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Abstract

Demographic toxicology is usually the best way to evaluate total effects of pesticides on a population of natural enemy. Lethal
and sublethal effects of imidacloprid, pymetrozine and Dayabon® were investigated on the sexual population of Lysiphlebus
fabarum at laboratory conditions. Toxicity of the insecticides on immature stages of L. fabarum was evaluated, by dipping
leaves containing parasitized Aphis fabae. These insecticides significantly reduced adult emergence rate when parasitized
aphids were treated with field-recommended concentrations at larval stage. Imidacloprid had more toxicity than pymetrozine
and Dayabon® at pupal stage. Imidacloprid was significantly more toxic than pymetrozine at adult stage. Dayabon® did not
have residual effect on adults. In order to assess sublethal effects of three insecticides on life-table parameters of L. fabarum,
the concentrations that had 25% mortality threshold and field-recommended concentrations were used for larval, adult and
pupal stages treatments, respectively. Adults’ longevity, mean fecundity, females' oviposition period, sex ratio and some
population parameters (r, A, Ro) were negatively affected by application of imidacloprid in comparison with other insecticides
and control at larval, pupal and adult stages treatments. The intrinsic rate of increase (r) values for imidacloprid treatment and
control at larval, pupal and adult stages of parasitoid were 0.2035 + 0.01, 0.2240 + 0.01 and 0.2273 + 0.01 (day*) and 0.2635
+0.01, 0.2759 + 0.01 and 0.2687 + 0.01 (day?), respectively. According to obtained results, pymetrozine and Dayabon® could
be used to control A. fabae in combination with L. fabarum.
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Table 1. Emergence rate (Mean + SE) of Lysiphlebus fabarum exposed to field-recommended concentration of imidacloprid,
pymetrozine and Dayabon® at larval and pupal stages of the parasitoid.

Treatment Mean of adult parasitoid emergence

Mean reduction in emergence rate

(% + SE) (% + SE)
Larval treatments
Imidacloprid 3.7+£1.03° 96.3+1.03
Pymetrozine 7.8+1.3° 92.2+1.3
Dayabon® 11.9+2.2° 88.2+22
Control 89.7+ 192 -
Pupal treatments
Imidacloprid 52.0+3.9° 48.0+3.9
Pymetrozine 84.2 £3.22 158+3.2
Dayabon® 86.1+3.2% 13.9+3.2
Control 91.3+2.032 -

Means within a column followed by the same letter are not significantly different (P > 0.05).
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Table 2. Mean (x SE) developmental time of Lysiphlebus fabarum exposed to different concentrations of imidacloprid,
pymetrozine and Dayabon® at larval, pupal and adult stages in comparison with control.

Developmental

Insecticides

stage Imidacloprid Pymetrozine Dayabon® Control
larval treatments

Egg-pupae (day) 741022 7.2+0.1%® 6.8 +0.2° 7.00 £0.1°
Pupae (day) 6.6 +0.22 6.2 +0.1° 6.1+0.2° 6.0 +0.2°
Pre-adult (day)

Female 142 +0.22 13.5+0.2° 13.0+0.3 13.2 £0.2°
Male 13.7 £ 0.4° 13.0+0.3% 12.8 £0.2% 12.6+0.3°
pupal treatments

Egg-pupae (day) 7.1+0.22 6.7 +0.12 6.8+0.12 6.9+0.22
Pupae (day) 6.3+0.22 6.2+0.12 6.0+0.12 6.04 +0.1°
Pre-adult (day)

Female 13.5+0.4° 13.1+0.3? 13.02 £ 0.3? 13.3+0.3?
Male 129+ 0.5 12.6+0.2? 12.4+0.2? 125+0.3
Adult treatments

Egg-pupae (day) 7.03+0.1° 7.0+0.22 - 6.9+0.12
Pupae (day) 6.1+0.1° 6.1+0.1° - 6.04 +0.22
Pre-adult (day) -

Female 13.3+0.2? 13.2+0.3? - 13.1+0.3?
Male 13.0+0.2? 12.8 + 0.4° - 13.0+0.3?

Means within a row followed by the same letter are not significantly different (P > 0.05).
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Table 3. Mean (£SE) some biological indices of Lysiphlebus fabarum exposed to different concentrations of imidacloprid,
pymetrozine and Dayabon® at larval, pupal and adult stages in comparison with control.
Insecticides
n"  Imidacloprid n  Pymetrozine n Dayabon® n Control

Biological index

larval treatments

Female adult longevity (day) 35 4.6 +0.4° 45 7.8+0.5° 43 8.1+0.6° 42 9.0+£0.9?
Male adult longevity (day) 17 3.1+0.5° 16 6.4 +0.52 17 7.2+0.5° 22 7.8£0.62

APOP (day)” 35 0.04+0.03 45 0.09 +0.12 43 0.02+0.022 42  0.02+0.02°
TPOP (day)™ 35 14.3+0.2? 45 13.6£0.2° 43  13.0+03" 42 13.2+0.2°
Oviposition days (day) 35 45 +0.4° 45 7.8+0.5° 43 8.0+0.5? 42 8.9+0.5?
Fecundity (eggs/female) 35 60.3 + 3.5° 45 1044+51° 43 111.2+52® 42  1295+6.0°
Maximum daily fecundity 29 33 34 34

Sex ratio (%female) 0.45+0.01° 0.62 +0.012 0.64 +0.012 0.65 +0.018

pupal treatments

Female adult longevity (day) 35 6.9 +0.5° 46 8.1+0.5% 47 8.8+05* 50 9.1+0.3°
Male adult longevity (day) 15 44 +0.3° 19 7.1+04° 23 7705 25 8.1+0.3°

APOP (day)"” 35 0.06 +£0.042 46 0.02+0.02* 47 0.04+0.03* 50 0.02+0.02?
TPOP (day)™ " 35 13.5+0.4? 46 13.1+0.3? 47 131+03* 50 13.3+0.3?
Oviposition days (day) 35 6.7 +0.5° 46 8.1+0.52 47 8.6 £ 0.5 50 9.04 + 0.42
Fecundity (eggs/female) 35 94.4 +5.6° 46  115.7+49* 47 128.6+4.4* 50 133.1+4.3°
Maximum daily fecundity 31 34 35 36

Sex ratio (%female) 0.47 +0.01° 0.63 +0.022 0.64 +0.0? 0.67 £ 0.012
Adult treatments

Female adult longevity (day) 40 6.3+0.4° 43 8.5 +0.42 - 48 9.2+0.4°
Male adult longevity (day) 20 51+0.3° 19 7.9+0.42 - 22 8.8+0.5°
APOP (day)” 40 1.02+0.03* 43 1.02+0.02° - 48 1.0+0.0°
TPOP (day)™ 40 14.3+0.2? 43 142 +0.3? - 48 14.1+0.3?
Oviposition days (day) 40 5.3+0.4° 43 7.4+0.42 - 48 8.2+0.42
Fecundity (eggs/female) 40 79.6 + 4.6° 43  125.3+4.04% - 48 136.6 £ 3.62
Maximum daily fecundity 31 35 - 36

Sex ratio (%female) 0.42+0.01° 0.63 £ 0.01° - 0.65 £ 0.01°

Means within a row followed by the same letter are not significantly different (P > 0.05).
“n: Number of survived aphid parasitoids.

" APOP: Adult pre-oviposition period.

“*TPOP: Total pre-oviposition period.
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Figure 1. Age-stage survival rate (Sy) of Lysiphlebus fabarum exposed to different concentrations of imidacloprid,
pymetrozine and Dayabon® at larval, pupal and adult stages in comparison with control.
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Figure 2. Age-specific Survival rates (Iy), female age-specific fecundity (fxs), adult age-specific fecundity (my) and age-
specific maternity (Ixmy) of Lysiphlebus fabarum exposed to different concentrations of imidacloprid, pymetrozine and
Dayabon® at larval, pupal and adult stages in comparison with control.
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Figure 3. Age-stage-specific reproductive value (Vy) of Lysiphlebus fabarum exposed to different concentrations of

imidacloprid, pymetrozine and Dayabon® at larval, pupal and adult stages in comparison with control.
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pymetrozine and Dayabon®at larval, pupal and adult stages in comparison with control.
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Table 4. Stable population parameters (Mean = SE) of Lysiphlebus fabarum exposed to different concentrations of
imidacloprid, pymetrozine and Dayabon® at larval, pupal and adult stages in comparison with control.

Parameter Insecticides

Imidacloprid Pymetrozine Dayabon Control
Larval treaments
r (day™) 0.2035 +0.01° 0.2471 £ 0.012 0.2624 + 0.012 0.2635 + 0.012
X (day™) 1.23 +£0.01° 1.28 +0.01° 1.30 £ 0.01° 1.30+0.012
Ro (offspring/individual) 26.36 + 3.66" 58.01 + 6.402 61.28 + 6.86° 74.49 + 8.812
T (day) 16.08 £ 0.272 16.43+£0.432 15.68 + 0.322 16.36 + 0.252
Pupal treatments
r (day™) 0.2240 +0.01° 0.2693 + 0.012 0.2704 + 0.012 0.2759 + 0.012
X (day™) 1.25+0.01° 1.31+0.01° 1.31+0.01° 1.32+0.012
Ro (offspring/individual) 38.87 +5.49° 67.35+6.91° 72.82+7.48° 78.28 + 7.418
T (day) 16.34 £ 0.482 15.63+£0.432 15.86 £ 0.292 15.80 £ 0.35%
Adult treatments
r (day™) 0.2273 +0.01° 0.2628 + 0.012 0.2687 + 0.012
X (day™) 1.2550 + 0.01° 1.3006 £ 0.012 - 1.3082 £ 0.01@
Ro (offspring/individual) 41.88 +522° 74.81 +7.482 - 84.05 + 7.892
T (day) 16.43 £ 0.262 16.41 £ 0.332 - 16.49 £ 0.322

Means followed by the same letters within each row are not significantly different according to the paired bootstrap test at 95% confidence
interval. The SEs were estimated by 10000 bootstraps.
Abbreviations: r: Intrinsic rate of increase, A: Finite rate of increase, Ro: Net reproductive rate, T: Generation time.
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