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Table 1. Chemical insecticides used in this study

Common name Dilution Chemical

and formulation factor group Activity Manufacturer

Oxamyl 10% SL 250 carbamate Insecticide, acaricide, nematicide Syngenta Taiwan Ltd.,
Taichung, Taiwan

Abamectin 2% EC 1000 avermectin Insecticide, acaricide, nematicide Syngenta Taiwan Ltd.,
Taichung, Taiwan

Cyromazine 8.9% SL 1000 triazine Insecticide (insect growth regulator), acaricide ~ Syngenta Taiwan Ltd.,
Taichung, Taiwan

Cyromazine 75% WP 4000 triazine Insecticide (insect growth regulator), acaricide ~ Syngenta Taiwan Ltd.,

Taichung, Taiwan
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Table 2. Effect of insecticide treatment of eggs of Closterocerus okazakii and Chrysocharis pentheus on survival at

egg, larva and pupa stages *

Survival (%)

Insecticides n Egg Larva Pupa Egg to pupa
Closterocerus okazakii
Oxamyl 5 100.0+0.0a” 98.8+13a 100.0+0.0a 988+13a
Abamectin 4 100.0+0.0a 99.0+1.0a 100.0+0.0a 99.0+1.0a
Cyromazine SL 4 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a
Cyromazine WP 5 100.0+0.0a 100.0+£0.0a 100.0+0.0a 100.0+0.0a
CK 4 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a
Chrysocharis pentheus
Oxamyl 4 100.0+0.0a 96.4+21a 100.0+0.0a 96.4+21a
Abamectin 4 100.0+0.0a 98.6+14a 100.0+0.0a 986+14a
Cyromazine SL 4 100.0+0.0a 100.0+0.0a 100.0+0.0a 100.0+0.0a
Cyromazine WP 4 100.0+0.0a 100.0+0.0a 975+25a 975+25a
CK 4 98.8+1.3a 99.3+0.8a 98.8+1.3a 96.8+1.2a

? One seedling of field bean infested with 20-30 wasp eggs was dipped in an insecticide solution for 1 min.  For untreated control,
one seedling infested with 20-30 wasp eggs was dipped in distilled water. At 30 min after treatment, one seedling was placed in
an acrylic cylinder (20 cm diameter x 25 cm height) and kept at 25°C under light (14 h light: 10 h dark) at 65-85% R.H.

Y Mean + standard error. Means within each column of Closterocerus okazakii and Chrysocharis pentheus, respectively, followed
by the same letter are not significantly different at 5% level by LSD test. Data were transformed to arcsin x prior to ANOVA.
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Table 3. Effect of insecticide treatment of eggs of Closterocerus okazakii and Chrysocharis pentheus on duration

(days) of development from egg to pupa stages

Closterocerus okazakii

Chrysocharis pentheus

Insecticides n Mean + SEM n Mean + SEM
Oxamyl 29 13.0+0.1a” 42 13.2+0.2a
Abamectin 25 13.1+02a 29 13.1+£0.1a
Cyromazine SL 39 132+0.1a 43 13.2+0.1a
Cyromazine WP 40 13.0+0.1a 40 13.2+03a
CK 38 13.1+0.2a 40 13.2+0.1a

? One seedling of field bean infested with 25-40 wasp eggs was dipped in an insecticide solution for 1 min.  For untreated control,
one seedling infested with 25-40 wasp eggs was dipped in distilled water. At 30 min after treatment, one seedling was placed in
an acrylic cylinder (20 cm diameter x 25 cm height) and kept at 25°C, under light (14 h light: 10 h dark) at 65-85% R.H.

¥ Mean * standard error. Means within each column followed by the same letter are not significantly different at 5% level by LSD

test.
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Table 4. Effect of insecticide treatment of mature larvae of Closterocerus okazakii and Chrysocharis pentheus on
survival at larva and pupa stages *

Survival (%)

Insecticides n Larva Pupa Larva to pupa
Closterocerus okazakii
Oxamy 4 97.1+17a"’ 100.0+£0.0a 97.1+17a
Abamectin 4 100.0+0.0a 100.0+0.0a 100.0+0.0a
Cyromazine SL 4 98.7+13a 100.0+0.0a 98.7+13a
Cyromazine WP 4 100.0+0.0a 100.0+0.0a 100.0+0.0a
CK 4 100.0+0.0a 100.0+0.0a 100.0+0.0a
Chrysocharis pentheus
Oxamyl 4 959+2.4a 988+1.2a 94.7+2.0b
Abamectin 4 100.0+0.0a 100.0+0.0a 100.0+0.0a
Cyromazine SL 5 99.3+0.7a 99.5+05a 98.8+ 0.8 ab
Cyromazine WP 4 98.1+19a 99.4+0.7a 97.4+18ab
CK 4 100.0+0.0a 985+16a 985+ 1.6ab

* One seedling of field bean infested with 20-30 wasp larvae was dipped in an insecticide solution for 1 min. For untreated
control, one seedling infested with 20-30 wasp larvae was dipped in distilled water. At 30 min after treatment, one seedling was
placed in an acrylic cylinder (20 cm diameter x 25 cm height) and kept at 25°C under light (14 h light:10 h dark) at 65-85% R.H.

Y Mean + standard error. Means within each column of Closterocerus okazakii and Chrysocharis pentheus, respectively, followed
by the same letter are not significantly different at 5% level by LSD test. Data were transformed to arcsin x prior to ANOVA.
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Table 5. Effect of insecticide treatment of pupae of Closterocerus okazakii and Chrysocharis pentheus on percentage
of emergence of adults *

Closterocerus okazakii Chrysocharis pentheus

Insecticides n Mean + SEM n Mean + SEM
Oxamyl 4 100.0+ 0.0 2" 4 100.0+0.0a
Abamectin 4 100.0+0.0a 4 989+11a
Cyromazine SL 4 100.0+0.0a 4 100.0+0.0a
Cyromazine WP 4 100.0+0.0a 4 100.0+0.0a
CK 4 100.0+0.0a 4 98.8+1.3a

? One seedling of field bean infested with 20-40 wasp pupae was dilpped in an insecticide solution for 1 min. For untreated control,
one seedling infested with 20-40 wasp pupae was dipped in distilled water. At 30 min after treatment, one seedling was placed
in an acrylic cylinder (20 cm diameter x 25 cm heigh? and kept at 25°C under light (14 h light: 10 h dark) at 65-85% R.H.

Y Mean % standard error. Means within each column followed by the same letter are not significantly different at 5% level by LSD
test. Data were transformed to arcsin x prior to ANOVA.
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Table 6. Effect of insecticide treatment of adult of Closterocerus okazakii and Chrysocharis pentheus on survival,

progeny and death rate of the host, L. sativae

Survival of adult wasp (%)

Host killed (%)/ Progeny of wasp/10 females

Treatment n Female 10 females No. adults  Female proportion
Closterocerus okazakii
Oxamyl + wasp 6 93.3+3.3AbY 94.0+4.0Ab 989+11a 40+3b 0.48+0.04b
Abamectin + wasp 7 37.1+57Bc 929+36Ab 99.6+0.3a 10+1c 0.63+0.06 a
Cyromazine SL + wasp 9 100.0+0.0Aa 100.0 £0.0 Aa 100.0+0.0a 12+2¢c 0.35+0.05b
Cyromazine WP + wasp 8 100.0+0.0Aa 98.9%1.1Aab 999+0.1a 10t4c 0.46+0.04b
Water + wasp 6 100.0 £ 0.0 Aa 100.0 + 0.0 Aa 61.8+26b 8l+6a 0.48+0.03b
Chrysocharis pentheus
Oxamy! + wasp 10 64.0+34Bd 93.0+2.0Ac 995+03a 20+4b 0.23+0.05b
Abamectin + wasp 11 918+26Ac 97.8+x15Aab 99.8+0.2a 12+2c 0.18 £0.06 b
Cyromazine SL + wasp 9 98.9+1.1Aab 100.0 £0.0 Aa 99.9+0.1a 11+2c 0.19+0.05b
Cyromazine WP + wasp 10 96.0+22Ab 95.0+2.7 Abc 100.0+0.0a 12+2c 0.14+0.04b
Water + wasp 14 100.0 £ 0.0 Aa 100.0 £ 0.0 Aa 39.6+18b 48+2a 0.39+0.02a

?One seedling of field bean infested 40-50 third-instars of L. sativae was dipped in an insecticide solution for 1 min. For untreated
control, one seedling infested with 40-50 third-instars of L. sativae was dipped in distilled water. At 30 min after treatment, 4-5
seedlings (200 larvae) were placed in an acrylic cylinder (20 cm diameter x 25 ¢cm height). Ten pairs of 2-day-old adult wasps
were released into each cylinder.  All the treatments were kept at 25°C under light (14 h light: 10 h dark) at 65-85% R.H. Data

were collected at 24 hrs after treatment.

Y Mean = standard error. Means within each row of percent survival of Closterocerus okazakii and Closterocerus pentheus,
respectively, followed by the same uppercase letter denote no significant differences between sexes at 5% level by LSD test.
Means within each column of Closterocerus okazakii and Closterocerus pentheus, respectively, followed by the same lowercase

lette are not significantly different at 5% level by LSD test.

transformed to arcsin vx prior to ANOVA.
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Table 7. Longevity, fertility and host-killing capability of Closterocerus okazakii and Chrysocharis pentheus
survived from the insecticide treatment for 24 hrs

Longevity (d) Fertility No. hosts killed/female
(no. offspring Female Host Parasitized/
Treatment n Female Male wasps/female)  proportion  Parasitized ~ feeding Total  host feeding
Closterocerus okazakii
Oxamyl 10 17.6+20AaY 17.8+1.7Aa 199+18ab 0.37+0.03b 202+25a 216+22a 418+45a 1.0+0.1b
Abamectin 11 1.0+ 0.0 Bb 6.9+ 1.4Ab 0+0c — 0+0b 0+0c 0+0b

176+12Aa 167+20Aa 173+21b 046+0.03ab 184+23a 201+2la 385+39a 09+0.1b
16.7+£14Aa 158+17Aa 173+12b 048+003a 182+17a 210+14a 392+24a 09+0.1b

Cyromazine SL 10
Cyromazine WP 11

CK 8 185+24Aa 180+22Aa 227+25a 053+0.05a 242+26a 133+26b 375+48a 20+0.2a
Closterocerus okazakii

Oxamyl 9 249+20Aa 189+20Aa 122+7b 051+0.04a 159+10b 113+9a 272+16b 14+0.1b

Abamectin 11 4.8+0.3Ab 6.5+ 0.3Ab 0+0c — 0+0c 1+1b 1+1c

220+13Aa 194+12Aa 148+10b 047+0.04a 161+8b 112+6a 273+1lb 15%0.1b
Cyromazine WP 12 247+22Aa 20.7+27Aa 143+10b 042+003a 181+14b 143+14a 324+25b 13+0.1b
CK 8 229+13Aa 200+25Aa 257+44a 047+0.03a 270+46a 146+30a 415+62a 21+04a

For each replicate, one pair of 3-day-old adult wasp that had survived after insecticide treatment for 24 hrs was placed in an
acrylic cylinder (20 cm diameter x 25 cm height) and kept at 25°C under light (14 h light: 10 h dark) at 65-85% R.H. Third-instar
larvae of L. sativae on bean seedling without insecticide treatment were placed in the acrylic cylinder on daily basis, 30-40
larvae/seedling/day.

Mean + standard error. Means within each row of longevity of Closterocerus okazakii and Closterocerus pentheus, respectively,
followed by the same uppercase letter denote no significant differences between sexes at 5% level by LSD test. Means within
each column of Closterocerus okazakii and Closterocerus pentheus, respectively, followed by the same lowercase letter are not
significantly different at 5% level by LSD test.

Cyromazine SL 10

~N

<

25338 (fenpropathrin, pyrethroid) % [ iy #24 % - Baietal. (2009) fAEfEE T FHE AU
(chlorpyrifos, organophosphate) ¥fjiiil 24 /i e e T B TR P R S B VB B A A bz 2

B FETHE 100% ; B0 72 /NFFR 2 3BT LT A B
SR pICHEEERE 86.9-02.1% MMM HAETHE - AEBAIPE A LGS
67.6% ; {ELILATE RIS MR GRS I (imidacloprid, neonicotinoids) ~ € 5 %

I

50 B 12 /NRFR 2 SETSREGE 100% o fEH
BB - LRl Mg Fy iR S D TRl o - BEET
Azl » Zeng et al. (2004) %2 A B TR 7L
A & R A B SR DR 7B MR e HCORh /)
Chrysocharis sp..Z 5% » A& RIGHIFGHTIL ~ %
b B A% ET (avermectins) 273 i S B TR R
PEFIRR - St s AR i B iR
J7 B LR E A AR e e 20 2 o AR B R
FF A BRSO VB Wl 2 B A e DL CRE D I
[Neochrysocharis formosa (Westwood)] % °
5 57.43% - HR gL/ \g [Closterocerus
lyonetiae (Ferriere)] 5 27.72% -+ [HAMNEE FAIG
Fl g ey [N [Diglyphus isaea (Walker)]

(thiamethoxam, neonicotinoids) & & iF (&
EFECH < 25%) B EHHEH &G R
(beta-cypermethrin, pyrethroids) ~ BajE% (aceta-
miprid, neonicotinoids) Jz 3% A< (pyridaben,
mitochondrial complex electron transport inhibitors)
(FRIEFELR 27.92-41.76%) ; FEEHFEHEHM
YT (FIEZELR 55.29%) - HEH yEIrE
(bifenthrin, pyrethroids) EARFHTFY (FRIFFRLCR
89.21-98.60%) - {E%1# » Chien & Chang (2010)
R EWORIE ~ P REWT - A HA LB
RGP G DR L & - (R
i I 2 BL B S R R AT B S 5
% YRGBV < i FESE T AU BRI B



FTEyT » HCREEWIT o AG BTG R Rl il
/NI 5 2B o S R Y T+ RS s BIGR
VRELEEEOT ;5 RS LR ] ik s 2B v BE ]
Tl 7 T ERBICRENR, » HiS s R BRIt » P
KBBR8 2 SABERG R » BUREEOIT A S bt
TEWRET A M Ry 2 5 -

PN 15 ey 1 e - 1 S Y < o
FE I EAE R - HFRIEE T AR
EINTBIFL BTN (diobiont) ~ FFAETT
RBATE (solitary) RESEHF EHAAGFE
BEENREZH FEEEHE (Chien & Chang 2008a,
2009a) - Bl r 18 =37 - AEUNEL R 7 3 (host
feeding) IR - FLflgrg ~ 08 ~ B RAEINE H#E
Bl G e Lo g IR EL TR
W+ RIS EI8ER]  HEBE R EOEES R
AR Z BT ~ Z Y SR AN RIS B B SE ]
B - FRLOR BRI 5% -

S H i B R SR D VO — R %)
ERELC LEBTE 10 €2 0 200 E26F - [R5 il ] Vi B
JEE LLHT Rl N — H N BBEFH E3R KRy 61.8 El
39.6% (3 6) ; {H'E —Fd HEEALE ] B FHIRE -
HEIEE £ 25& 100% (Chien & Chang 2010) -
T 5 BT A PR AR 98.9-100%
(5% 6) « BEURERBtH SR 1A » BER] 25K
REEENT AR - HEEREF A BT E85
KUV BERER - R IR i LS L iR
/NI B IR 25 B 0.6 B 1.5 1% - B8 B iR SR D v
o FH T R 2 P v 28 A AR M S R IR e
FHEE e v KEZ I R 1 - (HAE S e
TREERIA T A e 5T - KRR iR S o v
WREE A AR AR E T R T ~ IRARDETE
BEPTEENE A ~ AEREERMEEER 2 S
SEARBHARAT » TEG R IVEED 6 FE
TECEESET] & e B i FHRE A -

PETEIRE M A E S i AR A AT
HFGE EEEZE AT (Murphy & LaSalle
1999) o &5 MESERANE i I » AMES | PEE
BETEEE 2 A - HERECERGRE )T - Bl

DB MER TG IREE - [RItAEDR R B ERTT
M Bt S BG - AMERZERIIE - 765
8 BRRP B A AR E R R
SR IR~ 2R FAERIE - R
W1~ AR BRAEH R RIIfaE T - (HEL
Bl ErE (Chien & Chang unpublished data) °
A A A SR R oA L 7T B e AR N A
25 WRRIRER S EERTR G S AR - R
B R AT AR ROR A o RN R Bl
FRIE ~ ROEEZN: - IURSEERIR L 2
T~ BREFAEEHRBEAENT AR - KF
AEREORTE RN - RS v R B R D v
ZBHERELIEERIGI6 R » R AR LA
YIli6 R X S DTG TR o PRI C S AE b leg
Fil1/ | g 208 A S SR B WORL R, ~ JEC LM
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Effect of Insecticides on Closterocerus okazakii and Chrysoncharis
pentheus (Hymenoptera: Eulophidae), Parasitoids of Liriomyza

sativae (Diptera: Agromyzidae)®
Ching-Chin Chien?3and Shu-Chen Chang?

Abstract

Chien, C. C. and S. C. Chang. 2011. Effect of insecticides on Closterocerus okazakii and Chrysoncharis pentheus
(Hymenoptera: Eulophidae), parasitoids of Liriomyza sativae (Diptera: Agromyzidae). J. Taiwan Agric. Res.
60:185-196.

Closterocerus okazakii (Kamijo) and Chrysocharis pentheus (Walker) are important native parasitoids
of Liriomyza sativae Blanchard in Taiwan. In this study, seedlings of field bean (Phaseolus vulgaris var.
communis Aeschers) infested with parasitoids or L. sativae were used to determine effect of insecticides
(oxamyl SL, abamectin EC, cyromazine SL, and cyromazine WP) on C. okazakii and C. pentheus at
different development stages under laboratory conditions. Results showed that all the three tested
insecticides had a significant (p < 0.05) lethal effect on C. okazakii and C. pentheus in adult stage but no
lethal effect on other development stages (egg, larva and pupa). When adult wasps were treated with
insecticides for 24 hours, survival rates of female and male decreased by 62.9 and 7.1%, respectively, for
abamectin in C. okazakii, 36.0 and 7.0%, respectively, for oxamyl in C. pentheus, whereas the others had
no significant effects with decreased survival rates or significantly decreased by 4.0-8.2% only. The
progeny of these two species of parasitoids decreased by 75.0-87.7% after the treatment of adults with
either abamectin or cyromazine for 24 hours, and 50.6-58.3% by the treatment of adults with oxamyl.
Among the three insecticides tested, abamectin was the most toxic insecticide for both parasitoid species.
When adult wasps were treated with abamectin for 24 hours and released on untreated bean seedlings
infested with hosts daily, the longevity of female wasps, longevity of male wasps, number of wasp
progeny, and number of L. sativae Killed by wasps decreased by 79.0-94.6, 61.7-67.5, 100 and
99.8-100%, respectively. In C. okazakii, treatment of adult wasps with both formulations of cyromazine
resulted in 23.8% reduction of wasp progeny and treatment of adult wasps with oxamyl resulted in 30.2%
reduction of female proportion. In C. pentheus, treatment of adult wasps with both formulations of
cyromazine or oxamyl resulted in 42.4-52.5% reduction of wasp progeny and 21.9-34.5% reduction in
the number of hosts killed by wasps. The percentage of hosts-killed increased 0.6 fold by the combined
treatment of insecticide and C. okazakii, and 1.5 fold by the combined treatment of insecticide and C.
pentheus, compared to the treatment of C. okazakii or C. pentheus alone. Abamectin was incompatible
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when used with both C. okazakii and C. pentheus, whereas oxamyl was incompatible with C. pentheus.
The results suggest that cyromazine is less harmful to C. okazakii and C. pentheus and it can be used with
these parasitoids for the control program of L. sativae.

Key words: Liriomyza sativae, Closterocerus okazakii, Chrysocharis pentheus, Insecticides,
Development stages.



