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ABSTRACT

Macrolophus pygmaeus (Rambur) is a generalist predator that naturally colonizes and commercially is used as a
biological control agent of various arthropod pests of agricultural crops. Since pesticides compatibility with natural
enemies is a main concern for [IPM programs, the aim of the current study was to assess the lethal and sublethal side
effects of two acaricides, propargite and fenpyroximate widely used to control phytophagous mites. In bioassay
experiments, M. pygmaeus adult individuals were fed on the two-spotted spider mite eggs immersed in the different
concentrations of both chemicals during 24 hours. Probit analysis represented that LCso values of propargite and
fenpyroximate were 3.41 and 5.74 mg (ai) L', respectively. Demographic analysis performed with LCsg of each
acaricides using the age-stage, two-sex life table procedure. Results showed that both chemicals had significant effects
on the developmental time of all stages, the total pre-oviposition period (TPOP), the adult pre-oviposition period
(APOP) and females’ fecundity. Also, all main population statistics were affected by the sublethal concentrations. The
intrinsic rate of increase () was 0.15 day™' in the control. However, this parameter in propargite and fenpyroximate
treatments declined to 0.057 and 0.083 day!, respectively. The net reproductive rate (Rp) in control, propargite and
fenpyroximate treated insects was 99.96, 21.16, and 71.5 offspring/individual, respectively. Mean generation time (7)
in control showed 30.08 days, whilst it was 53.17, and 51.02 days in propargite and fenpyroximate sublethal treated
insects, respectively. Consequently, the results achieved in this study showed that both acaricides have potential to
affect the predator, adversely. Thus, they are not suitable for IPM programs in agricultural systems where this mirid
bug exists as a capable biocontrol agent.
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INTRODUCTION

Two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), one of the most critical
pests in agricultural areas, can damage more than 1100 plant species belonging to about 150 field
crops, fruits, vegetables, and ornamental plants all around the world (Golec et al. 2020). The most
common management method against this highly polyphagous pest is chemical control. Thus, there
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are a wide variety of acaricides with different modes of action for control of 7. urticae (Adesanya et
al. 2019; Alpkent et al. 2020). On the other hand, 7. urticae has high potential in developing resistance
to many chemicals because this arthropod can produce many generations per year, and complete its
development time very fast, especially when the living conditions are constant (i.e. greenhouse
conditions). In fact, 7. urticae has developed resistance to nearly all the acaricides available for its
control and ranked the fifth out of the 512 cases developed resistance to the pesticides (Adesanya et
al. 2019; Solmaz et al. 2020). In addition to the resistance, pesticides application could contaminate
environment, and reduce populations of natural enemies cause pest recoveries or even secondary pest
outbreaks (Rahmani and Bandani 2013).

Generally, insect and mite pests are attacked by various pathogens and arthropod natural enemies
(predators and parasitoids) which suppress their populations. Tetranychus urticae is attacked by many
natural enemies, some of them such as Neoseiulus californicus (McGregor) (Song et al. 2016; Ajila
et al. 2019), Amblyseius swirskii Athias-Henriot (Mortazavi et al. 2019), Amblyseius chiapensis De
Leon (Amaral et al. 2020), Phytoseiulus persimilis Athias-Henriot (Shaef Ullah and Lim 2017),
Stethorus punctillum Weise (Rott and Ponsonby 2000; Shah and Appleby 2019), Chrysoperla carnea
(Stephens) (Hassanpour et al. 2009; Mena et al. 2020), Orius minutus (Linnaeus) (Rahman et al.
2020), Orius albidipennis (Reuter) (El Arnaouty et al. 2018), Macrolophus pygmaeus (Rambur)
(Zhang et al., 2018), etc. are noticed as the biological control agents. In Integrated Pest Management
(IPM) programs the combination of chemical and biological controls is a common practice and
applying selective and compatible pesticides with biological control agents is indeed the exact
concept of IPM (Giles ef al. 2017). The presence of natural enemies, is a crucial issue for a successful
IPM program (De Armas et al. 2020). Moreover, during the IPM procedures, predators and
parasitoids should keep sufficient efficiency for suppression of the pests in the fields and greenhouses.

Pesticides, along with death, may have sublethal effects on non-target organisms and can
adversely affect their ecological and biological parameters through changing fertility, fecundity,
developmental rate, longevity, egg hatchability, morphological deformation, foraging behavior,
predation rate, and life table parameters (Stanley and Preetha 2016; Pérez-Aguilar et al. 2018;
Castilhos et al. 2018; Passos et al. 2018; Iftikhar et al. 2020; Soares et al. 2020). Therefore, it is
necessary to calculate lethal and sublethal effects of a pesticide on natural enemies along with the
pests to take a better and clearer picture about effect of the chemicals on the biological components
of the system. So, it can help us to introduce more selective pesticides in an IPM program (Stanley
and Preetha 2016).

In agricultural systems, generalist predators are more advantageous than specialists, because they
have the ability to exist on different food sources or exactly they have wide variety of hosts. Thus,
the generalist predators can continue to live in the agroecosystem without target pests and prevent the
resurgence of the main pests (De Armas et al. 2020). The predatory bugs of the family Miridae can
attack a wide range of prey species, such as aphids, thrips, whiteflies, and lepidopteran pests. Also,
as true omnivorous predators, they feed on both plant and prey, so they can even be alive in
somewhere prey does not exist (Leman et al. 2020). Macrolophus pygmaeus (Rambur), as well as
completing its development during the time feeding on plant sap or pollen, was reported as predator
of several insects including Trialeurodes vaporariorum (Westwood), Myzus persicae (Sulzer),
Macrosiphum euphorbiae (Thomas), Aphis gossypii Glover (Perdikis and Lykouressis 2000, 2002),
Macrosiphum euphorbiae (Thomas) (Lykouressis et al. 2007), Tuta absoluta (Meyrick) (Urbaneja et
al. 2009; Passos et al. 2018), and Echinothrips americanus Morgan (Leman et al. 2020). This
polyphagous mirid could also preyed on 7. urticae (Gigon et al. 2016). Because this predator may
contact with pesticides used against different pests in agricultural systems, a number of studies
evaluated pesticides effects on survival and biology of M. pygmaeus (Am6 and Gabarra 2011;
Martinou ef al. 2014; Martinou and Stavrinides 2015; Rahmani et al. 2016; Sharifian et al. 2017,
Ricupero et al. 2020).
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In this study, potential risks of two acaricides, propargite and fenpyroximate were examined on
life table parameters and some biological characteristics of the mirid predator. Both chemicals are
vastly used against 7. urticae alone or mixture with other chemicals (Motoba et al. 1992; Wilson et
al. 1995; Herron et al. 2003; Liang et al. 2018). Fenpyroximate (tert-butyl (E)-a-(1,3-dimethyl-
Sphenoxypyrazol-4-ylmethyleneamino-oxy)-p toluate) is a chemical with knockdown activities and
acaricidal effect on phytophagous mites belonging to Tetranychidae family due to inhibition of
NADH: ubiquinone oxidoreductase (complex I), the mitochondrial respiratory-chain enzyme
(Shiraishi et al. 2012). According to Insecticide Resistance Action Committee (IRAC), this chemical
belongs to the group of mitochondrial complex I electron transport inhibitors (21) and chemical
classification of METT acaricides and insecticides (21 A). As a selective pesticide, fenpyroximate does
not have any clear toxic effect on the other arthropods such as insects, and soil-living mites (Motoba
et al. 1992; Kim et al. 2004). Another selective chemical is propargite (2-(4-(tert-Butyl)phenoxy)
cyclohexyl prop-2-yn-1-yl sulfite) which is suitable for control of a variety of phytophagous mites
active on fruit trees, vegetables, cotton, nuts, hops, vines, and many other crops. This organosulfur
acaricide can inhibit magnesium-stimulated ATPase (Sherwani and Mukhtar 2019). Based on IRAC
classification, propargite has its place in the group of inhibitors of mitochondrial ATP synthase (12)
and chemical class of propargite (12C). There are several studies show adverse effects of propargite
(Lira et al. 2015; Asadi et al. 2018; Alinejad et al. 2020) and fenpyroximate (Hamedi et al. 2010;
Park et al. 2011; Lopez et al. 2015; Ghasemzadeh and Qureshi 2018) in sublethal concentrations
against biological control agents including predators and parasitoids.

Since there is no study about the effects of propargite and fenpyroximate on M. pygmaeus, in the
current study, the female and male adult bugs were fed with T. urticae eggs contaminated with
sublethal concentrations of the both acaricides to take a better picture about effects of these chemicals
on the next generation. Thus, the fecundity, longevity, growth, and developmental duration of the
predator population could be measured and the demographic parameters were evaluated using age
stage, two-sex life table method. Also, compatibility of these acaricides for effective management of
two-spotted spider mite in perspective of IPM was described.

MATERIAL AND METHODS

Plant, Prey, and predator cultures

Plants used in the current experiments were 4 weeks-old common bean, Phaseolus vulgaris L.
(cv. Humilis) grown in a controlled room at 25 + 2 °C, 65 + 5% relative humidity (RH), and a
photoperiod 16:8 hours (L: D). Tetranychus urticae population was collected from infested common
bean leaves in acarology laboratory at Department of Plant Protection, College of Agriculture,
University of Tehran, Karaj, Iran. Macrolophus pygmaeus was collected from tomato fields in
Hashtgerd, Alborz province of Iran. The predator was reared in the separate Petri dishes (15 cm
diameters) for four generations fed with 7. urticae eggs on the common bean leaves in a growth
chamber (25 + 2 °C, 65 £ 5% RH, and a photoperiod 16:8 hours (L: D)).

Chemicals

The commercial formulation of two acaricides, propargite (Omite®, EC 57%, Mahan, Iran) and
fenpyroximate (Ortus®, SC 5%, Giah, Iran) were used in this study. Toxicity of both chemicals was
assessed on adult individuals of M. pygmaeus. Also, the sublethal concentrations of each acaricide
were assessed on survival and life table parameters of the predator during a generation.

Bioassay

Bioassay experiments were accomplished regarding to the method described by Bastos ef al.
(2006) with some modifications for the predator. In this method, 24-h eggs of the two-spotted spider
mites, dipping in different concentrations of the acaricides were introduced to M. pygmaeus adult
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individuals. The experimental units were bean leaf discs which were placed on moist cotton (abaxial
surface up) in Petri dishes with 8 cm diameter covered with lids that had a 2-cm diameter screened
hole for ventilation (Golec et al. 2020). Primarily, 20 mated female adult mites at similar
developmental status were put on surface of the leaf discs and let them to lay eggs. After 24 hours,
the adults were removed using a camel hair brush. The leaf discs were dipped into the different
concentrations of propargite (0.35, 0.78, 1.66, 3.55, 7.68 mg (ai) L'!) and fenpyroximate (0.69, 1.41,
2.90, 5.90, 12.07 mg (ai) L") caused the mirid bugs mortality between 20 to 80%, according to the
pretests done similar to the principal assays. The dipping duration lasted for 10 seconds for every disc
to make sure that the mite eggs were fully soaked in all solutions. After drying, the leaves were
introduced to M. pygmaeus in the experimental units under the bug rearing constant conditions (25 +
2 °C, 65 + 5% RH, and a photoperiod 16:8 hours (L: D)). The distilled water only was used as a
control and each treatment was performed on three replicates. 20 individuals were used for each
concentration. However, the number of the mirid bugs in control was fewer. Therefore, the
experiment was done with total number of 340 adult individuals of both sexes at the same age (24
hours). Every bug did not move after 24 hours, was considered as a dead individual.

Study side effects of propargite and fenpyroximate on biological statistic of M. pygmaeus

Twenty adult individuals of M. pygmaeus (males and females) which were almost at the same
age were collected from the colony. Every male and female were put on an area similar to bioassay
unit where the leaf bean containing 7. urticae eggs treated with LCso of each chemical.

Macrolophus pygmaeus lays its eggs into the stems of bean leaves and a precise look was
necessary to find the horn of the eggs protruding from stems putting on the surfaces of the leaves.
Females and males were kept together during seven days, the presumed pre-oviposition period and
their units were changed every day by the other fresh bean leaves containing the mites' eggs and
treated by desirable chemical concentrations. After seven days, the experimental units were checked
every 24 hours and newly emerged nymphs (approximately 100 individuals for every treatment) were
transferred to the new Petri dishes and supplied daily with untreated 7. urticae eggs as food. The
experiments including two treatments and one control was performed in a growth chamber at
conditions 25 + 2 °C, 65 £ 5% RH, and a photoperiod 16:8 hours (L: D). Each individual was
considered as one replicate. The experimental units were surveyed every day and development
besides mortality were checked (Chi and Yang 2003; Rahmani and Bandani 2013). After the adults'
emergence, both sexes were paired to record their survival and the number of eggs laid, every 24
hours. The experiment continued until the death of all the individuals (Rahmani et al. 2016).

Data analysis

In the bioassay experiment, concentration-mortality regression was evaluated for the eggs using
probit analysis (Polo-PC Probit and Logit analysis; LeOra Software, 1997) in order to determine the
lethal concentrations (LC values) and slopes in 95% Fiducial Limit (FL).

Data on survival, developmental time of all individuals of M. pygmaeus, in addition to the female
daily fecundity and pre-oviposition period were analyzed according to the age-stage, two-sex life
table theory (Chi and Liu 1985; Chi 1988) using the program TWOSEX-MSChart described by Chi
(2019).

The intrinsic rate of increase (#) as the most important demographic statistic, was evaluated using
Euler-Lotka equation with age indexed from 0 (Goodman 1982):

(D Z e 1)L m, =1
x=0

Also, the rest of the life table parameters presented below were calculated for each cohort:
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Net reproductive rate (Ro)
(2) Ry =2X¥-l,my

Mean generation time (7)

(3) I=In=
And finite rate of increase

4) 1=¢€"

Moreover, age-specific survival rate (/x) is the chance of a newly laid egg to exist at age x, age-
specific fecundity (mx) is explained as the mean fecundity of individuals at age x, age-stage fecundity
(fx7) is the mean fecundity of females at age x, the age-stage survival rate (sxj) means the probability
that a newly laid egg will exist to age x and stage j), the age-stage reproductive value (vxj) is known
as the involvement of individuals of age x and stage j to the future population, and age-stage life
expectancy (exj) means the length of the time that an individual of x and j is predicted to live (Chi
and Liu 1985; Chi and Su 2006; Yang et al. 2015).

The means and standard errors of data were determined using 100,000 bootstrap replicates. The
treatments were compared using the paired bootstrap test were determined in TWOSEX-MS Chart
based on the confidence interval of the difference between treatments (Chi 2019). All demographic
value curves were constructed using SigmaPlot 11.0.

RESULTS

Values of LCso for the mirid bug adult individuals affected by propargite and fenpyroximate were
3.41 (2.08-3.97) and 5.74 (3.28-6.46) mg (ai) L', respectively, according to the concentration-
response bioassay (Table 1). Also, the concentrations (as well the 95% confidence intervals) showed
30% mortality, were 0.756 (0.598-1.08) and 1.25 (0.91-2.18) mg (ai) L"! when propargite and
fenpyroximate were used, respectively (Table 1).

Table 1. Toxicity of propargite and fenpyroximate on the generalist predator, Macrolophus pygmaeus through ingestion
of the contaminated eggs of Tetranychus urticae.

Concentration mg (ai) litre ! (95% CL)!

.. a + 2
Acaricides N .Coo T.Coo Slope + SE X* (df)
Propargite 340 0.756 (0.598-1.08) 3.41 (2.08-3.97) 3.89+0.03 9.2 (13)
Fenpyroximate 340 1.25 (0.91-2.18) 5.74 (3.28-6.46) 7.16+0.01 11.31 (13)

X2 is significant (p < 0.05).
® Number of subjects.

Both propargite and fenpyroximate had significant effect on the developmental period of the
eggs, nymphs, females, and fecundity of M. pygmaeus (P < 0.0001) (Table 2). However, propargite
did not show any significant effect on the developmental time of the male individuals when compared
to the control (Table 2). Adult pre-oviposition period (APOP) and total pre-oviposition period (TPOP)
increased significantly with sublethal concentrations of propargite and fenpyroximate, but there was
not any significant difference between APOPs of the two chemical treatments (Table 2). Adults in
the control produced 217.3 nymphs per female, although the fecundity in the bugs affected by
fenpyroximate and propargite showed about 1.7 and 4.7 times reduction, respectively (Table 2).
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Table 2. Life history parameters (mean + SE) of Macrolophus pygmaeus after feeding the two spotted-spider mite eggs
treated with sublethal concentrations (LC3o) of propargite and fenpyroximate.

Egg Nymph Female .
. . Develop. Develop. Develop. Male' APOP? TPOP" Fecundity
Acaricides . . . develop. time¢ (Nymphs/
time time time (days) (days) (days) Females)
(days) (days) (days) Y

Propargite 16.78 £0.33% 31.72 £ 0.59° 14.49 £ 0.18" 10.81 £0.71° 0.63 £0.07* 48.67 +£0.852 46.0 £ 1.24¢

Fenpyroximate 15.9+0.54° 25.83 +0.24' 18.65 +£0.24* 14.35+0.54° 0.69 +0.06° 46.73+0.82° 130.8+3.32"
Control 9.35+0.24° 16.55+0.49° 14.01 £0.3¢ 10.91 £0.12°0.24 +£0.063> 2574 +£0.85¢ 217.3+10.02*

Means in a column followed by different letters are significantly different (P < 0.0001).
2 Adult Pre-Oviposition Period
b Total Pre-Oviposition Period

All population parameters of M. pygmaeus were changed due to the long-term effects of both
acaricides (Table 3). The intrinsic rate of increase, finite rate of increase, and net reproductive rate in
the control illustrated the highest values followed by fenpyroximate and propargite, respectively (P <
0.0001) (Table 3). In fact, the intrinsic rate of increase (r) in control, fenpyroximate, and propargite
was 0.150, 0.083, and 0.057 day’!, respectively. Alongside the r, the finite rate of increase (1)
performed 1.165, 1.087, and 1.059 day! in control, fenpyroximate, and propargite, respectively. Net
reproductive rate (Ro) was 99.96 offspring/individual in control, although it was evaluated 71.5, and
21.16 in fenpyroximate, and propargite, respectively (Table 3). On the other hand, the mean
generation time (T) in the control was 30.08 day, though this statistic increased in fenpyroximate
(51.02), and propargite (53.17), respectively (Table 3).

Table 3. Effects of propargite and fenpyroximate on population statistics (Mean + SE) of Macrolophus pygmaeus after
feeding the two spotted-spider mite eggs treated with sublethal concentrations (LCs) of propargite and

fenpyroximate.
Demographic parameters Propargite Fenpyroximate Control
r (day?) 0.057+ 0.002° 0.083 +0.002° 0.150 + 0.0042
A (day™) 1.059 +£0.002° 1.087 £ 0.002° 1.165 +£0.0052
Ro (offspring/individual) 21.16 £2.36° 71.5+6.75° 99.96 +11.72°
T (day) 53.17 £0.87° 51.02 £ 0.90° 30.08 £ 0.53¢

Means in a column followed by different letters are significantly different (P < 0.0001).

The age-stage survival rate (s) shows significant overlapping among different stages, males, and
females (Fig. 1) due to the variable developmental rates among individuals according to the age-stage,
two-sex life table analysis. The female adult numbers in propargite, and the number of males in
fenpyroximate declined in comparison with control individuals (Fig. 1).

The chance of a newly laid egg would survive to the adult stage was in the maximum rate in the
control as it was estimated 0.43 for females, and 0.41 for males. On the other hand, in the
fenpyroximate treatment, this parameter showed 0.40 and 0.21 for females and males, respectively.
Also, it was 0.28 for females and 0.23 for males in the propargite treatment, respectively. In the
control, male and female individuals survived until the day 42 and 44, respectively. However, the
females and males in the propargite treatment were alive until the day 69 and 70, respectively. In the
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fenpyroximate treatment, male survival (67) was less than that for the females which were alive until
the day 70 (Fig. 1).

Values for the age-specific survival rate (/x), female age-stage specific fecundity (fy), age-specific
fecundity of the total population (mx), and age specific maternity (/xmx) are presented in Figure 2.

10 1.0
coch)QD A —e— egg eq
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Survival rate
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0.0 4 v T 0.0
80
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Age (Day)

Figure 1. The age-stage specific survival rate (sy) of Macrolophus pygmaeus reared on Tetranychus urticae eggs in
Control (A), sublethal concentrations (LC3) of propargite (B) and sublethal concentrations (LC3) of fenpyroximate
(C) treated individuals.

The maximum age-specific fecundity in the control is in the day 31 with producing 11.07 eggs.
This value in maximum rate for the fenpyroximate (day 64), and propargite treatments (day 60) were
9.14 and 3.14, respectively. Also, the maximum value of the female age-stage specific fecundity for
the control (day 24), fenpyroximate (day 36), and propargite treatments (day 60) represented 23.73,
14.0 and 6.0, respectively (Fig. 2).

The life expectancy curve (ex) which is the total time that an individual of age x and stage j is
expected to live, for the female individuals in the control when they reached to the adult stage was 30
days. This value for the female adults in the both fenpyroximate and propargite treatments was 20
days (Fig. 3).
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Figure 2. Age-specific survival rate (/;), female age-stage specific fecundity (fyj), age-specific fecundity (m.), and age
specific maternity (,m.) of Macrolophus pygmaeus reared on Tetranychus urticae eggs in Control (A), sublethal
concentrations (LCsp) of propargite (B) and sublethal concentrations (LC3¢) of fenpyroximate (C) treated individuals.

DISCUSSION

In the current study, lethal and sublethal effects of fenpyroximate and propargite were investigated
on the mirid predatory bug, M. pygmaeus, for the first time. Both chemicals are among the most low-
risk acaricides in controlling a variety of phytophagous mites in greenhouses or the other agricultural
system (Sherwani and Mukhtar 2019). In several studies, short- and long-term effects of these
pesticides were examined against some natural enemies.

According to our data, LCso values of fenpyroximate and propargite against M. pygmaeus adults
fed with contaminated T. urticae eggs were 5.74 and 3.41 mg(ai)L"!, respectively. According to the
mode of action and route of the entry, each chemical can have its special effect on the treated
individuals. Therefore, if these two acaricides spray on the predators or we us any other bioassay
procedure, we can observe different results. Hamedi ef al. (2010) showed that the concentrations
caused 50% mortality in female and male individuals of Phytoseius plumifer (Canestrini & Fanzago),
affected by fenpyroximate was 20.20 and 13.49 mg(ai)L!, respectively. They studied the bioassay
experiments using dipping leaf disks into the pesticide solution. On the other hand, using potter tower
spraying method, Lima et al. (2013) showed that fenpyroximate was very selective to Neoseiulus
baraki (Athias-Henriot) due to the estimated LCso value of 4997 mg(ai)L™!, which was about 781
times greater than this value in its eriophyid prey, Aceria guerreronis Keifer. Rezaei et al. (2007)
evaluated propargite effect on two-day-old larvae of Chrysoperla carnea using residual glass plate
bioassay and resulted that this acaricide could be slightly harmful for the predator, according to the
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International Organization of Biological Control (IOBC) procedure. In fact, this chemical with
concentration of 1425 mg(ai)L! led to about 36% mortality of this biocontrol agent.
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Figure 3. The life expectancy (ey) of Macrolophus pygmaeus reared on Tetranychus urticae eggs in Control (A), sublethal
concentrations (LCsg) of propargite (B) and sublethal concentrations (LC3¢) of fenpyroximate (C) treated individuals.

One of the reasons about why natural enemies respond to these acaricides differently, could be
due to the route of entry of the pesticides. In fact, the non-target arthropods are exposed to pesticides
by through different ways such as direct contact with sprayed pesticides, indirect contact with
pesticide residues on surface of plants, or through the ingestion of preys contaminated with pesticides
(Jepson 1989; Suarez-Lopez ef al. 2020). For example, Ashley et al. (2006) showed that propargite
killed all adult individuals of Orius insidiosus (Say) one day after direct exposure. However, residual
toxicity of this acaricide against the adult stage was varied in different days after treatment and the
mortality at 24 hours post-treatment was measured less than 70%. In addition, life stage of the natural
enemies is the other critical parameter that influences the pesticides effectiveness (El Aalaoui et al.
2019). According to Olszak (1999) results, propargite was nearly harmless to fourth instar larvae,
pupae, and adult individuals of two-spotted ladybird, Adalia bipunctata L. after immersion in the
chemical solution under laboratory conditions. Similarly, propargite was not dangerous for the second
and fourth instar larvae of this ladybird after exposure to the chemical residues on apple leaves cut
from trees sprayed before.
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In this study, life history and demographic parameters were significantly affected by both
acaricides in concentrations caused 30% mortality in M. pygmaeus adults. Both acaricides could
increase longevity of different stages of the predatory bug compared with the control. Since the bug
ingested contaminated eggs with these chemicals, maybe inappropriate or poor quality food could
increase life duration of this insect. Several studies such as Azimi et al. (2020) illustrated negative
effects of the inappropriate diet in the growth and developmental rate of the organism.

On the other hand, fecundity of the female adult bugs decreased in both treatments, significantly.
Reduction of fecundity as a side-effect of these two chemicals was reported in other studies. Rezaei
et al. (2007) showed that the number of eggs produced by C. carnea female adults treated with
propargite was 1.5 times fewer than the control. Also, Hamedi et al. (2010) represented that P.
plumifer affected by sublethal concentrations of fenpyroximate produced fewer eggs. Thus, fecundity
of the predatory mite affected by LCso of this acaricide was 43 times less than the control.
Theoretically, all classes of pesticides in sublethal concentrations have the potential to affect the
arthropod reproduction due to adverse effects on fertilization of egg, oogenesis, ovulation,
spermatogenesis, sperm motility, and the other reproductive physiology (Haynes 1988; Muller ef al.
2019). Evaluation of sublethal effects of the chemicals on biology of natural enemies can be very
helpful in taking decisions about the integrated pest management program procedures, because
sublethal concentrations do not show obvious effects such as death very clearly, but depict some
important effects on the insect biological and ecological traits that even continuing in the next
generations (de Franga et al. 2017).

Demographic analysis as a valuable approach, even represent better evaluations of pesticides
toxicity against arthropods, since such studies provide total effects of a toxicant on a population
during long period of time that are not perceived in short time assay (Stark and Banks 2003). In the
present study, population parameters such as intrinsic rate of increase (r), finite rate of increase (4),
net reproductive rate (Ro), and mean generation time (7)) were significantly affected by the sublethal
concentration (LC30) of propargite and fenpyroximate. This showed that concentration values of
0.756 and 1.25 mg(ai)L"! of both acaricides, respectively could produce harmful effects on the
physiology of M. pygmaeus during a generation.

Demographic response of various biological control agents to propargite and fenpyroximate were
different. Alinejad et al. (2020) showed that different sublethal concentrations (LC1o, LC20, and LCso)
of propargite had no significant effect on the intrinsic rates of increase of Amblyseius swirskii in
comparison to the control. Also, Saber (2011) did not find any significant changes in life table
statistics of Trichogramma cacoeciae (Marchal) emerged from its host eggs exposed to field rate of
fenpyroximate. On the other hand, fenpyroximate could have harmful effect on intrinsic rate of
increase in the treated P. persimilis so their population growth trend became negative (» = -0.02 days"
Y (Ghaderi et al. 2013). Residual effect of propargite reduced some biological parameters of C.
carnea including r, while some other ones such as the net reproductive rate increased (Rezaei et al.
2007).

According to the company manufacture, LCso value of both acaricides, propargite and
fenpyroximate evaluated from the mirid bug, M. pygmaeus were higher than the field recommended
rate for the two-spotted spider mite (1L/ha). However, the demographic toxicology results achieved
in this study represented that the applied concentration (LCso) had negative effects on several
parameters of biology and life table of the predator during the generation. Therefore, none of these
acaricides are compatible with survival, fecundity, and activity of this effective generalist biological
control agent and more care should be taken whenever these chemicals are used in IPM programs.
Since natural enemies are also in contact with pesticides spraying on the plants and/or they may be
exposed to the chemical residues, additional research is necessary to investigate the different methods
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of toxicity assay of propargite and fenpyroximate on M. pygmaeus for taking better picture about the
bug susceptibility to these chemicals.
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