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Sublethal effects of pymetrozine on the offspring of
Cyrtorhinus lividipennis (Hemiptera: Miridae)

ZHANG Yuan-Yuan ZHANG Ao-Xue XU Gang LIU Fang*** YANG Guo-Qing***

(College of Plant Protection, Yangzhou University, Yangzhou 225009, China)

Abstract [Objectives] To determine the effects of sublethal concentrations of pymetrozine, which is widely used to control
planthoppers in rice fields, on the offspring of Cyrtorhinus lividipennis, a natural enemy of brown planthopper (Nilaparvata
lugens Stal, BPH). [Methods] The filter membrane method was used to treat C. /ividipennis nymphs with a sublethal dose
LC,y of pymetrozine. The tendency of nymphs to orientate towards rice plants infested with N. lugens eggs, their predation rate,
fertility, longevity, and the relative expression of V, (vitellogenin) in offspring treated with sublethal concentrations of
pymetrozine, were measured. [Results] The selectivity of C. lividipennis for rice plants damaged by N. lugens vs healthy rice
plants, adult longevity, fecundity and the relative expression of V,in offspring, were not significantly affected by exposure to
sublethal concentrations of pymetrozine. When the density of N. /ugens was high, the predatory capacity of the offspring of the
Q pymetrozineX O pymetrozine treatment group significantly increased to 20.4 % and 28.9 % higher than that of the Q contro*3 pymetrozine
treatment and control (9 conroX3 control) groups, respectively. [Conclusion] Exposure to a sublethal dose of pymetrozine has
no adverse effect of on reproduction and longevity of the offspring of C. lividipennis. In fact, a sublethal concentration of
pymetrozine actually increased the capacity of offspring to prey on N. lugens. These results lay benefit the development of
sustainable, integrated, control strategies for N. lugens incorporating both chemical and biological control in rice fields.
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RN R E AR A 7 BORE, R T BiR
Ak FE R EETB AR, RAFIRY) Tz
SECT F BB PER & RN AR, (A 3 B
X KB BB (Preetha et al., 2010; Wu
etal., 2021 ), RGN T M S, BEE
RS S Rz Ak 24 1 22 5, TP T 3
B AR HGRIRE TR, E2ARWIEEEKF, 3
FON PRI 1 A= 7 A S SRR, P AL HE I
BAT IR BFE S R AR K R B B
M4 ( Wang et al., 2008; Zhang et al., 2021 ).,
XSO B AR N AN X H, AR
K B, BB EWEE R B S, 2=
N W% Schizaphis graminum 5 HAH &KL Z H
S Hippodamia variegata (7= Yl & AR,
FHWA R B IWEER (Aeinehchi et al., 2021 ),
WAL, EEIEHR B A a7 A A AT 5 | KR
T 6 f AR S 55 i 4 S5 S R 2 ( Natasa
et al., 2017; Sheng et al., 2022), #Riij, —L&
MV AL ) 1 Y A HOR) AT DU R R R A
TR B8, 514 BR s 00 . 4l 2 s KD
Fi 4 % ( Chen et al., 2012; Xiao et al., 2016;
Rk, 2017 ),

KA FEEENREEYZ—, 7L
YR R ZAE R 2R, SR, KIrRE
TR fef 7K e AN W7 32 3 2% A AR W Fn AR 2R 3
JEUH, JEHR KRS T B E ( Chen et al., 2022 ),
FE REUER R AETE KRS B EZE R, Hrf,
¥y KE\ Nilaparvata lugens =38 E FERF X 3E
oA E A R, W R AR KA
T R, AR PT  AE  E e i K R [
B, EERATHIE (Huetal., 2004;
Wu et al, 2021 )., RIS HY Cyrtorhinus
lividipennis J& T30 H G, S FNE A
Fe X A R BB, FEIRER L
B\ G S R A R SR B B2 HL( Lou
and Cheng, 2003; Zhuetal., 2020), HHEFH
GIARTT A B A AR AN, SRR SRR R TR
FEA R HORPGH KA, e KA F R
AR B F CHEVE ] (Preetha et al., 2010;
Zhang et al., 2015), JTAER, BRI E 4%

I 1B AR I . FSEERT, —
SENY BOPE IR 1 A BN AT S BUR R S H ISR
B EAFEN ( £ 4%, 2012; Zhang et al.,
2015 ), BRI, ANIR R TS X R E 4 i
7 A G U AR A B A AT R O A ERONE , AR L
SIS EE | SRR T M .
B BTAERE R FEDBR R SF (RS, 20175 Lu
etal., 2017; Dai et al., 2019), Aif, HAEIK
ZHONAT TR 20 1 A R0 BRS¢ i TR
ORI €] 7% A

NI R ( Pymetrozine ) /F i —FRnt e FH P i
FEARGR, BT TP A KRG H o
( Harrewijn and Kayser, 1997; Joseph et al.,
2010 ). ARFEMFFERMT, ML AR XS 2R KB
MO 4, AAEBT/RIE B Aphidius ervi, 0%
Chrysoperla externa . 72§ %5 % Podisus nigrispinus
KO Tenuisvalvae notata % (Jansen et al.,
2011; Barbosaetal , 2018; Barrosetal., 2018;
Machado et al., 2019 ), ZRIBFTREIR, WEL
B M 0 ) b SRR 68 ) R R
BIR S E MRS, IF HA A B
FEAEANFIFEN ( Zhang et al., 2015; Bk,
2017 ), 33X WMV AL e J3E M AoF AN S A 36 R
JR & E W R I R EIVE R, BomiA AT A
BB N, RS FEA R, A
FHARIE . PG, AT 0030 3 ) 5 37 B vk B ik
ST TR Ak PR 2% 5 0 i HG AN 7R AR PR R £
13209 e R R AR PR A2 A, PRI
UgF I o) R A a5 AR L EBE RN, S AL
PRG5BS A SR Y L X
KRR H R PR A R L

1 #R5HFE

L1 R RS REY

HEIR R L R EI 4G R B M AR X
(RZ 119°, Jb4i 32°), JEhALKEELL
IR TFokREMAN LA 118 b WIFREE N
(27£1) °C, MXHREE R 70%+5%, S L -
D=16 : 8. MJH L H WGBSR [ b E KA
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FEHT, FELERELE IR IR 5 4 R EU KR SR T A
118 I (Zhang et al., 2015 ),

B2y . MLIFER (98% ) BRZGI T IT95 5%
AR AR A BRAN 7], SEERET L NON-—H 3L
WE RV R B A o AR PRS2 5, SRR
U0 7 ML A A R B E SR S 3 A
F /7, PEFHMLEFE] LCy=179.45 mg a.i/L (Flikh
M, 2017) ENAIRIG AL B &,

1.2 TE%EREMFR REREENLE

6K H 25 5 ( Wang et al., 2008 ), fdiH
SV B AR B b R A PR R SR i 3 A R, DU
7R NN R R e £ D o i B 1 mL 2K
Y. JEE ML A F S o 22 8T 48 (20 mm<95 mm ),
R AR T IS , B AR SR H I 3 i
L B 3h ., PREATEIROL R4 BY R JE 4%
HIEMAmEFE R 5, fr PR3 4 41580
HA: (1) RAFEMER 5 ARG IHER (D contror®
Scontor )5 (2) 2450 A FHME HURIAR AL BRAEHL (@
Pymetrozine G Control )3 (3 ) AAbFHME HL 5 24557 &b 7
HEH (D contror* S pymetrozine )3 (4 ) 24771 Ab FHLHE i 71
257 L PR L (@ pymetrozine C pymetrozine )3 X HEZH
A AL S B 5 AR AL FRAE HL (D controlX B control )
Fs 4 gL A = A ) F AR R 2 1k

1.3 EHIEREMFTNBEREEEFRITK
EERIERIT AN

1100 SLAE R EUMERL H B AR A R AR K
) A 118 AKAE T B SRR, & TIRFRIEE N
(27+1) °C, HAXHEE RH N 70%+5%, JJEM
L : D=16 : 8 M N TAMEAE= 7%, 48 h 5k
Brid G, R CEER RN . XTRRAL AR
P A CE K RETT . (R Y RIRRSEAY
D PR S B AT 2 PRI IR R L H kY
PR TR 0 AR, IS “Y” AU
BAUARE, M ERSSECH AT AR Fy AR E Sk
B 5 I A& R 20 Sk B TR o a] Y E T
RO (1 emx] ecm) PHHK, HHEEE S
Wo R 3 h WEEILE A ] X ekt A gt
SET SRR R N 1 em YR 3R
LISTRP S Wra a7 W E TSR SN0 X

CHEHER T 1 em ) A3H 018 XA
— B RO A

14 THERERFEYNEEFEEFRER
{:op A

R KRBT YRR ( EAE 7.6 cm, &
7.6 cm ) AT RS A PR AR F AR S Sf
HIEHEENE, DL 12 BRI RECE o s
Y, WERENE 5. 10, 20, 30, 40 il 50
Lo BHBA 1 SKZ 24 h YURAL IR ) Pk
JE LR E E MR, AbHE BT 13 FrR AR
TGRSR, 24 h G BIESEE Y, G
i CEV A B 5 (B B e REs R
HARERHING ). TR —NEE, A HEE
210K,

SRyl R W EAE R I A B A B AN [R] AS T
HEHM F ARG E e REE B
BIIRER, M T AR R VAL 7 # 5 E kSt
(3 B B AT . Holling 11 BUTh Ak S iy 45 764
4 N,s=aNT,/(1+ a T;N) (Holling, 1959), =
N, ARG (), o MBRNIGhER, N
WSk ), T, i AR B ] (ARSEE A 1d),
Ty MALEFEYIRTE (d ).

15 WHIEREMFRYREFEETREE
F1F0 B, B 5 i B R 0

B B3RS RCAL A1 Fy ARPRE R SRR
ZRE IR R AT RO CHEMELES 12 1), 23
SR T RIS, BEARCE 548 REG=H0 2 d
KA o S INE BRI, fERERUE 3d N,
TR oK . HREE 3 d e —UOKRE
B2 IR v AR Se0R B 10 d SR ST AL,
IFAE S T gt FK R v SE Tt AR Y B KL,
TR [N, 4 HiCR R a5 S AE
EIEOL, HEMRBARILT . 4 FIZEHAS F
PR SZ BEXT, BEEEE 20 K.

1.6 THIEREMLFRNREREETR V,H
X RE BRI

1.6.1 X RNA HJIRELFD cDNA WIEE FIH
TRIzol i3] (Invitrogen, USA ) $2HL R3Sl 4H
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AR FOARRIPME 1 d ABERR L RNA,
BRI 22 08 Zha 55 (2020) (350 575 .
{8 F§ NanoDrop 2000 ( Thermo Fisher, USA ) il &
RNA WAL S, & T - 70 CIRAF, &I
TaKaRa PrimeScriptTM RT reagent Kit with gDNA
Eraser ( Perfect Real Time ) UiPH-H#E47 50 i% 5%,
A cDNA, JFET - 20 CHAFE, HTFIRLER
qRT-PCR il .

1.62 gRT-PCR fiiffi SYBR® Premix Ex Taq™II
R UEIAF AT qQRT-PCR A, 26 5E HE 5|
PP AL 1, SR CFX-96 SERF 9 e it
PCR R4, HMWHRNERLRFSM Zhu 5
(2020) HIKETT % HAALBIESE 3 Kk, ]
2 *C958 (Livak and Schmittgen, 2001 ) 4347
SEYEER DL f-actin HNZSIEH (Zhu et al.,
2020 ),

x1 EWMRETASI®
Table 1 Primers used in this study

519 Primers 51#)F%1 (5'-3') Primer sequence (5'-3")

1.7 RS

RIGEHRG ] DPS B f 77 225007 . 1l
BYIRER N T RS2 % R 5 (2004 ) 47
58, AR LR HET RIS (BRI RS,
2022 ) o AKFEAH R EBEAT N 154 H] Student’s
R T R, RIS H G R . R
FEONETI . BLMESC O A BEARER . A A
Ve AHXF 3R 3K 2 38 R B IR R B Oy 25 00 A
( ANOVA ), Duncan’s #1712 & b, M
GraphPad Prsim 7.0 44l /& .

2 HREHH

2.1 TEHIEREMFRBZEFEETFRARB
EHREFTANRE

VEFEAT A e 25 S0, P ERBE R B b i
AhHS 3 FPASEISCHCL A S0 REZH B 2 2% 5 i
FFARI B kT B EAE R AE R (32 2 ).

22 EHFEREMRFRIZEFEEFRER

Vy-F TCAAGAGGAACGAAACCACCG
: kA
Ve-R GGCGTAGCCCAATCAAGAGC
p-actin-F CCGTCCCCATCTATGAAGGTT ATV T 1 45 2 FL 41 AR 2%
> SN N = RN 1 | D/ i 4
ﬂ—actin-R GCGGTCGTCGAAGGAGTAAC ?’FC E’J*ﬁ@i()ﬂ\ﬂﬂzén%ﬂﬂ@ 1 B-fﬂ_\‘ ) %’éﬂ%‘)ﬁ /i(l‘
TR A B B A ) R A R S T Y
&2 TEILREMFINEBREEFREFTANRIE
Table 2 Effects of sublethal concentration of pymetrozine on the orientation
behavior of the offspring of Cyrtorhinus lividipennis
AT AN R R IR A SRR 2 F I LU (%)
Q‘ =
Proportion of C. lividipennis preferring TIN5 5 =W EEN
fob to different odors (%) el (%) o EE
5 = = Proportion of
Treatments L TR R b BB 6 nomesponse £ -value and
Rice plants with brown Healthy rice plants C. lividipennis (%) significance
planthopper eggs without eggs
QxS 69.0+4.2 22.0+2.7 9.0+4.2 21.0™
QCOntro]XC?Comrol
Qapmx s 68.0+5.7 23.0+4.5 9.0+4.2 13.9™
9 Conrtol X C?Pymetrozine
o 74.0£6.5 17.0+6.7 9.0+2.2 13.6™
9 Pymetrozine x 6\Control
Q s X S 69.0+4.2 20.0£5.0 11.0+2.2 16.8""

9 Pymelrozine>< 6\Pymelrozine

R P REREZE , ** 3R - ERER ST P<0.001 K-F- 225 3% .

The data in the table are mean + SD. *** indicates significant differences at 0.001 level by #-test.
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Fig. 1

EHFEREMRFIN FREEGZEEHEENZN

Effects of sublethal concentration of pymetrozine on preying

number of the offspring of Cyrtorhinus lividipennis
Wi J F R fiE2s , A EARA A R/NG FRER RS LSD AL H IR
AFILEBREIAE 0.05 /K E2E5 B . PRI,

Data are mean+SD. Histograms with different letters indicate significant differences at 0.05 level
between different treatments after multiple comparisons by LSD. The same below.

Rt SRHIRAAR L, WESIE Ak EE i R A S
3P ERLA AR R S H G TR R
¥ REVHE 5-40 L/AMEBNBI TR EZER (4
Wk F=0.11, P=0.95; F=0.85, P=0.48; F=0.12,
P=0.95; F=0.12, P=0.40), Ti{E{EM KEE
50 SK/FRIT, D pymetrozine S ymetrozine AL FRLH A £
HIE T E S D control X pymetrozine AL FEL I
XA LA B 25 (F=0.13, P<0.05), %
W ERE T 20.4%H1 28.9%.

H4E Holling [T 75 FEHUL-GA45 2 A0 W BFE Uk
Mg AF ] b B PR S i S AU T EL A Al
B YIRS 7 i RAHC SR 2 PR, b5
SEBAGRIEREH TR ERANTS
Holling 11 #4757 #%, Xt RELH4EL5 B d5e 5, 4 0.890,
b PR ZH D pymetrozine X Pymetrozine T4 & BE I i, A
0.720, 4N 3 fiaw, 3 ASAbEAL Y b B Ay st i)
T ¥R R4, H¥YRAmMERE (1/T,) fifs
FERAE (/Th) BIRFXIRA, HA QD bymetrozine
O pymetrozine ALFRLAAL EAGYINT A Fe it , HHRK
il B B A R (A R

2.3 WEHIFEREMFRBEREETREE
k)R e b A

MK 2 BT IE, #&2Chid s FoRn
FERETIA (2 A). =B E (& 2: B)
Mo (K 2. C) ¥WhBFEES (H5Hh
F=030, P=0.82; F=1.14, P=0.34; F=0.46,
P=0.71), &ZAG F A4 (B 2: D)
ZIHEFUAEE (F=0.76, P=0.52),

24 MEFERTEHERENFREBREEV,H
FMRIEEHNRI

qRT-PCR Kl 25 3 B 7, 25 3 B4l 45 BA S 4
H i FyAMERL R N 1, JE DR A ek B G
#2252 (F=0.03, P=0.99) (& 3),

3 WiRE&i

MY g A B, ATRERR L% i
ORI S ), S SE 43 e MR W I Al B R A
A A R RO R E LS AT R R
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x3 THREMFRLEERFEEFEFRAMNES CRANMBRIIGERNZRETFTE (Holling 1)
Table 3 Predatory functional response model equations of Cyrtorhinus lividipennis offspring to
Nilaparvata lugens after sublethal concentration of pymetrozine treatment (Holling 1)
i 1 T P 8 <E P2 o 7| ‘
Functional response ¢ (T3)/ ( X ) i HE(a ,h) (R*) Fitting
Treatments equation Instantaneous Har}dhng Daily maximum  Predation dearce
attacking rate time consumption (ind.)  capacity &
QxS N,=0.341N/(1+0.008N) 0.341 0.023 43.799 14.945 0.890
9 Control* C?Comrol
Q X Qs N,=0.321N/(1+0.005N) 0.321 0.016 64.227 20.627 0.836
QCOnrtolngymctrozinc
Q X 3w N,=0.339N/(1+0.005N) 0.339 0.016 63.716 21.576 0.751
9 Pymetrozine X 6\Control
Q sz * S s N,=0.314N/(1+0.001N) 0.314 0.004 224.946 70.706 0.720
9 Pymelrozine>< 6\Pymeu‘ozine
25 A . 80 a
~ a a [
Z20f T L a &
.3 ~2 60
< g fe 2
~ alst ~ E %
2E 1 &< 40
= Z10F & o3
& ¢ E%E
g £ 520
o 0.5} EJF e}
= g
0 | 1 L, Z 0 .
& &
Pt
AIFAZ T 44 Different mating combinations
60 25
a
L .20
NS —~
2 = E‘ 15
s - O
e & 210
B 220 =
= 8 =
2 22 s
0 0

ANHZZHEL4H 4 Different mating combinations

B2 TEEIPER MRS TR 4 e A T ) RO B ER T A O B

Fig. 2 Effects of sublethal concentration of pymetrozine on the fecundity and longevity

A[F)32Hi4H 4 Different mating combinations

of the offspring of Cyrtorhinus lividipennis

A JCHRETH; B HAMEEREE; C. BREAER; D. BB ARAR.

A. Pre-oviposition period; B. Total oviposition; C. Egg hatchability; D. Adult longevity.
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Fig.3  Effects of sublethal concentration of
pymetrozine on the relative expression of V, in the
offspring of Cyrtorhinus lividipennis

(Chenetal., 2021 ), REMFTRH, KEATLL
TR 8 o Lo 1 52 A 1 1P B i 3 s AR 1 4
RV, BN, SEERAEMRAR L, 16 REChE
() 7K FEABEL R RS T 45 2 W0t A S B A
B951154E A ( Rapusas et al., 1996; de Rijk et al.,
2013 ), SR, VBB FE A% HUR AT REXS KL
2 ERERE AR (Liu er al., 2012),

Liu 5% (2012) BF5ERI SX AL, WHBE
W RE Ay RO AL S R T R BB NS Anagrus
nilaparvatae XJFE CECK FE L BRI AR T RERI ) 45
RWIHARBIRE T, K2 H50e 28/ e BT g o) e B
f#K. Zhang 5 (2015) A I BAEH] & YRR
MR T T BR S H ISR T, T Dai 5%
(2019) WFFERY 3 FA P A HOR) (7S, B2
WR MEBRER ) A 00 R 4% 5 W R 51T
o XEERFTERI, RGN RFLE kAT
) S e ] RE PR 28 SRR SRR SR 26T 5 b,
XBEHFTE R Z 41 R B 8 T AR 25 Y R FCH A,
LW KO BER RN — AR SEAT A 5
AHIGE S B, R A TV S5 X RS S T
AL AT TC T s , b A XS REAH A9 28
JA & 5 i AR ) TRl T E Y F i i YK
FEVREL R, 5 M ZSOHE e 82 bt 0 ) 4o L XS TR I & 1

SEARIE M —3 ( Zhang ef al., 2015), XFH
DIES A7 I TP RIS e =E S H v <6
PEPENEY ICH 5
ARSI A T N A R I 3BT v B Ak BB Sk
HIE )G, HAFRZERAS FRME R, 45
SRR A AL R R H s U
ARk CEE IS 2 2 LI A SGAR
$& Holling 1T 5 #2485 15 2 W Z0HE 3k 52 ni o7 il
Ab 3R S F 5 H O R E R T EE
RN T FE AR SR, S50 5w 7
(2010) W5 T RE SN —3k, Bl R
JE S EEX AR E# LA E4TE Holling
IT D)5 A%, 4 B e e — o 0 Bl PN A 40 2 T ) 3
T N weAh, A& BN A O Ab
FEE S HSRE, 3 MBI EIIES
AL ERYIRTTE] T YR TR R, H 45K
B (V) AEERGE (/T BIR TR,
2% HH I B AT v B2 L AF ) fi 0% 34 o SR R 4R H I
X RELR R A RE, X 5 R4 (2002,
2006 ) BiF5E A BTG 5 % HOBC, R ReR A DY 2
B0 T AP S S IR R L AL R Y 4
R—F REAHHEE e s m RS
F A BFF A FI . 0% (2021)
MR, NN /INGE S Neoseiulus californicus
257 B B0 VR B A A i R Ah P, LG G A i g
Tetranychus cinnabarinus W RE 1 8.3 FEAK .
MV B HER B LT Ab B, KRy UK S PG 2 i
Amblyseius swirskii FIHH ¥ Nesidiocoris tenuis
B B R0 2 R, e R R — R TR
Coccinella undecimpunctata W4 £ HE 1 A3 52
( Susana ef al., 2011; Natasa et al., 2017 ), IV
B FE 1 — R ORIV S R RS T R B S H
W AR B, H O BOE R B i) S8 H R Y I e R
MeF R X H A 2 RE I A 2 ( Zhang et al.
2015). HRJALEE SR (Zhang er al.,
2015), ASCYRAREM, 46 CEE N 50 3K/
FRET , D pymetrozineX S pymetrozine AL FRLL R JH &% 5 I 1
AP 2 5 T R control* S ymetrozine AL FRZH I
XFIRZH  TEXTHIIA LI Pardosa Pseudoannulata
FABIBFFE A ZERIZE R, BBk FE it
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RIS TAUAYHH B & ( Chen et al.,
2012), RUIA LEEBACHR B A HORTE— € 55 AT
T RERS R B AT . SR, FRATR S
A R R IR A TERR YR RN, A 2 B
R E AR I Mg, VA ik —2
IBESE

FIEPER R T B EESHL, K FRAT]
WEFE T EEHE e J32 Ntk 0oF 1 %ok P 4% i 7 AU
FEAEARAYSENR , ARG ORI o SRR
LR vV, Rikf . ALK, WEICHK
IR AL PR , R S E AR DR ET L O
i R R Y, Rk 5 IR e TG
FARAR , 33X 55 A R A B T DG i S — R
I A58 1728 4k —2 (Susana et al., 2008;
Natasa et al., 2017 ). TiftikikE (2017) #iE W
FHC A B2 ML R AL RS, BRI s A O
I LR, KSR T B v R A X R Sk
B S A R B T Tk,
AT 2 1Y 4 2% HRDR B S TR BB e
FIRISZMEEAN[F] o R 22 B AL J3E 7% B Ak 3
X R AR B AR, Filan, T
% R Ak 35 K A oS 8T H o Scolothrips
longicornis . W B T Ak 3 5 — oAl B PR
Phytoseius plumifer F1Ws B iz 4b 215 Y -1 B 5L
W Coccinella septempunctata , Foe A0 Z5i5 114K
AN TR B b 37 ) 4% 25 Ab R A4 ] ( Hamedi et al.
2010; Pakyari and Enkegaard, 2013; Wuet al.,
2021 ). #AT, Xiao 55 (2016 ) KB EILHKE
1) B-A TSR S . Harmonia axyridis
Ja A DR O i 2

S A B ML b B, AN [R AE F AL A R
JA &% 5 1A 1 A A 0k R A LA
S, ISR LT N E K B R IR
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