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Table 1. Probit analysis for the concentration-mortality response of adult stage of Chrysoperla carnea to
thiamethoxam, imidacloprid and acetamiprid insecticides

LCso (mI/L)
.. LC3o (mI/L) 0 . 2
Insecticide N (95% confidence intervals) (95(0 confidence df Slope + SE Y
intervals)
. 754.8 1039.6
Thiamethoxam 480 (673.5-827.8) (955.3-1133.1) 4 3.99+£0.36 1.34
. . 1441.3 1810.9
Imidacloprid 480 (1326.4-1541.9) (1702.3-1926.1) 4 5.13+0.48 1.09
. 1470.7 2016.3
Acetamiprid 480 (1311.7-1612.9) (1853.7-2193.8) 4 3.82 £ 0.035 1.04

*20 individuals per replicate, four replicates per concentration, six concentrations per assay.
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Table 2. Means (£SE) of the growth duration and survival of Chrysoperla carnea treated with sub-lethal

concentration (LCaso) of the insecticides Thiamethoxam, Imidacloprid and Acetamiprid in comparison
with the control

Parameters Control Thiamethoxam Imidacloprid Acetamiprid F P

Male
De"e'o"(’gna‘;;ta' UMme 50114033 2122+031° 2135+022% 2015+130° 4139 0.1

Longevity (day) 41.61+1.778 29.17+152> 43.11+0.31* 29.92+159* 29.86  0.023
Total life span (day) 61.82+1.66° 50.11+158° 64.45+0.36° 5045+159° 9.32 0.031

Female
De"e'o"(’gz/';ta' UMe  5408+1218 2212+025° 2208+028° 2011+122° 1336  0.033

Longevity (day) 4367228 36.35+222° 37.73+216° 3812+3.14% 323  0.029
Total life span (day)  67.78+2.322 58.25+224" 5951+212° 5841+3.18° 11.69 0.041

The standard errors were calculated using the bootstrap procedure with 100,000 samples. Means followed by different
letters in the same row are significantly different using the paired bootstrap test at 5% significance level.
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Table 3. Insecticidal effect of Thiamethoxam, Imidacloprid and Acetamideprid on some biological
characteristics (Means £SE) of Chrysoperla carnea compared to control

Parameter Control Thiamethoxam Imidacloprid Acetamiprid F P
Oviposition (day)  39.21 +2.18? 31.85+2.21° 34.95 + 2.09° 32.71 +2.95° 11.36 0.001
APOP (day) 3.71+£0.162 4.01+0.17° 3.11+0.212 3.87+0.142 9.87 0.2
TPOP (day) 27.71 +£0.27° 26.02 £ 0.332 24.12+0.29° 24.07+0.31° 8.36  0.001

Total Fecundity

. 302.32+£20.11* 208.72+17.18% 267.12+18.71° 23527 +22.73° 2556 0.021
(offspring/female)

The standard errors were calculated using the bootstrap procedure with 100,000 samples. The means followed by different
letters in the same row are significantly different using the paired bootstrap test at 5% significance level. APOP: adult pre-
oviposition period (the duration from adult emergence to the first oviposition); TPOP= total pre-oviposition period (the

duration from egg to the first oviposition).
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1- Net reproductive rate
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4- Mean generation time
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Table 4. Population growth parameters (Mean + SE) of Chrysoperla carnea under the influence of sub-lethal concentration (LCso) of the insecticides
Thiamthoxam, Imidacloprid and Acetamidprid in comparison with the control

Population growth parameters Control Thiamethoxam Imidacloprid Acetamiprid Unit F P

Gross reproduction rate (GRR) 311.72 +20.612 222.45 + 15.30° 279.41 + 24.98P 227.69 +21.51¢  offspring/individual/  23.36 0.03
Generation

Net reproductive rate (Ro) 245.06 + 23.472 143.94 £+ 17.22¢ 178.08 + 20.44° 141.16 +21.09¢  offspring/individual/ ~ 45.25  0.002
Generation

Intrinsic rate of increase (r) 0.1296 + 0.002° 0.1245 + 0.003¢ 0.1394 + 0.003? 0.1324 +0.004° Day! 19.88  0.002

Finite rate of increase (1) 1.138 + 0.002° 1.132 + 0.003°¢ 1.149 + 0.003? 1.141 + 0.004° Day! 35.24  0.004

Mean generation time (T) 42.44 + 0.46° 39.91 + 0.54° 37.16 £ 0.45°¢ 37.35 £ 0.56°¢ Day 1554  0.002

Means within a row followed by the same letter are not significantly different. The SE were estimated by using 100,000x bootstraps and compared by using paired bootstrap

test at 5% significance level.
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Figure 1. Age-specific fecundity (mx) of the offspring of the treated and untreated of Chrysoperla carnea
by sublethal concentration of thiamethoxam, imidacloprid and acetamiprid
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Figure 2. Age-specific survivorship (lx) of offspring of Chrysoperla carnea treated with sublethal
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Abstract
Background and Objectives
The lacewings are predatory insects which are widely used in biological control programs.
Meanwhile, the green lacewing, Chrysoperla carnea Stephens (Neuroptera: Chrysopidae),
has attracted considerable attention as a promising biological control agent for greenhouse
and field pests. Green lacewing is considered as an important bio-control agent due to its
geographical distribution, broad host range, potency of suitable compatibility in agro-
ecosystems, high searching ability, easy mass rearing in laboratory, high reproductive
potential and broad resistance to numerous insecticides especially in larval and pupa stages.
In this regard, it is highly important to reduce the consumption of the conventional pesticides
which are compatible with predators and have low negative effects on beneficial organisms.
In addition, life tables should be highlighted as the most reliable and effective technique for
assessing the fitness of a population. Among the methods for selecting suitable pesticides in
integrated pest management (IPM) programs, evaluating all of its effects on the different
biological parameters of both sexes is the prime tool for population ecology studies.
Materials and Methods
Laboratory bioassays were investigated to evaluate the sub-lethal effects (LCso) of
thiamtoxam, imidacloprid, and acetamiprid on biological characters and population
parameters of C. carnea. The sub-lethal effects of thiamtoxam, imidacloprid, and
acetamiprid on the demographic parameters of green lacewing were evaluated in vitro at
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25+2° C, relative humidity of 65+5%, and light period of 8:16 h (light: dark). The raw data
were analyzed based on two-sex life table analysis.

Results

All sub-lethal concentrations caused a significant decrease in oviposition period, total
fecundity, longevity, and total life span in comparison to the control. Maximum and
minimum mean lifespans of C. carnea individuals were observed in the untreated group and
LCzo concentration of thiamtoxam. Total fecundity varied from 208.7 (offspring/individual)
in treatment with LCso thiamtoxam to 302.3 (offspring/individual) in the control treatment.
The intrinsic and finite rates of increase (r, A) were not affected by the imidacloprid
concentration. The net reproduction rate (Ro) reached its lowest level (141.1 offspring
/individual) in acetamiprid treatment.

Discussion

The adaptability of pesticides with biological agents is one of the major concerns of IPM
practitioners. Hence, it is essential to have necessary information about the action mode of
pesticides on non-target insects. Furthermore, finding efficient biological control agents is
considered as the first step in developing biological control programs. Therefore, the effects
of sublethal concentrations of thiamtoxam, imidacloprid, and acetamiprid in combination
with C. carnea were discussed in order to design integrated management programs.

Keywords: Insecticides, Life table, Natural enemies, Biological parameters, Sub-lethal
effects



