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Abstract: [Aim] Phenacoccus solenopsis Tinsley is an important invasive pest, whose control mainly
depends on chemical insecticides. This study aimed to select highly effective insecticides for the control of

P. solenopsis and to clarify their effects on its physiological biochemistry. [Methods] Three different
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chemical types of insecticides (acetamiprid, beta-cypermethrin and methomyl), which are effective in
controlling sucking mouthparts, were selected and analyzed the toxicity of these insecticides against third-
instar nymphs of P. solenopsis with the leaf-dipping method under laboratory conditions. Moreover, we
assessed the detoxification enzymes activity [glutathione-S-transferases (GSTs) and carboxylesterase
(CarE)], and the energy substances content (soluble proteins, triglycerides and trehalose) of P. solenopsis at
LC,, LC, and LC,. [Results] The results showed that acetamiprid had the lowest median lethal
concentration (22.97 mg/L). The activity of GSTs was significantly increased when exposed to LCj,of all
three insecticides. However, the activity of CarE was inhibited by beta-cypermethrin and methomyl
stresses. The lowest activity of CarE was observed in methomyl LC,, treatment (48.14 U/g). The contents of
trehalose of P. solenopsis were significantly decreased in all the concentrations when exposed to the three
candidates. The lowest content of trehalose was observed in acetamiprid LC,, treatment (16.60 mg/g).
However, soluble protein content was significantly decreased only in the exposure of beta-cypermethrin and
methomyl. At the same lethal concentration, the soluble protein content after acetamiprid treatment was
significantly higher than that of beta-cypermethrin and methomyl treatment. The triglyceride content in P.
solenopsis was significantly increased only under methomyl LC, stress (31.11 mg/g) and significantly
decreased under beta-cypermethrin LC,, treatment (11.93 mg/g). [Conclusion] It indicated that P.
solenopsis was more sensitive to acetamiprid and consumed a large amount of energy to survive when
exposed to insecticides, and GSTs may play an important role in the detoxification process of P. solenopsis.
Our results provide a theoretical basis for the rational selection of insecticides and the study of resistance
mechanism in the integrated pest management of P. solenopsis.

Key words: Phenacoccus solenopsis; insecticide; toxicity; detoxification enzyme; energy substance

B 4 K WY Phenacoccus solenopsis Tinsley 35 J&
8 H Hemiptera B3 B} Pseudococcidae, J&—ffi4x
ERYEEEI N )12 0 A B AR 3 (Tong etal., 2019;
JABSAE, 2023), wR BT RE, FET 2008
SRR E R BIZ . (BIRAE, 2009) . ZHA]
E 558149 J& 207 FAEY) , GG AL Gossypium
Spp-~ LB B Solanum tuberosum L.. & A Solanum
lycopersicum L., B Capsicum annuum L. 55 5 525
TerEY (REScE:, 2023), HEE NERYINL)
WA WCE MBS, WETTROT I E R,
KRG AR AAE T, (AR ) 22 55 A IR
BIET: (KRB, 2011; Wagas et al., 2021),
TREZ AR F AR I SR, bR T SR
TR, W Ws| g m Ay B R, i kA
Ry U B A OGRS AR I g e R
BY, WU RS AR KB K EF (Xu et al.,
20205 KFEAE, 2022), fR{ETRSR AR IR EER
K T A AN, AR R ST O
NS, HEHRZSBE) iz 04 TIRIE] 7
R WAL AATT (FIRAE, 2021). MR4ED
A FEYERIELE SN RE, TRBEHBIHI R

B (e S8R E) 5228, J& TR EM
BrAH AN CRETESE, 2018), XAEWILL R
SRABRM MmN (GRS, 2023).,
RS IRBURE Ty . R B ) SRR
RGN ST 1, PR BL, NG
FECFREY B A AU MELL BT . SRR AR
W TG SRy oR, BRARK T AR AR AE AT
1, ELA HUB oy 2% H5R) s SRRk, PR
DUARFPRE 25 B2 3, fea MU BE T IR (2
4P, 2023; BIEES, 2023), BivARMZEE R
TAE A ILBESS . ZOEHREESE . B sk 54U
B A5 FE 2SR B 5F) (Shankarganesh e al., 2022);
T A AW R W AP IR A R B R4
AR HIEME (Madasamy e al., 2023), SRITA T
AR B, Ay 24 50 AR 6% PR M R KR R
4k (Thammayya et al., 2024). 5 5 %
AR T A2 2% HURI 5 R A S e 20 %, #E
WA B in Z2 A R L, B AR IA I A%
PG HARE CGREEL, 2016; Rizwanet al.,
2023; Zhang et al., 2024). Elabasy %% (2020) i
FHETYE R 9K A A RE S B X W R R AT BRI,
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RIS HOE Ve T @ p ol i ), X R A
(it 24 77 e W E S = iR ROR o 4T, ey
FITETR A M 2R G iR B ) o 2 2440t , ik
PE IE A0 A9 2% 1) Rt 245 07 XA B TR 1Y I
WEHUPK . K2, R AU R T A AR TR [
B R gsd e OF RANSE, 20165 & P4,
20165 SKILAE, 2020), AIREXS PS40 RN HAT
BAFR B EROR PRI AR e 3 3 R 2 Bl

ARl A B — R ) R R AN A B
S RECR N FE A SR E R (Gul
et al., 2023; SKRIDAE, 2024). Bl fb2F A8 ORI
Keffi ], TR C X Z M7 T
bk, XFHPBEAH R THER (Waqas et al., 2021),
PRI e %5 1 A A BRI Y . O T3 A R
B2\ == S IV S e E B gE B LN I W 2
PABRAS S A B (BESR 05 4, 20215 B4R,
2021; gR/NERAR, 20215 RIFRAE, 2022). BRFEE
B, EHL TR K Spodoptera frugiperda (J.E. Smith),
XoF FEFE MR Y BV T AN L R Y & A,
myrRERBER . B I BEM%E (Garlet
et al., 2021) . M HUTE MR IE R, b AR GE R
Chrysoperla sinica (Okamoto) RN LR G & ff 2
FEEPEAIAE 72 h N E TS (Zhang et al., 2022).
RAMESF (2021) BF9E R Z KR R BIL Kk
iR, AR4S M Helicoverpa armigera (Hiibner) 1K
WH I =R A RN, S 5IRIR & S S
g BB R A RIA R E T, 25
Jigs J0 AR i g o R RO W 2 R AR SRMA T

Bt A P A B A A A R R Y RSN, X
FiRESESE 2 C T 2,

ohy S L M RE A R VR TR SR AR W A 24551
figk AT Bk SR Ao g X 2R SRR AR BT LA, AT
FEMRE T 3 4% HURS PRI A A 0 10 28 AR ) S8
FEFRURE | B FE A R Bk S AR R N i T
W 1 e RE DR o i e A, O LB 4 Kbt 2h
PERTFE AR BE U

1 MR 57HE

1.1 ik RiE

TREEAB IR AT VG A B2 B AR FB B L
PR HE . BN T gty o A I S =R B =
PR (R R SRS A AR, fEIREE (27 + 1) C.
PXHERE (75+5) %. JEEHI 14 L 10 DIUEAF
TrEFE 100G, HEBEPRES A BT
1.2 iRIEZHFI 5128

PEIRTAR WL 1, 7 S M SR P B VR I
TR A IR S-# RS (GSTs) IRl & . R
MRl (Cark) K& . hEERERARAE (%
SR . IR =B N & L VR
A& Gl &Y R MBS E Y H AR A F =)

25 mLA1500 mLA&F . AN 3554 (BHH) .
FFRIL (D=9 cm) . P43 RF (d=0.001g, Mettler
S205) . BEARAL (FEBR ®) . WFEEAL (LIEE(E) .
AR HL (€ E A Thermo ST16R) . HH-4
PRI B . SCARTER WA . 96 FLAR

F1 HLZEH
Table 1 Test agent

2§57 Agentia 25 Type AL R Manufacturer
98.19% WE HL ik J5UHy IR ES JVH T e A A e dy A R 7]
98.1% Acetamiprid Chlorinated nicotinoids Guangxi Tianyuan Biochemical Co., Ltd
96.1% K% BJ5 K} A R IV el AR A ey A R )
96.1% Methomyl Carbamate Guangxi Tianyuan Biochemical Co., Ltd
96.8% i AT AI B AR B R J 04 e A A A BR S ]
96.8% Beta—cypermethrin Pyrethroids Guangxi Tianyuan Biochemical Co., Ltd
(L) A HLE F T AR A R AT
Propanone Organic solvent Nanning Guotuo Biological Technology Co., Ltd
i -80 TR T AR R
Tween-80 Oleate ester Nanning Guotuo Biological Technology Co., Ltd
98% M him IR TR FHPRINARAT. (R HRAF

98% Concentrated sulfuric acid Inorganic acid

Chongqing Chuandong Chemical (Group) Co., Ltd
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1.3 R A&
1.3.1 2% HUFR DGR SR 40 By i 14 35 0 0

WA EL 0.5 mLit il 8017, % F 500 mL
Atk B R 0.1% iR 80 KA . HL T K
FRIBGE 2 48 ORI R 257 /D 5N, 0.1% i
80 7K 1 Vi L 1 1l 500 mg/L B BEVR , AR H 11 52 56 2%
S 3PN B 6 MR EERR B, XTI R 0.1%
Ik 80 ZK VAR, C il I I > R A

K F A BUR R e R R ) (BRAE AR,
1991) . BRI 303k 3 % 58 45 by i 5 MU F g e 1)
LN R, TATEFEMEE (27+1) C.
YRR (75+5) %. JGEI 14 L 2 10 D444 F 157
12 ho FRERSAMBY WY FH S 44 A R R A i i 5
AR R ALK 10s, AT, Ml
AR P E T RIFR L, PREEFRALE LT,
AL, TATH:FA (SRS AHRE) g,
24 h JFIEsRAET- ORI R R ESE T %, X REZHAE
T35 10% MR TCRCE s, AP 41K,
1.3.2 4R S A0k W A P e i3 Bl 05 M S e TR ) o %+
5

MR 1.3.1, Bl 3 & B8 LGy, . LGy LGy,
IR XT R R AR Wy 30847 AT AL B, 24 h /S Bk
BURBET- 47 H 10035 T 1.5 mL B DA IR E . WA
BRI BT -80°CUKAR A o BgIE Pk M RE 54 Jox

S i BREGR S U A TIE , JF A GSTs .
CarE 1% P R TR 1 L HIh =R S e & i
T PE A 3K
1.3.3 BdEgeit S50t

K H OriginPro 2024 154k 4, #y#t%E J [ml I
KR, BOEHWE S B, RAREE T
#2781 (ANOVA), Duncan FGHT &AM 25742 8 Hgk
[F] — 2% HUFRI AN [ ok B2 0] . AH R B8 3T A [ 24 54
[F1) - 5 4 M o il 7% 55 A PN RE DR ) B 2 S
FlE, 225KF P<0.05, fEEIR Excel 201980

2 BZRESHR

2.1 REIFHFIZTKREHNHNE S

HR 4 2 9 B 70 A5 L, E AR Y LC,, 5 AR
(22.97 mg/L) , K Z W5 5 &0 58 546 TR 19 LCs, AH
T, 3 9h 71.92 mg/L FI1 71.46 mg/L. [RIAEM, BE
HUBK LG, B A% (10.54 mg/L) , Hk 2k A a5
i (24.39 mg/L) FIKZ L (38.88 mg/L), 3FhA
HFH LC a4 LC, MR, FAR ZE R Wk o0 51 A
BEHK (342 mg/L) . mRCAEHEE (5.17 mg/L) |
KZ @ (16.00 mg/L) . FRUITRILAN R 3l doxt
WE MoK SR o BRI R URAE TR T K
2 SR AN U

R2 ZMRAFNKREHNNENS N

Table 2 Laboratory toxicity of three insecticides to Phenacoccus solenopsis

s B [ H 7 AR LC,, (mg/L) LC,, (mg/L) LC, (mg/L) FHEX
- _l ) Toxicity regression (95% E{FEIR) (95% EAFR) (95% EAfFHR) Chi-square
Insecticides
equation (95% CI) (95% CI) (95% CI) value
M bk 22.97 10.54 3.42
Y=-2.11X+1.55 8.53
Acetamiprid (19.30~29.97) (8.17~12.94) (2.24~4.72)
DEA 71.92 38.88 16.00
Y=-3.65X+1.96 20.13
Methomyl (62.59~87.59) (32.11~45.60) (11.76~20.36)
1R AR TR A TR 71.46 24.39 5.17
Y=-2.08X+1.12 13.66

(58.16~88.15)

Beta—cypermethrin

(17.80~31.20) (2.80~8.00)

2.2 FHFIXKREHWNESEIENTN

FHE B PR FD K 2 B8 L, A B, R F 40 i
AP GSTs % P 5 5% I JC il 3 22 555 i LC,, A1 LGy,
AEBRIS , FRSEADRI IR Y GSTs 1 PE ¥ b 3 v Tt
M. ARSI LC, A B, R 4R ik
PN GSTs 11 M 5 % BJC B 35 22 55 17 LC,, AT LCy, &b
PRI, HRELABIM AN GSTs TH LX) 35 5 T XA

1o R RAE TR LC AL BR S, PR SR 40 3 W 14 1A GSTs
TGP 2 R T E UK K 2 A F Y s A E K 2
J LG, AL RS , R S 40 B IR N GSTs 16 1 fe g
1o S R A TR A B S GSTs 16 R R AIK, 3 F 24 751 )
Zes W . WEHUK LC AL HUS , RSk i A N
GSTs T 1t 35 85 1 K 22 Bl M oo A S U A T Ak B
Al — R RV R HOL W E T, SRR iR
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Fig. 1 Effects of insecticides on the activities of GSTs in

Phenacoccus solenopsis
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2%k, P<005) . T KA . Note: Data in the figure
represented means +SE. Different lowercase letters indicated
significant differences among different concentration of the
same insecticide, different uppercase letters indicated
significant differences among different agent at the same lethal
concentration (ANOVA, Duncan’s new multiple range test, P <

0.05). The same below.

3R A BRAAL IS, PR AR AR N CarE 3%
PV R B ARG, (G HOpk 3 AN IR AN RS, 38
X IR0 WA 25 55 1 K 22 R i S B B 3
WA T, R IR Cark 1 M35 K
FXFHR . K L2 LC, A B S, RS 4R i AR
CarEJHPEIRAR, J BN T0E JUBKAE IR . 3FP25 57
LC, b3R5, 4R 4B I IR N CarE 1 MG i 3 22
o MKZELCAHG, FRRAGHIMEN Cark 15
PERAR, I 5 KT W H KR i 20 S 44 g A
(o K23 BRI E AL LT CarE 15 1 41
BE RS CarE MR (E2),

2.3 FHEFIFRKRBEMMERNEERY REEHFME

WE UK 3 R AR BRSSPI TR
PEEA SR SRR EES . K ZE
R TAEE 3 e BN F S, B SRAR AR P T
PRI At W T R L e bk 3 A B Rk
FEALBR)S , BRR AR WA P AT iR e
BT K Z B AR S R A (E3).

OCK ®LCi BLCs OLCso

m
) S 150 ¢ Aa
=) = 120 AaAaAa
f‘u I§ 90 B
&8 60 F
oo 8
= ;
HE o % &
Q%(%&;\?{\é
pee?

AE P Treatment
P2 3% HURDGHR SR A A i Cark 185 P 195200
Fig. 2 Effects of insecticides on the activities of Cark in

Phenacoccus solenopsis

s0p DCK ELCio BLCi BLCs

oo
EX AabA2Aa Aa Aa
5 L ‘Ab
E 2 40 _ bBbBb 5 BeBb
i & 30 F = :
4B :
w8 10} i
& : i
]-\4:: 0 e A 2
= o e it
\ﬁ%&&(\é 31%\0 ((\'i\ /F&%‘%\E@e«\g\(\
neet We &b Qeﬁ“
S
KbPE Treatment

P 3 2% HURGER SRAm by d VR A TR 2 12 i fR 5
Fig. 3 Effects of insecticides on the soluble protein content of

Phenacoccus solenopsis

WE HUPK 3 A BOERIR AN RS, RS4RIk
WHIM =B SR SX B EER . KZHLC,
WS, RRERINARNH W SRR R R E S T
X HE T LC, M LC AR BRS , 4k S4By i A oy H i
“EREESXMMITEEER . SAER N LC,
MLC, B 5, ThBHMMIANH W =&Y
SFHR T 225 55 1 LC, AL B S , $RZ2 4Bk
WH I =R 2 BT (K4),

OCK BLCiwo BLCi: BOLCso

L, SO0
[N}
é:g% T Aapp,
Z 5 Ba, Aa

= F A AaB
o -%0 30 a"Aa | a aAab
an% 20r F77Bb
=i g V
I a 10F /
=g %
23 o :

Ltk u B i
W g A
e o ot e
Be\‘&'
AbH Treatment
P& 4 2% BRIk S AR (R P9 H Tl = e 5 s i)

Fig. 4 Effects of insecticides on the triglycerides content of

Phenacoccus solenopsis



24 SRERTN AT« oA HUR XK S A W ) 3 A R ) B A BR A AR RS R 613

SFPEGFIAEAS MR AL PG , RS 4R i A P
PO S BB T IR 3R LC, L
TR AR R IR T B S i T A . E UK
LC, AP, HRBAI IR N1 505 & s AR, O
BEMRTRKEZEAIN . KEZELC 5,
SR R D9 B ARG, IR R T e
JoR AN e Ak S AE R AL B (I815)

OCK ®LCio BLCs OLCso

30¢
o 2
ol
g s
~ £
a5
4o g
# g
= 5
N @]
ok
hC 96\2,&
AbPE Treatment

P15 3% HUI T BK S8 b i (A DAY 8 0 35 A 52 )
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5 A SO A AR, ST & AR K T5 K i
Paracoccus marginatus Williams and Granara de
Willink X g 250 58 550 26 T 14 S0 SRR P 22 v 77 I e K
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WAPEE GSTs 1i M 35 LT, 17 Cark ) & 2 FAIR S
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L, AWFREIEERET, Ak, K285
o A U TR BE 5 4 TR S AR A I GSTs 16
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I o K 2 e R A TR RE
CarE 15 P, 10 BE HLJK P38 T Cark 3 M JC ik 3% 78
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J05E SR AE R B PR XS IE H bR B
NHUE ., TS A SEAF R, Gong 55 (2021)
FH i H sk i 38 22 K 4 87 Sitobion avenae Fabricius
KB 45 % W Rhopalosiphumpadi Linnaeus, 7 W
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dirhodum Walker 7, GSTs 5 CarE 470 i} & 221k,
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AR I R T A T 2 A LA S 5 0 E L BRI i B
RS e, A ORIE A B A73% , ENIE TR R 40k
WYX IE PR O USRI A5 R . AR L,
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