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B E [BH)] AWEE NS I Nilaparvata lugens (Stal)Xf K FE 4 S £ WIAT RN, 5
IR ARG SRR & B B BEAT M BUREIR , 38 X TR ECE SR B S B T K R R & g, AR
s CEZE AR ER At e 5Ent, (i) ®mBKR+—he. Tk, Hbhke. Jrmame. HipE. 2-23
SERE . APEERS . AR . TR, ZEEE. 2-F TR, KRRTER 12 FERY, DLIE SN e
B 1. 10 F1 100 pL/mL 3 ik B ALFR , SR FH DU IRBE AN 3 Pk B 1Y 12 FhOK R & ) xs a7
Mo [ER] &I 6 MUKREIERWEIE SR, KM Pl MEE. TB. S5 2-1 0 2 IR
KEL, (RIS 1 ROK R R Y R T BT 1A G, o, DY RERK A R R U 3 ik
B R KRS KA, KB RRI R, 18 CEXT LA R B R AR T IR TR R 92.3%
122.2%, 242.9% ( 5HEEE ), 57.1%. 70.6%. 188.9% (/KBHMRH S ), TiH & 4 FhUKERIA 1 5757
HBAEH IR F] 100 pL/mL B A B F R miky CEAT NN . [ S5 ] /KR b Ae e iy LA Sy Ok ik
SUAEE R SR LY, v A7 vh T R A R VR 0K 3kt 70 5505 75 70 FH T K Rl R U E S B 45
XREIR KR MYELRY; B KE; IKEEE 1 BT RN

Responses of brown planthopper, Nilaparvata lugens (Stal) to specific
rice plant volatile organic compounds (VOCs)
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Abstract [Objectives] To provide a theoretical basis for the comprehensive management of the brown planthopper,
Nilaparvata lugens (Stél), in rice fields by investigating the behavioral responses of this pest to specific rice plant volatile
organic compounds (VOCs). [Methods] The behavioral responses of N. lugens to a total of six substances, including alkanes,
alkenes, alcohols, aldehydes, ketones and esters, and twelve compounds, including undecane, hexadecane, heptadecane,
linalool, phytol, 2-hexyl-1-decanol, limonene, myrcene, nonanal, decanal, 2-dodecanone and methyl salicylate, in rice plant
VOCs, were tested in a four-arm olfactometer at dosages of 1, 10 and 100 pL/mL with n-hexane as the solvent. [Results]  Six
VOCs, including linalool, methyl salicylate, phytol, nonanal, decanal and 2-dodecone, were found to be significantly repellant
to N. lugens, whereas only one, laurene, was found to be significantly attractive. Linalool and methyl salicylate significantly
repelled N. lugens at all three concentrations tested. The repellence of two VOCs increased with dosage; from 92.3% to
122.2% and 242.9% for linalool, and from 57.1% to 70.6% and 188.9% for methyl salicylate. The other four repellents and the
single attractant significantly affected the behavior of N. lugens at concentrations of 100 pL/mL. [Conclusion] Specific rice
plant VOCs are either repellent or attractive to N. /ugens, and could therefore potentially be utilized to manufacture effective
botanic repellents, or attractants, for the ecological control of N. lugens in rice fields.

Key words rice; plant volatile organic compounds (VOCs); brown planthopper; repellents or attrahents; selection behavioral

response

*BEBhI H Supported projects: [EZK H AARH RS (31871963 ); EZKH ML I (2017YFD0200400 )
**5 —fE First author, E-mail: huihuisfs@163.com

=457 JA/E# Corresponding author, E-mail: fajunchen@njau.edu.cn

WekS H ) Received: 2021-04-25; %32 HI Accepted: 2021-11-12



13 EWRMESE: 1 CEX KRR S A 947 0 S .51 -

¥ KE\ Nilaparvata lugens (Stal)F&Zk fg V. H
XK EREIX 2 HE Rz —, PR 0
ek 25 30l a4 T Embigi e, BAiksek
PR R LR W 1 — U, R TSRS
1) AR RN RR e P, DTS 1548 R B AF A 4 2
TR, TR EDKAR A P ok B 2% (Sun et al.,
2012; Zhang et al., 2015), NkEpPT 2Pt S EL
1 BB, BREHREEE AR 2558, KT
e, g R A PR iR A LR SR B I
H A, A el A P G 3 e
SR T 2RI %EY] (Khan er al., 1997a;
Pickett and Khan, 2016 ),

HEYTEARK AT SRS RS PR #
KAV AEY ( Volatile organic compounds,
VOCs), TMite &M F 5 BB IS F1| FH WL ok Jik A7 P4 45
rH AR 4 75 % W AT IX 4 2 FEAEL ) R IR 27 A
Vs [RES, Y72 2 B0 R A a2 i
B R VEY Bk e “HEY)-HE MR R - R
7 SHZEMAHE IR, NI A C a2
BEREHARE (Visser, 1986; LK RS
4, 2000; Dicke, 2009; Allmann and Baldwin,
2010; PMBZESE, 2019 ), FPRERIE K P H
A KR5S T R BPER ((Veyrat et al.,
2016; Aartsma et al., 2017 ), WL KB, ME
R BRI LY 2- = kel a] DL S s
ERAFWE Macrosiphum euphorbiae BUE , 353X
H 24 h J5FET- (Musetti and Neal, 1997 ); #—
ABIE Chilo suppressalis >3 i 7K 75 B BE A9 45
W2 gk ke HLE R = B0 (Jiao et al., 2018 );
VU 7 R Y £ T i RN L FE R A — 2 TR R Y
WA LAS1E PG AE#] L Frankliniella occidentalis
(Qianeral., 2021 ); FKFEE H U 2H] X LeAg
YR T FR e, Mz E %
Apolygus lucorum “}E B Ricinus communis
BB RIS AL e 4- 2 FETR TR AT W 5 | 21 300
ZE UM% Peristenus spretus ( Xiu et al., 2019 ), It
Hh, FE) 32 B HF IS TR & AT LA I
IEAE YR A B AR, AT DB )44 A T LAFE A
YLt 5 . BRrc ZBKR P g . S FTER
% i S M| W 55 2 P ) T A A ) =2 [B) 7K P 1

%3431 BE (Shulaev et al., 1997; Chen et al.,
2006; Erbetal., 2015),

Grarks 2 AT 9KRE BT 355 05 1 AR Y 5 R )
PAFERLEAPG (IPM) H A E A S R A
LA ERMEN, X — R Y R S T
RIS A8 ( Rodriguez-Saona and Stelinski,
2009 ). Pyke %5 (1987 ) FERFFR BHIAHRES LB $2
T “HERLRME” (Push-pull strategy ), E[F]H
DR 3k 70K 3 R A [T R R 5 g5 R AE A
S IS4 3 R AR T K, IR B3 25
G, TERIA R b, ARG B
FHE R ) 45 Wy A 5 B At X8 g ) Ak 6 0 G
/28 (Eigenbrode et al., 2016), GNF|FHZ &)
Ocimum  gratissimum H I fif >~ Origanum
majorana Pk () 55ROl (H) BiiR
YR} 5 Thrips tabaci (Rob et al., 2007 ), “H#E$i
THE” [FIAEAE TR R, AR5 Sorghum
vulgare sudanen TR &) L F KT BRI S|
Y d B, i AR AF A Y OBE E R Melinis
minutiflor V] DA SCOREEE L, i JLAEY) B 1]
YERT IR 35 205 BB i H 9 ( Khan et al.
1997b ), R AYAF EELPEAT R E HehIRNE” A
A4St ) LS FE A o DG T K AR R WX AE B 1 R
W5 KRB BRI O A PR RIE , WKRS
2B HE 5 IR UNAE K W(E)-2-C I . K
PR H R . 2-BEls . D5 i S oo /KA 3222 3
B RECA YRR (J5R5E, 2004 ), # KETE
502F PR & — AR 5 i KAl Sogatella
furcifera WEITIKRT (XI55, 2002; Wang
etal., 2018 ), KRR A A HEDER | 1E 1% |
P-4 W 25 B — A B W X R E 2R /N Anagrus
nilaparvatae 5 1FERCR (8545, 2018 ), it
WFEBEKFER CELW KRB & E %
Cyrtorhinus lividipennis 5 V248 CE\h F
#J7K#% (Lou and Cheng, 2001 ),

ARSI DIK RS 353 s RECH R4,
ZRA ATk 1S RIS 12 FloKFEE Y
BT, DX & R ss X R BeE T 1. 10
F1 100 pL/mL 3 VR EEZKSE-, 7% A H P0E iR
B A A 6 U B Ik e b A W R T R
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SR, - 8 mUR A B 5 5 AR 7K
REHE R Y , VITE AT R e LKl 5 |
Joorl, IS TR = il REUZR B iR

1 #MREFEZE

11 #ulER

AHE ST RS CEUCR F VLR8Ol B2 B
W H (118.87 °N, 32.03 °E), ZEHNIEATLS
48 (RXZ-500C; T AREAAY) 5 ETE)
WL 30-60 H#% TNT A5 i 1) % 248 40 1CLL E4%
M, BFRFAESHOEE NIRE (26£1) °C FHXHE
FE70%. JEFM L : D=14 : 10,

12 #idkEERY

LR SRR IE S A OB BT S ey,
PRt R R | W6 | ka2l | T3S
M2 Wa2E) 12 FROKAREIE LD oy (—He.
ToNkE bk JiEREE HERE | 2-Z K- 1-25 0T
Pl . A ERMG . TRE. SERE. 2-F M. K

RHER ) (£ 1), LIXNEEwais (ke
% H Macklin 23 &), 2-+ ik H J&K Scientific
N, HA S E Aladdin A7) fRER L
KRG LI A R ) BE R AT A
RIS . ABFFRIE I IE CBEAE AR, o IR
1. 10 1100 pL/mL 3 MR FEE LU R4k &9
HIECKIRA, AN 100 pL 4% H il
SR, RS IR R 0 0.1, 1
F110 pL,

13 EFTARBERE

AR B FH AR AT Ay i 0 2 oy DY R e
A ( PSM4-150; B 5L E AR A SR I A A BR A H] s
220 R DU AR AR R, 430 AR 5 6 A
PB4y, PURERL AR ML 1K 35 em, 9% 29 cm,
4.3 em, PR Z AP 900, 17 A D h
LS em; HAETE. WAOR . WM, Y
TR . ARSI S, &R el TR e
EAHE, PR PO A SRR, A
SERETR

F1 HlkEERY R
Tablel Listof riceplantsvolatilesfor the test

7|:|_‘

IKFEE KPP Types of rice VOCs CACSAnSun:ber 4 Purity HLN S Supplier
$e)23E Alkane  +—¥%¢ Undecane 1120-21-4 99% Aladdin
+75%¢ Hexadecane 15716-08-2 98% Aladdin
+-E %% Heptadecane 629-78-7 99% Macklin
BE2 Alcohol  F5HEEE Linalool 78-70-6 98% Aladdin
F# i Phytol 150-86-7 90% Aladdin
2-7,3-1-%E 2-Hexyl-1-decanol Hexyl-1-decanol 2425-77-6 97% Aladdin
JGile2E Alkene #75Jf Limonene 5138-86-3 95% Aladdin
H ¥ Myrcene 123-35-3 90% Aladdin
2% Aldehyde T-f% Nonanal 124-19-6 96% Aladdin
Y% Decanal 112-31-2 97% Aladdin

fii2& Ketone 2-+ [ 2-Dodecanone 6175-49-1 99% J&K Scientific
£ Ester KA R H liE Methyl salicylate 119-36-8 99% Aladdin

14 WREZEFETHRETE
IR K AR A A ) ) LB AT Ry B S

&)

P DU IR A A HEA T, DL R S TR —
325 W I HDEAT, oGl i py s . frf
A E BRI B (26+2 ) °CAMF AT,
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D2 BRI 7E 8:00-17:00 ZJi] . HARERAEMT

ARSI e U IR {SORT A ) R s 3 i
AL FEIX R X BRIX (5 A% R B PR B 58 AN H ),
SLYSHPE 100 pL FChF 0 Ak Wi v i 2 g 4%
b, XFERIUAN 100 pL IE CBEETR, rBIK ik
PP IE A RDE L . FTHAR, it
% 200 mL/min, SIRMKIKEHRIEER . 288K
AUE RN IR DU e A AT HOGAT 4 1y
A MRS DU R A, B0 P i E A< 3 min,
el O R LB A8 PN AR R B RS IR A B A &
A T

I, PRets CEUL AR A (AR -
K=1cm: 5 cm) WYUKRALEE 2 h, SEETFIRET,
PRI T B HE KL 20 Sk DA PO IRBE AL IE H
JEM S ITAR A, 24 R EE A PRGSO e IX dk
( ARSE G T AL, 8 cm AR X 35k
W, MAER CEDNIZ X A A EmbE, %
WA HEAALS SR XS WA e 4 REUR IR, i
£ 20 min J57 , B, BAMLEYIREER 3
W BHSEEESHS, i HIOK O e KM ZR IR K
TR, B 750 — 4 SC 0 5 e DU L vt
1 90° — R Lkt e (o7 B0, g 2 S 0 i O 4 A
T A g

15 HiEaE

AR5 KA SPSS20.0 (IBM Corporation ,
Armonk, NY, USA) {8 FEFI 34T,
FLARCR A ST FEA K25 ( Independent-sample
t-test ) Xt CEEREA TN GE 45 Rk A T AL B W) 22
SFERFEMEIIHT. PFrlEE R Excel 2010 #E47/F
El3HT

2 GERESH

21 & CEXRIRIKTEEL WRIRET A R X

3B A (T —%i. TRk L
Bt ) P K E AT R RN B B E S (P>
0.05), #5 KEXT 1, 10 F1 100 pL/mL F—kEf
VEFERIT K 28.3% . 30%F1 30%, XF1ECLEHY
Ve K 28.3% ., 31.6%. 28.3%, # K&K

1.10 F1 100 pL/mL +75EE M BERER 5510 25%
28.3% Fll 26.7% , X IE C BE 1 1% £ K 5 5k
23.3% . 31.7% . 26.7%. ¥ KE X 1. 10 Fl
100 pL/mL L REREERER 300 25% . 25%F1
30%, WIECKERIERERITAN 23.3%. 26.7%
F30% (K1) .

22 1@ CEXERKBELZWAIERITAH R

3 AR 1) 5 R RS A VA 2 IR R 1
o Hr, # KEXT 1. 10 A1 100 pL/mL 5575
FIEBER R 21.7% ., 15%A1 11.7%, &K
T CET IE BRI 41.7% (P<0.001) |
33.3% (P<0.05) 1 40% ( P<0.01) . Mt4h,
100 pL/mL FEEEXTHE REA W35 PEIREEAE T, 48
TR 100 pL/mL HEEE AR RE RN 20%, B IK
THIECKE 31.7%MEEFEH ( P<0.05 ), 3 MKEE
ARBREY 2- 2, F-1-ZE XA KB AT A I N 2 TG
W (P>0.05); Hr, # CEXF 1. 10 F
100 puL/mL ) 2-2 - 1-FE B 5 00 5 N
30%. 23.3%FH1 25%, XtIECBERI TR R0
30%. 21.7%F125% (K1)

23 & CEXERIKTBIERL WRRIET A R

3 AN BRI X CEVAY AT A S X TG
FHHR (P>0.05 ), # KET 1, 10 A1 100 pL/mL
FEREIR B B 21.7% . 23.3%H1 21.7%,
XFIE OB IIERE A5 50 R 20% . 21.7%F01 23.3%.
100 pL/mL H H:HE x4 CElA W v EE
B KEXT 100 pL/mL HEER 1R EER N 40%,
T X IE C e 28.3% M E#E R ( P<0.05)

(K1),

24 1B CENEERKBIEZWRIERITAH R

100 pL/mL - FIZEMx e REUAA W81
IREEVE T, H e R B X R E T ok S 0 A
ERM (P>0.05), Hrb, # REXS 100 uL/mL
TR EFER N 18.3%, W BT X IEC kW
43 3%MEFR (P<0.01) 5 # KEXF 100 uL/mL
FEMEREFR R 23.3%, WEML TXIES B
45%I R (P<0.05) (1),
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O 1IE %% Hexane O IEC %% Hexane O IEE %% Hexane
B +—%¢ Undecane B T/5%% Hexadecane B £ %% Heptadecane

NS 100 pL/mL NS 100 pL/mL NS 100 pL/mL

NS 10 pL/mL NS 10 pL/mL NS 10 pL/mL

NS

1 pL/mL NS 1 pL/mL NS 1 pL/mL

50 40 30 20 10 0 10 20 30 40 50 50 40 30 20 10 0 10 20 30 40 50 50 40 30 20 10 0 10 20 30 40 50

o REGERER (%) o REGERER (%) o REGEREE (%)
Selection rate of N. lugen (%) Selection rate of N. lugen (%) Selection rate of V. lugen (%)
O 1E %% Hexane O IEE 5t Hexane O 1EC %% Hexane
B} Limonene m AR Myrcene B J54%RE Linalool
100 pL/mL * 100 pL/mL  #** 100 pL/mL
10 uL/mL NS 10 pL/mL 10 pL/mL
1 uL/mL NS 1 pL/mL ok 1 pL/mL
50 40 30 20 10 0 10 20 30 40 50 50 40 30 20 10 0 10 20 30 40 50 50 40 30 20 10 0 10 20 30 40 50
o REGEEER (%) o REGERER (%) o REERER (%)
Selection rate of N. lugen (%) Selection rate of N. lugen (%) Selection rate of N. lugen (%)
O IEC %% Hexane O IEC %% Hexane O IEC\ ¢ Hexane
W fHEE Phytol W 2-7, 3E-1-35F% 2-Hexyl-1-decanol B T-E# Nonanal
* 100 uL/mL 100 pL/mL 100 pL/mL
NS 10 uL/mL 10 pL/mL 10 pL/mL
NS 1 pL/mL 1 pL/mL 1 yL/mL
50 40 30 20 10 0 10 20 30 40 50 50 40 30 20 10 0 10 20 30 40 50 50 40 30 20 10 0 10 20 30 40 50
Py REGEEER (%) ey CEERER (%) o REEEER (%)
Selection rate of N. lugen (%) Selection rate of N. lugen (%) Selection rate of N. lugen (%)
O IEE %t Hexane 0O IEC %% Hexane O IEC. k¢ Hexane
W ZEf Decanal M 2-+ [ 2-Dodecanone W KPR FiE Methyl salicylate
100 pL/mL 100 pL/mL 100 pL/mL
10 pL/mL 10 uL/mL ~ ** 10 pL/mL
1 pL/mL 1 pL/mL 1 pL/mL
50 40 30 20 10 0 10 20 30 40 50 50 40 30 20 10 0 10 20 30 40 50 50 40 30 20 10 0 10 20 30 40 50
o REGEEER (%) o REEEER (%) oy REERER (%)
Selection rate of N. lugen (%) Selection rate of N. lugen (%) Selection rate of N. lugen (%)

B 1 BRI 12 FKFERYI LS ESE
Fig. 1 The selection rate of brown planthopper, Nilaparvata lugens to 12 compoundsin
corresponding of the respective volatile organic compounds (VOCSs) of rice plants
NS FRZFARE, "P<0.05, TP<0.01, " P<0.001,

soksk

NS indicates no significant difference, "P<0.05, ~"P<0.01, ™" P<0.001.
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25 B CAXNMEMERKEERZWHEET
AR KL

100 pL/mL [ 2~ X 48 € EL A DR EERICR
3 KA 100 uL/mL 1Y 2-+ R ik EeR
H21.7%, BEMTXIECBER 36.7%M) % £
(P<0.05) o H—M, 3 PNWRERKEIEH B
i CECA 2 IR 5 b, 48 TRE 1,
10 A1 100 pL/mL 7K 4% B g A0 08 8 %453 31 ok
23.3% . 283%F1 15%, W EXT X iFCEEm
36.7% ( P<0.05) | 48.3% ( P<0.01 ) 1 43.3% ( P<
0.05) MyEFEE (K1) .

3 HFit5iig

T Y)TE 32 BIAE B PR B U o 3 5 TR
IR &7 Sl ey e o A e € L & KT 1Y
Lk R EY . S EIRIEY . SEk
A4 ( Arimura et al., 2005; War et al., 2011 ),
KT HEFH IR Y 5 K A A 5
aF F R RHBCZ 8], REE 2F) KRR
R e LAY AL, Qs CEU REHD RS
W& Pardosa pseudoannulata ( HRESE, 2018) K&
AR\ g (KRR, 1996 ); WA DT
GE R B AR AR KW 2 %48 R EUA B i 51155
YERT, Bilhnts € EU ik 2 — AL 3 5 17K A8 ( Hu
et al., 2020 ); JKFE32 3R E G PR A4 K )
(B)-2-C 4 . KGRI . 2-PEls . D5 R s
PO CECA SRR T (JR58R 5%, 2004 ),

AT, 1R 12 Fok R Ko,
TS o B — K R 4 2 ) )R T VR B R 4 R EUA T
FAVEERTE S A U N I NTE A
e, Her 2 B 6 b T b S GRS REL, S iE
JFRENE . KRR PR . MERE. TR, EEEK 2-
R AR A R A T 2 S K
B\ o AT FEI 8 8RBT N RO 2
A B W) 232 BIRE R R 52, Fk & vk 2
FIR—E B8 R EA BEASCS S, A P
e EWE . 2- R R R A LA B A
100 pL/mL B} A X4 A W35 50, 1K1
A il B2 5 REmEAE A 3 Uk P 34 o 2 R A

K\, FLREE A A v B 10 T i A kSR I
S, AR ERARVR B B, 4 RED SRR
PEFER AR TR IR0 TR 92.3% . 122.2%.
242.9% , %F 7K A% 1R H TR 32 B 3 RE 4 T 0 i A )
FRET 57.1%. 70.6%. 188.9%, HilLHfEmi#E &
AU LA Pk B i OB AN ] A 5E R A
TCE KR R WA TR O 23 32 B TR |
Wy e B K S B TE] sz (1R AR, 2004 ).
TEXH B R B e A 2RI S, ik 2
) TMTT 1] LIS |8 w20/, T v v 5 )
LA OKEE (Hu et al., 2020 ); Webster %5 (2010 )
I 9 T A4 5 ml L BAh Bk A 0 Aphis
fabae, 5H4IX 9 Py A AR B S T A | 2
I KRS RS A 3 bR i —( Z-3-
ORI . Z-3-CRIE O MRMg . Dyl ) sof 1
Y BUIR A 5 A AR A TR EL BN AY A AR AR T
MR (VERSFIZEAKAR, 2013 ), AW AR
T8 R e F () /K A 2 Wl 252 ey R a4 T
RN, AB I AL G 45 A it 48 BTS2
FEKFE AR R TR TR A4 2 1y LA b 2 1 e L
B2 e REA TR SOV IE A it — e
AR SIZ I A X TR A DR aRE A FH 0 D7 R L K
MR PG | S5 S e A VF 2 e R AT
R SN SR - R AR R TT LA 5 4E R UK A
AZUNE (Hu er al., 2020 ) K id35 RIE000K
Spodoptera litura %3 Vi ( Ghosh and Venkatesan,
2019 ); FEGWFXTFRERE, KA IR H TR R0 2 1 55
YA fil B2 SV ( Webster et al., 2008 ), ¥
F2 B A5 RELAT LUK [R] —Fp & A AT ok S
I (VEMSFIZE KM, 2013 ), Khan 25 (2020) #F
SR, B-AT T M-t e EA IR
WEVER, TR -+ BN D-FrAgedes X K EL
KBERBEZEHR AL BEMN; &
Coriandrum sativum NIEXTHE Nerium indicum 1
FEPORTII T8 REUCK SR S H A 5 1AER,
2 GC-MS 3B 48 5 Je st i i Ji5 % B A 3%
AT e AT -2-+ M5l (Liv er al.,
2019 ). HYHE K YIERY)-2F R R-KE =
Z A E AR b s EE A O, AR YITE
AEIBG T T EA A N A (War ez al.,
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2011 )5 H B Y5 K Wy e ] ) 1 32 2845 A
FHGERE 5 RS R BB 2% L T IS MR R )
Wt |5 KK L i FHHER SR M 255 4 2 LR Oy
B (IMNRFSAE, 2012); BEAR, i AR TR Bk
AR A SRR 0 W HE T AT DL R i
(Kos et al., 2013; Pickett and Khan, 2016 ),
WMIEEVIBRG (E) -B-ATIEHEROR D 7K
R b R E AR AR B K A > (Xiao
etal., 2012), TEARRALM L b, JEH YR
P4 P oot B HR A B ke 55 5 1 i 0 S HE L
TRMEABZE A, AP &) i 2 11 3 5 3Kk 3
WA AR 5 5 AR B 5 5], n] LA R0 58
B M EE AR,
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