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Herbivore-induced resistant rice volatiles enhance the direct and indirect
resistance of the neighboring susceptible rice varieties to Nilaparvata

lugens ( Hemiptera: Delphacidae)
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LOU Yong-Gen™* (1. College of Advanced Agricultural Sciences, Zhejiang A & F University, Hangzhou
311300, China; 2. Institute of Insect Sciences, Zhejiang University, Hangzhou 310058, China)
Abstract; [ Aim] The brown planthopper (BPH) , Nilaparvata lugens , is one of the most important pests
on rice. The objective of this research is to determine the effects of volatiles emitted from BPH-induced
resistant rice varieties (IR64, ASD7 and IR56) on the resistance of the susceptible rice variety TN1, and
to provide theoretical and technical guidance for the green ecological control of BPH. [ Methods] We

employed rice-BPH-Anagrus nilaparvatae as a model system. TNI1 plants were exposed to the volatiles
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emitted from rice varieties (IR64, ASD7, IR56 and TN1) uninfested and infected by BPH female adults
( BPH-induced rice) ,

secreted per female, nymphal survival rate and egg hatching rate of BPH on TN1 plants were measured.

respectively, and the number of eggs laid per female, the amount of honeydew
The choice of the female adults of BPH and A. nilaparvatae to the above-mentioned TN1 plants was
determined by using an H-type olfactometer and a Y-type olfactometer, respectively. [ Results] Exposure
of TN1 plants to the volatiles emitted from BPH-induced resistant rice reduced the number of eggs laid per
female of BPH, while exposure to volatiles emitted from uninfested resistant rice did not affect the number
of eggs laid per female of BPH. Exposure of healthy TN1 plants to the volatiles emitted from BPH-
induced TR64 decreased the amount of honeydew secreted per female,

but had no effects on the egg

hatching rate and nymphal survival rate of BPH. In addition, exposure of healthy TN1 plants to the
volatiles emitted from BPH-induced IR64 also reduced the attractiveness to BPH, but enhanced the
attractiveness to A. nilaparvatae. When healthy TN1 plants were exposed to the volatiles emitted from
BPH-induced IR64 or TN1, only the relative content of 2-heptanone in TN1 plants changed significantly.
[ Conclusion] Exposure of TN1 plants to volatiles emitted from BPH-induced resistant rice varieties
reduces the number of eggs laid and the amount of honeydew of BPH female adults, reduces the
attractiveness to BPH female adults, but enhances the attractiveness to the parasitoid A. nilaparvaiae.
The relative content of 2-heptanone in TN1 plants is increased when TN1 plants are exposed to the
volatiles emitted from BPH-induced resistant rice variety IR64, which may be an important reason to the
behavior changes of BPH and A. nilaparvatae.

Key words: Rice; Nilaparvata lugens; Anagrus nilaparvatae; plant volatiles; neighboring plants; direct

and indirect defense responses; resistance
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Fig. 1 Schematic diagram of healthy rice TN1 plants exposed to rice volatiles
A X%}HEZH Control group; B: ALFHZH Treatment group. BPH: # K| Nilaparvata lugens; BPH-TN1; # KE L H R FE A TN KRR R TN rice
plants infected by N. lugens adults; HY-TN1 ;: A4 B ({){d FE TN1 /K FEHEFE Uninfected healthy TN1 rice plants; BPH-RR ; # K& b E 1Ptk
FEAEE Resistant rice plants infected by N. lugens adults. a: BRIFEFEY) . # CEYEK) 2 BRI K RS AP TNT( BPH-TN1 ) 8ibi /K 7 & Fh ( BPH-
RR) BRI RRAE SR (TN shutd SRR R o BPH M il dt 3 24 h J5 Z=BRMfE G H ) Source plants; two plants of the susceptible rice variety TN1
(BPH-TN1) or resistant rice variety ( BPH-RR) damaged by N. [lugens adults were used as the odor source (plants of TNI or resistant varieties were
infested by female adults of BPH for 24 h, then female adults were removed) ; b $ZEUWCHIY . 2 BRAEEFHE TN1 1 Jy 2 WML Bk Receiver plants: two

uninfected healthy TN1 plants were used as the receiver plants.
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Fig. 2 Effects of exposure of TNI rice plants to the volatiles emitted from both uninfested resistant variety IR64 (A) and
TN1 infected by female adults of Nilaparvata lugens (B) on the number of eggs laid per female of N. lugens
TN1 ;. JB KA S A Susceptible rice variety; TR64 ; $7i1E /K A8 i A Resistant rice variety; HeTN1-TN1 . 3248 KEFE A HE TN FERRE & Prib
FAY TN #EHR TN1 plants exposed to volatiles emitted from healthy TN1 plants uninfected by N. lugens; HelR64-TN1; 757 #y Kk FE A HERE TR64
FERRAE K WAL FE Y TNT FEFR TNT plants exposed to volatiles emitted from healthy IR64 plants uninfected by N. lugens; TN1-TNI . # K EUME Rty 3
75500 TN R BRI & Py b B TNT #f 4% TN1 plants exposed to volatiles emitted from TN1 plants infected by female adults of N. lugens. Z:F5 d J5,
TR AR 4 S OffEMETLA 2 3) WP RE A7 01, 5eit 8 H A AMEr™ Bt . 18 P 8 S - 34908  Br b A 1 AR 8] 7 B 3R W 4 () 22
BARBE(P>0.05, Student [C ¢ #55;) . After treatment for 5 d, each rice plant was inoculated with four newly emerged adults (two females and two

males) , the number of eggs laid per female in 8 d was counted. Data in the figure are shown as mean = SE. The same letters above bars indicate no

significant difference between two groups (P >0.05, Student’ s t-test) .
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Fig. 3 Effects of exposure of TN1 plants to the volatiles emitted from the resistant rice varieties IR64( A, D), ASD7(B) and
IR56(C) infected by female adults of Nilaparvata lugens on the number of eggs laid per female of N. lugens
A, B, C: &3 1 d Treatment for 1 d; D: 43 5 d Treatment for 5 d. TN1-TN1: #5 KEUME AL HL 8 E RS 00 TN AR & 9940 FH Y TNL A5k TNL
plants exposed to the volatiles emitted from TN1 plants infested by female adults of N. lugens; IR64-TN1 . #5 K EUME R,k F 5 S 19 IR64 A FRIE LY
AbFRfY TN1 A§4% TN1 plants exposed to the volatiles emitted from IR64 plants infested by female adults of N. lugens; ASD7-TNI1 . # KEUME R F %
1Y ASDT FERRAE K WAL PR TNT FEFE TNT plants exposed to the volatiles emitted from ASD7 plants infested by female adults of N. lugens; IR56-
TN1 . 4 QEWME B F 5 S A0 IRS6 FERRIE & )AL FRAY TN1 AR TN1 plants exposed to the volatiles emitted from IR56 plants infested by female adults
of N. lugens; TR64 : {5 TR64 fii#k Healthy IR64 plants. L YALIE 1 505 d J5 , FEMOKREHE 4 Sk OMEME A2 35) 1Rk R EUR 3L 61, G2t
8 H A ME BT [ PR M £ ARUEDE, AR NG FRERR 22 5 3 (P <0.05, Z4[E]JT] Tukey [X HSD S PIZH A Student [% ¢-
Ki5) . Bl 46, After treatment with volatiles for 1 or 5 d, each rice plant was inoculated with four newly emerged adults of N. lugens (two females and
two males) , the number of eggs laid per female in 8 d was counted. Data in the figure are shown as mean + SE. Different small letters above bars indicate

significant difference (P <0.05, Tukey’s HSD among multiple groups or Student’ s i-test between two groups). The same for Fig. 4.
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3 i

KRR RN it o ) A 3 A 7 TR A A A
(D3 s, iR 5 AN B o (R s 4 7
B0 ) AP (RS K EL FRIE A4 ) (XU T g,
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Fig. 4 Effects of exposure of TN1 plants to the volatiles emitted from the resistant rice variety IR64 infected by female adults

of Nilaparvata lugens on the amount of honeydew secreted per female (A), egg hatching rate (B),
nymphal survival rate (C) and female to male ratio (D) of N. lugnes
FERWALIE 1 d 5, BdoKREEA 15 Skl REWIIEAT R, B R G T A 3 2 AR i, IS MERE e s s A T Sk 40 P A E
B REHUE 24 h BT H O @ 4> &, After treatment with volatiles for 1 d, each rice plant was inoculated with 15 newly hatched nymphs of N.
lugens , the nymphal survival rate was counted every day till all the nymphs were emerged to adults, and the female to male ratio was also counted ; or each

rice plant was inoculated with one newly emerged female adult, the amount of secreted honeydew was counted at 24 h after inoculation.

A TN1-TN1 TIR64-TN1 B TN1-TN1 TIR64-TN1
T -_ - ] *
L 1 1 1 1 1 1 ] L 1 1 1 1 1 1
15 12 9 6 3 0 3 6 4 2 0 2 4 6 3
FEPE IR Y45 U Akt 55 TR USRS T2 N LA
Number of female adults of N. lugens selecting odor sources Number of A. nilaparvatae adults selecting odor sources
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B HEIR e m\ 258/ N e s e ( B) 47 B 6 Y 52 i)
Fig. 5 Effects of exposure of TN1 plants to the volatiles emitted from the resistant rice variety IR64 infected
by female adults of Nilaparvata lugens on the behavioral selection of its female adults (A)
and its natural enemy, Anagrus nilaparvatae adults (B)
RS RIXUR S 73 5 3R 28R R S A BRZH (TR64-TNT) FI%s B4 (TNT-TN1 ) [0 22 57 {25 (P <0. 05) Al 5 B3 (P <0.01) . Single asterisk
and double asterisk indicate significant difference (P <0.05) and extremely significant difference (P <0.01), respectively, between the treatment and

control groups by Chi-square test.
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Table 1 Relative contents ( %) of the volatile compounds in healthy TN1 plants at 1 d after exposure

to volatiles emitted from TN1 or IR64 infected by female adults of Nilaparvata lugens

It ys2= ey AbFE Treatments
Peak no. Compounds TNI1-TN1 IR64-TN1
1 2 i-2-C Ml (Z) -2-Hexenal 16.97 +13.43 16.12 £9.62
2 Z % Benzaldehyde 2.3120.38 4.83 +1.84
3 2-B#ii 2-Heptanone 3.44 £0.56 9.66 +3.44*
4 2-J#{i 2-Heptanol 1.36 +0.40 3.11+1.21
5 oI o-Thujene 2.40 +0.16 2.88 +0.29
6 o-JEM a-Pinene 3.04 £0.49 5.77 £2.47
7 2-3fifi] 2-Octanone 4.56 £1.10 7.01 +2.06
8 FRER Myrcene 1.98 +0.50 4.61+1.22
9 51 Unknown 47.90 £9.85 50.10 +14.90
10 2 2 -2-3F 1 trans-2-Octenal 2.98+1.13 3.220.74
11 S-5HE M S-Linalool 3.12+0.78 5.29 +1.01
12 T-/#% Nonanal 2.73 £0.17 4.40 +1.84
13 (E)4,8-—HILT-1,3,7-= M 2.59 +0.45 2.58 +0.67
(E) 4 ,8-Dimethylnona-1,3 , 7-triene
14 JKAH TR FHE Methyl salicylate 1.88 +0.41 2.91+0.92
15 a-ZJ a-Zingiberene 13.31 £3.91 8.25+2.17
16 T 2-3 - 8 47 P2 R T 7.77 £1.26 7.91+1.70
(Z)-3-Hexenyl benzoate
17 B-FI4 245 B-Bisabolol 3.56 +1.98 3.01 £1.28

TN1-TNI : # & EUME Ay 5475 S 10 TNT ARG AR & 0 A0 BRAK) TNT A RR (X} BZH) TN1 plants exposed to volatiles
emitted from TN1 plants infected by female adults of N. lugens as the control group; IR64-TN1; # K& HEiH S
TRO64 AH KR I% & WAL BRAY TNT A AR (A FEZH ) TNI plants exposed to the volatiles emitted from IR64 plants infected by
female adults of N. lugens as the treatment group. W& ¥5FRmibS W HIERSCIE IR ; 2P BUEL 418 « brifi

1% 5 B  Ab TR BR 20 1] 4k 5 40 RO AR X 5

AREZEF(P<0.05, Student [X ¢ K5 ) , The peak number

indicates the order of the peak time of the compound. Data in the table are mean + SE. Single asterisk indicates significant

difference in the relative content of compound between the treatment and control groups (P <0.05, Student’s ¢-test) .

VEAH B 35 AR T 4 O mU 0 P R B i (O IO 5 55,
2012; Li et al., 2018) , H TR AT 58 1 i % 45 5 2
St ST HL B A S 07 B4R X A G R B A L B
SRR S IR . ASFSY A B, fEHE TN M AR 4
1B RACH E B IPIE TIR64 15 K YA | 05k
RO " T I ™ B (A 3) R R 43w (A
4: A) EARFE W BREAL S AT AT R (18 4 B,
C) o BRI, Hrth K RE 4 2 38 o 5 i 08 30 S it
A T R R R B T ARG KLY
FRFFECER

AT R4 CECH F A S0 IR64 # & Y)4ab
FTNT J FA T %o 4 W U i H (4 5 A i v
568 Xof LR EAOR V2B N (R B 1 E T (81 5) o Rl &
UL TNT 264 K F 175 5 (1) TR64 8% 1 db 3
Je , FE R AL oy AR 2- B B AR X i B

T KECH FiH T TNL 5 YA PR (22 1Downiokded frobilbHpERY

AW 7K 38 e 1) 2- B IR i et T & #E BK
A R 7 | R w28 N B Y U E T BE (Lu et all.,
2014; Liao et al., 2022) . Pk, ASBHF 53 2 B0 A fik Bl
TN1 248 KECH FE 175 5 19 TR64 48 K& Wy kb # 5 R AR
X RIS EAE T, T8 s B 5 151
Al RE S Z A0 FE TN BECE 210 2-BRlA G (R 1) .

AHFFE K B KB F R U KRR & ks
SR T SR i o 48 K LAY B AR B, R
e WK E BT KRG R i — ki 2 g
EYER T R IEEZAEH . M HIPVs (1) ¢4
453 BT BHLIHR H F b2 AR A 2m S i A5 A
Mo BT AR 2- PR 5 e A0 BRI G HR A TN F
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