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Effect of changesin volatilesfrom resistant rice varieties
damaged by non-target insect pests on Nilaparvata lugens
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Abstract [Aim] Herbivorous insects have complex interspecific interactions in which herbivore-induced plant volatiles
(HIPVs) play an important role. [Methods] In this study, a dynamic headspace collection system, together with gas
chromatography-mass spectrometry (GC-MS), were used to compare the effect of volatiles collected from a resistant rice
cultivar (Mudgo) and a susceptible rice cultivar (TN1), on the brown planthopper (BPH) Nilaparvata lugens. In addition, the

effect of volatiles from each of the above rice varieties that had been damaged by a non-target pest, the rice striped stem borer
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(SSB) Chilo suppressalis, were also investigated. GC-MS identified a total of 115 volatiles. The behavioral responses of brown
planthoppers to 20 of these at concentrations of 2 and 200 puL dissolved in 1 mL of normal hexane were investigated using a
Y-tube olfactometer. [Results] This showed that 11 volatiles (i.e., Hexanal, 2-Heptanone, f-Myrcene, Linalool, Tetradecane,
Pentadecane, Hexadecane, Heptadecane, a-Pinene, D-limonene and f-Caryophyllene) were significantly more attractive to the
BPH than the control, and that the amount of these 11 volatiles significantly increased after damage by SSB (P < 0.05). In
contrast, the other 5 volatiles (Benzeneacetaldehyde, 2-Nonanone, Naphthalene, Methyl salicylate and Tridecane) were
repellent to the BPH. These results reveal that damage to rice plants by the SSB caused significant changes in the volatiles
released from both resistant, and susceptible, rice cultivars. Furthermore, volatiles collected from rice plants that had been
damaged by the SSB were significantly more attractive effect to the BPH, indicating that a non-target insect pest can
potentially affect the occurrence of a targeted insect pest. These results also suggest that plants damaged by non-target insect
pests may have lower resistance to target insects. [Conclusion] These findings provide new information on the interaction
between plant volatiles and insect species, and have important practical implications for using natural plant volatiles to develop
new pest control strategies.

Key words resistant cultivars of rice; non-target insect pest of Chilo suppressalis; target insect prst of Nilaparvata lugens,

insects-interaction relationship; HIPVs
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Fig. 1 Experimental apparatusfor testing the
feeding of preference of Nilapavata lugens

W REBOICEEER P, EREL 8 em, K 19 em,
1. U EUKREZERT: 2 TR I
3. 15 REWILE TKREZEAT B
The planthoppers were contained in a cylindrical plastic
tube with a diameter of 8 cm and a length of 19 cm. 1: Hole
with sponge rubber plug; 2: Hole for releasing the
planthoppers; 3: Planthoppers sitting on rice tillers.
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uL/mL Y4 505 BAL S WA ( Xiao et al.,

2012), P Y BIRSEAGH TR BRI . AR
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B2 #EMNAELLEBRIEREITHA
Fig. 2 Preference of Nilaparvata lugens for feeding on healthy or caterpillar-damaged rice plants
A, PUPEMFKAS Mudgo; B. USRS FIVKAS TN1; 25 AFRA R b HIA) 2% 22 5
(*P<0.05, **P<0.01, paired-sample ¢ K56 ),

A. Resistant rice variety Mudgo; B. Sensitive rice variety TN1. Asterisk indicate significant difference
within a pair choice test (*P < 0.05, ** P <0.01, paired-sample #-test).
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Y TERRE] 115 PR R o B X B 2 ) 4y IS 3
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BOKFE R IAEAE,, XL R YR Z AP KA
Mudgo # AW A3 f5 i E N (P <0.05) (K]
3. A)o TEPUIE/KRE Mudgo 1, 2 Fatk S {aHE
FETRRAH LE S 25 1S M ¥ K WA 47 Fh (P < 0.01)

(K 3: D), BUBUKRE TN1 $hER, SEE
FETRRAH LU S 25 3 M FE R A 9 Fh (P <0.05),
2 FiE R (1,4- AR PERE ) B WD (P<
0.01) (K 3. A, B, D), U TN1 KAGHAFLE
PIFERYIA 4 Fp (ki | 4P 8 ZH R — H R AN
2 FORA ), H AR SZ T AR A g FE Rk 1]
HEEEAREES (P>0.05) (K 3: C); X
#£ Mudgo /KFEHAEAEFE R YA 10 Flr, Jr,
1 Fh¥E & W[3,6,6- — H JE- XA (3.1.1) BE-2-4 14
Fekk 2 5 W (P<0.01), 6 MiELY) W
FHahm (P>0.01) (K 3: E),

HHE AR T R T-1 (1 ng/uL ) HYUETIFR,
T IE A  AR R B 8 7E 0.1-176.9 pL/mL 22
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2.3 BREIERWHITH R
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FHERL (2 = 3.920, P= 0.048 ). DUk (2 =
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0.005). 1IE+7%% (/7 =16.667, P<0.001), iF
+EkE (4 =16.667, P<0.001). o-EM (/=
12.902, P< 0.001). D-FB4% (= 9.680, P =
0.020) I g 174 (4 =15.007, P<0.001 ); 32
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0.174 ); H M (4 =17.143, P=0.008 ), 2-T-H

(2 =21.429, P<0.001), Z (/ =8.333, P=
0.004 ). K#ZIRFHEE ( 4/ =22.224, P<0.001) #lI
=4 (= 6.564, P=0.010) 5 FPHE L Y%
TCEVEA SRR IE R SRR R T g
- RS 3 Tl Ak A X8 B R BN IR I
3l ( 4 =16.667, P<0.001; * = 6.000, P=0.014;
7 =9.091, P=0.003 ), =¥ ELKEE (47 =27.000,
P<0.001; *=21.429, P<0.001; * =10.083, P=
0.001) (&l 4).
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.35 Ethylbenzene
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SRR FF I Methylisocyanate
@ 7 Z. Phenylacetaldehyde
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6- I 3:-5-PEJ-2-1 6-Methyl-5-hepten-2-one
4-HI 325 R 4'-Methylvalerophenone
H . Acetophenone
©® 2-TF-fi] 2-Nonanone
® 3545 Linalool
T-#% Nonanal
1,2,4,5-P4H 2 1,2,4,5-Tetramethylbenzene
545 /K B Isophorone
ZL% Decanal
® 2% Naphthalene
® k%R F i Methyl salicylate
Fi.FI 3% Pentamethylbenzene

® |- =5 Tridecane

3,3- BB % 3,3-Dimethylhexane

3-Hi 3+ =%t 3-Methyltridecane

2, 6,10-= 3+ 5t 2,6,10-Trimethyldodecane
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1,2-—-H1 325 1,2-Dimethylnaphthalene

3-H 3+ PUke 3-Methyltetradecane

BRI Succinic acid

BE
-

2

- o
F
-y

Fig. 3 Volatile compounds collected from the headspace of rice plantsunder different treatments

® IF Tkt Pentadecane
4,4'-— I ZLEEH 4,4'-Dimethylbiphenyl
1,4,6- =32 1,4,6-Trimethylnaphthalene
1,6,7-=H #2% 1,6,7-Trimethylnaphthalene
2-F#£IE +Fi%% 2-Methylpentadecane
3-HI31E+ ikt 3-Methylpentadecane

© [F754% Hexadecane
1-HI3E-2-3-FEAFFE)ZE 1-Methyl-2-[(3

W zaen

Damaged rice
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Mudgo TNI1

3-FZEIE 17 5t 3-Methylhexadecane
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2-Z 32 F¥ 2-Ethylhexano
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1,4-—42 1,4-Dichlorobenzene
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+ =%t Dodecane

48 — B i — H i Dimethyl phthalate

Dmethyl]t
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] —F 2 m-Xylene
ZEHIBE Anisole

® o-J%J% a-Pinene
¥ (-)-p-Citronellene
TN Acetone
#2:J% Sabinene
1-3£45-3-B% 1-Octen-3-o0l
IE¥# Octanal
4-SFHFERZ p-Cymene
® D4 D-Limonene

® y-FANMIAR y-Terpinene
4B# —F ik 1,2-Dimethoxybenzene

2-Z B fk 2-Ethylaniline
SRR 2-Chlorobenzonitrile

2 PR 2. Ethyl benzoate
FI-FPEME 1,2-Benzisothiazole
IEFHIFE AL Octylcyclohexane

2-F#+ =%t 2-Methyltridecane
7 B Copaene

FEF AR cis-o-Bergamotene

2-+ =45 fifi 2-Tridecanone

LES [S-(R*,S*)]-5-(1,5-dimethylh
4§# R Terbutol

_1E3’:§}75 EL4% n-Nonylcyclohexane
- IEAEE Nerolidol

2,2',5,5"-PUF SERRFE 2,2',5,5"- Tetramethylbiphenyl
184 2,6,10,14-tetramethylpentadecane
7 Pentadecanal

3,6-3 il 3,6-Heptanedione

4-yl)-2-methyl-1,3-cycloh

-1,3-diene

3,6,6-= F HL-XUIR(3.1.1)E-2-4% 3,6,6-Trimethyl-bicyclo(3.1.1)hept-2-ene

1,2,4-=H 3% 1,2,4-Trimethylbenzene
2,4,4- = ¢ 2,4,4-Trimethylhexane
4-Z 15 3-1,2- " HIIEHE 4-ethenyl-1,2-dimethyl-benzene

1,6-—H %25 1,6-Dimethylnaphthalene

® p7i#1 p-Caryophyllene
BABEIK 4 B-Sesquiphellandrene
B-418E20% p-Bisabolene

B3 M=WESRLEREREIELY

Mudgo: HUPEAKRERF; TN BUBUKAREAL R, A fERFEESZ F IHTIE Mudgo FIBUEE TNT ZKARSY &A1 (945 K40 5
B. TN1 ZH e W si D i 22 54 5805 C. UE TN AL IHE A4 5 D. Mudgo 52 5 J5 38 i st/ i #4441 5

E. {{7E Mudgo fEAEMTERY); A SbRCHER YN G Y TERIEERY); - RMELRY;
#R LM RR AN Z ERRRAE X W2 55 BEF M (*P<0.05, **P < 0.01, independent-samples ¢ /& 4& ).

Mudgo: Resistant rice variety; TN1: Sensitive rice variety. A. Volatiles contained in both healthy and damaged Mudgo and
TN1; B. Increased or decreased differential volatiles contained in TN1 damaged or healthy; C. Volatiles contained only in
TN1; D. Increased or decreased differential volatiles contained in Mudgo damaged or healthy; E. Volatiles contained only in
Mudgo. The red dots are Y-tube verification volatiles. -: Unknown volatiles. Asterisk indicate significant difference between
healthy and damaged rice (*P <0.05, ** P <0.01, independent-samples #-test).
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Fig. 4 Olfactory responses of Nilapavata lugensto volatiles

o RET 20 FhoAS ) v B /K RS 4 2 W A7 o0 B
nsAERILBFESR (*P<0.05,

o MUFARIAL a2 245,
**P < 0.01, FHH ).

Behavioral responses of N. lugens to 20 kinds of rice volatiles at different concentrations. Asterisk indicate
significant difference between different treatments (*P < 0.05, **P < 0.01, z’-test), n.s. indicates no significance by 7 -test.

3 itig
B0 B0 R 3 B B R S A Ak

P BRI 2 — , 3 B TN R N R
PR EZE R, AT E /KR Mudgo J& 5
Yoty REWTFT ( Sogawa and Pathak, 1970; Lu et al.,
2018) , #AREAREL R AR R E S, REX
ZEERRI W A TEBUBOKAE TN
o, e RIS 2 5 R AR AR R RS AR b 25 S AN

WE (14 K ), RAPUHES AT AR R R
bk Y A2 AR PR B A 52 o KA il A ox A
br B B PTPEREAR 5 2hurE e 2T K (= e T4,
2022) , SEHJERH, —J7TH P Ag 2 B AU A
B ECE MR FE R RE , D3 — 5 T AT RE KRR i
H SHiPEFE ( Kobayashi, 2016 ) . HiERER#E
AR RAE W5 S PR R AR P AT A = 2 i P ()
B SCEE, 1994) , MM TR AT RES B AP (]
PR EAE A 56 AW R IR, —AREE R 3 KA
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Mudgo J& , X1+ CELRYTE S50 3 R, R
¥ R EVE A7 e Rl .
B AN FESIE KRR R, HA
[7i] B A B W IR R ) RS e A 25 57 o TR IR
e (2023) FofT R, KFEZ AN ES,
SRS REEA G IEE LG iX—
KI5 KRS 2 (2000 ) AR5 AT
N, TEAEE TR R ES, KRS & PR A
FEI b BN, S PSR (R RN S AT
RE BT, ERZEEE G Aute it
— RS T3 — a5, FEAEYIE KA Mudgo #
AR E S HAE YR RS FAR XS & AR
BFE . Elg (2009) W5 LB, KFEHE LR
RS Cnaphalocrocis medinalis % 5 ,
HAR LY 53 RGN, IF5 T A — 25
LAY, BARPIE S SRR Y SR Ih
Z5, MR EE R SRR S L 25
BE WA, RS Spodoptera litura 3 EAR
A G MUK RS L R (ERVESE, 2002 ),
HAFENE, B CEChFEKREE, R
A RURSCAEFE T ] L i fe v, 24 R EUCh
1-2 d WK FEAEAR 5 UM £ S et R R ik 1) 4
YA B2, MEZE 3-5d)5, HK
Yy o, X AT HE S R EUY fE O R O A
R (HREFFAE, 2002 ),
HERYAER WA Rk b A EE
ZAE I ( Khan and Saxena, 1985; HH[E C4E, 1994;
W %, 2010; Chen et al., 2022 ) . AWFFEEUE
1 20 LY, 11 R e CECA B G R
H, 5 FhEAHRIER, 3 Ay Bxtts CEl kg
EWE], mEHER . DAV RM, R
2B . D-FrEE M RN - AT S Y B A K EA
SIEER (5, 2010; FifEHESE, 2010; Xiao
etal., 2012; FKERDLAE, 2014 ) o DCELHE L PIARIL
X REVE WS ERT, XA R A w2, an
5 REEEXT B Tk S, frugiperda (4RTN RS,
2018 ) FHHM E2FD Bemisia tabaci ( [HIEEEE,
2018 ) HA W EW S IMEH, HEE R EH Sl
K EHEPE LRSSk Pardosa pseudoannulata
(W5, 2018 ) FIAF ml 28 /N %% Anagrus
nilaparvatae ( Hu et al., 2020 ) ; D-FPEEMXHEE

PRERIG S H Y Cyrtohinus lividipennis 45 Bkt
YERT, w5/ Rk Y Cotesia plutellae
filf AL 2E S, RHATETEEREAT O ( HARAE,
2018 ) , FXPHE/INSEWE Bactrocera dorsalis 274
WD) ERNE B Psyttalia incisi, A PG A
Fopius oK B W oM A i
Diachasmimorpa longaudata 7= filt ffy FL AV [ b

(IRFE, 2012) 5 p-APTHRAS G EU P 27 AR
Ferm\ 2/ N B ] B 5 1EYER] (Cheng et al.,
2007; XA, 2008 ) , X TALIE IS C.
chilonis 4 .3 W5 1EAE R (5KFE, 2016 ) o 7K
WAL, KR T BEXT 16 R EA SREE ], 5
FIEHE (2010 ) Al Xiao % (2012) WFFELEHR—
B KR PR e S| R B 4 BT AR AR e
Chrysopa oculata ) K& & % ¥ % & 2 AE A

(James, 2005 ) , BERSICS M EMERE L EBIUR
¥ W% Chrysopa
carnea. EYFWE Episyrphus balteatus F14 4
Phytoseiulus persimilis ( De Boer and Dicke, 2004;
James and Price, 2004; Zhu and Park, 2005 ) ., Hi
AT UL, X B4 B WA T U 27 AT H
ki L RIVE ], TRV R EO T 5 HE
HEZEMEM.

7 B I PR 2 R B AR B R S R R B2
VERIRHE L), s @B T h 2R R —
Mo AWFFERET R IO FEE BT S 8UEoK
T, LB 1B Hh BEAE e 4 EUE B A T O RE E
FERY) , X — R IRHIRAIZ oS a5 1550
BGRE ) B 1 A, A B ARl HUA S B 5
PR SHRNE 5 T B

vandenboschi

Coccinella septempunctata .
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