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Control Effect of Aphid Parasitoid, Binodoxys communis
with Low Toxicity Pesticides
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Abstract The present study aims to evaluate the effectiveness of Binodoxys communis in controlling aphids
with low-toxicity pesticide use. The toxicities of 16 pesticides were assessed using two bioassay methods. We
measured direct toxicity by applying each pesticide to B. communis mummies, while residual toxicity was
examined by exposing parasitoid adults to plants treated with each pesticide. Results showed that among
seven insect control pesticides tested, dinotefuran exhibited moderate toxicity, with a 74.1% mortality on the
I** day after treatment. For pesticides used to control fungal pathogens (such as powdery mildew and downy
mildew), carbendazim showed high toxicity, resulting in 54.4% mortality in the residual toxicity test. In
contrast, oregano oil-based eco-friendly material and the fungicide chlorothalonil showed weak toxicity to this
aphid parasitoid, B. communis. By the 3 day after treatment, all tested pesticides for pathogen control
showed low toxicity with a mortality of less than 25%, suggesting that B. communis could be safely released
3 days post-pesticide application. Following the results, we released B. communis in cucumber greenhouses
three days after spraying the low-toxicity pesticides, flonicamid, an eco-friendly environment insect control
material (derived derris extract), and fungicides (tebuconazole). There was no statistically significant difference
in aphid control effectiveness or the number of aphid mummies formed when using B. communis alone
compared to its combined use with selective pesticides. Thus, we conclude that the selected low-toxicity
pesticides can be effectively used with B. communis to control aphid population.
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Table 1. Pesticides and environmental friendly materials for toxicity tests to the aphid parasitoid, Binodoxys communis

Common name / A.L (%) Formulation® Main target pests
Amitraz 12.5% + buprofezin 12.5% EC Whiteflies, scales, leaf mites
Dinotefuran 10% WP Aphids, thrips, whiteflies
Abamectin 1.3% + acrinathrin 2.3% EwW Leaf mites, thrips
Insecticides Flonicamid 10% WG Whiteflies, aphids
Derris, cinnamon, citronella oil SC Aphids
Derris SC Moths, aphids
Sophora root extract SC Moths, aphids
Bacillus methyloprophicus SC Powdery mildew
Carvacrol (oregano oil) 50% SC Powdery mildew, gray mold
Carbendazim 50% WP Powdery mildew, downy mildew
Polyoxin complex 10% SC Powdery mildew, downy mildew
Fungicides Chlorothalonil 53% SC Powdery mildew, downy mildew
Azoxystrobin 21.7% SC Powdery mildew
Dimethomorph 16% + pyraclostrobin 9.5% SC Powdery mildew
Cyazofamid 10% SC Downy mildew, phytophthora root rot
Tebuconazole 25% SC Powdery mildew

YActive ingredient

®Formulation: EC (Emulsifiable concentrate); EW (Emulsion in water); SC (suspension concentrate); WP (Wettable powder)
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Table 2. Toxicity of 16 selected pesticides against B. communis mummies (direct spray)

Common name / A.L (%)

Formulation® Mortality (non emergence, %)®

Amitraz 12.5% + buprofezin 12.5% EC 6.4+22a
Dinotefuran 10% WP 32.1+5.8¢c
Abamectin 1.3% + acrinathrin 2.3% EwW 10.3+2.7a
. Flonicamid 10% WG 9.8+0.8a
Insecticides . . .
Derris, cinnamon, citronella oil SC 22.9+3.7bc
Derris SC 13.8 +2.5ab
Sophora root extract SC 12.8+2.1ab
p 0.001
Bacillus methyloprophicus SC 4.6+2.7a
Carvacrol (oregano oil) 50% SC 18.4 £ 3.8bc
Carbendazim 50% WP 27.8+4.2cd
Polyoxin complex 10% SC 29.4+3.3d
. Chlorothalonil 53% SC 19.3 +2.8bcd
Fungicides .
Azoxystrobin 21.7% SC 55+23a
Dimethomorph 16% + pyraclostrobin 9.5% SC 11.9+3.3ab
Cyazofamid 10% SC 94+ 1.1ab
Tebuconazole 25% SC 11.9+ 1.5ab
p 0.000

JFormulation: EC (Emulsifiable concentrate), EW (Emulsion in water), SC (Suspension concentrate), WP (Wettable powder), WG (Water

dispensable granule)

®Means with different letters within a row indicate significant difference at p < 0.05 level (one-way ANOVA, post hoc tests by Duncan in

SPSS statistics 25.0)
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Table 3. Residual toxicity of 16 selected pesticides against B. communis adults (exposure on treated plants) N
Toxicity on 1, 3, 7, 10, and 14 days after treatment ©
Common name / A L. (%) Formulation®” Corrected mortality (%)”
IDAT 3DAT TDAT 10DAT 14DAT

Amitraz 12.5% + buprofezin 12.5% EC 7.0+3.5a 9.1+ 3.0abc 43+28a 0.8+0.8a 24+24a

Dinotefuran 10% WP 74.1+3.6d 68.9+7.4d 32.6+4.1c 19.1 £6.2b 15.6 +3.3b

Abamectin 1.3% + acrinathrin 2.3% EW 26.2 +3.4c 19.2+4.5¢ 17.0+5.1b 11.7 +3.9ab 49+28a

Insecticides Flonicamid 10% WG 19.0 £2.6b 14.3+£2.0bc 7.4 £ 1.9ab 2.5+25a 40=+23a

Derris, cinnamon, citronella oil SC 6.5+3.3a 3.9+2.3ab 2.8+1.7a 47+2.5a 2.8+1.7a

Derris SC 4.1+4.1a 0.0+ 0.0a 6.7 +3.3ab 7.1+4.0a 6.4+3.5a

Sophora root extract SC 22.5+3.7b 7.6 +2.4abc 7.9 +4.2ab 42+22a 5.1+3.5a

p 0.000 0.000 0.000 0.034 0.077

Bacillus methylotrophicus SC 13.9+2.9a 10.8 + 3.2abc 11.0£2.9bc 2.4+ 1.5ab 1.1£0.7a

Carvacrol (oregano oil) 50% SC 33.3+4.0c 19.4+3.2d 9.5 £ 5.5abc 3.3+ 1.9ab 0.0 £0.0a
Carbendazim 50% WP 54.4+3.4d 18.7+2.7¢cd 17.9+2.8¢c 14.7£3.8¢ 7.1 +1.8ab .
Polyoxin complex 10% SC 58+33a 6.9+ 0.7ab 0.0+ 0.0a 0.0 +0.0a 0.0 +0.0a =
Fungicides Chlorothalonil 53% SC 25.4+2.8bc 5.8+3.5a 6.5+ 3.5ab 4.9+ 4.9ab 9.4+4.7b i
Azoxystrobin 21.7% SC 11.7+2.2a 19.8+3.1d 15.8+1.7¢c 6.8+ 1.9ab 4.5+ 4.5ab BT
Dimethomorph 16% + pyraclostrobin 9.5% SC 235+ 1.1b 15.1+ 3.0bcd 14.4 +3.4bc 9.9+ 1.5bc 4.6 +2.4ab O_to
Cyazofamid 10% SC 6.7+23a 2.1+2.1a 0.0 +0.0a 0.0 £0.0a 0.0 +0.0a £
Tebuconazole 25% SC 13.1£1.3a 10.5+ 1.1abe 7.4 +3.8ab 0.0 +0.0a 0.0+ 0.0a ol

p 0.000 0.001 0.003 0.004 0.077

Formulation: EC (Emulsifiable concentrate), EW (Emulsion in water), SC (Suspension concentrate), WP (Wettable powder), WG (Water dispensable granule)
»Means with different letters within a row indicate significant difference at p < 0.05 level (one-way ANOVA, post hoc tests by Duncan in SPSS statistics 25.0)

Table 4. Aphid control efficacy by using aphid parasitoid (B. communis) and fungicides in cucumber greenhouses

7 DAT 14 DAT 21 DAT
Treatment - : :
Treatments methods No. aphids Control No. aphids Control No. aphids Control
per plot” value (%) per plot® value (%) per plot? value (%)

Carbendazim 50% + Binodoxys communis ~ One time spray of each chemicals 960.3 + 131.8ab 429 839.7 + 42.5ab 61.7 1,007.7 = 18.2bc 384
Polyoxin complex 10% + B. communis and 20 pairs of B. communis release  1,235.3 + 169.8b 44.6 1,117.0 + 136.6b 61.0 1,248.3 £129.4¢ 39.7
Bacillus methylotrophicus + B. communis after 3 days of spray 429.7+61.6a 40.5 541.7+11.3a 43.0 660.7 £31.7ab 9.5
p 0.016 0.007 0.000
B. communis 20 pairs of B. communis release 644.3 £ 169.8ab 454.0 + 150.1a 3643+ 102.2a

Means with different letters within a row indicate significant difference at p < 0.05 level (one-way ANOVA, post hoc tests by Duncan in SPSS statistics 25.0)
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40
= & -Carbendazim+B. communis NS
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Fig. 1. Average number of mummies per cucumber leaf under
release of B. communis after 3 days of each fungicide treatment.
NS indicates not significant (P > 0.05) in the number of
mummies on 7, 14, 21, and 28 days after treatments.
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Fig. 2. Average number of mummies per cucumber leaf by
spraying each pesticide after 7 days of B. communis release. NS
indicates not significant (P > 0.05), whereas ** indicates

significant difference (P <0.001) in the number of mummies on
that day, 7, 14, and 21 days after treatments.
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Table 5. Aphid control efficacy by using aphid parasitoid (B. communis) and insecticides in cucumber greenhouses

7 DAT 14 DAT 21 DAT
Treatments Treatment methods No. aphids Control No. aphids Control No. aphids Control
per plot” value (%) per plot? value (%) per plot” value (%)
Binodoxys communis + flonicamid 10% 1 pair of B. communis 161.7+132.8a 98.6 209.3+123.1a 99.4 233.7+155.3a 99.6
B. communis + Derris, cinnamone, citronella oil extract /3.3 m” and spraying 528.3 £264.1ab 95.2 165.0 £ 43.6a 99.4 423.7+230.9a 99.4
B. communis each chemicals after 1,653.0 £ 157.8bc 64.1 1,616.3 £506.3b 88.1 2,244.0 + 626.9a 89.6
No treatment 7 days of release 2,400.7 +£373.3¢ 6,393.3+327.8¢ 10,530.0 = 750.5b
p 0.001 0.000 0.000
“Means with different letters within a row indicate significant difference at p < 0.05 level (one-way ANOVA, post hoc tests by Duncan in SPSS statistics 25.0)
Table 6. Aphid control efficacy by using aphid parasitoid (B. communis) and low toxicity pesticides in cucumber greenhouses
. . 7 DAT 14 DAT 21 DAT
Treatments Treatment Initial no. aphids No. aphids Control No. aphids Control No. aphids Control
methods per plot p p p
per plot value (%) per plot value (%) per plot value (%)
Binodoxys communis Spray of 2 pesticides after 69.0 +20.1 153.3+£4.7 45.6 4793+734 65.0 228.7+59.4 79.4
+ Derris extract 3 days of 20 pairs of
+ tebuconazole 25% B. communis release
No treatment - 173+£5.2 141.0+33.5 599.0 £ 160.8 6043+ 114.6
p? 0.749 0.536 0.044

“Comparison of number of aphids per plot between treatment and no treatment houses with Independent t-test at p < 0.05 level (SPSS statistics 25.0)
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Fig. 3. Comparison of average number of mummies per
cucumber leaf between aphid parasitoid + low toxicity pesticide
treatment and no treatment cucumber greenhouses under
release of B. communis after 3 days of each pesticide treatment.
NS indicates not significant (P > 0.05) in the number of
mummies on 7, 14, and 21 days in each greenhouse.
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