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ABSTRACT

Investigating the potential effects of chemical pesticides on the biological performance of
Received: natural enemies is crucial for the successful implementation of integrated pest management
02 February, 2026 programs. In the present study, the effects of low concentrations (LC1o = 5.14, LCy = 12.55,

‘;Cf\?}:::: :202 6 and LCs = 23.89 mg a.i./L) of bifenazate (Floramite® 24% SC) on the predation parametets
Publi . of Phytoseinlus persimilis Athias-Hentiot feeding on larvae and protonymphs of Tetranychus urticae
ublished:

15 April, 2026 Koch were investigated under laboratory conditions. The results indicated that the appropriate
time interval for releasing the predator after the application of bifenazate (LCsz = 23.89 mg
a.i./L) was at least 48 hours, as no obvious effects on its survival and predation parameters
were detected. Furthermore, exposure to the low concentrations had no carryover effects on
the predation performance of the offsprings. The age-stage specific predation rate (ay)
increased with increasing age and stage of individuals and had the highest value for adult
females, although its peak value decreased with increasing concentration. The values of net
predation rate (Cp), finite predation rate (w), transformation rate (), and stable predation rate
() in the subsequent generation were not significantly affected when the female predators
were exposed to the different concentrations. These results indicate that the different low
concentrations of bifenazate had no negative effects on the predation performance of P.
persimilis and its offspring. Therefore, their combination may play an important role in the
sustainable management of T. wrticae.
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INTRODUCTION

The two-spotted spider mite (TSSM), Tetranychus urticae Koch (Acari: Tetranychidae), is a key
phytophagous pest in both greenhouse and outdoor crops (Sedaratian e a/. 2009). The control of TSSM
is notoriously difficult and synthetic acaricides are considered as the main method for its management
program. The high reliance on these chemicals causes several problems such as the development of
resistant populations, environmental pollution, negative effects on non-target organisms and risks to
human health (Sedaratian ef a/. 2011; Asadi ef al. 2019; Khanamani ef a/. 2021). Therefore, there is great
interest in effective and safe alternatives, especially biocontrol agents (Dalir ez a/. 2021; Kadkhodazadeh
et al. 2021), selective acaricides (Rezaei e al. 2024) and the simultaneous application of acaricides and
natural enemies (Azadi-Qoort ez a/. 2019). Integrated programs which emphasis on simultaneous
application of biocontrol agents and acaricides have been noted as one of the most efficient strategies
for sustainable management of populations of the TSSM (Jones ez a/. 2010). This approach could reduce
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both the use of pesticides and their negative effects, which is one of the main objectives of IPM programs
(Nicetic et al. 2001).

A fundamental component of any IPM program is understanding the compatibility of different
strategies during their simultaneous application (Guedes ¢ a/. 2016). Regarding numerous reports
addressing deleterious effects of chemicals on natural enemies of spider mites (e.g., Schmidt-Jeffris e# al.
2021; Rajaee et al. 2022; Mousavi et al. 2023; Rezaei et al. 2024), more attention should be devoted to
finding safe compounds for successful implementation of integrated management programs (Saenz-de-
Cabezon Irigaray e al. 2007). Accordingly, it is crucial to investigate all possible effects of pesticides on
both behavioral and biological attributes of biocontrol agents (Desneux ez a/. 2007; Sedaratian ez al. 2014).
Phytoseiid mites (Acari; Mesostigmata; Phytoseiidae) are widely used worldwide in IPM to manage
populations of different phytophagous mites and other pest arthropods (McMurtry ef a/. 2013). One of
them, Phytoseiulus persimilis Athias-Henriot, is a specialist predator that controls web-spinning mites,
especially Tetranychus species (McMurtry ef al. 2013).

Toxicological studies that only evaluate lethality may underestimate the total effects of pesticides
on pests and their natural enemies. Desneux ez a/. (2007) stated that the effects of low concentrations
should also be considered to estimate overall impacts of pesticides. Even at low concentrations, pesticides
may affect the survivorship, growth, development, reproduction, and behavioral parameters of natural
enemies (Ibrahim and Yee 2000; Chen ¢7 a/. 2003; Bernard 2004; Galvan e al. 2005; Teodoro ez al. 2005;
Hamedi ez al. 2010, 2011; Alinejad ez al. 2014, 2016; Monjaras-Barrera e a/. 2019; Rajace ¢ al. 2022; Rezaei
et al. 2024). Although the application of low concentrations of pesticides can reduce their acute toxicity
to the biological performance of natural enemies, the reports mentioned above have shown that this
strategy may also has some detrimental effects. Accordingly, there is a critical need to investigate the
overall impact of pesticides on pests and their natural enemies. Despite the widespread application of
bifenazate for controlling TSSM in different cropping systems (Rezaei ef a/. 2018), our current knowledge
about the effects of its low concentrations on the biological performance of P. persimilis remains very
limited. As a new selective carbazate acaricide, bifenazate is being globally used for controlling spider
mites in different cropping systems at the recommended concentration of 100 ml/100 liters of water (van
Leeuwen ef al. 2015). This acaricide primarily acts on the mitochondria and inhibits the Qo site of
cytochrome & within complex III (Bilbo and Walgenbach 2020). We hypothesized that considering a
reasonable time interval for the release of P. persimilis after pesticide treatment and application of low
concentrations will improve the ultimate efficiency of integrated management of the TSSM. Accordingly,
the present study was designed to determine an appropriate interval for releasing predatory mite P.
persimilis after spraying bifenazate. After determining the appropriate time, possible effects of low
concentrations of bifenazate on consumption rate and predation parameters of P. persimilis were
investigated.

MATERIALS AND METHODS

Host plant cultivation

Certified seeds of cucumber (Cucumis sativus var. Y-TOP) were sown into plastic pots (25 cm height
and 18 cm diameter) filled with fertilized field soil typically used by commercial growers (1:1:1 mix of
sand, clay, and sheep manure). The plants were grown under greenhouse conditions (25 £ 5 °C, 65 * 10
% R.H., and a mean light period of 13 hours). During the experiments, all plants were irrigated every
other day. No additional fertilizers or pesticides were used. The same-aged plants (= 6-8 true leaf stages)
were selected for both rearing T. wrticae and experimentations.

Preparing leaf discs

To evaluate the sublethal effects of bifenazate on the predation parameters of P. persimilis, a leaf
disc method was used (Azadi-Qoort e al. 2025). The cucumber leaves were cut into 5.5 cm diameter and
placed upside down on a thin layer of water-soaked cotton. Each leaf disc was placed in a Petri dish (6
cm diameter and 1.5 cm height) and surrounded by a strip of cotton. The prepared disc was put inside
the larger ones (8 cm diameter and 1.5 cm height) which had a ventilation hole in the center of its door
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(1.5 cm diameter). This hole was covered by a fine mesh net. In order to keep the freshness of cucumber
leaf, distilled water was daily added into the larger disc.

Rearing mites

A colony of TSSM was built up from greenhouse specimens on cucumber plants, collected in
Yasouj, Iran (30° 37' 58.8" N, 51° 38' 11.1" E). The collected leaves were placed in plastic bags and
transferred into laboratory for removing unwanted organisms (other pests and natural enemies).
Tetranychus species was identified according to the characters of the male aedeagus. After this, the leaves
infested with different life stages of T. urticae were transferred into greenhouse conditions (25 £ 5 °C, 75
+ 10 % R.H., and a mean light period of 13 hours) and put on the cucumber plants. The plants infected
with these samples were kept in fine mesh cages (150 X 90 X 90 cm). Ten healthy plants were weekly
added to the mesh cages and the dead ones were removed. To minimize inbreeding effects, the mites
collected from the same regions were periodically added to the stock colony.

A colony of P. persimilis was established with specimens (at least 500 mites) obtained from the
Koppert Biological Systems (SPIDEX®). They were reared according to the method described by Asadi
et al. (2019). Rearing units were prepared by putting a piece of green plastic sheet (20 X 15 X 0.1 cm) on
a wet sponge inside a water-containing container (30 X 20 X 15 cm). Strips of tissue paper immersed in
the water of the container were used to cover all edges of the sheet for providing water supply and avoid
predator escape. After releasing the predators on the sheet, the cucumber leaves infested with eggs, larvae
and protonymphs of T. urticae (= 150-200 per leaf) were daily added into this arena as a food source.
Before introduction, the leaves were carefully checked, and deutonymph and adult prey were eliminated.
To prevent any pollution, the old leaves were removed weekly from the rearing arena. The rearing
protocol was conducted in a growth chamber at 25 £ 1 °C, 60 £ 5 % R.H., and a photoperiod of 16: 8
(L: D) hours.

Experimental conditions
All experiments were performed in a growth chamber at 25 £ 1 °C, 60 £ 5 % R.H., and a
photoperiod of 16: 8 (L: D) hours.

Bioassay procedure

To accomplish the experiments, a commercial formulation of bifenazate (Floramite® SC 24%,
Chemtura AgroSolutions, Philadelphia, Pennsylvania, USA), was used. A contact toxicity bioassay was
conducted on deutonymphs of T. #rticae, recommended target of bifenazate, using concentrations of 2.4,
4.8, 9.6, 19.2, 84, and 180 mg a.i./L, which were selected based on their activity in initial dose-setting
tests. Five replications were considered for each concentration with twenty deutonymphs (< 24 hours
old) in each one. Before the treatment, deutonymphs were transferred into the experimental arenas using
a fine camel-hair brush. Cucumber leaf discs were similarly sprayed using a manual sprinkler (= 40
wL/cm?). The control individuals were sprayed with distilled water. The mortality was recorded after 48
hours. The bioassay was repeated three times under the same conditions (Robertson ez /. 2007).

Time-dependent toxicity

A completely randomized design (CRD) was used to evaluate the contact toxicity of bifenazate to
the female predators. Thirty cucumber leaf discs (5.5 cm diameter) were prepared and sprayed with LCso
(23.89 mg a.i./L) of bifenazate using a manual sprinkler (= 40 uL./cm?). After spraying, five arenas were
randomly selected, and 10 unmated female predators (< 24 hours old) were immediately introduced into
each (i.e., time interval = 0). In addition, a mixture of larval and protonymph stages of the TSSM (= 200)
was brushed into each arena as prey. The same procedures were repeated at 12, 24, 48, 72, and 96 hours
after spraying (five arenas per interval). All experimental discs were maintained in a growth chamber for
48 hours, after which mortality was recorded. Distilled water was served as the control.

Contact effects of low concentrations of bifenazate on female predators

A set of 50 leaf discs was prepared for each treatment (low concentrations and control). The discs
were sprayed with different low concentrations (LCyo, L.Co0, and L.Cs0) and distilled water and kept in a
growth chamber for 48 hours. After this time period, one female predator (< 24 hours old) was
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transferred into each arena. A male predator was also added to each one. Forty newly emerged larva and
protonymph of T. wrticae were daily transferred into arenas as prey. Experimental arenas were daily
checked and the number of preys eaten was recorded. Eaten prey was replaced in each unit. The
experiments lasted until the death of all individuals.

Carryover effects on predation performance of offspring

On the 3" day of oviposition, to evaluate carryover activity of different concentrations on the
predation performance of the offspring from treated females, 60 eggs (< 24 hours old) were randomly
selected from each treatment and individually placed into an untreated disc. The same procedure was also
conducted for untreated females as control. The leaf discs were kept in a growth chamber. After the
emergence of larvae, the experimental discs were daily supplied with 20 preys (larvae and protonymphs).
The units were checked once a day and the number of preys consumed by predators was counted. With
adult emergence, the males and females were coupled and supplied with 40 preys. The number of preys
consumed was daily recorded and replaced until the death of both predators. Prey consumption of adult
predators was related to the male and female together and share of each individual was considered to be
50/50 (Khanamani ¢# a/. 2015). The predation parameters wete acquired based on the information of all
individuals tested (including immature stages, females, males, and individuals who died during the pre-
adult development), as suggested by Chi and Yang (2003).

Data analysis

Unbalanced one-way ANOVA was used to compare total and daily predation of adult females at
different treatments (PROC GLM, SAS ver. 9.1.3). Mean grouping was performed using a Student-
Newman-Keuls test (SNK) at a significant level of 0.05. Prior to the ANOVA, the normality of data was
tested by the Kolmogorov-Smirnov assay (MINITAB ver. 14) and it was determined that the data were
normally distributed.

Probit analysis was performed using the statistical package of SPSS (ver. 18) to determine the
concentrations of bifenazate that kill 10, 20, and 30% of the deutonymphs of T. wrticae (ze., LCio, LCoo,
and LC%o)

The daily consumption of all stages and individuals was used to calculate the age-stage specific
consumption rate (¢), the age-specific predation rate (£.), the age-specific net predation rate (g.), the net
predation rate (Cp), the transformation rate (), the stable predation rate (), and the finite predation rate
(w). All individuals' predation data were analyzed using the computer program CONSUME-MSChart
(Chi 2018a). The standard errors of predation parameters were estimated using the bootstrap procedure
using 100,000 resamples. The differences of predation bootstrap-values among the treatments were
compared using the paired bootstrap test based on the confidence interval of the difference by the
computer program TWOSEX MSChart (Chi 2018b). Figures and box plots were drawn by Excel
(Microsoft Office, ver. 2016) and R (ver. 3.6.0), respectively.

RESULTS

Bioassay procedure

The results of the bioassay with bifenazate for the deutonymphs of T. #rticae are presented in Table
1. The estimated value of LCs after two days was 69.23 mg a.i./L (95% FL = 54.50-91.44), while no
mortality was recorded in controls. Based on data from this assay, we calculated the low concentrations
of LCm, LCzo, and LCs (Table 1)

Table 1. Toxicity of bifenazate on the deutonymphs of Tetranychus urticae.

Sublethal concentrations (mg a.i./L)*

LCio (95% FL) LCy (95% FL) L.Cs0 (95% FL) Slope + SE ¥ (d

5.14 (3.36-7.15) 12,55 (9.29-16.13)  23.89 (18.76-29.92) 1.135 £ 0.092 7.763 (4)

* Different low concentrations and 95% fiducial limits (FL)) were estimated using Probit analysis.
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Time-dependent toxicity

The results revealed a time-dependent mortality in female predators released into the LCso-treated
discs (Fs, 28 = 32.67; P < 0.001). Female predators were released into the treated arenas after 0, 12, and 24
hours. had suffered a mortality percentage of 26, 20, and 10, respectively. No mortality was recorded at

48 hours' time interval and higher ones.

Predation parameters of the treated females

Figure 1 exhibits that releasing the predators into arenas treated with different concentrations of
bifenazate had no detectable effects on the total (F'= 0.42; df = 3, 171; P = 0.7423) and daily (FF'= 0.34;
af = 3,171; P = 0.7953) consumption of this predaceous mite when predating larva and protonymph of

T. urticae.
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Figure 1. Total (A) and daily (B) predation (mean * SE) of adult females of Phyzoscinlus persimilis fed on Tetranychus urticae on
treated arenas with different concentrations of bifenazate. The boxes represent 50% of the variation, whiskers the

other 50% and the line indicates the median.

Carryover effects on the predation performance of offspring

The age-stage-specific predation rate (sy) illustrates the mean number of preys consumed by the
immature and adult stages of the predator of age x and stage ; at different concentrations of bifenazate
(Fig. 2). The trend of ¢y values for P. persimilis at different treatments followed a similar pattern. In other
words, different concentrations tested had no obvious effects on the trend of this parameter.
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Figure 2. Age-stage-specific predation rate (s;) of offsprings from treated females of Phytoseinlus persimilis by different

concentrations of bifenazate on Tetranychus nrticae.
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As illustrated in Figure 2, the value of age-stage-specific consumed preys was increased by
developing new stages. Based on the results obtained, the highest value of this parameter for immature
stages of P. persimilis was recorded in the treatment LCy, while female and male individuals had the highest
value in control. The highest number of preys consumed at the control, LCy, LCa, and LCs) was recorded
for the female predators (24.00, 22.68, 22.07, and 21.90 preys) at the ages of 4, 5, 5, and 5 days,
respectively. The adult males had the lowest value of this parameter (16.50, 15.55, 16.72, and 16.20 prey
at the ages of 5, 6, 6, and 6 days, respectively) (Fig. 2).

The age-specific predation rate (£.), and the age-specific net predation rate (¢.) of both treated and
untreated individuals of P. persimilis are shown in Figure 3. The value recorded for £, which presents the
mean number of preys consumed by the predators at age x, was gradually increased to its peak and then
decreased by raising the predator's age in all treatments tested. From this figure, it is cleatly realized that
the highest value of &, was obtained at the age of 31, 23, 12, and 17 days in the control (5.50 preys), LCio
(5.34 preys), LCy (5.14 preys), and LCs (4.55 preys), respectively. The maximum value for the g.was
estimated at the age of 16, 13, 12, and 9 days, respectively (control = 4.78; L.C1o = 4.98; LCs = 4.77; LCs0
= 4.19 preys). The highest values of both £.and ¢. parameters occurred at the same age (day 12) when
predators were exposed to the L.Cy, where the value of 4 was 0.927 (Fig. 3). In the other treatments,
however, the peak of g.was observed at the earlier ages than £.. This can be explained by the higher value
of /. at earlier ages compared with later ones. Figure 3 also shows that the values of £.and ¢. were identical
until the age of 4 (control), 4 (LCip), 6 (LCx), and 5 (LCs0) days, where the first mortality was recorded
and the age-specific survival rate (4) initiated to decrease from 1.
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Figure 3. Age-specific survival rate (4), age-specific predation rate (£.), and age-specific net predation rate (g.) of offspring
from treated females of Phytoseiulus persimilis by different concentrations of bifenazate on Tetranychus urticae.

Total prey consumption displays the total amount of consumed prey at each life stage of the
predatory mite as long as the mite is alive (Fig. 4). In other words, it represents the total capacity of the
cohort at age x and stage /. Regarding Figure 4, the values recorded for this parameter in different
treatments fluctuated with similar trends, indicating no detectable effects of different concentrations. The
highest amount of prey consumption in male (66.00 preys) and female (201.50 preys) individuals was
observed in the control, and the highest amount of this parameter for immature stages was related to
those evaluated at the L.Cy (141.00 preys). For both immature and adult individuals, the lowest value of
total consumption was observed in the LCj treatment.

COMPATIBILITY OF BIFENAZATE AND P. PERSIMILIS



2026

PERSIAN JOURNAL OF ACAROLOGY

200 + TN TN Control 200 .," SR \_, i LCyq

175 i - B 1751 i a1

150 A \ 1501 i g
o 1254 - === Male \ 125- : =,
F 1009 ; 1001 L]
e 751 b ... 759 % Y
T OB \ e 251717 g \
E 0 F3 . % \ - l., 0 - ’ kN hY . =
< 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
]
T 200 I . LCy 200 - LCso
S 175 - ; e 175 TN
gl 7 I i,
x =k N~
E 125 | N 125 \

100 - \ 100 1 \

75 - e 75 1 F \

\ B .
0 K - 0+ > -
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Age (day)

Figure 4. Total prey (Tetranychus nrticae) consumption of different life stages of offspring from treated females of Phytoseinlus
persimilis by different concentrations of bifenazate.

Predation parameters of the offspring from treated females of P. persimilis by different concentra-
tions of bifenazate in comparison to the control group are presented in Table 2. Surprisingly, the
outcomes reflected that exposing the female predators to the low concentrations of bifenazate had no
significant effects on the mean number of preys consumed by a predator during its life span (Co).
Similarly, no significant differences were observed when comparing the finite predation rate (w) and
stable predation rate () of P. persimilis among different treatments. The transformation rate (J,) was not
significantly affected by different concentrations of bifenazate (Table 2).

Table 2. Predation parameters (mean = SE) of offspring from treated females of Phytoseiulus persimilis by different
concentrations of bifenazate compared with control.

Treatments
Parameters
Control LCy LCy LC3
Net predation rate (G) 99.053 £ 4.592 96.387 £ 4.4612 96.218 £ 3.9632 95.130 £ 4.0652
(prey)
Finite predation rate (w) 2.151 £ 0.101» 2.097 £ 0.0942 2.165 £ 0.1092 2.162 + 0.0992
(day™)
Transformation rate (Q)) 2.841 + 0.184a 2.889 + 0.1592 2.742 + 0.1872 2.643 £ 0.1642
(prey/ offspring)
Stable predation rate (¢) 1.582 % 0.0602 1.544 + 0.0502 1.598 + 0.070~ 1.580 £ 0.0607
(prey/ptedator)

* Means followed by the same letters within the same row ate not significantly different based on the paired bootstrap test
with 100,000 resampling (P < 0.05).

DISCUSSION

One of the main concerns of integrated pest management programs is utilizing suitable techniques
in a compatible manner (Kogan 1998; Koul ¢# a/. 2004; Fathipour and Sedaratian 2013). Minimizing the
deleterious effects of chemical pesticides on the biological performance of natural enemies during their
simultaneous application could promote the overall efficiency of such programs (Sedaratian-Jahromi
2021). In the current study, we hypothesized that increasing the time interval for releasing predatory mite
P. persimilis after spraying low concentrations of bifenazate could minimize the possible deleterious effects
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of this acaricide on the biological performance of the predator. Our findings show that bifenazate had
no acute toxicity on P. persimilis atter 48 hours and thus, this interval was selected for releasing predatory
mites and investigating sublethal effects on the predation parameters. After this, predation parameters of
P. persimilis predating T. urticae into the untreated and treated arenas were compared.

Consistent with Ochiai e# a/. (2007), our results indicate that bifenazate exerts no adverse effects
on the biological performance of P. persimilis. While Ochiai ef al. (2007) focused on biological parameters,
this study provides the first comprehensive assessment of bifenazate's impacts on the predation
parameters of P. persimilis, extending previous findings and confirming the compatibility of bifenazate
with the predatory mite P. persimilis.

Our findings showed that female predators consumed more prey than other stages, which may be
related to their larger size and higher energy requirements for reproduction. As previously mentioned,
fecundity of female predators directly depends on their prey consumption (McMurtry ef al. 1970). These
evidences are in line with previous reports about the higher consumption rate of female predators during
their oviposition period (e.g., Pernando and Hassell 1980; Gutierrez e/ a/. 1981; Hayes and McArdle 1987,
Rasmy ez al. 1991).

By considering the probability of survival of individuals (4) at the age-specific predation rate (£.),
the net age-specific predation rate (¢.) was calculated (g. = A&.). Accordingly, the values calculated for
the net age-specific predation rate (¢.) in all treatments may be equal to or less than those estimated for
the age-specific predation rate (&), and the difference between these parameters is related to the effect
of survival rate (4). From Figure 2, it is apparent that as long as the survival rate (4) was equal to 1, the
values of parameters £, and ¢. were identical. With decreasing survivorship, the difference between these
parameters was observed.

According to the current study, the net predation rate (Co) ranged from 95.13 to 99.05 prey, which
was lower than what was estimated by Alipour e /. (2016) and Moghadasi ez a/. (2016), who reported
that P. persimilis consumed 185.11-259 and 363.54 eggs of T. urticae, respectively. The lower biomass of
tetranychid egg than its larva and protonymph explains the higher predation of P. persimilis in these studies
than what was observed in the present study. The finite predation rate (w = A¢) is a standard parameter
because it can help us to evaluate and compare the efficacy of the natural enemies used in the biocontrol
programs by considering the finite rate of population increase (1), the stable age-stage structure (a;), and
the age-stage-specific predation rate (a;) (Safaceniya ef al 2024). Our findings showed that P.
persimilis needed an average of 2.64—2.89 prey to deposit one egg, which is substantially lower than
previously reported for the transformation rate (J;) of this predator (Alipour ez a/. 2016; Moghadasi ez al.
2016). Environmental conditions (Skirvin and Fenlon 2003), chemical acaricides (Kim and Yoo 2002),
prey stage/species (Moghadasi ¢f al. 2016), and host plant attributes (Krips ¢7 a/. 1999) have been discussed
as the most important factors causing such differences in the predation parameters of P. persimilis.
According to our results, different concentrations of bifenazate did not have a considerable impact on
the consumption rate of P. persimilis. This issue is in contrast with the eatlier report published by Kim
and Yoo (2002), who stated that exposure to chlorfenapyr and flufenoxuron had deleterious effects on
the predation rate of P. persimilis on T. urticae. Undoubtedly, considering an appropriate interval for
releasing predators in the present study had an incredible role in decreasing the deleterious effects of
bifenazate on P. persimilis and its progeny.

High reliance on chemical pesticides for controlling phytophagous pests can’t be considered a
sustainable strategy, mainly in circumstances in which these compounds deleteriously impact the
biological performance of natural enemies (Kaplan ez a/. 2012). As a selective acaricide, bifenazate has
proven its performance for managing destructive populations of spider mites even at sublethal
concentrations (Li e al. 2017; Rezaei et al. 2018). The information presented herein revealed that
manipulating pesticide concentration and predator release time maximizes their compatibility for
sustainable management of the TSSM. Our findings suggest that bifenazate can be safely integrated into
spider mite management programs in which P. persimilis acts as the key biocontrol agent. Nevertheless,
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further laboratory, semi-field, and field assessments are still needed to validate the efficacy of
simultaneous application of bifenazate and P. persimilis.

Author contributions: Analyses and data curation: E.R., A.S.-].; Writing—original draft preparation: E.R.; Writing — revisions
and editing: A.S.-].; Supervision: A.S.-].; Funding acquisition: A.S.-]J. All authors have read and agreed to the published version
of the manuscript.

Funding: The research was funded by the Yasouj University.
Availability of data and materials: Data are available upon request from the corresponding authot.

Ethics approval and consent to participate: This study only included arthropod material, and all required ethical guidelines
for the treatment and use of animals were strictly adhered to in accordance with international, national, and institutional
regulations. No human participants were involved in any studies conducted by the authors for this article.

Consent for publication: All participants in the study expressed their agreement with the publication.
Competing interests: The authors declare no conflict of interest.

Generative Al statement: The authors declare no use of Gen Al in the creation of this manuscript.

REFERENCES

Alinejad, M., Kheradmand, M. & Fathipour Y. (2014) Sublethal effects of fenazaquin on life table
parameters of the predatory mite Amblyseius swirskii (Acari: Phytoseiidae). Experimental and Applied
Acarology, 64: 361-373. https://doi.org/10.1007/s10493-014-9830-y

Alinejad, M., Kheradmand, M. & Fathipour Y. (2016) Assessment of sublethal effects of spirodiclofen
on biological performance of the predatory mite, Anblyseins swirskii. Systematic and Applied Acarology,
21: 375-384. https://doi.org/10.11158/saa.21.3.12

Alipour, Z., Fathipour, Y. & Farazmand, A. (2016) Age-stage predation capacity of Phytoseinlus persimilis
and Awmblyseins swirskii (Acari: Phytoseiidae) on susceptible and resistant rose cultivars. Infernational
Journal of Acarology, 42: 224-228. https://doi.org/10.1080/01647954.2016.1171797

Asadi, P., Sedaratian-Jahromi, A., Ghane-Jahromi, M. & Haghani, M. (2019) How Spiromesifen affects
some biological parameters and switching behavior of predatory mite Awmblyseins swirskii (Acari:
Phytoseiidae) when feeding on different ratios of mixed preys. Persian Journal of Acarology, 8(3): 239—
251. https://doi.org/10.22073 / pja.v8i3.47939

Azadi-Qoortt, A., Sedaratian-Jahromi, A. & Farazmand, A. (2025) Host-dependent functional response
of Typhlodromus — bagdasarjani (Acari: Phytoseiidae) feeding on Tetranychus wurticae (Acari:
Tetranychidae). Persian Journal of Acarology, 14(1): 225-235.
https://doi.org/10.22073 /pja.v14i2.85980

Azadi-Qoortt, A., Sedaratian-Jahromi, A., Haghani, M. & Ghane-Jahromi, M. (2019) Biological responses
of Tetranychus nrticae (Acari: Tetranychidae) to different host plants: an investigation on bottom-up
effects. Systematic and Applied Acarology, 24: 659—674. https://doi.org/10.11158/saa.24.4.11

Bernard, M.B. (2004) Developing on ecotoxicological testing standard for predatory mites in Australia:
Acute and sublethal effect of fungicides on Euwseius victoriensis and Galendromus occidentalis (Acari:
Phytoseiidae). Journal of Economic Entomology, 91: 891-899. https://doi.org/10.1093 /jec/97.3.891

Bilbo, T.R. & Walgenbach, J.F. (2020) Compatibility of Bifenazate and Phytosezunlus persimilis for manage-
ment of two-spotted spider mites in North Carolina staked tomatoes. Journal of Economic Entomology,
113(5): 2096-2103. https://doi:10.1093 /jee/toaal59

Chen, T.Y., French, J.V., Liu, T.X. & da Graca, J.V. (2003) Residual toxicities of pesticides to the
predaceous mite Galendronus helveolus (Acari: Phytoseiidae) on Texas citrus. Subtropical Plant Science,
55: 40—45.

Chi, H. (20182) CONSUME-MSChart: computer program for consumption rate analysis based on the
age stage, two-sex life table. Available from: http://140.120.197.173 /Ecology/prod02.htm

Chi, H. (2018b) TWOSEX-MSChart: a computer program for the age-stage, two-sex life table analysis.
Available from http://140.120.197.173 /Ecology/prod02.htm

COMPATIBILITY OF BIFENAZATE AND P. PERSIMILIS


https://doi.org/10.11158/saa.21.3.12
https://doi.org/10.1080/01647954.2016.1171797
http://dx.doi.org/10.22073/pja.v8i3.47939
https://doi.org/10.22073/pja.v14i2.85980
https://doi.org/10.1093/jee/97.3.891

10 | REZAEI AND SEDARATIAN-JAHROMI 2026

Chi, H. & Yang, T.C. (2003) Two-sex life table and predation rate of Propylaea japonica Thunberg
(Coleoptera: Coccinellidae) fed on Myzus persicae (Sulzer) (Homoptera: Aphididae). Environmental
Entomology, 32: 327-333. https://doi.org/10.1603/0046-225x-32.2.327

Dalir, S., Hajiqanbar, H., Fathipour, Y. & Khanamani, M. (2021) A comprehensive picture of foraging
strategies of Neoseiulus cucumeris and Amblyseins swirskii on western flower thrips. Pest Management
Science, 77(12): 5418-5429. https://doi.org/10.1002/ps.6581

Desneux, N., Decourtye, A. & Delpuech, J.M. (2007) The sublethal effects of pesticides on beneficial
arthropods. Annual Review of Entomology, 52: 81-100.
https://doi.org/10.1146/annurev.ento.52.110405.091440

Fathipour, Y. & Sedaratian A. (2013) Integrated management of Helicoverpa armigera in soybean cropping
systems. In: El-Shemy, H.A. (Ed.), Soybean-Pest Resistance. InTech, Rijeka, Croatia, pp. 231-280.
https://doi:10.5772/3384

Galvan, T.L., Koch, R.L. & Hutchison, W.D. (2005) Effects of spinosad and indoxacarb on survival,
development, and reproduction of the multicolored Asian lady beetle (Coleoptera: Coccinellidae).
Biological Control, 34: 108-114. https://doi.org/10.1016/j.biocontrol.2005.04.005

Guedes, R.N.C., Smagghe, G., Stark, ].D. & Desneux, N. (2016) Pesticide-induced stress in arthropod
pests for optimized integrated pest management programs. Annual Review of Entomology, 61: 43—062.
https://doi.org/10.1146 /annurev-ento-010715-023646

Gutierrez, A.P., Baumgaertner, J.U. & Hagen, K.S. (1981) A conceptual model for growth, development,
and reproduction in the ladybird beetle, Hippodamia convergens (Col.: Coccinellidae). The Canadian
Entomologist, 113(1): 21-33. https://doi:10.4039 /Ent11321-1

Hamedi, N., Fathipour, Y. & Saber, M. (2010) Sublethal effects of fenpyroximate on life table parameters
of the predatory mite Phytoseius plumifer. BioControl, 55: 271-278.
https://doi.org/10.1007/s10526-009-9239-4

Hamedi, N., Fathipour, Y. & Saber, M. (2011) Sublethal effects of abamectin on the biological
performance of the predatory mite, Phyfoseius plumifer (Acari: Phytoseiidae). Experimental and Applied
Acarology, 53: 29-40. https://doi.org/10.1007/s10493-010-9382-8

Hayes, A.J. & McArdle, B.H. (1987) A laboratory study on the predatory mite Typhlodromus pyri (Acarina:
Phytoseiidae): I. The effect of temperature and food consumption on the rate of development of
the eggs and immature stages. Researches on Population Ecology, 29: 73-83.
https://doi.org/10.1007 /BF02515426

Ibrahim, Y.B. & Yee, T.S. (2000) Influence of sublethal exposure to abamectin on the biological
performance of Neoseinlus longispinosus (Acari: Phytoseiidae). Journal of Economic Entomology, 93: 1085—
1089. https://doi.org/10.1603/0022-0493-93.4.1085

Jones, G., Campbell, C.A.M., Hardie, J., Pickett, J.A., Pye, B.J. & Wadhams, L.J. (2010) Integrated
management of two-spotted spider mite Tetranychus urticae on hops using hop B-acids as an
antifeedant together with the predatory mite Phytoseinlus persimilis. Biocontrol Science and Technology,
13: 241-252. https://doi.org/10.1080/0958315021000073501

Kadkhodazadeh, F., Asadi, M. & Khanamani, M. (2021) Suitability of different pollen grains and
Tetranychus urticae as food for the predatory mite, Awmblyseins swirskii (Acari: Phytoseiidae). Persian
Journal of Acarology, 10(3): 321-334. https://doi.org/10.22073 /pja.v10i3.66952

Kaplan, P., Yorulmaz, S. & Ay, R. (2012) Toxicity of insecticides and acaricides to the predatory mite
Neoseintus californiens McGregor) (Acari: Phytoseiidae). International Journal of Acarology, 38: 699—705.
https://doi.org/10.1080/01647954.2012.719031

Khanamani, M., Basij, M. & Fathipour, Y. (2021) Effectiveness of factitious foods and artificial substrate
in mass rearing and conservation of Neoseinlus californicus (Acari: Phytoseiidae). International Journal of
Acarology, 47(4): 273-280. https://doi.org/10.1080/01647954.2021.1895310

Khanamani, M., Fathipour, Y. & Hajiqanbar, H. (2015) Assessing compatibility of the predatory mite
Typhlodromus bagdasarjani (Acari: Phytoseiidae) and resistant eggplant cultivar in a tritrophic system.
Annals of the Entomological Society of America, 108(4): 501-512. https://doi.org/10.1093 /aesa/sav032

COMPATIBILITY OF BIFENAZATE AND P. PERSIMILIS


https://doi.org/10.1603/0046-225x-32.2.327
https://doi.org/10.1002/ps.6581
https://doi.org/10.1146/annurev.ento.52.110405.091440
https://doi.org/10.1016/j.biocontrol.2005.04.005
https://doi.org/10.1146/annurev-ento-010715-023646
https://doi.org/10.1007/s10526-009-9239-4
https://doi.org/10.1007/s10493-010-9382-8
https://doi.org/10.1007/BF02515426
https://doi.org/10.1603/0022-0493-93.4.1085
https://www.tandfonline.com/author/Jones%2C+G
https://www.tandfonline.com/author/Campbell%2C+C+A+M
https://www.tandfonline.com/author/Hardie%2C+J
https://www.tandfonline.com/author/Pickett%2C+J+A
https://www.tandfonline.com/author/Pye%2C+B+J
https://www.tandfonline.com/author/Wadhams%2C+L+J
https://doi.org/10.1080/0958315021000073501
https://doi.org/10.1080/01647954.2012.719031
https://doi.org/10.1080/01647954.2021.1895310
https://doi.org/10.1080/01647954.2021.1895310

2026 PERSIAN JOURNAL OF ACAROLOGY 11

Kim, S.S. & Yoo, S.S. (2002) Comparative toxicity of some acaricides to the predatory mite, Phytoseiulus
persimilis and the two-spotted spider mite, Tetranychus urticae. BioControl, 47: 563-573.
https://doi.org/10.1023/a:1016585607728

Kogan, M. (1998) Integrated pest management: historical perspectives and contemporary developments.
Annual Review of Entomology, 43: 243-270. https://doi.org/10.1146/annurev.ento.43.1.243

Koul, O., Dhaliwal, G.S. & Cuperus, G.W. (2004) Integrated pest management: potential, constraints, and
challenges. CABI Publishing, United Kingdom, 329 pp.

Krips, O.E., Kleijn, P.W., Willems, P.E.L., Gols, G.].Z. & Dicke, M. (1999) Leaf hairs influence searching
efficiency and predation rate of the predatory mite Phytoseiulus persimilis (Acari: Phytoseiidae).
Experimental and Applied Acarology, 23: 119-131. https://doi.org/10.1023/a:1006098410165

Li, Y.-Y., Fan, X., Zhang, G.-H., Liu, Y.-Q., Chen, H.-Q., Liu, H. & Wang, J.-]. (2017) Sublethal effects
of bifenazate on life history and population parameters of Tefranychus urticae (Acari: Tetranychidae).
Systematic and Applied Acarology, 22: 148-158. https://doi.org/10.11158 /saa.22.1.15

McMurtry, J.A., De Moraes, G.J. & Sourassou, N.F. (2013) Revision of the lifestyles of Phytoseiid mites
(Acari: Phytoseiidae) and implications for biological control strategies. Systematic and Applied
Acarology, 18: 297-320. https://doi.org/10.11158/saa.18.4.1

McMurtry, J.A., Huffaker, C.B. & van de Vrie, M. (1970) Ecology of tetranychid mites and their natural
enemies: Their biological characters and the impact of spray practices. Hilgardia, 40: 331-390.
https://doi.org/10.3733 /hilg.v40n11p331

Moghadasi, M., Allahyari, H., Saboori, A. & Zahedi-Golpayegani, A. (2016) Life table and predation
capacity of Phytoseinlus persimilis Athias-Henriot (Acari: Phytoseiidae) feeding on Tetranychus urticae
Koch (Acari: Tetranychidae) on rose. Journal of Agricultural Science and Technology, 18: 1279—1288.

Monjaras-Barrera, J.I., Chacon-Hernandez, J.C., Cerna-Chavez, E., Ochoa-Fuentes, L.A., Aguirre-
Uribe, Y.M. & Landeros-Flores, J. (2019). Sublethal effect of Abamectin in the functional response
of the predator Phytoseinlus persimilis (Athias-Henriot) on Tetranychus nrticae (Koch) (Acari:
Phytoseiidae, Tetranychidae). Bragilian Journal of Biology, 79: 273-277.
https://doi.org/10.1590/1519-6984.180184

Mousavi, A., Kheradmand, K., Fathipour, Y., Mosallanejad, H. & Havasi, M. (2023) The effects of the
abamectin and spirodiclofen mixture on life history and population parameters of _Amblyseius
swirskii. Systematic and Applied Acarology, 28: 971-984. https://doi.org/10.11158/522.28.5.16

Nicetic, O., Watson, D.M., Beattie, G.A.C., Meats, A. & Zheng, J. (2001) Integrated pest management of
two-spotted spider mite Tetranychus urticae on greenhouse roses using petroleum spray oil and the
predatory mite Phytoseiulus persimilis. Excperimental and Applied Acarology, 25: 37-53.
https://doi.org/10.1023/2:1010668122693.

Ochiai, N., Mizuno, M., Mimori, N., Miyake, T, Dekeyser, M., Canlas, L.]. & Takeda, M. (2007) Toxicity
of bifenazate and its principal active metabolite, diazene, to Tetranychus urticae and Panonychus citri
and their relative toxicity to the predaceous mites, Phytoseinlus persimilis and Neoseiulus californicus.
Experimental and Applied Acarology, 43: 181-197. https://doi.org/10.1007/s10493-007-9115-9

Pernando, M.H.J.P. & Hassell, M.P. (1980) Predator-prey responses in an acarine system. Researches on
Population Ecology, 22: 301-322. https://doi.org/10.1007/BF02530853

Rajace, F., Maroofpour, N., Ghane-Jahromi, M., Sedaratian-Jahromi, A. & Guedes, RN.C. (2022)
Transgenerational sublethal effects of spiromesifen on Tetranychus urticae (Acari: Tetranychidae) and
on its phytoseiid predator Neoseinlus californicus (Acari: Phytoseiidae). Systematic and Applied Acarology,
27(5): 888-904. https://doi.org/10.11158/saa. 27.5.5

Rasmy, A.H., Abdel-Rahman, H.A. & Hussein, H.E. (1991) Suitability of different mite prey for the
development of the predatory mite, Phytoseiulus persimilis. Experimental and Applied Acarology, 11: 89—
91. https://doi.org/10.1007 /bf01193732

Rezaei, E., Aramideh, S., Michaud, J.P., Mirfakhraie, S. & Forouzan, M. (2024) Sublethal effects of a
spiromesifen and abamectin combination on Tefranychus wrticae (Acari: Tetranychidae) and its
predators Phytoseinlus persimilis and Amblyseins swirskii (Acari: Phytoseiidae). Experimental and Applied
Acarology, 93: 501-514. https://doi.org/10.1007/s10493-024-00941-4

COMPATIBILITY OF BIFENAZATE AND P. PERSIMILIS


https://doi.org/10.1023/a:1016585607728
https://doi.org/10.1146/annurev.ento.43.1.243
https://doi.org/10.1023/a:1006098410165
https://doi.org/10.11158/saa.22.1.15
https://doi.org/10.11158/saa.18.4.1
https://doi.org/10.3733/hilg.v40n11p331
https://pubmed.ncbi.nlm.nih.gov/?term=Monjar%C3%A1s-Barrera+JI&cauthor_id=30088526
https://pubmed.ncbi.nlm.nih.gov/?term=Chac%C3%B3n-Hern%C3%A1ndez+JC&cauthor_id=30088526
https://pubmed.ncbi.nlm.nih.gov/?term=Cerna-Ch%C3%A1vez+E&cauthor_id=30088526
https://pubmed.ncbi.nlm.nih.gov/?term=Ochoa-Fuentes+YM&cauthor_id=30088526
https://pubmed.ncbi.nlm.nih.gov/?term=Aguirre-Uribe+LA&cauthor_id=30088526
https://pubmed.ncbi.nlm.nih.gov/?term=Aguirre-Uribe+LA&cauthor_id=30088526
https://pubmed.ncbi.nlm.nih.gov/?term=Landeros-Flores+J&cauthor_id=30088526
https://doi.org/10.1590/1519-6984.180184
https://doi.org/10.1023/a:1010668122693
https://doi.org/10.1007/s10493-007-9115-9
https://doi.org/10.1007/BF02530853
https://doi.org/10.1007/bf01193732
https://doi.org/10.1007/s10493-024-00941-4

12 REZAEI AND SEDARATIAN-JAHROMI 2026

Rezaei, E., Sedaratian-Jahromi, A., Ghane-Jahromi, M. & Haghani, M. (2018) How sublethal
concentrations of bifenazate affect biological parameter of Tetranychus urticae (Acari: Tetranychidae)
at laboratory conditions. Journal of Entomological Society of Iran, 38: 345-359.
https://doi.org/10.22117 /jesi.2019.120245.1181

Robertson, J.L., Russell, R.M., Preisler, H.K. & Savin, N.E. (2007) Bioassay with arthropods. 2** ed. United
State of America, CRC Press, 199 pp.

Saenz-de-Cabezon Irigaray, F., Zalom, F. & Thompson, P.B. (2007) Residual toxicity of acaricides to
Galendromus occidentalis and Phytoseinlus persimilis reproductive potential. Biological Control, 40: 153—159.
https://doi.org/10.1016/j.biocontrol.2006.10.012

Safaeceniya, M., Sedaratian-Jahromi, A. & Khanamani, M. (2024) Do the parasitism parameters of
Trichogramma brassicae change when Tuta absoluta feeds on resistant and susceptible tomato cultivars?
Journal of Crop Protection, 13(4): 373—-384.

Schmidt-Jeffris, R.A., Beers, E.H. & Sater, C. (2021) Meta-analysis and review of pesticide non-target
effects on phytoseiids, key biological control agents. Pest Management Science, 77: 4848—4862.
https://doi.org/10.1002/ps.6531

Sedaratian, A., Fathipour, Y. & Moharramipour, S. (2009) Evaluation of resistance in 14 soybean
genotypes to Tetranychus urticae (Acari: Tetranychidae). Journal of Pest Science, 82: 163—170.
https://doi.org/10.1007 /s10340-008-0235-8

Sedaratian, A., Fathipour, Y. & Moharramipour, S. (2011) Comparative life table analysis of Tetranychus
urticae (Acari: Tetranychidae) on 14 soybean genotypes. Insect Science, 18: 541-553.
https://doi.org/10.1111/j.1744-7917.2010.01379.x

Sedaratian, A., Fathipour, Y. & Talaei-Hassanloui, R. (2014) Deleterious effects of Bacillus thuringiensis on
biological parameters of Habrobracon hebetor parasitizing Helicoverpa armigera. BioControl, 59: 89-98.
https://doi.org/10.1007/s10526-013-9531-1

Sedaratian-Jahromi, A. (2021) Effects of entomopathogens on insect predators and parasitoids. Iz: Khan,
Md. A. & Ahmad, W. (Eds.), Microbes for sustainable insect pest management. Sustainability in Plant and
Crop Protection. Springer, Switzetland, pp. 183-231. https://doi.org/10.1007/978-3-030-67231-7_9

Skirvin, D.J. & Fenlon, ].S. (2003) The effect of temperature on the functional response of Phytoseiulus
persimilis (Acari: Phytoseiidae). Experimental and Applied Acarology, 31: 37-49.
https://doi.org/10.1023 /b:appa.0000005107.97373.87

Teodoro, A., Fadini, M.A.M., Lemos, W.R.P., Guedes, R.N.C. & Pallini, A. (2005) Lethal and sub-lethal
selectivity of fenbutatin oxide and sulfur to the predator Iphiseiodes gulnagai (Acari: Phytoseiidae)
and its prey, Oligonychus ilicis (Acari: Tetranychidae), in Brazilian coffee plantations. Experimental and
Applied Acarology, 36: 61-70. https://doi.org/10.1007/s10493-005-0507-4

van Leeuwen, T., Tirry, L., Yamamoto, A., Nauen, R. & Dermauw, W. (2015) The economic importance
of acaricides in the control of phytophagous mites and an update on recent acaricide mode of
action research. Pesticide Biochemistry and Physiology, 121: 12-21.
https://doi.org/10.1016/j.pestbp.2014.12.009

COMPATIBILITY OF BIFENAZATE AND P. PERSIMILIS


https://doi.org/10.22117/jesi.2019.120245.1181
https://www.researchgate.net/scientific-contributions/Patricia-B-Thompson-73975717?_sg%5B0%5D=_kf8N8868UNG_5QVwzZlgtuiaoANm7VKv1Jv8mu0-dsJ5QzboX50hOV2u13qefrFTYxsuSE.WcXFjdkm_CQYH4sBB_uI_ZT2eh7wRN92B4cdFhYQoE0tNNbd9h_sKFFQ2644zZfko9Z1bZ2e-hMFfHZk-5Mvaw.k2cHULOt9lEpvmhcsoo93KoniqcP5nZIYyvdViGR6-NcwC97uHMXFAcgIYjZO-iBJmIz1mo-p6dcecIcJoDzYw&_sg%5B1%5D=WGXBW2EBBi2eiFwU7UKpHgwHB3hyMWI2uOh3Vrg5cT_0UrsNJJz-HInVA6sofMRcMRayfvY.y1E2gYvlIp_Q9_xdGbNp7p_TtosMfRZhOeBvJNcKttd6QAdP_Nsv7lq5l8K4lfzJX4xGHFDd991xuym9J4IbsA
https://doi.org/10.1016/j.biocontrol.2006.10.012
https://doi.org/10.1007/s10340-008-0235-8
https://doi.org/10.1111/j.1744-7917.2010.01379.x
https://doi.org/10.1007/s10526-013-9531-1
https://doi.org/10.1007/978-3-030-67231-7_9
https://doi.org/10.1023/b:appa.0000005107.97373.87
https://doi.org/10.1016/j.pestbp.2014.12.009

2026 PERSIAN JOURNAL OF ACAROLOGY

Phytoseiulus persimilis (Acari: ,5,K& &S ¢ Cojlul 6,600 ol il
Tetranychus urticae (Acari: (glasdgd 13 ,U &5 &li Cy 300 4ol o 43 Phytoseiidae)
Sl 4o 9 cdale ¢, L Tetranychidae)

0 oW ylae (el | (SLo pledl

Sedaratian@yn.ac.ir lham.rezaiee] 1@gmail.com Aoaolilly $3ly) igowl igswl olKiild o g jyalis” 0uSiiily o K jutliS 0,5

Syto bbbyl ©
M‘“&e L5 Sedaratian@yu.ac.ir
sy jeleaibye clial sl (b ledd (s DB 2 liosd SISl 0gilly slo il )y OLT
LCs ¢ LCo= 1255 LCi1o= 5.14) o5 slacdale sl il ¢ pols adllas 1 .l (6900 jluun (2atli Co o V¥ fyoge WY
PHls sbyp )88 oyl (Floramite® 24% SC) cujlil () » o350 odle p)S o = 23.89 oP
BElosl bl )3 (149> 5,5 (6Uyn oS5 o by90 9 9, 5| 40335 b Phytoseintus persimilis Athias-Henriot VED £pdy9,8 )
ol 5,8 5l s )55 by (cilolay cavlio (loj 4S5l LS ose] Cowday ol (i8S JE yp 3y90 Hwiss!
laasiinly g Sleosss p 2bdy BB Lbte il 6eSomm o] 5 G 4 Wil e el FA oS (LC30) VEeB ()98 V5
sloosle 2l 6,555 S 5 6yl GRomn o (S b dgrlse (ol g3 A5 eanlie (6555 IS SN
cdald Gl 8IL (6y) 68 Al o=y 0329 (65558 (ljse 00d dpwlons ke yiSTas da ST.CLBL J 00 jlos Lol ]

aalllas 390 0l 3l (g0 Al o gy il 381 b calisee (gl o )d sl ol 20lde Lol ccdly jialS addllas 590
e ) 655 LAl im0 o dsusloeo yalio b e Wl slooslo 5 o e (i 5 8L 2ol
o ol jlag srodle I Jols gl )3 (1) 5,8 Jluk (e 5 (@) as (e ) 5 )58 (ol
wive sl Cojlinl dilise o slacble oS b ol ol bl )55 )5 adlas 5y9e slackale ,5b
Slgs oo )l 51 Eadls o3litul ol s 0,15 T gl o P persimilis 3,55 by (5,55 L ool

il sy T wrticae (g1aSdgd 05,6 sUyd ol Copio 13 oo i

d]:\ﬁp ()’“)U Lgli).m ‘d;)m u‘).m ‘owﬂj Lngc;Jéli ‘)f)&..f} Lg‘.tab').m ‘0545 :‘5..\.315 O@;‘,

(0]UN I Rezaci, E. & Sedaratian-Jahromi, A. (2026) Manipulating concentration of bifenazate and
release time of Phytoseinlus persimilis (Acari: Phytoseiidae) maximizes their compatibility
for integrated management of Tetranychus nrticae (Acari: Tetranychidae). Persian Journal of
Acarology, 15(2): 150210.

https://doi.org/10.22073/pja.150210

COMPATIBILITY OF BIFENAZATE AND P. PERSIMILIS


mailto:Sedaratian@yu.ac.ir

	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES



