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biochemistry of Phenacoccus solenopsis Tinsley

ZHANG lJia-Li'?, QIN Jiang-Mei?, QIN Wu?, WANG Yu-Sha®, CAI Xiao-Yan?, LI Shao-Bin'",
CHEN Hong-Song?* (1. College of Life Science, Yangtze University, Jingzhou 434000, Hubei
Province, China; 2. Plant Protection Research Institute, Guangxi Academy of Agricultural
Sciences/Guangxi Key Laboratory of Biology for Crop Diseases and Insect Pests/Key Laboratory
of Green Prevention and Control on Fruits and Vegetables in South China, Ministry of Agriculture
and Rural Affairs, Nanning 530007, China; 3. College of Agriculture, Guangxi University,
Nanning 530005, China)

Abstract: Phenacoccus solenopsis Tinsley is an important invasive pest, whose control mainly
depends on chemical insecticides. In order to select highly effective insecticides for the control of
P. solenopsis and to clarify their physiological and biochemical effects, three different 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 3" instar of P. solenopsis nymphs with the immersion 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 LCso, LC30 and LCio. The results showed that acetamiprid had the
lowest LCso (22.97 mg/L). The activity of GSTs was significantly increased when exposed to LCso
of all three candidates. However, the activity of CarE was reduced which inhibited by beta-
cypermethrin and methomyl stresses. The lowest activity of CarE was observed in methomyl LC3o
treatment (48.14 U/g). The contents of trehalose of P. solenopsis were significantly decreased in
all the concentrations when exposed to three candidates. The lowest content of trehalose was
observed in acetamiprid LC3o 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 of 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 LCjo stress (31.11 mg/g) and decreased under
beta-cypermethrin LCso treatment (11.93 mg/g). It indicated that P. solenopsis were more sensitive

to acetamiprid and consume 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

R F 4% B WY Phenacoccus solenopsis Tinsley 3 J& - # H Hemiptera ¥ i F
Pseudococcidae, J&—MEERIEE N Z 0 MIANRF R (Tong et al., 2019; i SE4%,
2023), fFARITRE, RET 2008 FAET AR ERAIIZI (HIREE, 2009). ZHRAY

E 558 149 J§ 207 MAEY), QIEMRAE Gossypium spp. 15 Solanum tuberosum L.\ i

o

Solanum lycopersicum L.« MU Capsicum annuum L5 B BELFAEY) (H B2, 2023), H
EEONFE-DCLWOT . WO R, WO W E R, BRI YOb A
TEH, MEDZEEMRE R REFES, 2011; Waqaseral, 2021). FRE4WNH
TERRE S Ib B 5, B T W RIS, oW 5 s 5 B sy, S Pk S A I T A
BB RR, KRR ISR A, WOy TR 4R I IR IE KT (Xu et al.,
2020 KFHEAE, 2022), {LERFAABINFRRENK . BT A RGN, PR R K
PHCAZ S, HATERESRI Oz TIRE . 7R Wik AT (R,
2021 R4 E G FEWGR LA IR, KRR R B CEREVEA IR bR
) 5228, BT EEBRNAEEY (R5E%, 2018), IMEWLAR AR BABKINHR
oM CFRMERESE, 2023),

TR SRPUSRE . B E R B R R AR R S B RIS R, A
HIEE SR PR Bth A AR A LA 1 . SRS 4pR N BUEShBE J158,  BEARI T A 4K,
AR FGERATARE,  ELA VR RO R R SO BURR, DRI U AR B, AR
W T KON (ZH%E, 2023; PIEES, 2023). BhiAkrin 28 m 3 B2 A MBS, 2R
FERIG S . BB SS 5 00 B s 2 16 25 % H7F) (Shankarganesh ef al., 2022); 487 CH A0
BIF 582 W AP IR BB ARIE BAT R (% SRE M (Madasamy eral., 2023), #RTMiHEFAEY
TEA A, 22257 REfE B P b % KR Z 400 (Thammayya et al., 2024). B HUR &R
PR S RH B T 2 28 RT3 M IR S N 22 A2 0T, RROS A B iR 2R L AL, EAE KR
YRR R 2218 HARRaE GREEJ%E, 2016; Rizwanefal., 2023; Zhang et al., 2024).
Elabasy %5 (2020) 7| F 47 25 3 400K S bR A 3800 o g e AT BRI, R I HC A s e
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SEAHE T P, W EPIANR TR (Waqas e al., 2021), BRI AIE 5% HUHH
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Table 1 Test agent

2457 Agentia 25 Type 2B 5K Provider
98.1%ME HL K S5 A RIS TG H el AR A SRR A PR )
98.1% Acetamiprid Chlorinated nicotinoids Guangxi Tianyuan Biochemical Co., Ltd
96.1% K % 5K} I IR IR J 04 B el A A i A R A
96.1% Methomyl Carbamate Guangxi Tianyuan Biochemical Co., Ltd
96.8% e R IR A i EPN IR SIIEN TV i A A A A R ]
96.8% Beta-cypermethrin Pyrethroids Guangxi Tianyuan Biochemical Co., Ltd
P A B T R AR PR A 7
Propanone Organic solvent Nanning Guotuo Biological Technology Co., Ltd
i -80 TR BT E IR LR R A A
Tween-80 Oleate ester Nanning Guotuo Biological Technology Co., Ltd
98%ik B iR THLR HRNARMLT EERD HRAT
98% Concentrated sulfuric acid Inorganic acid Chongqing Chuandong Chemical (Group) Co., Ltd

1.3 I 5%
1.3.1 %k BRI ER S 4 i X 55 0 2

B A RZ L 0.5 mL i 80 57, VT 500 mL B4k, FCiilf 0.1%0 3 80 KIE K -
HL - RV BB B AR R 259 T/ B, 0.1%ME IR 80 ZK VA VR BC 1 B 500 mg/L 1) B
W, AR TS0 4 Bk 3 Fh 2 IR R B 6 ANIREEBR I, Xt BRZLN 0.1%M iR 80 /KA, AL
) ROV VB RA o

KA ORI (BREFS, 1991, BREL 30 Sk 3 WHk R4k 25 dUs @ e i 5%
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SURRI 8 TS K A R R AN I DR E M R EI AW 10s, AR, AR
EAMELE P E TR, (REFEAEM T, L. TATEFRME (SR ED
LS, 24 h ISR T EOR R IEAE T %, Xt BRALE T S 10% 0 N R, &
M ELE 4K,
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MRS 1.3.1, BeHl 3 AR 7 LCiow LCso LCso 24V X R Z 4b iy 3 W4 45 stk A7 Atk
H, 24 h JFHREBURSE T A 100 Sk T 1.5 mL SO E IFFRE . EUE S B T -80°CUKAR
FFF o BEYE TR R R YR T A IR R & U AT U E , RIS GSTs. CarE itk &
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ALK 3R 5 78 43 1 S Duncan 3§t 8 0 2870 5 E) — o BRI R FE 1] . AH [ B8 3 R AR | 245
7RI () Bk 3 4 A0 I G % 1 5 R N BB VR R & B R M, 2 ROKSF P<0.05, 1EEIRH
Excel 2019 1.
2 BRE S
2.1 FRIFHEFIX KRB F

MRIEZ N NELR, BE RPRAT LCso B Ik (22.97 mg/L), K2 a5 i R RS I 1
LCso #HIT, 43514 71.92 mg/L fl 71.46 mg/L. [FFEHL, BE d Bk LCso Sk (10.54 mg/L),
HUGE s AR S (2439 mg/L) MUK Z 3 (38.88 mg/L), 3 Ffk A LCo % 5
LCao M, ERERIRE D B dk (3.42 mg/L). mEE A (5.17 mg/L). KL
(16.00 mg/L). FKEATRFLRMIN 3 57 duxh i sh PR A UK . H U m s U e, T x
K2 B AU

K2 3FRAFIFHRREBEMMNERNS S

Table 2 Laboratory toxicity of three insecticides to Phenacoccus solenopsis

AR LCso (mg/L) LCs0 (mg/L) LCio (mg/L)
2 N -~ 5 ‘
Regression (95% B 5RO (95% B 5RO (95% B 5 Ry {2
Insecticides )
equation (95% CD (95% CD (95% CD
HE PR 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)
PEF 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)
e R S T 71.46 24.39 5.17
Y=-2.08X+1.12 13.66
Beta_cypennethrin (58.16-88.15) (17.80-31.20) (2.80-8.00)
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WE UK K Z AL S, LCio N, TREAM I A GSTs i 1 5 0 6 2% % =
LCso Ml LCso I, FRZAHMIN RN GSTs WM 2 o T X R . i A EURAG IR AL FL /S, LCo
T, REEMINIEN GSTs 1ETE S X ITE R E Z R LCiofM LCso ', TRELMIMIAA GSTs
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Fig. 1 Effects of insecticides on the activities of GSTs in Phenacoccus solenopsis

e B EEE ORI E bR R, AR FENG TREROR Al 2R AGRA R R A 22 R, NIRRT R R R AN R R HU [ 2
YU PE 1) % 7 5% (ANOVA, Duncan’s ¥ &E 29k, P<0.05). FE . Note: Data in the figure represented Means +SE,
different lowercase letters indicated significant differences with different concentration in the same insecticide, different uppercase letters
indicated significant differences with different agent at the same lethal concentration ( ANOVA, Duncan's new multiple range test, P <
0.05) . The same as below.

3FR AR IRE, TRFEGRI AN CarE iEVES A FRE LR, (HE RIPRAE 3 MIKIE
T, BEXNIERELESR: KEEM e ERMEEE 3 MR, RESWWAN CarE i
P BZMRT X LCo &, KZEAEE)E, KFZ4SB AN CarE HTERAL, JFEFK
TuE BPRALER ). LCao &, 3 FHEAFIIL S, $RBAMMIAN CarE G 1ETL R E %2R LCso
Ty REBACEG, RFGHEYARA CarB FETEHAR, I 52 R T0E SUPRAT = R U e Ak
B 3SABIRIRET, KEZEAHE CarE iGMERAL, te HkALH G CarE 75 M i &

(Bl 2).
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Fig. 2 Effects of insecticides on the activities of CarE in Phenacoccus solenopsis
2.3 REAFIXHRREBMHIARNGERM B2 BRI

NEIRTR 3 MRIEAL G, RERGBI AN TR RO B SNREREER. KE
JERAN T RS BRAE 3 MR T, IRZ A AN AR A S B EF LT, 34
BOCRIREET, e RUBRAEELE , TREA IR A ATk 8 8 B 3 v 1K 2 ORI 1 R
AABRAL PR (183D,

NEIRPRALERJE, BRI, RERGB AN I =S BRI SN REEEER. KE
JAE LCro Iy RGO AR N H i =FR & B2 & = T X LCso M LCso T, TRZ 4RI I
RAHM=MEE SRR EESR . SAGEERAERE LCo M LCso T, R4 UAENA
Hm =M E X IR #E 25, LCso I, TKEAWF RN H il =8 2 i i 2 T X
(Bl 4).
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Fig. 3 Effects of insecticides on the protein content of Phenacoccus solenopsis
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Fig. 4 Effects of insecticides on the triglycerides content of Phenacoccus solenopsi
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Fig. 5 Effects of insecticides on the trehalose content of Phenacoccus solenopsi

3 gigEitie

R FTE T RN 2 i h R E 2. W E RS (20100 (R 78 HER 3k dumtk
WEdUR R R AR B AU A R BRI VR PR SR AR s AUNE HUJTE e AR e 2T
B MR KARZ G, HEMEI R KR (Eldesouky e al., 2023). ANHF TR BE H
R TR S AR I BUF BT R, TR Z . m A BB BOR M %, 5 Thammayya 5
(2024) [T LG AL, 2R BIER S 400 i o ne shUBk B B m RO R, X v R TR Dk
SO TR (Y EHY 8 PELRE 350 43 A% SRRURE AR 1Y, TR T Ak B B REAE AL, ne R R
RIFIONRIE 52BN, FRREB NI 8, 55 Bk S 4 I SR . i 7038 0
HA BMFIRER PRI A 85 FE L (Waqas et al., 2019), SRR —5, mikiEsE
(2020) KB 45 R 5 A g A A E, HWF 5K AR IRF B W Paracoccus marginatus
Williams and Granara de Willink X 28 58S i (0 B8R E 22 1 e sUBK, X AT RE2 T A8
R R B A B 7L, BE 0% S0 A 00 27 3 R i R SRRy J= IR AR BE o R 2 74k 27 21
Ab, G 2 R Y R it 24 77 AR R Z ARk Wi B SR

GSTs #il CarE 72 B R 2l RECHEZ MK (Lieral., 2020; Gaoeral., 2021), i
FA A B R 5o AR 24 7 A i, TR At mT T I B e e A A o P B e 0 Bl
YT R LCas 5 LCso Wil 24 h J5, JRSEME Bactrocera cucurbitae Coquillett % N Fh#E GSTs i
PERZE ETE, T CarE M2 2 FARE MIHIE R K (GERZES, 2023). 557 AZ5 AL,
AR BRI T, WPk, K25 e R T e & SR THR R A B R Y GSTs



W, ELUE gk AL PR S RS4RI K A GSTs G B B BRI B A S, S P BE %
SRR JBE (B N T v s K 2 R e s SR A T AR R CarE W, TN HBR A T
CarE iEMETC R E B . XK GSTs 25 TR 4M I X 3 ik s 70 i) fie 7 P 40 7
CarE W] RETTBREL /)N, {H 3 Pl sl BT R I L (¥ 6K R A R G O AN [0 8 VR, LML %
BE— PR IT. e dUBk R AL RN, RSN R Y GSTs Al CarE RS ERE &, 550
Mg LI EE R — B TRE WS e R UK. S A AARKZ, Gong %
(2021) FH Ak e npk iy i8 22 K5 05F Sitobion avenae Fabricius. K448 WF Rhopalosiphumpadi
Linnaeus 2% %f Schizaphis graminum Rondani 3% W} Metopolophium dirhodum Walker J5 ,
GSTs 5 CarE ¥JTCREAMN, XA AL H TR A ATE

B EAR. BRI R AE GRS ALRE R . S (20200 BRALERM, FUEH
WREALFES, ATCRIF Acyrthosiphon solani (Kaltenbach) 1A P BEVEM R 5 125 B 4 11T A2 14, o
XIS (2018) WHFLR, TG )G, YT Aphis gossypii Glover & H il = & &
PEAR, TR ARG MRS RIS AR, SRBEAMMANRRIED RS =5 3 #2
FIAS [ 18] - S (B 2R DG R o 3 RPN IRFIALFR 5, BRS04 9 REVR A I 75
AFIFEEEREAR, RUATRZA N T FER R RRIEM T LR A . 10K 2 URIK EEa T
RS AR AR P H I =8 R GO e T S AR 2 B AR A Ok M 7 i — DT
mE duBRAL B S RS AR I AR A DO R & R IRE, HAaME A SRR E S TH—80t%
TR Z B = ARG IR PRA R, X P BRI % E e AR T 2 E A S S e
SRR ERAR U AR, M ORIE B B P0G, EDUE T $K S 4000 et e shUbR 58 S s ¥ 45 51
EARHTFRAL, AE RERLWBIEIRE T, BRUEF Myzus persicae (Sulzer) TRNJEITIR. 2
BEIR R TS MRS B R AR, (AAEAR R LB RN B IEA— . CGRFTLESE,
2021 XRWIEARMLGFE T, BAarlaesilyy | S B A L N R e, HIL3E
e Fa] RE DA Bt Ah 3 R 3L % HRI RO BT S

i bpTk, AR ENFAT, RFL W0 e BRI 7R 2 S ha
I, ERZ AN BE VR B4 A AR G S BEVE AR DA e . ISR B, RIS A IE R
Tty 6 05 521 K S5 4 A WA 0 5 A5 B (Tong et al., 2022), EAHFFE A H i =B & &40 2 75
SRR A A %, AR UE . A% BRI G AT 1 55k S AR I A P A O i 1 1 L B R A I
KA, LASGX AR St R R A M. AT H, SREGH KA GSTs i
PETE 3 PR RS N T, 1 CarE VEPEIEAR T s ARIREE T PS40 0 1A N i 1 5 e
VTS B AR BORTRE s TE LCao ALFERT, FRZAMIA AN GSTs 7 14 7] e JF AR IL 1A,



[ B AR A B BEJR W BT AR BB, JU R MR BNE , R UL HEN GSTs S5 ifF M £ TR R 40k
W iinS 52 % BRI A I K 7R . R AL EE T, KRBT WA N GSTs i 1 8.2 71
s H 3 M REUEY BT AN R B A BRI, 2 2R H v R 3 T R SR A I S I B J
o Dk, FEBTFEIRS ARk Wy, AT A Rt F AR BE B % ), — B ) JE R T AL 3
R —HL KB NE Aenasius bambawalei Hayat, {4516 5 EVIBGB M4 &, DABIEAS
Ay it I P2 P SO F AR R KB KR, IR A MBI ROR o AR SOR R A
WEHT, HFSE RS G Tk S A I (K RN A8 22 e pu 25 PR = A A 22 BT e 5 ARG 1 P i
2 IR A — 2 PSR4
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