, i A QA D g B L PR 9 B
T IV A0 975 0 s g ) S PR o R HURI R 1T v
F14) VR 2 P AR v g e ) £ R T AR R B T
o ] T . R R KT | PR D R
B AU A DG 35 PR 1 25 R 0 B AR Ak A Ptk A T
fif TR S A I (Kant et al., 2015; War
etal., 2018; Erband Reymond, 2019; X%,
2019 ), VU AL ST -Lh o ik I8 15 4R Y ok R 2 D fig 4
Ll (MFO ). ZBERREERS ( AChE ). bt H Ak
-SEREEE (GSTs ) FRIRTERE ( CarE) BTG
K3l I PG A6 8 D B B WU RS T A
B4R S Y3 EA AR (ERAEBESE, 2016 ), JRfE
A0 3 R T it 7 R N ANR TA S SR S B AR
N (ZEMRAE, 2017 ). PG AL T4 PN F) i 25 it
o S ERCEE RN A IR ) o 5 118 e A5t A 7 A Y
M CHTERFSE, 2018a), HHLAEEHE XY
WA BRI IE N (EREH S, 2018 ), 7Y
AEH] R N4 EE (40 POD. CAT A1 SOD) Al
THALREG (UnPesE FEl . REEFL A (IR FIE R 1 )
TERAE A S A ) 97 80 52 1 5 TG B A —
PIVER (ERAEHE5E, 20165 ZENNMRAE, 2017; %=
WRRAE, 2017; JHTEIFSE, 2018b), Mo, RH
fift B S AR AR G R N (0 2 P4S0 i3 A
CYP6AE14 ,CYP6B4 Fil P6ABBO( Mao et al.,2007;
Kumar et al., 2014; Sun et al., 2018 ). MEEE
M3 COO2 (Elzinga et al., 2014), GSTs
P SGSTEL % (Zou et al., 2016 ) “5AE iz R
HOE WAEPIB AL A Y R AR Uit
R, PIEE] A2 P450 . GSTs
M2 FFRE ARG (Tps) SFEEHHA — & g5
K AREF ( Cifuentes etal., 2012; Gaoetal.,
2020 ), HECAE 45 P A8 B 38 A ) B AR S
J5 AR LI e itk — 2D 5%
22 1TAHER

B H X A ) B 0 B R AT A I FR R R
XA R A N K ) S5 B AL A 4 S
Fa) AR R R BRZE R S TR, SR D4
BAAT R, (X A et . g, 5=
N . A BRSPS R B RN . P AE
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1] ) 1, AL 0 7 0 A 45 0 T A P R R B
YRR MEAT O H B AT S adE o S,
Delphia 5% (2007 ) #F5% & BUPG AL 60 %575 5 R
T I R A R 0 AR A R P B R Ok
PEREAR . MeJA | TR FT HR A0 N 2 T g 3
FIAE )R 2B AL G ) A 32 o8 PG A6 i) 5 BCEE 7 B )
Il T B ( Egger and Koschier, 2014 ), HI#
TNVE LGSy 2 iy UL B 4 8 rh fh i DL kT
MelJ A Fii 2 4 i i ) Wi ( Egger and Koschier,
2014 ). fH P 48 8 15 25 B 578 7 I 2 5 4] i A
MeJA FREEH, 25 R FHu gy Pk By 9 fbad 1
TS IR A=A P B B 0 iR ( Egger
et al., 2016), WAL, PHILE] LT R UL AEHY
5if LT ) B 40 S 1 i L fig 77 ((Abe et al.,

2012 ),

3 INEERE

PHAES] 725 Eu T, R A s, HERs
1A, ARG S B AR SC BT R LA W2 B 4
PE AR S H A 2504 1Y T 1 2 — o PHAES] 5
FZHEY) TA B 25 (5, [R5z A B
038 % )R D, (ELAH S BV HIBIL ] PRV b S g
FAE—E 2, ATFt—LrWIEh ., PU L] X
AL 977 80 S 1 P93 L AL A AT 5 v, X 2
AP 1) A B R R A ) AR P AT Do D
WG —E e, (HILIE IR S>T- B, 40 vy L]
T 3 A T AR A U A A W Y I R I i S T
B 3oh, X T VU ARSI B B T A B A S
IO LK I 9 A ] 7 B 2 715 o A0 977 40 B L A
AUl P T 25 Tl i oA BH s

REIIBTEH, 550 THEY AT Bt—2
AT DY AL 50 e R AR ) 15 40 S5 N P 2 A AR 42
AR A9 9770 2 I ) O B DR R3O 1, TR
g RREEAR PG AR Sy T AR A9 )5 480 By Y DG B ]
RS AE ) 977 60 S S 4 B, TIPS A
XU AES] SRR, BT SEBR E H s 2 A
JFH VPG A6 8] B HCEr 175 A8 ) 977 80 S5 10 F) A OC Jir B
PE— I R YU DL T PG AL S 5, TR sUE R
TR S “HE-Hr7 SR AR & A RS
A T B il P AE 8 S A nT AT OIS E T ) o

2%k (References)

Abe H, Ohnishi J, Narusaka M, Seo S, Narusaka Y, Tsuda S,
Kobayashi M, 2008. Function of jasmonate in response and
tolerance of arabidopsis to thrip feeding. Plant & Cell
Physiology, 49(1): 68-80.

Abe H, Shimoda T, Ohnishi J, Kugimiya S, Narusaka M, Seo S,
Narusaka Y, Tsuda S, Kobayashi M, 2009. Jasmonate-dependent
plant defense restricts thrips performance and preference. BMC
Plant Biology, 9(1): 97.

Abe H, Tomitaka Y, Shimoda T, Seo S, Sakurai T, Kugimiya S,
Tsuda S, Kobayashi M, 2012. Antagonistic plant defense system
regulated by phytohormones assists interactions among vector
insect, thrips and a tospovirus. Plant & Cell Physiology, 53(1):
204-212.

Angelo P, Arne J, Maurice WS, 1997. Odour-mediated responses of
phytophagous mites to conspecific and hetero specific
competitors. Oecologia, 110(2): 179-185.

Annadana S, Peters J, Gruden K, Schipper A, Outchkourov NS,
Beekwilder MJ, Udayakumar M, Jongsma MA, 2002. Effects of
cysteine protease inhibitors on oviposition rate of the western
flower thrips, Frankliniella occidentalis. Journal of Insect
Physiology, 48(7): 701-706.

Basu S, Varsani S, Louis J, 2018. Altering plant defenses: herbivore-
associated molecular patterns and effector arsenal of chewing
herbivores. Molecular Plant Microbe Interactions, 31(1): 13-21.

Bouagga S, Urbaneja A, Rambla JL, Granell A, Pérez-Hedo M, 2018.
Orius laevigatus strengthens its role as a biological control agent
by inducing plant defenses. Journal of Pest Science, 91(1):
55-64.

Bruessow F, Gouhier-Darimont C, Buchala A, Metraux JP, Reymond
P, 2010. Insect eggs suppress plant defence against chewing
herbivores. The Plant Journal, 62(5): 876-885.

Chen G, Escobar-Bravo R, Kim HK, Leiss KA, Klinkhamer PGL,
2018. Induced resistance against western flower thrips by the
pseudomonas syringae-derived defense elicitors in tomato.
Frontiersin Plant Science, doi: 10.3389/pls.2018.01417.

Chen G, Kim HK, Klinkhamer PG, Escobar-Bravo R, 2020.
Site-dependent induction of jasmonic acid-associated chemical
defenses against western flower thrips in Chrysanthemum.
Planta, doi:10.1007/s00425-019-03292-2.

Cifuentes D, Chynoweth R, Guillén J, De la Raa P, Bielza P, 2012.
Novel cytochrome P450 genes, CYPGEB1 and CYP6ECI, are
over-expressed in acrinathrin-resistant Frankliniella occidentalis
(Thysanoptera: Thripidae). Entomological Society of America,
105(3): 1006-1018.



-+ 484 - o B 3244 Chinese Journal of Applied Entomology 58 &

Cong CL, Zhi JR, Liao QR, Mo LF, 2014. Effects of thrips feeding,
mechanical wounding, and exogenous methyl salicylate and
jasmonic acid on defense enzyme activities in kidney bean leaf.
Acta Entomologica Sinica, 57(5): 564-571. [)\NH#, FRZE4,
BUA R, SR, 2014, SR AU AR S MNRK S R
PP TR 000 54 2 %o 38 S M 1 B A G TG P A 2 L B TR AR,
57(5): 564-571.]

Das A, Lee SH, Hyun TK, Kim SW, Kim JY, 2013. Plant volatiles as
method of communication. Plant Biotechnology Reports, 7(1):
9-26.

Delphia CM, Mescher MC, Moraes CMD, 2007. Induction of plant
volatiles by herbivores with different feeding habits and the
effects of induced defenses on host-plant selection by thrips.
Journal of Chemical Ecology, 33(5): 997-1012.

Dutta B, Gitaitis R, Barman A, Avci U, Marasigan K, Srinivasan R,
2016. Interactions between Frankliniella fusca and Pantoea
ananatis in the center rot epidemic of onion (Allium cepa).
Phytopathology, 106(9): 956-962.

Egger B, Koschier EH, 2014. Behavioural responses of Frankliniella
occidentalis Pergande larvae to methyl jasmonate and
cis-jasmone. Journal of Pest Science, 87(1): 53-59.

Egger B, Spangl B, Koschier EH, 2014. Habituation in Frankliniella
occidentalis to deterrent plant compounds and their blends.
Entomologia Experimentalis et Applicata, 151(3): 231-238.

Egger B, Spangl B, Koschier EH, 2016. Continuous exposure to the
deterrents Cisjasmone and methyl jasmonate does not alter the
behavioural responses of Frankliniella occidentalis. Entomologia
Experimentalis et Applicata, 158(1): 78-86.

Elzinga DA, De Vos M, Jander G, 2014. Suppression of plant defenses

by a Myzus persicae (green peach aphid) salivary effector protein.

Molecular Plant-Microbe Interactions, 27(7): 747-756.
Erb M, Reymond P, 2019. Molecular interactions between plants and
insect herbivores. Annual Review of Plant Biology, 70: 527-557.
Escobar-Bravo R, Klinkhamer PGL, Leiss KA, 2017a. Induction of
jasmonic acid-associated defenses by thrips alters host suitability
for conspecifics and correlates with increased trichome densities
in tomato. Plant and Cell Physiology, 58(3): 622-634.
Escobar-Bravo R, Klinkhamer PGL, Leiss KA, 2017b. Interactive
effects of UV-B light with abiotic factors on plant growth and
chemistry, and their consequences for defense against arthropod
herbivores. Frontiersin Plant Science, doi: 10.3389/fpls.2017.00278.
Escobar-Bravo R, Ruijgrok J, Kim HK, Grosser K, Van DNM,
Klinkhamer PGL, Leiss KA, 2018a. Light intensity-mediated
induction of trichome-associated allelochemicals increases resistance
against thrips in tomato. Plant and Cell Physiology, 59(12):
2462-2475.

Escobar-Bravo R, Chen G, Kim HK, Grosser K, van DNM, Leiss
KA, Klinkhamer PGL, 2018b. Ultraviolet radiation exposure
time and intensity modulate tomato resistance to herbivory through
activation of jasmonic acid signaling. Journal of Experimental
Botany, 70(1): 315-327.

Escobar-Bravo R, Nederpel C, Naranjo S, Kim HK, Rodriguez- Lopez
MJ, Chen G, Glauser G, Leiss KA, Klinkhamer PGL, 2019.
Ultraviolet radiation modulates both constitutive and inducible plant
defenses against thrips but is dose and plant genotype dependent.
Journal of Pest Science, doi: 10.1007/s10340-019-01166-w.

Facey PD, Méric G, Hitchings MD, Pachebat JA, Hegarty MJ, Chen
XR, Morgan LVA, Hoeppner JE, Whitten MMA, Kirk WDJ,
Dyson PJ, Sheppard SK, Del SR, 2015. Draft genomes,
phylogenetic reconstruction, and comparative genomics of two
novel cohabiting bacterial symbionts isolated from Frankliniella
occidentalis. Genome Biology and Evolution, 7(8): 2188-2202.

Fiirstenberg-Hagg J, Zagrobelny M, Bak S, 2013. Plant defense
against insect herbivores. International Journal of Molecular
Sciences, 14(5): 10242-10297.

Gao Y, Kim MJ, Kim JH, Jeong IH, Clark JM, Lee SH, 2020.
Transcriptomic identification and characterization of genes
responding to sublethal doses of three different insecticides in
the western flower thrips, Frankliniella occidentalis. Pesticide
Biochemistry and Physiology, doi:10.1016/j.pestbp.2020.104596.

Gols R, 2014. Direct and indirect plant defences against insects in a
multitrophic framework. Plant Cell & Environment, 37(8):
1741-1752.

Hou XL, Zhi JR, Hu X, Ye M, 2018. Effects of capsaicin on
detoxification enzyme activity in adult female Frankliniella
occidentalis. Chinese Journal of Applied Entomology, 55(2):
230-236. [{EBERE, FRAHEE, BME, 1, 2018, BREXTTELE
] M ARG SR AR DAY R R S A S R O R R A, 55(2):
230-236.]

James DG, 2005. Further field evaluation of synthetic herbivore-
induced plant volatiles as attractants for beneficial insects. Journal of
Chemical Ecology, 31(3): 481-495.

Johnson MTJ, 2011. Evolutionary ecology of plant defences against
herbivores. Functional Ecology, 25(2): 305-311.

Jiang LN, Qian L, Xi C, Wang XL, Yang L, Gui FR, 2017. Effects of
elevated CO, on the digestive enzyme activities in the adults of
Frankliniella occidentalis and F. intonsa (Thysanoptera: Thripidae)
on different host plants. Acta Entomologica Sinica, 60(3):
237-246. [ENM, B, B, R, B, %, 2017.
CO, WHZTF R AN )25 A Y b VU AL S FIAL ] o al e Ak iy
THILERE R, B 224, 60(3): 237-246.]

Kant MR, Jonckheere W, Knegt B, Lemos F, Liu J, Schimmel BCJ,



34 S VRS VARSI S S A B AR R R A I A S - 485 -

Villarroel CA, Ataide LMS, Dermauw W, Glas JJ, Egas M,
Janssen A, Van LT, Schuurink RC, Sabelis MW, Alba JM, 2015.
Mechanisms and ecological consequences of plant defence
induction and suppression in herbivore communities. Annals of
Botany, 115(7): 1015-1051.

Koschier EH, Hoffmann D, Riefler J, 2007. Influence of
salicylaldehyde and methyl salicylate on post-landing behaviour
of Frankliniella occidentalis Pergande. Journal of Applied
Entomology, 131(5): 362-367.

Kumar P, Pandit SS, Steppuhn A, Baldwin LT, 2014. Natural
history-driven, plant-mediated RNAi-based study reveals CYP6B46’s
role in a nicotine-mediated antipredator herbivore defense.
Proceedings of the National Academy of Sciences, 111(4):
1245-1252.

LiJ, 2016. Research progress in the volatile organic compounds of
plant. Ecology and Environmental Sciences, 25(6): 1076-1081.
(%%, 2016, HWIERIEA DAL GBI T k. L5
BisE4R, 25(6): 1076-1081.]

Li SX, Zhi JR, Zeng G, Wen Juan, Lv ZY, 2016. Behavioral

—

responses of Frankliniella occidentalis and Orius similis to kidney
bean volatiles induced by exogenous jasmonic acid. Chinese
Journal of Applied Entomology, 53(5): 1065-1076. [Z=)IiX,
AEG, M, B, BHE=, 2016 SMERHMIB LT
Xk VY AL T A R 7 /NESE AT S, BT HUE AR, 53(5):
1065-1076.]

Li SX, Zhi JR, Yang GM, Yue WB, Ye M, 2017. Resistance of bean
leaves induced by exogenous jasmonic acid and its effects on
activities of protective and detoxification enzymes in Frankliniella
occidentalis. Chinese Journal of Applied Ecology, 28(9): 2975-2983.
[(ZERk, ERZEBE, A7) W1, 5 SCHE, MK, 2017, SMNECRHTR
W5 0SS AR A P B X v A A oAy R il A i
TG PE R . AR S 2E 3R, 28(9): 2975-2983.]

Liu X, Klinkhamer PGL, Vrieling K, 2017. The effect of structurally
related metabolites on insect herbivores: A case study on
pyrrolizidine alkaloids and western flower thrips. Phytochemistry,
138:93-103.

Liu Y, 2016. The role of calcium in kidney bean defensive responses
induced by western flower thrip feeding. Master dissertation.
Guiyang: Guizhou University. [XI| 5, 2016. 452 75 74 158 Th K
B EHE S . B S0 S SRR
%]

Maharijaya A, Vosman B, Verstappen F, Steenhuis-Broers G, Mumm
R, Purwito A, Visser RGF, Voorrips RE, 2012. Resistance factors in
pepper inhibit larval development of thrips (Frankliniella
occidentalis). Entomologia Experimentalis et Applicata, 145(1):
62-71.

Mao YB, Cai WJ, Wang JW, Hong GJ, Tao XY, Wang LJ, Huang YP,
Chen XY, 2007. Silencing a cotton bollworm P450 monooxygenase
gene by plant-mediated RNAi impairs larval tolerance of gossypol.
Nature Biotechnology, 25(11): 1307-13013.

Murai T, Imai T, Maekawa M, 2000. Methyl anthranilate as an
attractant for two thrips species and the thrips parasitoid Ceranisus
menes. Journal of Chemical Ecology, 26(11): 2557-2565.

Murata M, Kobayashi T, Seo S, 2020. a-Ionone, an apocarotenoid,
induces plant resistance to western flower thrips, Frankliniella
occidentalis, independently of jasmonic acid. Molecules, 25(1):
17.

Outchkourov NS, de Kogel WJ, Wiegers GL, Abrahamson M,
Jongsma MA, 2004. Engineered multidomain cysteine protease
inhibitors yield resistance against western flower thrips (Frankliniella
occidentalis) in greenhouse trials. Plant Biotechnology Journal,
2(5): 449-458.

Peneder S, Koschier EH, 2011. Toxic and behavioural effects of
carvacrol and thymol on Frankliniella occidentalis larvae.
Journal of Plant Diseases & Protection, 118(1): 26-30.

Pu HH, Zhi JR, Yue WB, Zeng G, 2018a. Effects of thrips feeding,
mechanical wounding and induction by exogenous substances on
the secondary metabolites of tomato plants and the activities of
detoxifying enzymes in Frankliniella occidentalis. Journal of
Plant Protection, 45(5): 1035-1043. [F§1E#F, RZEH, F3CK,
J7,2018a. PYAEBT DA AU AN SN I BT 00 26
LR U A 900 50 B VG A B0 T i 2 Wi F) S . A AR AR
45(5): 1035-1043.]

Pu HH, Zhi JR, Zeng G, Yue WB, 2018b. Effects of different
induction treatments on protective enzyme activities of tomato
plants and digestive enzyme activities in western flower thrips
Frankliniella occidentalis (Pergande). Journal of Plant Protection,
45(4): 915-916. [WENT, ERZEHL, ), E3CUE, 2018b. A
oA HIOOH AR B (R4 i K PG AL A% PR T P RS 1R 1) 52
Wi, FERPEAR, 45(4): 915-916.]

Qian L, He SQ, Liu XW, Huang ZJ, Chen FJ, Gui FR, 2018. Effect
of elevated CO, on the interaction between invasive thrips,
Frankliniella occidentalis, and its host kidney bean, Phaseolus
vulgaris. Pest Management Science, doi: 10.1002/ps.5064.

Rotenberg D, Jacobson AL, Schneweis DJ, Whitfield AE, 2015.
Thrips transmission of tospoviruses. Current Opinion in Virology,
doi: 10.1016/j.coviro.2015.08.003.

Sandeep JS, Klaas B, Jhon VM, Anja D, Wilhelm B, Marcel D, 2019.
Involvement of sweet pepper Ca LOX2 in jasmonate-dependent
induced defence against western flower thrips. Journal of
Integrative Plant Biology, 61(10): 1085-1098.

Schausberger P, 2018. Herbivore-associated bacteria as potential



- 486 - o B 3244 Chinese Journal of Applied Entomology 58 &

mediators and modifiers of induced plant defense against spider
mites and thrips. Frontiers in Plant Science, doi: 10.3389/
pls.2018.01107.

Schmelz EA, 2015. Impacts of insect oral secretions on defoliation-
induced plant defense. Current Opinion in Insect Science, doi:
10.1016/j.c0is.2015.04.002.

Schuman MC, Baldwin IT, 2015. The layers of plant responses to
insect herbivores. Annual Review of Entomology, 61: 373-394.
Stam JM, Kroes A, Li Y, Gols R, van Loon JJ, Poelman EH, Dicke
M, 2014. Plant interactions with multiple insect herbivores: From
community to genes. Annual Review of Plant Biology, 65(1):

689-713.

Steenbergen M, Abd-el-Haliem A, Bleeker P, Dicke M, Escobar-
Bravo R, Cheng G, Haring MA, Kant MR, Kappers 1, Klinkhamer
PG L, Leiss KA, Legarrea S, Macel M, Mouden S, Pieterse CMJ,
Sarde SJ, Schuurink RC, De VM, Van WSCM, Broekgaarden C,
2018. Thrips advisor: Exploiting thrips-induced defences to
combat pests on crops. Journal of Experimental Botany, 69(8):
1837-1848.

Sun ZX, Shi Q, Li QL, Wang RM, Xu CC, Wang HH, Ran CX, Song
YY, Zeng RS, 2018. Identification of a cytochrome P450 CYP6ABE0
gene associated with tolerance to multi-plant allelochemicals
from a polyphagous caterpillar tobacco cutworm (Spodoptera
litura). Pesticide Biochemistry and Physiology, 154: 60—66.

Thaler JS, Stout MJ, Karban R, Duffey SS, 2001. Jasmonate-
mediated induced plant resistance affects a community of
herbivores. Ecological Entomology, 26(3): 312-324.

Venzon M, Janssen A, Sabelis MW, 1999. Attraction of a generalist
predator towards herbivore-infested plants. Entomologia
Experimentalis et Applicata, 93(3): 303-312.

War AR, Taggar GK, Hussain B, Taggar MS, Nair RM, Sharma HC,
2018. Plant defense against herbivory and insect adaptations.
AoB Plants, 10(4): ply037.

War AR, Paulraj MG, Ahmad T, Buhroo AA, Hussain B, Ignacimuthu S,
Sharma HC, 2012. Mechanisms of plant defense against insect
herbivores. Plant Sgnaling & Behavior, 7(10): 1306—1320.

Yan C, Fan M, Yang M, Zhao JP, Zhang WH, Su Y, Xiao LT, Deng
HT, Xie DX, 2018. Injury activates Ca**/calmodulin-dependent
phosphorylation of JAV1-JAZ8-WRKYS51 complex for jasmonate
biosynthesis. Molecular Cell, 70(1): 136-149.

Yue WB, Zhi JR, Liu L, Ye M, Zhang XQ, Zeng G, 2018. Effects of

pest insect feeding and mechanical damage on the defensive
enzyme activities in leaves at different parts of kidney bean
plants. Acta Entomologica Sinica, 61(7): 860-870. [{E (i, %R
AL, XUR, MR, SREET, B, 2018, 5 SURE FIBLAR IR
P3G RITRALM: B B P s B R, 61(7):
860-870.]

Zeng G, Zhi JR, Ye M, Yue WB, Song J, 2020. Inductive effects of
exogenous calcium on the defense of kidney bean plants against
Frankliniella occidentalis (Thysanoptera: Thripidae). Arthropod-
Plant Interactions, doi: org/10.1007/s11829-020-09753-w.

Zhang HJ, Yan Y, Peng L, Guo JX, Wan FH, 2012. Plant defense
responses induced by phloem-feeding insects. Acta
Entomologica Sinica, 55(6): 736-748. [k, T8, &5, %
HEVE, U5, 2012, B R TRICE B O S AR A B S
23], 55(6): 736-748.]

Zhang YY, Zhi JR, Liu Y, Ye M, 2017. Effects of Frankliniella
occidentalis (Thysanoptera: Thripidae) infestation on the expression
of defensive genes in leaves at different parts of kidney bean
plan. Acta Entomologica Sinica, 60(1): 1-8. [#K35%, 76,
XI5, W%, 2017, PUALE] S ICE XS AN R AL e B A
PRFRIKISER. B B3R, 60(1): 1-8.]

Zhao C, Zhang PJ, Yu LX, Yu XP, 2019. Advances in the adaptation
to plant defense in phytophagous insects. Acta Entomologica
Sinica, 62(1): 124-132. []XB, SKEZ, KFIR, AT, 2019.
1 B U NAE P B A SO AR ST R . B LR, 62(1):
124-132.]

Zhi JR, Tian T, Wen J, Liu Y, 2016. Effects of kidney bean damaged
by Frankliniella occidentalis (Thysanoptera: Thripidae) or
Tetranychus urticae (Acari: Tetranychidae) on the activities of
protective and detoxification enzymes in the other subsequent
herbivore of both. Acta Entomologica Snica, 59(7): 707-715.
[ERZEGE, T, WA, XI55, 2016. PHAEE ek _BEmt i k3
IR 3E S 0 TP 7 [ BB 8 O PR R4 D 8 TG 2 ) 2 )
B 23], 59(7): 707-715.]

Zhu-Salzman K, Zeng RS, 2008. Molecular mechanisms of insect
adaptation to plant defense: Lessons learned from a Bruchid
beetle. Insect Science, 15(6): 477-481.

Zou XP, Xu ZB, Zou HW, Liu JH, Chen SN, Feng QL, Zheng SH,
2016. Glutathione S-transferase SIGSTE1 in Spodoptera litura
may be associated with feeding adaptation of host plants. Insect

Biochemistry and Molecular Biology, 70: 32-43.



