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The effectiveness of using high-dose, multi-tar get sex pheromone
dispensersto control Chilo suppressalis, Cnaphalocrocis medinalis
and Sesamia inferensin paddy fields

LI Yan-Fang'™ HU Ping-Ping' ZHU Xiu-Xiu®> LIN Yu-Feng® WU Shao-Long’
LIU Tian-Bo® ZHANG Zheng-Bing® DU Yong-Jun*"™"
(1. Hunan Province Youxian Plant Protection and Quarantine Station, Youxian 412300, China;
2. Hunan Province Plant Protection and Quarantine Station, Changsha 410006, China;
3. Hunan Tobacco Research Institute, Changsha 410004, China;
4. Zhejiang University Institute of Pesticide and Environmental Toxicology, Hangzhou 310058, China)

Abstract [Aim] To investigate the effectiveness of using pheromones to disrupt the mating of the striped rice stem borer,
Chilo suppressalis, the rice leaf-roller, Cnaphalocrocis medinalis, the pink stem borer, Sesamia inferens, as well as a

non-targeted pest, the brown planthopper, Nilaparavata lugens. [Methods] High-dose, multi-target sex pheromone
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dispensers and pheromone traps were deployed in paddy fields and the number of adult moths of the above species captured,
the amount of crop damage, the larval density of pests, and the abundance of brown planthoppers, were monitored. [Results]
Pheromone dispensers effectively disrupted the mating behavior of Ch. suppressalis, Cn. medinalis and S. inferens, and
significantly reduced the number of adults of these species captured. The average, total, disruption rates for Ch. suppressalis,
Cn. medinalis and S. inferens moths were, 86.84% +1.69%, 86.18% +2.16%, and 86.13% +1.92%, respectively. The average
abundance of Ch. suppressalis adults and larvae in the treatment area were 81.08% = 4.73% and 85.25% =+ 4.89%, respectively,
less than in the control area. The average abundance of adult Cn. medinalis was 90.63% =+ 3.06% less than in the control area,
whereas the average abundance of S. inferens adults and larvae in the treatment area were 56.85% + 3.53% and 54.97% +
3.52%, respectively, less abundant than in the control area. The abundance of N. lugens in the treatment area was significantly
lower than in the control, with an average reduction of 83.54% =+ 2.29%(t=4.12, df=18, P<0.001).[Conclusion]
Multi-targeted sex pheromone dispensers effectively controlled rice yellow stem borers, rice pink stem borers and rice leaf
rollers, by disrupting their mating behavior, and may also indirectly suppress the population of rice planthoppers by protecting
populations of their natural enemies in the field.

Key words Chilo suppressalis; Cnaphalocrocis medinalis;, Sesamia inferens; Nilaparavata lugens; sex pheromone; mating
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Fig. 1 Effect of synthetic sex pheromone mating
disruption on the moth catches and their

disrupted rates

A. —AkIR Ch. suppressalis; B. FEZ\%:H IR
Cn. medinalis; C. K#& S inferens.

XFRR G ORTRCE A TR o B R A R
R, FEIE. # RS ERM LN 25 57 W2 (P<0.05,
Student [G t £245), &2, &3 [,

Control: No mating disruption dispenser. Data in the figure
are meantSE. The same for the following figures. The asterisk

represents significant difference between two groups
(P<0.05, Student’s t-test). The same for Fig. 2 and Fig. 3.
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T TP X B (1.0+0.7 ) % (t=2.80, df=8,
P=0.023), 8 H 16 HXfHI&X —fLlEF- i
J(6.4+1.9) 3k, ZETHEX (1.8£1.0) 3k, W
HE LW EER (t=1.93, d=8, P=0.102), 8
H 23 HXHRIX AL P-4 o (5.8£0.7)

3k, BEETARE XA (1.4+1.3 )3k (1=2.73,
df=8, P=0.032). 8 A 30 H X} IR X —fLIE P11k
N (3.840.9) 3k, BES TR TRXE
(0.6+0.4) 3k (t=2.92, df=8, P=0.019), 9 H
20 H X HRIX AR 4 o ( 20.243.7 ) 3k,
I E TR THRIX AT (2.0+0.8) 3k (t=4.33,

df=8, P=0.003 ), 10 H 4 H % IRIX — ALl 2%
WiEHh (9.8+2.0) Kk, BEFEETLATILXA
(0.840.5) 3 (t=3.85, df=8, P=0.005), 10 H
11 H.,10H 18 HAI 10 A 26 H, LR THLX &
7k I L AN o N Y B B B 1 B S
86.84%+1.69%.

FE A FC 0 DX AR B DX 8 2 A 4 i
MG 2 (K 1. B), 8 A 16 HETAKRIFEM
FIREH LM, 8 H 16 H %I X ARG i -
WEME R (3.0+1.0) &, SR T XA &R
(0.6+£0.5) 3k, P L EZER (1=1.86, df=8,
P=0.100 ). 8 A 23 H XX AN I Hi5
fiEA (12.0£1.0) %k, BES TR THXM
(2.6+0.7) 3k (t=6.71, df=8, P<0.001), 8 H
30 HXF MR IXFIHAG R i i o (22.4+
6.8) 3k, L TFIXFEMEN (3.0:08) %k
(t=2.53, df=8, P=0.063 ), 9 H 6 H X} HRIXAEH\
BHE SRRy (9.8+1.7) 3k, BEETA
B T IX 19 1.0£0.4 )3k( t=4.43, df=8, P=0.009 ).
9 H 20 HXJ R IX FE A - 2 754 5 R ( 6.4+
1.5) 3k, BERTLRETHXM (0.8+0.3) %
(t=3.35, df=8, P=0.010). 10 4 H X} X F
YIS R (2.020.8 ) 3k, AZHECTHE
Xifska o (0.2+0.2) 3k, WEZEILEEHER
(t=3.35, df=8, P=0.010), 10 A 11 H X} & X AH
PNE RS A (5.8+1.1) 3k, BERT
ZETHX M (0.6+0.4) 3k (t=3.99, df=8,
P=0.011), 10 f 18 H Xt I8 X R L I 215
sl (2.8+1.1) %k, KR TIIXFHH &N

(0.2+0.2) %k, WiEZR LR EER (t=2.06,
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fimh (2.8+13) K, KMTIMXFEHEN
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df=8, P=0.217 ). £ 115 KR 528 1] 5
86.13%+1.92%,

22 ZEFRIAENEERML RFHEHR T

TEACTE AP0 DX HE DX A FH () — f 38 Y
HRFEAfEERLZI (R 1), i IEG
TR, BEE AR A B R, Hrp
8 H 23 H (t=2.31, df=8, P=0.049). 9 A 6 H
(t=4.27, df=8, P=0.003), 10 H 5 H (t=5.16,
df=8, P<0.001) 110 H 18 H (t=6.44, df=8,
P<0.001 ) I8 X A% F A8 0 2 5 TR T IX .
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XTHRIX A4 B #E 8 H 23 H (t=2.81,
df=8,P=0.020).9 H 6 H(t=3.48,df=8,P=0.008 ).
10 H 5 H (t=5.27, df=8, P<0.001) #1 10 H 18
H (t=7.21, df=8, P<0.001) ¥ @& & T2m T
Pl o ZALME R I30Ch 81.08%+4.73%, HH
Xt X 41 HUaR 2RA 85.25%+4.89%

FESEIE T DX AR B DX A FH (3] F 9046 1
WML (£2), 7H31H, ZRETHHKX
BB 2 g 2w TR X (t= - 4.26, df=8,
P=0.003 ); Z J& A B 7 X BB DX () 5 R 2y v
ZRFHEX, Hi 8 H 30 H (t=2.44, df=18,
P=0.025). 9 A 6 H (t=2.73, df=18, P=0.014 ),
9 A 18 H (t=2.97, df=18, P=0.009) F110 A 5
H (t=5.29, df=18, P<0.001) XJMRIX &% G

FEETEBEX. 9 A 18 H, XMIRXFEHNE
R 4y e 2 R TS TR IX (t=2.67,
df=18, P=0.025), FIY\LrtUE H [E] i 1F O
AL TP XI5 90.63%+3.06% , AHXT
X HR [X 4 BB % 100.00%+0.00% o PRI 4R
JERGHPE I R A5, HAR Rt fh2rqe 24,
I EHCEEH K

XoF RS FH [E] e A 2 B (& 2: A-C), 10 H 5
H X R X KR 5 R 1.23%+0.23%, W& 5T
ZHCTHEIX A 0.47%+0.12% (t=2.89, df=18,
P=0.008 ). 10 A 18 H XJ X K {3 &K K
1.31%+0.22%, & m TR TIRIXA 0.63%+
0.11% (t=2.70, df=18, P=0.012), 10 H 5 HX}
WA X Rl 2l i858 (0.08+0.02) Sk/A kR,

X1 AREEEELE T ZHAIERLEERFMA B4 RN
Tablel Effectsof synthetic sex pheromone mating disruption on the damaged rate
by rice purple stem borersand larval density of Chilo suppressalis

PR (HA-H)

Sampling date Sampling

ha A RR AL EHfeER (%) SRR R (k) Bisk (%) IR R (%)

Mean number Control Decrease rate of

0,
(month-day) Treatments plants Mean damaged (%) of larvae (ind.) efficacy (%) larvae (%)

7-31 Xf ## Control 500 0.2+0.0 0.3+0.2
T4 500 0.0+0.0 0.0+0.0 100.00 100.00
Mating disruption

8-16 X} B Control 500 1.1£0.1 1.2+0.6
T4 500 0.3+0.0 0.1+0.0 73.17 92.48
Mating disruption

8-23 X} B Control 500 1.3+0.4* 1.7+0.3*
T4 500 0.5+0.1 0.5+0.2 60.00 68.39
Mating disruption

8-30 X} H8 Control 500 1.1+0.4 1.1+0.3
T4 500 2.740.1 0.3+0.2 74.49 70.41
Mating disruption

9-6 XJ i Control 500 2.1£0.3% 0.3+0.0*
T4 500 0.4+0.3 0.1+0.0 79.83 72.73
Mating disruption

10-5 X} H& Control 500 4.8+0.9% 7.5+1.4%
T4 500 0.3+0.1 0.2+0.1 93.54 97.19
Mating disruption

10-18 X} H8 Control 500 5.3£0.7* 4.3+£0.6*
AT 500 0.7+0.1 0.2+0.1 86.54 95.17

Mating disruption

X ORI TR . S UER P 22 5 B2 (P<0.05, Student [Tt A54% ), T,

Control: No mating disruption dispenser. The asterisk represents significant difference between two groups (P<0.05,

Student’s t-test). The same below.
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Table2 Effects of synthetic sex pheromone mating disruption on the damaged rate
by riceleaferollersand larval density of Cnaphalocrocis medinalis

Pk CFAEER (% PR L) Bisk (%) 2 BEEE R (%)

HAHY (H-H)

; JOBL] .
Sampling date Treatments Sampling Mean damaged Mean Number of ~ Control ~ Decrease rate of
(month-day) plants (%) larvae (ind.)  efficacy (%)  larvae (%)

7-31 Xf 4 Control 20 0.1£0.1* 0.6+0.4
A2 Re T 20 1.6+0.3 5.1+£3.3 / /
Mating disruption

8-16 X} & Control 20 1.0+0.7 0.0+0.0
AT 20 0.0+0.0 0.0+0.0 100.00 /
Mating disruption

8-23 X} & Control 20 0.0+0.0 0.0+0.0
A2 et 20 0.0+0.0 0.0+0.0 / /
Mating disruption

8-30 Xf H# Control 20 5.842.1% 0.4+0.2
AT 20 0.6+0.6 0.0+0.0 90.48 100.00
Mating disruption

9-6 Xf H# Control 20 6.8+2.1% 0.4+0.2
AL T3 20 0.7+0.7 0.0+0.0 90.00 100.00
Mating disruption

9-18 Xif B Control 20 7.3+1.9% 0.7+0.3*
AT 20 1.4+0.8 0.0+0.0 81.25 100.00
Mating disruption

10-5 Xif B Control 20 8.9+1.1* 0.2+0.1
e 20 1.6+0.8 0.0+0.0 82.05 100.00
Mating disruption

10-18 Xt & Control 20 2.7%1.3 0.0+0.0
A2 He T 20 0.0+0.0 0.0+0.0 100.00 /

Mating disruption

g 2.0 A B X & Control 0.16 B B %}/ Control
0O T4 Mating disruption ~ 8 1T b R :
2 g p ® & O AZHg T4 Mating disruption
g 16 ; w012t H
£ 12t T8
z =TS0
So08t BES
- I I % 5 E 0.04 [ |
ﬁ 04} I g@ el | I
@ 1 J -K Z 0 1 ]
10.5 10.18 10.5 10.18
H# ( H.H ) Date (month.day) H# ( H.H ) Date (month.day)

B2 EHEEEREXETMMNKRIEREE (A) REHHRAD (B) B9%M
Fig. 2 Effects of synthetic sex pheromone mating disruption on the damaged rate (A) by rice pink
stem borersand larval density (B) of Sesamia inferens

EE TR TIIXA (0.04£0.01 ) k/HkE KIEg R (0.10£0.02) SL/E Rk, BEES
(t=1.73, df=18, P=0.046). 10 H 18 H XX TR T4 XA (0.04+£0.02 ) /AR (t=2.08,
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df=18, P=0.047 ). RIE[FFEIIBERCH 56.85%+
3.53%, AR E R 54.97%+3.52%.

23 FETRIMEIE CEAFMBFHRI

X AE CEL I [a] A &2 80 (& 3), 10 H 22 H
STHRIX ARG CEECR A (5.3£1.8) Sk/A, BEH
TASHTHEIX 1 (0.7+0.5 ) 3k/A (t=2.50, df=18,
P=0.022 ), 10 A 26 HXJ XA CESE A
(6.6x1.1) K/, BEEHFLETIHLXM
(1.2+0.6 ) 3k/M (t=4.12, df=18, P<0.001 ).
22 P DX AH X X B8 XA & LB S 208 2
83.54%+2.29%,

@ XfH Control
O 3BTt Mating disruption

: X
X I

|

fEkEEE (/)

Number of N. lugens (ind./clump)
S = N W A L &Y O 0 O

Sl K8

10.22 10.26
H# ( A.H ) Date (month.day)

B3 ZEFHEMIBXRETCE
Nilaparvata lugens Fh&f Lk %
Fig. 3 Comparison on the population of rice
planthopper Nilaparvata lugens between mating
disruption and control

24 FTERFRMN ZWIEMKIES RN

Ll 358 A B R R 4y HRUCAE 52 T T R DX R
WX oA, 55K 4 (A-F) FiR, 10 A
5 H, X HRIX H [a] ALY fa R A 3 A X
WA fEAE B E 25 (F=8.89, df=9, P=0.005 ),
SNEFEEREE, A 1.77%%1.55%, T2 N
3.91%+0.55%, WIZEAL, H 2.10%+0.52%. K
W FER LN E 2R (F=349, d=9,
P=0.067 ). 7£ 3 X3, AL )4 R AT
EREES (F=20.17, df =9, P<0.001), 4}
Eah R, N (2.65+0.32) Sk/Etk,
ER (1.12+0.17) k/EH, NEN (0.56+0.19 )
SL/ERR . RIER) Lo JoE 7 B3 (F=1.42,

df=9, P=0.283 ), TEMEE BRI LXK, HIH
EAN . N )Z 3 AR, kiR (F=0.935,
df=9, P=0.422 ) FI K #H ( F=0.891, df=9, P=0.438 )
e ERTREES, H LI (F=0.112, df=9,
P=0.895 ) FIKIE (F=0.816, df=9, P=0.467) I
G HRBE T ER B

10 A 18 H, B X Akl 7] 5 3 R A5 3
MR HEAEREZS (F=879, d=9,
P=0.005), #MEfaFFEEE, H 7.59%+0.83%,
FZEN 5.18%+0.76%, WIZHAML, N 2.61%
0.86%. RIETE 3 MNP HAEFERTREER
(F=3.49, df=9, P=0.067 ). 7& 3 MXHEH, —
ARIR 1y 2 BB R A7 i 35 25 5 (F=22.17, df=9,
P<0.001), 4M24hd g, A (1.26£0.07)
SL/ARE, TER (0.90+0.12) L/EkE, HEN
(0.35+0.10 ) /A tk. RIEA%)dfE K2R
B3 (F=1.42, df=9, P=0.291), 7EACHETHEIX
Hh R AR B A5 3 28R 3 A X AR
%5 (F=9.101, df=9, P=0.005), 4M2faEX
e, M 1.23%+0.18%, H1ZH 0.41%+0.15%,
WIZHN 0.45%+0.09% ., KIETE 3 X A fa
RIREES (F=0.457, dfi=9, P=0.645), 7F 3
ANX A, Ak (F=0.112, df=9, P=0.895)
IR (F=0.144, df=9, P=0.867) f4hdikie
TREES.

HHEIEOT , A4 B KRS e i) 43
MANEAL, hiEE (RIS, 2015 ), @il
5 R E AT AR A U (R AR AT, (I
Ja g HL i o A SN s) . B, Mo 25 5
Al LLA HAg e T A ot o

3 itig

ASCHFFEE R R, KRR I AR, Bl R
5o e 7R R 5 R AR B R R e T AR R
SR IR A I ECHE | B PR ORI RIS, B
BE ISR R, AR R /), 4y He L
BEAER, AT/ 1 3 RO K R AR B 3, B
RIREEE L AL AGZERE . HUOTRR A R
VAR A MR D o o — [MHERTPEROR 2
SRR 9 R R
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P 190 A ZECTFHLIX Mating disruption . 2 32rB  XECTHIX Mating disruption
< L
58 = 4pZ Outer ® § 28 m 7MZ Outer
$ 9 O 12 Middle oy 241 O #1)2 Middle
E6 O N JZ Inner K & 207 0O NJZ Inner
A5 ~ s 1.6
~ 4 Eﬂm E 1.2 [
X3 B = 0.8+
5 L
ﬁ(l) Sy S SN [ ﬁ'g ol 2 a .2 A a a
& ZARME Ch. suppressaliss KIE S, inferens Z —AbIE Ch. suppressahss KUK S. inferens
% d1F1J& The species of pest 2 f1#1J& The species of pest
S :
&:'10 rC a MHRIX Control g 4122 Outer . = 32 XHRIX Control g 4122 Outer
8 9r O )2 Middle tgzs O #1J2 Middle
g ,? O )2 Inner i '0:5 241} O N JZ Inner
E6f & & 207
a5t b ~ 2 16t
~ 4t b EERE)
3 a ﬁ?as
¥ i N m . s
'Ed'lﬂ 0 L g 0 * =
¥ —AVIE Ch. suppressaliss KIUE S. inferens Z  ZALE Ch. suppressalzss KUE S. inferens
% i F#2& The species of pest 2 i Fh2& The species of pest
g 9 g A HE 45X Mating disruption E 167 g A2t T4 X, Mating disruption
£ 8¢ @ SN2 Outer ~& @ 412 Outer
57t 0 12 Middle ﬁglz 0 #/2 Middle
g‘s— O )2 Inner “R 2 O W JZ Inner
5t 7
Al — 8 08
33 5
iz- . & ., 25 04
1| b b -’—I—H—l—‘ ]38 a a
& — i . suppressaliss KU S. inferens Z  _ALYE Ch. suppressaliss KUE S. inferens
% 1 #h3E The species of pest % 1 #13 The species of pest
e o R X g #IX. Control
S . XTHRIX Control B 4ME Outer E L6 Xt B [X. Contro & 5M2 Outer
&; 3 O HJ2 Middle ~ g“ O HJZ Middle
57 0O W2 Inner £ 121 O )2 Inner
&n H]I [ .
i i3
5 Q
(e 4 ~ E 0.8+
<3 “5;2 -
<2 ab H Qé 0.4r
¥ 1 Bl 8
I 0 M ® _§ 0 - 1—1—1 i
Ak Ch suppressaltss KUE S. inferens Z.  _ALHE Ch. suppressaliss KIUE S. inferens
ZE i Fh2& The species of pest 2 i fh2& The species of pest
B4 ZERFHEI ZHEEFIARERE SRR R0

Fig. 4 Effectsof synthetic sex pheromone mating disruption on distribution of purpleand pink stem borersin the paddy fields

A-D. 10 J 5 Hil#; E-H. 10 A 18 HiH# . A-D. Surveyed on October 5; E-H. Surveyed on October 18.
FEEARF/NG FEFR AR X B2 M 22 7 % (P<0.05, Duncan [CEH WL ).

Data in the figure are mean+SE. Different small letters above bars indicate significant difference among
different investigation area (P<0.05, Duncan’s multiple range test).

ERE [ 8 2K 170 258 i 22 WA T ol L 12 39 ] ol

7 H ] v 35 RS B R A T 3R 858

T, PG SR G YRS HEOR AT O A A 2R

g ( F RIS,

2024 ), ACEEREH, MHEER
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FEA A AR | RIE RN G R o
P[] 58 P[] e PRI AS T 5 o 4 38 S , B
T H A, R J3 M i i o e 2 B A5 A2 T
BT, H RSB ] E S, 5 S0 R O A
By HIBIERT, HE AN AR R A% (Jiao
et al., 2006; Kawazu et al., 2014; i3 %,
2022¢ ). ACHE TR S5 HE J5 AR HE Z [F YOG RAEVF 22
A2 TiESE ( Stelinski and Gut, 2009 ).
B A SR AR RN 28 LA T Ok 38 8 BB AT — o IR T
A (FRATHREE, 2022b ), —ALIE A AR TS
W H KA AR BRI 2Z S5 Y 2-10 h Z Ja], RE N iR
PR AR R AR /=R (Wuetal, 2013 ), 454
TXSEE R RA T, RFES BB F ER
P ASHC TR as . RAEH BRI B A 3l
IR AR B R, mEAERM I BRI, A EF
X P b TP A | R MR A A I I A e YT A
N7 ) B P A7 B 2R P I A7 R SN, T A /D M
SRR E] 50%, KlREW/D> TG
TR R AR B, S S R R XSS
BT Rs2 ], AEXT A dd — | R Fnl 4%
( McGhee et al., 2016 ), S#ahRIR I ARAH L,
XA SR L R R R R AR R O,
W55 90%%5 Ki ) AR KA 300 nm, ¥ HIMELS,
PG, B AT B A 5~ /hm?,
A B T/b . Jami 5§ (2020, 2022 ) BF5E
F B RVBE AR WU PR (R B R A WP <
JBE, R REABAE ) T W R e B — B Ta] DA
BUR BN SRR o IXFE, ZE ] LI R25
W, WG B R MR, BT Z LR,
1 HATHGE e 3CH, KRS F s FL TPk &=
BN TR0 AR A B 4a, HOR ] 2 S B
B EBES R e a5 /> (Vacas et al, 2016 ), F
BRSNS B R B ( Cork et al., 1996;
Chen et al., 2014 ),

FEAYPAG IR M L, ATLAZIRACHL,
TEIT Rk R, BB . Bk R BE7E 2 AT R
FHREIREPE LR (Kawazu et al., 2014 ),
T2 VR P G2 02 R I R A 2
I, ACTC TP AR A R 428 i) 5 HAT RS
%O A G ( FBRT #E A, 2022a ), LR
Scirpophaga incertulas 1447 B 2 1Y 322 a4t &

Z11-16: Ald F11 Z9-16: Ald( Cork et al., 1996; Cork
and Basu, 1996 ), Z11-16: Ald 1 Z11-16: Ac &
ZR)7 K L Mythimna separata B V(5 B 2 45>
(Zhu et al., 1987; Kou et al., 1992; Chen et al.,
2018 ), AJLATIILIX —TE A Py = ALIE R J5 Kl
H P SRAR AN 2 A R0 o R S BRI AR W]
HRAE 2 4h 5 kA, BT b A S B RIS
Yy, SEEN AR E HUR B
AW T ) 28 BE T4 T 9 0T LA R B 4 K
et H 3 A, Ja R s B R R 1Y
WERE, IS 80 1A . B eI /D 7K A
o U E Ty IS A RO . il X R
VS I AR o I T 25 IR 2 Fh R, TnHE |
HAR L R FIRUTEE, 3ok S PR 252 R i R TS 1Y) 2
BTN T fR s R] o BEAh, AT BT A it
A7 S FNIE Y B e g o 38 H 2R W) AR AR 3
JC, M7 176, 667 m* T8 40 #ak 6145, 667 m’
AR IEE] 160 JC. HAT 1 B E3hR A shmt SR
FRTEEL 300 UG, 667 m’ JMATE 60-100 JG. 5
SRk RO AAN L, TSR 667 m®
) — UM BUASFEXT ARG R R G T DL R
i 3 4, W4 667 m? AT K, gkt
DEACRE 45 D4 oy RS ANl ] 5, (W]
PEACSE T I AR I, el P4 B R A
B, KK 667 m® EERUA
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