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Effectiveness of Available Insecticides against the Solanum Mealybug, Phenacoccus solani (Hemiptera:
Pseudococcidae). Kazuki KakimoTo™ Kagoshima Prefectural Institute for Agricultural Development; Kinpou-cho,
Minamisatsuma, Kagoshima 899-3401, Japan. Jpn. J. Appl. Entomol. Zool. 64: 183-191 (2020)

Abstract: The solanum mealybug, Phenacoccus solani Ferris (Hemiptera: Pseudococcidae) , has become a serious
pest with the extension of the IPM system based on biological control using natural enemies. We tested the efficacy of
available insecticides in the laboratory and eggplant fields. Laboratory experiments were performed under a controlled
environment of 25°C and 14L:10D using green bean leaflets. To distinguish each developmental stage of P. solani, the
body length and developmental time were investigated every day. We were unable to distinguish the different develop-
mental stages of the mealybugs by body length; however, we could estimate the developmental stage from the number
of days from birth (day-age). The estimated developmental stages in terms of day-age were below 4 days for 1st in-
star nymphs, 8-9 days for 2nd instar nymphs, 14—-16 days for 3rd instar nymphs, and over 25 days for female adults.
Fourteen insecticides were tested against 2nd and 3rd instar nymphs and female adults. Three chemical insecticides
(acetamiprid, nitenpyram, and sulfoxaflor) and two spiracle-blocking insecticides (decanoyloctanoylglycerol and
hydrogenated starch hydrolysate (HSH) ) were particularly effective. The efficacy of selected insecticides (acetamiprid,
sulfoxaflor, and HSH) was also evaluated in a greenhouse. The results showed that sulfoxaflor was the most effective,
with acetamiprid in second place, and HSH in third.
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Table 1. Nymphal development and survival of Phenacoccus solani reared on green beans at 25°C and a 14L:10D photoperiod

Developmental stage

Total
1st instar 2nd instar 3rd instar

Developmental duration (days) (mean®SD) 6.461+1.48 5.641+1.41 7.8540.81 19.60+1.76
Minimum (days) 5 4 7 17
Maximum (days) 11 10 9 24
Median (days) 6 5 8 20
No. of samples 26 25 20 20
Survival rate (%) 92.9 96.2 80.0 71.5
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Fig. 1. Age-specific developmental ratio (a), nymphal body

length (b), and adult body length (c) of P. solani. Data of
body length (b, ¢c) show mean=+SD.
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Fig. 2. Changes in progeny/3 days and female adults’ survival of
P. solani.

Table 2. Reproduction of P. solani reared on green beans at 25°C and a 14L: 10D photoperiod

No. of Pre-reproduction duration Adult longevity No. of No. of
samples (days) (days) offspring/female offspring/female/3 days
Productive females 10 18.6£2.3 34.8+8.6 49.3%30.0 8.1+1.9
Non-productive females 8 13.4£6.0 — —

Data show mean=®SD.
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Table 3. Efficacy of insecticides on 2nd instar nymphs of P. solani
. . 1 0, ¢
Category and IRAC code” Insecticide” ]i)tl.lutloy Morulity (%)
1mes 24h 481" 72h
Chemical inseticide
4A Acetamiprid 20% WSP 4,000 1000 1000 1000
4A Nitenpyram 10% WSP 1,000 100£0 100£0 100£0
4C Sulfoxaflor 9.5% WP 1,000 1000 1000 1000
9B Pymetrozine 25% WP 5,000 0+0 20.8£26.0 35.1£9.2
9B Pyrifluquinazon 20% WP 4,000 00 22.2+29.4 4221334
23 Spirotetramat 22.4% WP 2,000 0+0 33+£58 33+£58
28 Cyantraniliprole 10.3% WP 2,000 0£0 10.710.6 21.1£9.5
29 Flonicamid 10% WP 2,000 133%11.5 29.31£23.6 47.0%36.5
— Flometoquin 10% WP 1,000 0£0 0£0 00
Parasitic pathogen
— Beauveria bassiana (GHA) 1.6X10'’/ml EC 500 0£0 18.6+12.8 41.0+13.1
Spiracle-blocking insecticide
— Decanoyloctanoylglycerol 90% EC 300 93.3%£5.8 93.3%5.8 93.3%5.8
— Hydrogenated starch hydrolysate 60% SL 100 70.0£0 1000 1000
— Propyleneglycol fattyacid monoester 70% EC 1,000 73.3%£11.5 96.71+5.8 96.71+5.8
— Hydroxypropylstarch 5% SL 100 66.71£15.3 85.9%12.2 100£0
Water 33+£538 10.7£11.1 14.1£7.1
*— : no-code.
" EC: emulsifiable concentrate, SL: soluble concentrate, WP: wettable powder, WSP: water soluble powder.
¢ Data show mean=SD.
¢ Time after treatment (hours).
Table 4. Efficacy of insecticides on 3rd instar nymphs of P. solani
. . 1 0, ¢
Category and IRAC code” Insecticide” ](Dtl.lutlo; Mortalty (%)
1mes 24h 481" 72h
Chemical inseticide
4A Acetamiprid 20% WSP 4,000 1000 1000 1000
4A Nitenpyram 10% WSP 1,000 100£0 100£0 100£0
4C Sulfoxaflor 9.5% WP 1,000 1000 1000 1000
9B Pymetrozine 25% WP 5,000 42%72 7.9£6.9 19.4%73
9B Pyrifluquinazon 20% WP 4,000 12.0x12.5 154+8.4 27.0+20.4
23 Spirotetramat 22.4% WP 2,000 33+£538 6.7£5.8 10.0£10.0
28 Cyantraniliprole 10.3% WP 2,000 33+58 6.7+5.8 6.71£5.8
29 Flonicamid 10% WP 2,000 37164 3.7t64 10.7£11.1
— Flometoquin 10% WP 1,000 0+0 0%0 00
Parasitic pathogen
— Beauveria bassiana (GHA) 1.6X10'’/ml EC 500 6.7£5.8 26.7£5.8 36.7£5.8
Spiracle-blocking insecticide
— Decanoyloctanoylglycerol 90% EC 300 90.0£17.3 93.3+11.5 93.3%11.5
— Hydrogenated starch hydrolysate 60% SL 100 73.3%11.5 80.0£10.0 83.9£53
— Propyleneglycol fattyacid monoester 70% EC 1,000 93.0£6.1 1000 1000
— Hydroxypropylstarch 5% SL 100 61.9+74 65.21£8.3 68.51£12.3
Water 0+0 0%0 0%0
*— : no-code.

° EC: emulsifiable concentrate, SL: soluble concentrate, WP: wettable powder, WSP: water soluble powder.
¢ Data show mean=£SD.

¢ Time after treatment

(hours) .
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Table 5. Efficacy of insecticides on female adults of P. solani
Category and IRAC o Dilution Mortality (%)
a Insecticide -
code (times) 241 481 721
Chemical inseticide
4A Acetamiprid 20% WSP 4,000 1000 1000 1000
4A Nitenpyram 10% WSP 1,000 1000 1000 1000
4C Sulfoxaflor 9.5% WP 1,000 1000 1000 1000
9B Pymetrozine 25% WP 5,000 0+0 10.0£10.0 30.0£0
9B Pyrifluquinazon 20% WP 4,000 00 0£0 33%58
23 Spirotetramat 22.4% WP 2,000 0+0 6.7£11.5 6.7£11.5
28 Cyantraniliprole 10.3% WP 2,000 00 6.7+5.8 16.7+11.5
29 Flonicamid 10% WP 2,000 0+0 0£0 00
— Flometoquin 10% WP 1,000 00 0£0 0£0
Parasitic pathogen
— Beauveria bassiana (GHA) 1.6X10'"/ml EC 500 33+£58 30.0£10.0 53.3+23.1
Spiracle-blocking insecticide
— Decanoyloctanoylglycerol 90% EC 300 63.3£30.6 83.3%11.5 933+£5.8
— Hydrogenated starch hydrolysate 60% SL 100 6.7£5.8 13.3+15.3 83.3£5.8
— Propyleneglycol fattyacid monoester 70% EC 1,000 25.8+15.1 46.7+25.2 46.7125.2
— Hydroxypropylstarch 5% SL 100 10.0+17.3 10.0+17.3 13.3+153
Water 0+0 0+0 0+0
*— : no-code.
" EC: emulsifiable concentrate, SL: soluble concentrate, WP: wettable powder, WSP: water soluble powder.
¢ Data show mean=SD.
¢ Time after treatment (hours).
WIS AR SN L L, FRAAFAAH T LY 00 -
DIRERENHED & RHFOFERHIZ K 0 BHRARISE 2T —¥—Acetamiprid
»5h, 3B KOS LT EmOB Ry, 20 ] —=—Sulfoxaflor p
R B I SUMERGANS, WA ) € ) FRAIB KO S 200 | O~ HSH
TV T RHREAIT 6 o 7. FU I Non-treatment
3. BB 3REAOHNHE £
FAAFHAH T LY OWMNETORERELGOMAR 5100 4
I AR LISTHET 5 £ A R Te, aahnsa 2 o | \\
DS TOR I % i L 7= (Fig. 3). SEAMERTOF 22 . — -
A /{ AT Ly 0)"5‘}]‘% ‘i, ﬁﬂfig 12T 653 EE/B:, Before treatment' 4 days after I 9 da;/s after 14 days after '
SHHX T 943~113.7 /X TH D, SXMTOHE L Time
IR 5N 7 (rEUT, df=3, F=1.16, p=0.38). Fig. 3. Effect of insecticides on the population density of P. solani

ZOWT, WIRDOXIZEWTE Tl RAERTH -
7z (Fig. 4). MUPEXDF 23+ 74 575 L01E, ilEEH
A9 HkA2 GEIMIL, 14 H % IZaRERBRAART O 4 151K
3% 2447 BH/IXIZHE L 72 (Fig. 3). HAINPLX TOZEE I
WTMOXIZEWTEEAMIAR LD KT L, kd R
NEN o722 RFH 70707 T TIZAEE 9
H#»6¥alsE L2 (Fig. 3). A4 H, 9 HB KU 14
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Y a7 a 7 T NEXIEMOWTHORERX KD & FH
RIS, BABOFEE T ThOEFUIX L0 67
2@ T2 (GrEG AT [RAET L] % Tukey O HSD MUE,

on eggplants cultivated in a greenhouse. Data show mean=SD.
HSH represents hydrogenated starch hydrolysate.

p<0.05). TH&3IT7Y) FERAEAR XORILT V7Y
B LIEAIEEX OB E I3 R G EIZAD b h - 7
(B DRA T T IL] 1% Tukey @ HSD Bi%E, p>0.05).
HL, Zh o 2fHOROFHRMEIE R 7. Thbb,
TR a I T FERARGERLEXOF ZaFhA 0T LY
EEEALPEL 14 HE £ TS L, W14 BT
200H/XTd > 7=DIZx L, EILT v 7 ¥ B b Al L
X CITALEE 14 H#ICIZTFOEE OMA D 5 n iz (Fig.
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(a) Acetamiprid
150 1

100 A

50 A

1.3 1.7
15.7 3.3
0.3 0.3

(b) Sulfoxaflor

2.3
4.0
1.0
T

150 1

100 A

Before 4 days after

treatment

(c) Hydrogenated starch hydrolysate
150 1
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50 A
7 [as

Number of individuals / 10 plants

9 days after 14 days after

T T |
Before 4 days after 9 days after 14 days after
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(d) Non-treatment

300 1

200

100 A
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4 days after 9 days after 14 days after

0
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Young nymphs |:| Middle nymphs - Old nymphs or adults

Fig. 4. Changes in the number at each developmental stage of P. solani on eggplant treated with different insecticides. Values with arrows indi-

cate a lower number of P. solani.

3). BILT ¥ 7 VR AVLEEX T, g o %
JFEIZSEAVLPR RS 12 IR R AR 5 Nz A, Fimslhido
BEIEISEE 9 H % & TG & IRIERARMETHERE L, 14 H
BITHIM L 72 (Fig. 4c). MaXUBRIX O & gl & 72 13t
R OB ISHEAVLPERIIC T 5 Z &ida <, HfOR
WE L B ITHE LT L 72 (Fig. 4c).

= L

BROBEIZBT BT 2aF I 4 H 5 L0 DAERER K OBikR
Hlil 2R 268U Ty Tan, AR U CaRh Al
ERET 5 HNT, BNEBRIZE W T 14 EH O %5
g2 &L, BNERTALLEEZZ 5N -RBANIZD
WIS TOMRAERGEL 72, —fiziic, Bh - # =i
KU CHEAFORELGTMT 2121, e —FHE
OBGAEA SR BB L 2%, LirL, FA3F 745
T L VIR FEE R THIRE A B L AR S -0,
EORGEERXNT S HENBETHS. FIZT, A7
VOEEE U THE 25°C 3 L UG 141 ¢ 10D D&
BTS2 HiORE, J8EH B L OBIERE % N
2. FAAFHAHT LY OHHEOKER, BHEE ED
IZON TR AEAB RS-0, ZREOHIKRIZENT
B U % XA T & 21F EARRDEIZIHFE Ch o - 72 (Fig.
1). F72, KEEHROEEIIMA 3 BHOPETRAT
Y, RHPMLIZES IO CHEME L, 2 dish i &
EbHo VKR FEEL. ZOZER5, KFOEKEID
FOREREFNT S Z L 3REETH 7=, —FF, AHD

FE WM & FNRIAER, ETH% S5 HmDRIIREDR—O
RERBOMWMAEZIVBTFHETE I Eidhro72h, B
HERBOAIENRD T, KBhrOREOREREMAD
FHEEEP KT D S ETHO Himd, 1 R TIEET
%4 HLAIN, 2 fg e CldEE 11 8~9 Hilm, 3 gt ¢l
PET% 14~16 Hifm, MR TIZETH% 25 HELIBRTH 5
L SNz (Fig 1). MHE®ZROREEHIM? SRR ORE
A L CHRENGEAT 2 FIE, 7%, 7FYB&
CH R YHEOHERBEERTH LTI VAFT AT T LY
Planococcus kraunhiae (Kuwana) THHWHNTEBD (F
T, 2006), FHEBIZREIZ K % REREO IR A KA 3+ 7
AAT LAV L TUIAN LG FRTHIEELLNS.
Nakahira and Arakawa (2006) 12, ¥ —~< Y %f& L C
20°C, 25°C, 30°C DIERMFTTFHFRAAF HAH T LV D
FEE B L OBRERFEEFN, DTOoEBsh@ME L T4
bHbH, 25°CIZB I 2 AMEDORRE MM, 1 #ghh2 72 H,
2 Wi A 5.8 H, 3l 6.1 H, SHIA 19.1 0
TH otz [A—OWEEMEICE T 3 KMROMEIE, 1 #
YR A 6.5 H, 202 5.6 H, 3HSIHRA 79 H, &4
HHAMA 196 HTH Y, Zho DMz s\ CTHRH
MOKEZ2IRDONAEN 72, LirL, BhREizo
WTIF IS B W THHE EVARD S iz, RIFFROME
13 Nakahira and Arakawa (2006) 12 T pE1milI 23589
4 HEL, FFmaR 7 B 572 BETROZ S miif7EH
THRFZPEE TdH 1), Nakahira and Arakawa (2006) & AAF%E
D1 M7= D AEET BN T 50%E1nd 72, £/, K
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22T 7 & PE £ Ol R A 4 #ILL SR B 7z, kol
D FHEIZ R 2 WAL T OMED ERNZH 5 2> T,
Y= beA vy Vv oOETHE L TOwMEA R4 % naet:
BHB. V=TT 4 AT EHWENERES R L S
DTH%. LhL, EBRIZHELHEWIEES 27201203,
EEMRE AR E L., ZOMIZEWT, E—
VIR L AEET BN, A VK 1 EB TS A
BAHohsZens)y b ThHS. LirL, F2AaF+7
AH T LY DREFBEEFIA VXV EHWIHEAICITE -
VWA THIEREN S B0 b 57280, TOREE
L THWSRBEND B,
BNIZBEWTF AT F HAH T L 00T 2R BH DR
T U 72855, IRAC I — F234A /213 4CITBT %
TE 4T FERAKEA, ALAFHTaLTaT T
L, =TV ET LAKBRITOT RS EORHRSIRLED 5
M7= (Table 3, 4, 5). 7=, 7v&3I7) FERAEA L
KU ZLAFH T T a7 TILRHEBRETE ZOHE)
AR I N7z, KMEEFIO S 5, BEhE2 ) £ FILHE
BEOETLT v 7 BRI O R FIE Ll oL G ot
HANCIEF S DD, BNFEBRTIEIEHFEF 2T ;A4
5LV DETOREREIZNLT0% ML, #FHiT80% LA
FDEENGRD 57z (Table 3, 4, 5). WERERIZE T
BIEICT v T VLAl ORIRIE, AN FH T LT
T7 TS0, TE T FERAKEK & DR
ICHE AR, MABXOEE XD 35 70% DK T
MiB® 6Nz (Fig 3). LaL, HYEERICK TS+ 20
FHA KT LY OREERIK (Fig. 4) 25l LT, ¥t
7V 7 R AELX T, SRR LK DT L s
o TR RS DI D AR D FEE 5 L O E 0,
WP 14 HBRIZIEFHO T 23+ H 4 H 5 LV BENEMIL
EEZONS. LENST, FRALEESORRO R
DT, EILT v 7 VB ANE T 2 377 M
WABAIB X Z L RF 7L 707 TUICH DL EEZ
5hb.
AWFRTHSIZ L2 AT F A HF LK LTEHE
S RANT, REF ST 2IEERE L OFHTE X
9. Aheer et al. (2009) &, 72T FHAHFTLVIZHL
TorualLE YR ZAFAHF, o7/ KZFH, 2V Ik
HAISEOBREIENENZ L AR LTS, LarL, BUE
BOPENC BV TAMOWHELME E £ > T30, i
B DF 2R — v VETRMAFIE X gt R F o
A KGRI, & 72 Br 88 (RIAK, 2003) LG EURIE
PIEEAEHHTERCHKREDORILTH S NS
VY. Aheer et al. (2009) A5 L 7z Lidof AL, Kk
12X 2 NG (HAREMPR S, 2019). Z
D72, KAPEA SN[ TIERHATE Ln. Lk
BNoT, KRIZBENTTFZAIF AL H T L DENKR

2

HARDSFRD 5 NRBANCONT, TREFNDOEEED
ERE TR & 72 3 REF VAT 2 KOS G U 727
HANDEENBETH 5. Hl21E, MRk 20—~
VTCRTHIUIHER IS VI I L TATIL A F —
ATV Z=OMEN MW s feffie > ThD, K0EE
BREFIHZX S BEHEI T Iy~vHEZIFaF V53
JHZCH L TEA V2 ANT I ALY F2F AT H A3
HA, TTILVHIH LTIV YT T F5F dphidius
colemani Viereck & X 71 X ) 25 ' U Propylea japonica
Thunberg F %2 FIH T2 Z & B L0, KFRIZHNTT 2
AFHA AT LR L THIES RSN 724 3T

FEERARER, ALK FHTULTOQT T, ZF T
LKA NERGER ) £ RELAlIG L ONRITT v 7 L
WA, WENE AT AF —H 7 ) £ 2Tk 5 B
I XIFEREL L2 (FH, 2010 7V X4 T4 7
YA T VR, 2019), ATNAF—HT )X =4FHTS
B TIZONTRE T 2T F I 4 H 5 L2k BP0
T&E LS. HL, 7+v& 3I7Y FERAKBA, 2LEkF
FruLTur ILEEX0=T VT LKERIZTRE
AV VYTTINF, AANVTCRANFT ALY, AN
AHAIFABEIO A A ATV P EERHT S
Wi CIIERAEA 2 KO fEEEhTns (724254
THA LY, 2019; HAS, 2019; b5 2 7 =¥ 2,
2019). flJ7, HEWiEEZ ) ) FAFB L ORILT v 7V
BELPH A O BRI T O KIS LT Fito 3 3
FIEEREZELS W (TVARTIAL TH ATV R, 2019; H
A5, 2019 L7 2 /4 —E %, 2019). L7=A-7T, R
TN ZF—H T & ZAMA THEBEO KEAEA X h 724
F & 72 I3 AR MY Tk, AEIAS TEHHANRD 5
NTCOBIENRESY) ) RIAE 2387 v 7 VR
TERl 2 BN B BN D 5.

Glk, hF, TRy, HUFVESEOEREHRTH
2790 hA4HTLAVICHLTE, HEDOKMEE
WThbHT7YaAF A4 H T2 asNF Allotropa subclavata
(Muesebeck) (T-48 - 32, 2004) HR A7 xuE v (T
85, 2009) &HOWZBREROFENEIREN TN
(45, 2013). F A FHA T T LT B HEN 558
M A .9 2 L Tld, SREMNBIEREM ORI ©
WTh5.

1 £

FAAFHA T T LVIE, KR & 34905k %
Fip L U7z IPM O RIS EIMb L 22ERTHh 5. L
MU, AR U THEARBANC DB TIRIE L A IR
MW=, FHEITENRER & BRI X 0 SR & 5%
HWAIZ S s U7z, BNEERIE, A V7 v oEREH
VY, RIS 25°C, BRI 140 0 10D DM R CHEE X iz,
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FAAFTHA AT LY DOEFEEEXAT 572012 H R
DO & RHEMB AR, RRTESREEL X
TEAEDP SN, ETHROBEHMIC LD MARRHEES
WRIMBE T H B L EZ ON. BSREEEXITE720H0
PE R ¥ Hiipid, 1 sl cida 0PI, 216%) R ¢8~9 Hiif,
3 ESHT 14~16 Hifn, MR < 25 Bl L& HfeE S h
7. 2 finds K OV3 g, MR HIT T S 14 FERIORR
B HNRTAER, ACAAER A3 Al (722 27 PR
KEH, ZLFEHTOLTOT T, =F VT LKE
A, SFTESA 2 A B2 ) ) P3RS & OETT
7TV T VR EEA) BENTH 7. TEE I T P
RARER, ZLAFHTursar I, BILT Y 7 U8
(PR AN D ChiaR A Rs o 2 5 TR IR % SRl L 72
WL ZukFHTarTaT I, Tea I 7)) Rk
KR, EICT v 7 B EHRE A OIS SO R AR Eh
7=.
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