
Behavioral response of Panonychus citri
(McGregor) (Acari: Tetranychidae) to
synthetic chemicals and oils
Muhammad Asif Qayyoum1,2,*, Zi-Wei Song1,*, Bao-Xin Zhang1,
Dun-Song Li1 and Bilal Saeed Khan3

1Guangdong Provincial Key Laboratory of High Technology for Plant Protection/Plant Protection
Research Institute, Guangdong Academy of Agricultural Sciences, Guangzhou City, Guangdong,
China

2Department of Plant Protection, Ghazi University, Dera Ghazi Khan, Dera Ghazi Khan, Punjab,
Pakistan

3 Department of Entomology, University of Agriculture Faisalabad, Faisalabad, Punjab, Pakistan
* These authors contributed equally to this work.

ABSTRACT
Background: Panonychus citri (McGregor) (Acari: Tetranychidae) population
outbreaks after the citrus plantation’s chemical application is a common observation.
Dispersal behavior is an essential tool to understand the secondary outbreak of
P. citri population. Therefore, in the current study, the dispersal activity of P. citri was
observed on the leaf surfaces of Citrus reticulata (Rutaceae) treated with SYP-9625,
abamectin, vegetable oil, and EnSpray 99.
Method:Mites were released on the first (apex) leaf of the plant (adaxial surface) and
data were recorded after 24 h. The treated, untreated, and half-treated data were
analyzed by combining the leaf surfaces (adaxial right, adaxial left, abaxial right, and
abaxial left). All experiments were performed in open-air environmental conditions.
Results: The maximum number of mites was captured on the un-treated or
half-treated surfaces due to chemicals repellency. Chemical bioassays of the
free-choice test showed that all treatments significantly increased the mortality of
P. citri depending on application method and concentration. A significant number
of mites repelled away from treated surfaces and within treated surfaces except
adaxial left and abaxial right surfaces at LC30. In the no-choice test, SYP-9625 gave
maximummortality and dispersal by oils than others. No significant differences were
observed within the adaxial and abaxial except abaxial surface at LC30. Therefore, the
presence of tested acaricides interferes with P. citri dispersal within leaf surfaces of
plantations depending on the mites released point and a preferred site for feeding.

Subjects Agricultural Science, Animal Behavior, Entomology, Plant Science, Toxicology
Keywords Leaf surfaces, Lethal concentration, Sub-lethal concentration, Dispersal pattern,
Colonization

INTRODUCTION
The citrus red mite, Panonychus citri, is a serious pest of the citrus growing region all over
the world (Gotoh & Kubota, 1997; Kasap, 2009; Faez et al., 2018b; Korhayli, Barbar &
Aslan, 2018) as well as in China (Yuan et al., 2010; Fang et al., 2013; Liu et al., 2019).
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The immature and adult stages feed on leaves and fruit by giving stippling damage, which
inhibits the photosynthesis process and leads shoot dieback and leaf/fruit dropping
(Kranz, Schmutterer & Koch, 1978). Server infestation in the field may cause irritation and
allergic reactions to citrus workers (Fernández-Caldas et al., 2014).

The chemicals application is a preferred method to control P. citri by the farmers in
citrus orchards (Gotoh & Kubota, 1997; Chen et al., 2009; Kasap, 2009; Fadamiro et al.,
2013; Faez et al., 2018a, 2018b; Karmakar, 2019; Liu et al., 2019). SYP-9625 and abamectin
are commonly used among synthetic chemicals against citrus pests in China (Gu et al.,
2010; Hu et al., 2010; Liu et al., 2018; Chen et al., 2019). It is essential to find alternative
products (Isman, 2008; Tak & Isman, 2017) for synthetic chemicals due to serious
threats to non-target organisms and the environment (Kumral, Cobanoglu & Yalcin,
2010; Chen & Dai, 2015). Agricultural mineral oils (EnSpray 99) are compatible with
predatory mites application and effective against horticultural crop pests (Wang, Gu & Bei,
2004; Chen & Zhan, 2007; Xue et al., 2009a, 2009b; Zhou et al., 2011; Zhuang et al., 2015).
Vegetable oils are also considered an alternative due to toxicity and repellency against
target pests (Koulbanis et al., 1984; Ismail et al., 2011; Oliveira et al., 2017). Vegetable oil
extracted from kitchen/household waste (vegetable remaining) were used in this study.
Institute of Zoology, Guangdong Academy of Sciences, China, provided this kitchen
vegetable waste oil (as a trial product).

Environmental contamination such as pesticides can influence mites behavioral
activities on leaves or plants (Ibrahim & Yee, 2009; Lima et al., 2013; Cordeiro, Corre &
Guedes, 2014; Monteiro et al., 2019a). The behavioral changes due to chemicals affect
pest management strategies (Guedes et al., 2016). The population outbreaks of plant-
feeding mites after the chemical application on the horticultural crops are very common
(AIiNiazee & Cranham, 1980; Zwick & Field, 1987). The abrupt increase of the mites
population has many suggestions by the researchers; the most critical explanation suggests
the impact of chemicals on the natural enemies (AIiNiazee & Cranham, 1980; Dittrich
et al., 1980; Zwick & Field, 1987). Iftner & Hall (1983) reported that increasing the
chemical application rates in the absence of natural enemies also increases pest numbers.
Since, the impact of agrochemicals on target pest or insect can be assessed through the
application rate (lethal and sublethal), application timing, and mode of action. The use
of the sublethal effect of chemicals is considered a more accurate approach to measure
toxicity, which changes individuals behavioral responses that survive from toxic exposure
(Desneux, Decourtye & Delpuech, 2007; Biondi et al., 2013; Turchen et al., 2016; Alves,
Casarin & Omoto, 2018).

Dispersal behaviors define as any movement from one place to another for the survival
of any organism due to environmental stress or non-viable to live (e.g., lack of food or
surrounding climatic constraints) (Clobert et al., 2001; Ims & Hjermann, 2001). Dispersal
movement done in three stages; emigration, a vagrant stage, and immigration (Ronce,
2007), which depend on the species life cycle, sex, environmental variations, space, and
time (Dunning et al., 1995; Hanski, 1998, 1999; Turchin, 1998; Bergman, Schaefer &
Luttich, 2000; Bowler & Benton, 2005).
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The dispersal behavior of mites uses active or passive dispersal mechanisms (Evans,
1992; Sabelis & Afman, 1994; Tixier et al., 1998; Perotti & Braig, 2009). Active dispersal
(walking) is the most preferred mechanism in mites due to morphological characteristics
and short-range travel (Strong, Slone & Croft, 1999; Melo et al., 2014; Monteiro et al.,
2019a). Like most of the tetranychids, Panonychus citri also do passive dispersal by silk
threads (aerial dispersal) to overcome crowding, food depletion (Bell et al., 2005), and
light-dependent (Pralavorio, Fournier & Millot, 1989). In this study, we evaluated the
lethal and sublethal effects of selected pesticides on the dispersal pattern of P. citri by
treating the leaf surfaces. We hypothesized that P. citri response towards chemicals
treatment may be a reason for the population outbreak in the field conditions.

MATERIALS AND METHODS
Mite culture
Mite culture was regularly maintained since 2019, on lemon leaves with the water-
saturated sponge. The culture was reared in the growth chamber with a 16:8h (Light:Dark)
photoperiod and 26 ± 1 �C temperature. One to three-day-old adult females (He et al.,
2011; Alves, Casarin & Omoto, 2018) were used for said experimentation reared in the
laboratory for several generations (more than 50 generations). The 1–3-day-old adult
females were used due to fully developed adultery and ready for egg-laying after 4–5 days.
The mite culture was shifted to the open-air environment 1 month before the experiment
to acclimatize.

Plants
Citrus plants (Citrus reticulata) approximately 1–2 months old were used after shifting to
the pots. The plants with 7–8 leaves were used by leaving six leaves (3 on the right and
left side) and cutting them. All plants were washed three times with water to be sure not to
have any arthropods on them. The bottom of each plant stem was wrapped with wet tissue
paper and maintained wet to keep mites on the plant. All plants were manured and
watered accordingly under reasonable conditions during January.

Chemicals
SYP-9625 30% EC and Abamectin 5% EC, EnSpray 99% EC (EnSpray 99), and vegetable
oil 99% were used in this research. Chemicals and EnSpray were bought from the local
market. The degummed vegetable oil was extracted from household daily kitchen vegetable
waste that was provided by the Institute of Zoology, Guangdong Academy of Sciences.

Each chemical toxicity was calculated using a modified leaf dip bioassay (Wang et al.,
1971; Nauen, 2005) previously in the laboratory. The selection concentrations of each
chemical were made with 10–90% corrected mortality after 24 h. Lethal and sublethal
concentrations of each chemical were calculated by probit analysis using SPSS version 22.0
software (Weinberg & Abramowitz, 2016). In this experiment, we used LC30 (0.065%,
0.049%, 0.024% and 0.08%) and LC50 (0.196%, 0.110%, 0.051% and 0.024%) for SYP-9625,
Abamectin, Vegetable oil and EnSpray 99, respectively.
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Experimental methodology
The method adopted by Iftner & Hall (1983) was followed for the current experiment.
Letters were assigned to leaves surfaces as; adaxial right (ADR), adaxial left (ADL), abaxial
right (ABR), and abaxial left (ABL). We used a free choice and no choice method by
dividing it into nine small experiments, as shown in Fig. 1. Chemicals were applied to
the treated leaf surface with a hand sprayer. Untreated part of leaflet or surfaces was
protected from chemicals spraying by cardboard shield and plastic bags. Each plant’s
ground surface was covered with plastic with double side sticky tape on the edge. The right
adaxial surface was selected for easy to release mites (20 mites × 3 surfaces) and identified
mites location from the inoculated surface after 30 min of chemicals application. Mites
were captured 24 h by location as per the experimental layout. The mites on the leaf
surface, wet tissue paper (chemically treated), and plastic cover (chemical sprayed) were

Figure 1 Systematic outline of the experimental layout. (A) Mites were released on the right adaxial
(ADR) surfaces; (B) ADR and ADL; (C) ABR and ABL; (D) ADR and ABR; (E) ADL and ABL; (F) ADR
and ABL; (G) ABR and ADL; (H) for full treated ADR and ABR, and for half treated, ADL and ABL;
(I) for full treated ADL and ABL, and for half treated ADR and ABR, and (J) whole plant treated. Letters
were assigned to leaves surfaces as; adaxial right (ADR), adaxial left (ADL), abaxial right (ABR), and
abaxial left (ABL). Photo credit: Muhammad Asif Qayyoum.

Full-size DOI: 10.7717/peerj.10899/fig-1
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considered as dead. The mites not found as live or dead were considered missing mites.
The experiments were used with three replications.

The treated, un-treated, and half-treated data were combined for leaf surfaces (ADR,
ADL, ABAR, and ABL) further analysis. All experiments were performed in open-air
environmental conditions.

Statistical analysis
The mean number of mites (LC30 vs LC50, Treated vs Un-treated, Treated vs Half-treated,
and Adaxial vs Abaxial) were analyzed using an independent sample t-test. The difference
between control and treatments captured mites means were analyzed using the general
linear model (GLM) for ANOVA with Tukey’s HSD test (P < 0.05). All statistical analysis
procedures were calculated with Minitab� 17.3.1 version (Minitab, 2016). Graphical
representation was done using GraphPad prism�(Motulsky, 2007) and OriginPro
(Edwards, 2002).

A correlation analysis was conducted by comparing toxicity (% mortality) and % mites
present on treated, un-treated, and half-treated surfaces to better understand the
relationship between the behavioral responses of P. citri. Pearson correlation (r) and
calculating t distribution value formulas were used in R.

r ¼
Pðx �mxÞðy �myÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
x �mxð Þ2 P y �myð Þ2

q

t ¼ rffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� r2

p ffiffiffiffiffiffiffiffiffiffiffi
n� 2

p

n is the length of factor (df = n − 2) in two vectors (x (toxicity) and y (mites observed on
treated or untreated or half treated surfaces)) while mx and my are the means of vectors.
The significant level can be determined by the t-value.

RESULTS
Toxicity
Compared to control, acute toxicity of treatments was found significantly different
within each dose in all experiments except in exp. no. 8 at LC30. There was significant
difference between doses within abamectin (For exp. no. 3; t−5.56 = −5.00; P = 0.007),
SYP-9625 (For exp. no. 4; t−7.78 = −3.50; P = 0.025) and EnSpray (For exp. no. 4; t−8.89 = −8;
P = 0.001, For exp. no. 6; t−6.67 = −3.464; P = 0.026) and vegetable oil (For exp. no. 8;
t−4.44 = −2.828; P = 0.047) than others. Differences in toxicity (from LC30 to LC50)
of chemicals to adult (female) P. citri occurred among experiments depending on
application methods, with ranges in SYP-9625, abamectin, vegetable oil, and EnSpray
of 1.156–2.399-fold, 1.33–5.556 fold, 1.249–5.005 fold and 0–8.889 fold, respectively.
Maximum toxicity (%) was observed in the no-choice experiment (the whole plant treated
—exp. no. 9), and SYP-9625 more toxic (except in exp. no. 2) than others in all
experiments (Table 1).
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Re-captured Panonychus citri
According to Fig. 1, the experimental layout is further divided into three parts; Treated vs
Untreated (Experiments 1–6), Treated vs Half-treated (Experiments 7–8), and the whole
plant treated (Adaxial vs Abaxial) (Experiment 9).

Mites dispersal within the ADR surface were observed 40–82.24% (LC30) and
53.7–94.067% (LC50) from treated to untreated. The difference between treated and
untreated was significantly recognizable. A significant difference was observed in all
treatments between the mean number of mites captured on the treated and un-treated on
the ADR: SYP-9625 (t−9.22 = −5.56; P = 0.000), Abamectin (t−7.667 = −8.37; P = 0.000),
vegetable oil (t−10.78 = −9.17; P = 0.000) and EnSpray 99 (t−8.11 = −5.78; P = 0.000) except
control (t−8.11 = −5.78; P = 0.097), at LC30 while similar results found by applying the LC50

doses. The number of mites captured on the treated ADR surface was lower than the
number of mites captured on the untreated surface. A maximum number of mites were
observed under the un-treated ADR surface at LC30 dose of vegetable oil than in the others
(Fig. 2).

On the Adaxial surface of left side (ADL), a significant difference was observed within
all treatments between the mites captured on the treated and un-treated ADL surfaces:
control (t−2.778 = −2.94; P = 0.015 and t−2.778 = −2.94; P = 0.015), SYP-9625 (t−6 = −3.45;
P = 0.006 and t−10.22 = −8.72; P = 0.000), Abamectin (t−5.778 = −6.28; P = 0.000 and
t−7.78 = −5.29; P = 0.001), vegetable oil (t−4.22 = −2.37; P = 0.042 and t−4.67 = −3.78;
P = 0.004) and EnSpray 99 (t−4.33 = −3.99; P = 0.002 and t−9.11 = −4.77; P = 0.001) on the
LC30 and LC50 doses respectively. A higher number of mites captured on the un-treated
surface at LC50 of SYP-9625 than others (Fig. 3).

The Panonychus citri less visited the abaxial surface than the adaxial surface, so a small
number of mites (Mean ± SE) were captured but enough for the difference between treated

Table 1 Toxicity of Panonychus citri (% mortality ± SE) 24 h within nine experiment combinations.

Treatment Concentrations
(%)

Experiments

1 2 3 4 5 6 7 8 9

SYP-9625 LC30 10 ± 0 A 0 ± 0 B 8.889 ± 1.11 A 5.556 ± 1.11 A 6.667 ± 0 A 5.556 ± 2.22 A 13.33 ± 1.925 A 6.667 ± 0 A 35.556 ± 5.556 A

LC50 12.223 ± 2.22 a 2.22 ± 1.11 b 12.22 ± 1.11 a 13.33 ± 1.925 a 8.889 ± 2.22 a 7.778 ± 1.11 a 17.778 ± 1.11 a 7.778 ± 1.11 a 41.11 ± 4.44 a

Abamectin LC30 2.22 ± 1.11 BC 2.22 ± 1.11 B 0 ± 0 B 2.22 ± 1.11 B 7.778 ± 1.11 A 3.33 ± 0 A 10 ± 0 A 3.33 ± 1.925 A 12.22 ± 1.11 B

LC50 6.667 ± 0 ab 3.33 ± 0 b 5.556 ± 1.111 b 6.667 ± 0 abc 12.22 ± 2.22 a 4.44 ± 1.11 ab 16.667 ± 1.925 a 4.44 ± 1.11 ab 22.22 ± 4.006 b

Vegetable
oil

LC30 7.778 ± 1.11 AB 0 ± 0 B 0 ± 0 B 0 ± 0 B 3.33 ± 0 A 2.22 ± 2.22 A 6.667 ± 1.925 AB 1.11 ± 1.11 A 8.889 ± 1.11 B

LC50 13.33 ± 1.925 a 2.22 ± 1.11 b 2.222 ± 1.111 bc 3.33 ± 1.925 bc 5.556 ± 1.11 ab 6.667 ± 0 a 12.22 ± 1.11 a 5.556 ± 1.11 ab 11.11 ± 1.11 bc

EnSpray 99 LC30 12.22 ± 1.11 A 7.778 ± 1.11 A 0 ± 0 B 0 ± 0 B 4.444 ± 1.11 A 0 ± 0 A 8.889 ± 2.22 A 4.44 ± 2.22 A 7.778 ± 1.11 B

LC50 12.22 ± 2.94 a 8.889 ± 1.11 a 0 ± 0 c 8.889 ± 1.11 ab 7.778 ± 1.11 a 6.667 ± 1.925 a 13.33 ± 3.849 a 5.556 ± 1.11 ab 7.778 ± 1.11 c

Control 0 ± 0 B, b 0 ± 0 B, b 0 ± 0 B, c 0 ± 0 B, c 0 ± 0 B, b 0 ± 0 A, b 0 ± 0 B, b 0 ± 0 A, b 0 ± 0 B, c

Statistics at
df = 4,14

LC30 F = 18.08 F = 23 F = 64 F = 12 F = 12.17 F = 2.05 F = 7.69 F = 3.33 F = 22.79

P = 0.000 P = 0.000 P = 0.000 P = 0.001 P = 0.001 P = 0.164 P = 0.004 P = 0.056 P = 0.000

LC50 F = 7.50 F = 7.50 F = 35.50 F = 10.60 F = 8.35 F = 4.88 F = 11.97 F = 5.83 F = 33.18

P = 0.005 P = 0.005 P = 0.000 P = 0.001 P = 0.003 P = 0.019 P = 0.001 P = 0.011 P = 0.000

Note:
Capital letters indicate the differences among the LC30 of treatments with control and lowercase letters indicates differences among the LC50 of treatments with a control.
Different letters in the same column are significantly different at the Tukey test (a = 0.05).
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and untreated surfaces. At LC30 doses, the data collected from abaxial surface of right
side (ABR) was significantly different on treated and untreated surfaces: Abamectin
(t−1.889 = −6.8; P = 0.000), EnSpray 99 (t−1.889 = −3.3; P = 0.005) and control
(t−1.444 = −2.25; P = 0.041). By treating ABR with lethal concentrations (LC50) was
significantly different on treated and untreated surfaces by treated with vegetable oil
(t−3.222 = −4.24; P = 0.002) while SYP-9625, abamectin, and EnSpray 99 were similar
between the replication within treated or untreated. The number of mites found maximum
on the un-treated ABR surface treated with LC50 of abamectin (6.78 ± 0.813) (Fig. 4).

The difference between treated and un-treated was observed significant within all
treatments: SYP-9625 (t−2 = −4.1; P = 0.003), abamectin (t−3.11 = −4.37; P = 0.002),
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Figure 3 The number of Panonychus citri (Mean ± SE) re-captured after 24 h on the adaxial surface
of leaves (left side); (A) LC30, (B) LC50. A significant difference was observed between treatments than
control within treated at LC50 (F = 14.67, P = 0.000). The capital letters indicate differences among the
treatments (Treated or Un-Treated); lowercase letters indicates differences between treated and untreated
surfaces, Tukey test (a = 0.05). Significant difference “���” and non-significant difference “ns”.

Full-size DOI: 10.7717/peerj.10899/fig-3
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Figure 2 The number of Panonychus citri (Mean ± SE) re-captured after 24 h on the adaxial surface
of leaves (right side); (A) LC30, (B) LC50. A significant difference was observed between treatments than
control within treated (df = 4,14; For LC30: F = 3.37, P = 0.018; for LC50: F = 28.01, P = 0.000) and
untreated surfaces (For LC30: F = 7.41, P = 0.000; for LC50: F = 4.74, P = 0.003). The capital letters indicate
differences among the treatments (Treated or Un-Treated); lowercase letters indicates differences
between treated and untreated surfaces, Tukey test (a = 0.05). Significant difference “���” and non-
significant difference “ns”. Full-size DOI: 10.7717/peerj.10899/fig-2
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vegetable oil (t−2 = −4.94; P = 0.001) and EnSpray 99 (t−2.33 = −3.61; P = 0.006) except
control at LC30 doses on the abaxial surface of left side (ABL). Nomites were observed after
treatment with LC50 doses on ABL except vegetable oil (t−3.33 = −4.87; P = 0.001) and
control (non-significant). Maximum number of mites found on un-treated surfaces
depending on the concentration of chemicals (Fig. 5).

On the adaxial surfaces, difference between treated and half-treated surfaces were found
similar (non-significant) at LC30 except on vegetable oil application (t4.33 = 2.8, P = 0.038)
while at LC50, all treatments found significant different (For SYP-9625: t8.5 = 8.77,
P = 0.000; abamectin: t9.167 = 10.51, P = 0.000; vegetable oil: t6.167 = 9.43, P = 0.000;
EnSpray: t8.5 = 7.54, P = 0.001) (Fig. 6).
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Figure 4 The number of Panonychus citri (Mean ± SE) re-captured after 24 h on the abaxial surface
of leaves (right side); (A) LC30, (B) LC50. A significant difference was observed between treatments than
control at LC50 (For treated: F = 10.86, P = 0.000; for untreated: F = 4.89, P = 0.003). The capital letters
indicate differences among the treatments (Treated or Un-Treated); lowercase letters indicates differ-
ences between treated and untreated surfaces, Tukey test (a = 0.05). Significant difference “���” and
non-significant difference “ns”. Full-size DOI: 10.7717/peerj.10899/fig-4
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Figure 5 The number of Panonychus citri (Mean ± SE) re-captured after 24 h on the abaxial surface
of leaves (left side); (A) LC30, (B) LC50. A significant difference was observed between treatments than
control within treated surfaces (df = 4,14; For LC30: F = 15.01, P = 0.000; for LC50: F = 29.78, P = 0.000).
The capital letters indicate differences among the treatments (Treated or Un-Treated); lowercase letters
indicates differences between treated and untreated surfaces, Tukey test (a = 0.05). Significant difference
“���” and non-significant difference “ns”. Full-size DOI: 10.7717/peerj.10899/fig-5
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On the abaxial surfaces between treated and half-treated number of mites was
significantly different at LC30: abamectin (t2.167 = 2.89; P = 0.023), vegetable oil
(t2.67 = 2.42; P = 0.038) and EnSpray 99 (t3.17 = 3.03; P = 0.014) except SYP-9625 and
control. At LC50, a significant difference was observed between treated and half-treated
surfaces with all mites repelled from treated surfaces (SYP-9625, abamectin and EnSpray
99) (Fig. 7).

In no choice teste (whole plant treated), a significant difference was observed within all
treatments (between adaxial and abaxial surfaces): SYP-9625 (t−4 = −6.71; P = 0.001),
Abamectin (t−3.17 = −2.53; P = 0.035), vegetable oil (t−8 = −5.37; P = 0.003) and EnSpray
99 (t−7.67 = −3.04; P = 0.029) except control (t−1.33 = −1.15; P = 0.285) at LC30 doses while
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Figure 6 The number of Panonychus citri (Mean ± SE) re-captured after 24 h on the adaxial surface
of leaves; (A) LC30, (B) LC50. A significant difference was observed between treatments than control
within treated (df = 4,29; at LC50: F = 8.55, P = 0.000). The capital letters indicate differences among the
treatments (Treated or Half-Treated); lowercase letters indicates differences between treated and half-
treated surfaces, Tukey test (a = 0.05). Significant difference “���” and non-significant difference “ns”.

Full-size DOI: 10.7717/peerj.10899/fig-6
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Figure 7 The number of Panonychus citri (Mean ± SE) re-captured after 24 h on the abaxial surface
of leaves; (A) LC30, (B) LC50. A significant difference was observed between treatments than control
within treated (df = 4,29; at LC50: F = 29.61, P = 0.000). The capital letters indicate differences among the
treatments (Treated or Half-Treated); lowercase letters indicates differences between treated and half-
treated surfaces, Tukey test (a = 0.05). Significant difference “���” and non-significant difference “ns”.
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all treatments found no difference between adaxial and abaxial surfaces at LC50 doses
(Fig. 8).

Correlation analysis
The correlation between toxicity vs treated and toxicity vs un-treated on both surfaces,
either right or left, were found negatively correlated except EnSpray and abamectin
(Toxicity vs Treated) at LC30 and LC50, respectively (Table S1).

The relationship between toxicity and treated surfaces was positively correlated at LC30

on adaxial (SYP-9625, abamectin, and EnSpray) and abaxial surfaces (abamectin and
EnSpray). There was a significant correlation between toxicity and sublethal half-
treated abaxial surfaces of SYP-9625, abamectin, and EnSpray 99. There was a positive
correlation between toxicity and lethal half-treated adaxial surface for vegetable oil and
EnSpray 99. In contrast, on the abaxial surface, only SYP-9625 was found positively
correlated (Table S2). In a no-choice experiment (the whole plant treated), a positive
correlation was observed by treatment with vegetable oil (toxicity vs adaxial) at both
concentrations (Table S3).

DISCUSSION
Mites disperse themselves by walking (Sabelis & Dicke, 1985) to find a suitable site for
colonization and feeding (Tixier, Kreiter & Auger, 2000; Aguilar-Fenollosa et al., 2016;
Moerman, 2016; Mukwevho, Olckers & Simelane, 2017; Sousa et al., 2019). One major
factor for dispersal is environmental contamination, due to pesticide application
(Lima et al., 2015; Guedes et al., 2016; Mohammed et al., 2019; Monteiro et al., 2019b).
This study aimed to determine whether synthetic chemicals and oils respond similarly
to the dispersal and colonization behavior of Panonychus citri. The physio-morphic
characteristics of leaf such as leaf surfaces and leaf domatia play an essential role in
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Figure 8 The number of Panonychus citri (Mean ± SE) re-captured after 24 h (the whole plant
treated) on adaxial and abaxial surfaces. The results of LC30 (A) and LC50 (B) concentrations are
presented. A significant difference was observed between treatments than control within abaxial
(df = 4,29; at LC30: F = 8.32, P = 0.000). The capital letters indicate differences among the treatments
(Adaxial or Abaxial surface); lowercase letters indicates differences between adaxial and abaxial surfaces,
Tukey test (a = 0.05). Significant difference “���” and non-significant difference “ns”.

Full-size DOI: 10.7717/peerj.10899/fig-8
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habitat selection (O’Dowd & Pemberton, 1994, 1998; Tixier, Kreiter & Auger, 2000;
English-Loeb, Norton & Walker, 2002; Romero & Benson, 2004). The majority of mites
(Tetranychids) prefer to feed and oviposit on the leaves’ abaxial surface. In contrast,
some phytophagous mites like P. citri and Tetranychus urticae Koch are preferred on both
surfaces (Azandeme-Hounmalon et al., 2014). This mites distribution from treated
surfaces due to chemical cues (Domingos et al., 2010; Melo et al., 2011) and maybe their
phylogenetical responses (Rollo, Czyzewska & Borden, 1994; Nilsson & Bengtsson, 2004;
Cisak et al., 2012; Buehlmann et al., 2014).

In the citrus growing region of South China, SYP-9625 and abamectin are commonly
used against different pests, including citrus red mite (Meng, Wang & Jiang, 2002; Fang
et al., 2013; Tian, Li & Ran, 2013; Liao et al., 2016; Dou et al., 2017). SYP-9625 is
commonly used against phytophagous mites with minimum hazard to animals (Li et al.,
2010; Chai et al., 2011; Tian, Li & Ran, 2013; Yu et al., 2016; Liu et al., 2018; Ouyang et al.,
2018; Chen et al., 2019). Liu et al. (2018) reported that SYP-9625 gave maximum mortality
and dispersed against P. cirti in the no-choice test, similar to our results and against
Tetranychus citri (Chen et al., 2019). Abamectin showed less repellency than SYP-9625
against P. citri (Dou et al., 2017) due to resistance development (Hu et al., 2010; Liao et al.,
2016).

By contrast to synthetic chemicals, plant-based derivatives (such as vegetable oils) are
used as alternatives (Flamini, 2003) due to their compatibility with non-target organisms,
low toxicity, negligible resistance development, and eco-friendly (Marcic, 2012). Fatty
acids that are significant vegetable oil components are active ingredients that increase
their toxicity against pests (Baldwin, Koehler & Pereira, 2009; Sims et al., 2014). Linoleic
acid that is an important component of vegetable oil resulted in attractive responses
(Rollo, Czyzewska & Borden, 1994; Buehlmann et al., 2014), as P. citri found on treated
surfaces (at LC50) after 24 h in this study. The short-chain compound (palmitic acid) in
vegetable oil gave equal repellency to synthetic chemicals in previous studies (Mullens,
Reifenrath & Butler, 2009; Buehlmann et al., 2014). Vegetable oils gave similar responses
to synthetic chemicals with a slow mode of action. They can be used as an alternative
against P. citri with Ribeiro et al. (2014) endorsement.

EnSpray 99 exhibits minimum toxic residues on the treated fruit surfaces by losing their
toxicity (Zhuang et al., 2015). The efficacy of EnSpray 99 has been reported against
different pests, including citrus red mites by many researchers (Wang, Gu & Bei, 2004;
Chen & Zhan, 2007; Li & Zhang, 2011; Zhou et al., 2011; Zhuang et al., 2015). The EnSpray
99 contains paraffinic oil more than 60%, which was also found on the fruit residues
(Ahmad et al., 2018) and effectively used against P. citri (Riehl & Jeppson, 1953; Trammel,
1965). The study shows that EnSpray 99 responded similarly to vegetable oil and synthetic
chemicals against the repellency and dispersal of P. citri. The recommended
concentrations ranging from 0.5% to 1.4% against P. cirti and eriophyids (Benfatto et al.,
2002; Tang et al., 2002) while Wang, Gu & Bei (2004) used 14.11 mgL−1 (LC50) against
P. citri in the laboratory. EnSpray 99 can be used against P. citri control strategies by
keeping their impact on pest resistance development, environmental contamination, plant
growth reduction, and chronic and acute effect on humans (Ahmed & Fakhruddin, 2018).

Qayyoum et al. (2021), PeerJ, DOI 10.7717/peerj.10899 11/20

http://dx.doi.org/10.7717/peerj.10899
https://peerj.com/


According to a free-choice bioassay on dispersal, all mites were significantly dispersed
towards the un-treated and half-treated surfaces. According to Alves, Casarin & Omoto
(2005), untreated surfaces were significantly preferred by the P. citri at the adult stage for
feeding and oviposition. Maximum dispersal from treated to un-treated or half-treated
surfaces depended on the concentration of chemicals Iftner & Hall (1983). The dispersal
towards half-treated adaxial surfaces was significantly different from vegetable oil
application than others at LC30, as observed by Alves, Casarin & Omoto (2018).

The comprehensive assessments of these chemicals against P. citri need a more detailed
study. The surface treated with these chemicals may affect natural enemies efficiency.
However, the experiment carried out here did not evaluate the other factors and needed
attention to more applied work.

CONCLUSIONS
In conclusion, P. citri preferred site adaxial surfaces of citrus leaves for feeding and
colonization which were the best sprayed sites for acaricides. However, spraying more
times and unequally, P. citri would disperse more quickly. Vegetable oil and EnSpray 99
were the least affecting the colonization depending on mite release point and SYP-9625
gave maximum repellency with a higher number of missing or dead mites recorded.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was funded by National Key R&D Program of China (2017YFD0202000),
Dean fund of Guangdong Academy of Agricultural Sciences (BZ201906), China
Postdoctoral Research Foundation supported the research (229807), China Litchi and
Longan Research System Foundation (CARS-32-12), and Discipline team-building
projects of Guangdong Academy of Agricultural Sciences in the 13th Five-year period were
the support funding agencies for this research work. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
National Key R&D Program of China: 2017YFD0202000.
Dean fund of Guangdong Academy of Agricultural Sciences: BZ201906.
China Postdoctoral Research Foundation: 229807.
China Litchi and Longan Research System Foundation: CARS-32-12.
Guangdong Academy of Agricultural Sciences.

Competing Interests
The authors declare that they have no competing interests.

Qayyoum et al. (2021), PeerJ, DOI 10.7717/peerj.10899 12/20

http://dx.doi.org/10.7717/peerj.10899
https://peerj.com/


Author Contributions
� Muhammad Asif Qayyoum conceived and designed the experiments, performed the
experiments, prepared figures and/or tables, authored or reviewed drafts of the paper,
and approved the final draft.

� Zi-Wei Song conceived and designed the experiments, analyzed the data, prepared
figures and/or tables, and approved the final draft.

� Bao-Xin Zhang performed the experiments, prepared figures and/or tables, authored or
reviewed drafts of the paper, and approved the final draft.

� Dun-Song Li analyzed the data, authored or reviewed drafts of the paper, funding and
lab facilities, and approved the final draft.

� Bilal Saeed Khan analyzed the data, authored or reviewed drafts of the paper, and
approved the final draft.

Data Availability
The following information was supplied regarding data availability:

Raw data are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.10899#supplemental-information.

REFERENCES
Aguilar-Fenollosa E, Rey-Caballero J, Blasco JM, Segarra-Moragues JG, Hurtado MA,

Jaques JA. 2016. Patterns of ambulatory dispersal in Tetranychus urticae can be associated with
host plant specialization. Experimental & Applied Acarology 68(1):1–20
DOI 10.1007/s10493-015-9969-1.

AhmadMM,Wani AA, SofiM, Ara I. 2018.Mineral oil residues in soil and apple under temperate
conditions of Kashmir, India. Environmental Monitoring & Assessment 190:204
DOI 10.1007/s10661–018-6586-6.

Ahmed F, Fakhruddin ANM. 2018. A review on environmental contamination of petroleum
hydrocarbons and its biodegradation. International Journal of Environmental Sciences and
Natural Resources 11:1–7 DOI 10.19080/IJESNR.2018.11.555811.

AIiNiazee MT, Cranham JE. 1980. Effect of four synthetic pyrethroids on a predatory mite,
Typhlodromus pyri. on apples in southeast England. Environmental Entomology 9(4):436–439
DOI 10.1093/ee/9.4.436.

Alves EB, Casarin NF, Omoto C. 2005. Mecanismos de dispersão de Brevipalpus phoenicis
(Geijskes) (Acari: Tenuipalpidae) em pomares de citros. Neotropical Entomology 34(1):89–96
DOI 10.1590/S1519-566X2005000100013.

Alves EB, Casarin NFB, Omoto C. 2018. Lethal and sublethal effects of pesticides used in Brazilian
citrus groves on Panonychus citri (Acari: Tetranychidae). Arquivos do Instituto Biológico
85:e0622016.

Azandeme-Hounmalon GY, Fellous S, Kreiter S, Fiaboe KKM, Subramanian S, Kungu M,
Martin T. 2014. Dispersal behavior of Tetranychus evansi and T. urticae on tomato at several
spatial scales and densities: implications for integrated pest management. PLOS ONE
9(4):e95071.

Qayyoum et al. (2021), PeerJ, DOI 10.7717/peerj.10899 13/20

http://dx.doi.org/10.7717/peerj.10899#supplemental-information
http://dx.doi.org/10.7717/peerj.10899#supplemental-information
http://dx.doi.org/10.7717/peerj.10899#supplemental-information
http://dx.doi.org/10.1007/s10493-015-9969-1
http://dx.doi.org/10.1007/s10661�018-6586-6
http://dx.doi.org/10.19080/IJESNR.2018.11.555811
http://dx.doi.org/10.1093/ee/9.4.436
http://dx.doi.org/10.1590/S1519-566X2005000100013
http://dx.doi.org/10.7717/peerj.10899
https://peerj.com/


Baldwin RW, Koehler PG, Pereira RM. 2009. Toxicity of fatty acid salts to German and American
cockroaches. Indian Journal of Natural Products & Resources 8(4):1384–1388
DOI 10.1093/jee/101.4.1384.

Bell JR, Bohan DA, Shaw EM, Weyman GS. 2005. Ballooning dispersal using silk: world fauna,
phylogenies, genetics and models. Bulletin of Entomological Research 95(2):69–114
DOI 10.1079/BER2004350.

Benfatto D, Giudice VL, Conti F, Tumminelli R. 2002. Spray oil evolution in Italian citrus groves.
In: Beattie GA, Watson DM, Stevens ML, Rae DJ, Spooner-Hart RN, eds. Spray Oil Evolution in
Italian Citrus Groves, Spray Oils Beyond 2000: Sustainable Pest and Disease Management.
Sydney: University of Western Sydney, 419.

Bergman CM, Schaefer JA, Luttich SN. 2000. Caribou movement as a correlated random walk.
Oecologia 123(3):364–374 DOI 10.1007/s004420051023.

Biondi A, Zappalà L, Stark JD, Desneux N. 2013.Do biopesticides affect the demographic traits of
a parasitoid wasp and its biocontrol services through sublethal effects? PLOS ONE 8(9):e76548
DOI 10.1371/journal.pone.0076548.

Bowler DE, Benton TG. 2005. Causes and consequences of animal dispersal strategies: relating
individual behaviour to spatial dynamics. Biological Reviews 80(2):205–225
DOI 10.1017/S1464793104006645.

Buehlmann C, Graham P, Hansson BS, Knaden M. 2014. Desert ants locate food by combining
high sensitivity to food odors with extensive crosswind runs. Current Biology 24(9):960–964
DOI 10.1016/j.cub.2014.02.056.

Chai B, Liu C, Li H, Zhang H, Liu S, Huang G, Chang J. 2011. The discovery of SYP-10913 and
SYP-11277: novel strobilurin acaricides. Pest Management Science 67:1141–1146.

Chen Y, Dai G. 2015. Acaricidal, repellent, and oviposition-deterrent activities of 2, 4-di-tert-
butylphenol and ethyl oleate against the carmine spider mite Tetranychus cinnabarinus.
Journal of Pest Science 88(3):645–655 DOI 10.1007/s10340-015-0646-2.

Chen JC, Gong YJ, Shi P, Wang ZH, Cao LJ, Wang P, Wei SJ. 2019. Field-evolved resistance and
cross-resistance of the two-spotted spider mite, Tetranychus urticae, to bifenazate, cyenopyrafen
and SYP-9625. Experimental & Applied Acarology 77(4):545–554
DOI 10.1007/s10493-019-00359-3.

Chen Z, Ran C, Zhang L, Dou W, Wang J. 2009. Susceptibility and esterase activity in citrus red
mite Panonychus citri (McGregor) (Acari: Tetranychidae) after selection with phoxim.
International Journal of Acarology 35(1):33–40 DOI 10.1080/01647950802655293.

Chen Z, Zhan H. 2007. Effects of 99% EnSpray EC on controlling leaf folder (Cnaphalocrocis
medinalis G.), strip borer (Chilo suppressalis W.) and planthopper in rice. Guangxi Agricultural
Sciences 38(4):415–417.

Cisak E, Wójcik-Fatla A, Zajac V, Dutkiewicz J. 2012. Repellents and acaricides as personal
protection measures in the prevention of tick-borne diseases. Annals of Agricultural and
Environmental Medicine 19:625–630.

Clobert J, Danchin E, Dhondt AA, Nichols JD. 2001. Dispersal. Oxford: Oxford Universtity Press.

Cordeiro GEM, Corre AS, Guedes RNC. 2014. Insecticide-Mediated shift in ecological dominance
between two competing species of grain beetles. PLOS ONE 9:1–9
DOI 10.1371/journal.pone.0100990.

Desneux N, Decourtye A, Delpuech J-M. 2007. The sublethal effects of pesticides on beneficial
arthropods. Annual Review of Entomology 52(1):81–106
DOI 10.1146/annurev.ento.52.110405.091440.

Qayyoum et al. (2021), PeerJ, DOI 10.7717/peerj.10899 14/20

http://dx.doi.org/10.1093/jee/101.4.1384
http://dx.doi.org/10.1079/BER2004350
http://dx.doi.org/10.1007/s004420051023
http://dx.doi.org/10.1371/journal.pone.0076548
http://dx.doi.org/10.1017/S1464793104006645
http://dx.doi.org/10.1016/j.cub.2014.02.056
http://dx.doi.org/10.1007/s10340-015-0646-2
http://dx.doi.org/10.1007/s10493-019-00359-3
http://dx.doi.org/10.1080/01647950802655293
http://dx.doi.org/10.1371/journal.pone.0100990
http://dx.doi.org/10.1146/annurev.ento.52.110405.091440
http://dx.doi.org/10.7717/peerj.10899
https://peerj.com/


Dittrich V, Cranham J, Jepson L, Helle W. 1980. Revised method for spider mites and their eggs
(eg Tetranychus spp. and Panonychus ulmi Koch), FAO method no. 10a. FAO Plant Production
And Protection Paper 21:49–53.

Domingos CA, Melo JWDS, Gondim MGC, De Moraes GJ, Hanna R, Lawson-Balagbo LM,
Schausberger P. 2010. Diet-dependent life history, feeding preference and thermal
requirements of the predatory mite Neoseiulus baraki (Acari: Phytoseiidae). Experimental &
Applied Acarology 50(3):201–215 DOI 10.1007/s10493-009-9308-5.

Dou W, Xia W-K, Niu J-Z, Wang J-J. 2017. Abamectin treatment affects glutamate decarboxylase
expression and induces higher GABA levels in the citrus red mite, Panonychus citri.
Experimental & Applied Acarology 72(3):229–244 DOI 10.1007/s10493-017-0150-x.

Dunning JB Jr, Stewart DJ, Danielson BJ, Root TL, Noon BR, Lamberson RH, Stevens EE. 1995.
Spatially explicit population models: current forms and future uses. Ecological Applications
5(1):3–11 DOI 10.2307/1942045.

Edwards PM. 2002. Origin 7.0: scientific graphing and data analysis software. Journal of Chemical
Information & Computer Sciences 42(5):1270–1271 DOI 10.1021/ci0255432.

English-Loeb G, Norton AP, Walker MA. 2002. Behavioral and population consequences of
acarodomatia in grapes on phytoseiid mites (Mesostigmata) and implications for plant breeding.
Entomologia Experimentalis et Applicata 104(2–3):307–319
DOI 10.1046/j.1570-7458.2002.01017.x.

Evans GO. 1992. Principles of acarology. Wallingford: CAB International.

Fadamiro HY, Akotsen-Mensah C, Xiao Y, Anikwe J. 2013. Field evaluation of predacious mites
(Acari: Phytoseiidae) for biological control of citrus red mite, Panonychus citri (Trombidiformes:
Tetranychidae). Florida Entomologist 96(1):80–91.

Faez R, Fathipour Y, Ahadiyat A, Shojaei M. 2018a. How quantitative and qualitative traits of
thomson navel orange affected by citrus Red Mite, Panonychus citri. Journal of Agricultural
Science & Technology 20:1431–1442.

Faez R, Shojaii M, Fathipour Y, Ahadiyat A. 2018b. Effect of initial infestation on population
fluctuation and spatial distribution of Panonychus citri (Acari: Tetranychidae) on Thomson
navel orange in Ghaemshahr, Iran. Persian Journal of Acarology 7(3):265–278.

Fang X, Ouyang G, Lu H, Guo M, Meng X, Liu H. 2013. The effects of different control measures
on Panonychus citri and arthropod enemies in citrus orchards. Chinese Journal of Applied
Entomology 50:413–420.

Fernández-Caldas E, Puerta L, Caraballo L, Lockey RF. 2014. Mite allergens. In: Allergens and
Allergen Immunotherapy, Milton Park: Taylor & Francis, 181–201.

Flamini G. 2003. Acaricides of natural origin, personal experiences and review of literature
(1990-2001). Studies in Natural Products Chemistry 28(Spec. Issue):381–451
DOI 10.1016/S1572-5995(03)80146-1.

Gotoh T, Kubota M. 1997. Population dynamics of the citrus red mite, Panonychus citri
(McGregor) (Acari: Tetranychidae) in Japanese pear orchards. Experimental & Applied
Acarology 21(6/7):343–356 DOI 10.1023/A:1018467526187.

Gu Q, Chen W, Wang L, Shen J, Zhang J. 2010. Effects of sublethal dosage of abamectin and
pyridaben on life table of laboratory populations of Tetranychus turkestani (Acari:
Tetranychidae). Acta Entomologica Sinica 53:876–883.

Guedes RNC, Smagghe G, Stark JD, Desneux N. 2016. Pesticide-induced stress in arthropod pests
for optimized integrated pest management programs. Annual Review of Entomology 61(1):43–62
DOI 10.1146/annurev-ento-010715-023646.

Hanski I. 1998. Metapopulation dynamics. Nature 396(6706):41–49 DOI 10.1038/23876.

Qayyoum et al. (2021), PeerJ, DOI 10.7717/peerj.10899 15/20

http://dx.doi.org/10.1007/s10493-009-9308-5
http://dx.doi.org/10.1007/s10493-017-0150-x
http://dx.doi.org/10.2307/1942045
http://dx.doi.org/10.1021/ci0255432
http://dx.doi.org/10.1046/j.1570-7458.2002.01017.x
http://dx.doi.org/10.1016/S1572-5995(03)80146-1
http://dx.doi.org/10.1023/A:1018467526187
http://dx.doi.org/10.1146/annurev-ento-010715-023646
http://dx.doi.org/10.1038/23876
http://dx.doi.org/10.7717/peerj.10899
https://peerj.com/


Hanski I. 1999. Metapopulation ecology. Oxford: Oxford University Press.

He HG, Jiang HB, Zhao ZM, Wang JJ. 2011. Effects of a sublethal concentration of avermectin on
the development and reproduction of citrus red mite, Panonychus citri (McGregor) (Acari:
Tetranychidae). International Journal of Acarology 37(1):1–9
DOI 10.1080/01647954.2010.491798.

Hu J, Wang C, Wang J, You Y, Chen F. 2010. Monitoring of resistance to spirodiclofen and five
other acaricides in Panonychus citri collected from Chinese citrus orchards. Pest Management
Science 66(9):1025–1030 DOI 10.1002/ps.1978.

Ibrahim YB, Yee TS. 2009. Influence of Sublethal Exposure to Abamectin on the Biological
Performance of Neoseiulus longispinosus (Acari: Phytoseiidae). Journal of Economic Entomology
93(4):1085–1089 DOI 10.1603/0022-0493-93.4.1085.

Iftner DC, Hall FR. 1983. Effects of Fenvalerate and Permethrin on Tetranychus urticae Koch
(Acari: Tetranychidae) dispersal behavior. Environmental Entomology 12(6):1782–1786
DOI 10.1093/ee/12.6.1782.

Ims RA, Hjermann DO. 2001. Condition-dependent dispersal. In: Dispersal, Oxford: Oxford
University Press, 203–216.

Ismail MSM, Ghallab M, Soliman MFM, AboGhalia AH. 2011. Acaricidal activities of some
essential and fixed oils on the two-spotted spider mite, Tetranychus urticae. Egyptian Academic
Journal of Biological Sciences, B. Zoology 3(1):41–48 DOI 10.21608/eajbsz.2011.14314.

Isman MB. 2008. Botanical insecticides: for richer, for poorer. Pest Management Science: formerly
Pesticide Science 64(1):8–11 DOI 10.1002/ps.1470.

Karmakar S. 2019. A study on different biochemical components of papaya (Carica papaya) leaves
consequent upon feeding of citrus red mite (Panonychus citri). In: Biotechnology and Biological
Sciences: Proceedings of the 3rd International Conference of Biotechnology and Biological Sciences
(BIOSPECTRUM 2019), August 8–10, 2019, Kolkata, India, Kolkata, India. CRC Press, 69.

Kasap İ. 2009. The biology and fecundity of the citrus red mite Panonychus citri (McGregor)(Acari:
Tetranychidae) at different temperatures under laboratory conditions. Turkish Journal of
Agriculture and Forestry 33:593–600.

Korhayli S, Barbar Z, Aslan L. 2018. Population dynamics of the phytophagous mites’ predators in
lemon orchards in Lattakia Governorate. Syria Arab Journal Of Plant Protection 36(1):8–13
DOI 10.22268/AJPP-036.1.008013.

Koulbanis C, N’guyen QL, Zabotto A, Plot J, Koulbanis IC, Guyen LNQ, Zabotto A, Plot J.
1984. Mixture of vegetable oils based on jojoba oil and cosmetic compositions comprising
the mixture. U.S. patent No. 4,437,895. Available at http://patft.uspto.gov/netahtml/PTO/index.
html.

Kranz J, Schmutterer H, Koch W. 1978. Diseases, pests, and weeds in tropical crops. Soil Science
125(4):272 DOI 10.1097/00010694-197804000-00020.

Kumral NA, Cobanoglu S, Yalcin C. 2010. Acaricidal, repellent and oviposition deterrent
activities of Datura stramonium L. against adult Tetranychus urticae (Koch). Journal of Pest
Science 83(2):173–180 DOI 10.1007/s10340-009-0284-7.

Li T, Zhang X-F. 2011. Occurrence Harm and Control of Phenacoccus fraxinus of Lanzhou.
Journal of Gansu Forestry Science & Technology 36:43–45.

Li Y, Liu C-L, Tian J-F, Zhou Y-P, Zhang H, Song Y-Q. 2010. Research of novel 2-acyl
cyanoacetic acid derivative SYP-10898. Chinese Journal of Pesticide Science 12(4):423–428.

Liao C-Y, Xia W-K, Feng Y-C, Li G, Liu H, Dou W, Wang J-J. 2016. Characterization and
functional analysis of a novel glutathione S-transferase gene potentially associated with the

Qayyoum et al. (2021), PeerJ, DOI 10.7717/peerj.10899 16/20

http://dx.doi.org/10.1080/01647954.2010.491798
http://dx.doi.org/10.1002/ps.1978
http://dx.doi.org/10.1603/0022-0493-93.4.1085
http://dx.doi.org/10.1093/ee/12.6.1782
http://dx.doi.org/10.21608/eajbsz.2011.14314
http://dx.doi.org/10.1002/ps.1470
http://dx.doi.org/10.22268/AJPP-036.1.008013
http://patft.uspto.gov/netahtml/PTO/index.html
http://patft.uspto.gov/netahtml/PTO/index.html
http://dx.doi.org/10.1097/00010694-197804000-00020
http://dx.doi.org/10.1007/s10340-009-0284-7
http://dx.doi.org/10.7717/peerj.10899
https://peerj.com/


abamectin resistance in Panonychus citri (McGregor). Pesticide Biochemistry & Physiology
132:72–80 DOI 10.1016/j.pestbp.2015.11.002.

Lima DB, Melo JWS, Gondim MGC, Guedes RNC, Oliveira JEM, Pallini A. 2015. Acaricide-
impaired functional predation response of the phytoseiid mite Neoseiulus baraki to the coconut
mite Aceria guerreronis. Ecotoxicology 24(5):1124–1130 DOI 10.1007/s10646-015-1459-z.

Lima DB, Melo JWS, Guedes RNC, Siqueira HAA, Pallini A, Gondim MGC. 2013. Survival and
behavioural response to acaricides of the coconut mite predator Neoseiulus baraki. Experimental
and Applied Acarology 60(3):381–393 DOI 10.1007/s10493-012-9644-8.

Liu S-W, Song Y-Q, Zhang J-L, Feng C, Ban L-F, Li B. 2018. Control effects of SYP-9625 30% SC
against different mite targets in field. Modern Agrochemicals 17:18–21.

Liu Z, Xu C, Beattie GA, Zhang X, Cen Y. 2019. Influence of different fertilizer types on life table
parameters of citrus red mite, Panonychus citri (Acari: Tetranychidae). Systematic & Applied
Acarology 24(11):2209–2218 DOI 10.11158/saa.24.11.11.

Marcic D. 2012. Acaricides in modern management of plant-feeding mites. Journal of Pest Science
85(4):395–408 DOI 10.1007/s10340-012-0442-1.

Melo JWS, Lima DB, Pallini A, Oliveira JEM, Gondim MGC. 2011. Olfactory response of
predatory mites to vegetative and reproductive parts of coconut palm infested by Aceria
guerreronis. Experimental & Applied Acarology 55(2):191–202 DOI 10.1007/s10493-011-9465-1.

Melo JWS, Lima DB, Sabelis MW, Pallini A, Gondim MGC. 2014. Behaviour of coconut mites
preceding take-off to passive aerial dispersal. Experimental & Applied Acarology 64(4):429–443
DOI 10.1007/s10493-014-9835-6.

Meng HS, Wang KY, Jiang XY. 2002. Studies on resistance selection by abamectin and
fenpropathrin and activity change of detoxicant enzymes in Panonychus citri. Acta Entomologica
Sinica 45(1):58–62.

Minitab. 2016. Minitab statistical software (ver. 17.3.1) [Computer Software]. State College, PA:
Minitab, Inc. Available at www.minitab.com.

Moerman F. 2016. Eco-evolutionary responses along an experimental dispersal front, using
Tetranychus urticae as a model species. Master thesis, Department of biology, Faculty of
Sciences, University of Gent. Available at https://www.scriptiebank.be/sites/default/files/thesis/
2016-10/Moerman%20Felix%20Master%20dissertation.pdf.

Mohammed AAAH, Desneux N, Monticelli LS, Fan Y, Shi X, Guedes RNC, Gao X. 2019.
Potential for insecticide-mediated shift in ecological dominance between two competing aphid
species. Chemosphere 226(12):651–658 DOI 10.1016/j.chemosphere.2019.03.114.

Monteiro VB, França GV, Gondim MGC, Lima DB, Melo JWS. 2019a. Walking dispersal by
Neoseiulus baraki (Acari: Phytoseiidae) on coconut plants. Systematic & Applied Acarology
24(8):1337–1342 DOI 10.11158/saa.24.8.1.

Monteiro VB, Lima DB, Melo JWS, Guedes RNC, Gondim MGC. 2019b. Acaricide-mediated
colonization of mite-infested coconuts by the predatory Phytoseiid Neoseiulus baraki (Acari:
Phytoseiidae). Journal of Economic Entomology 112(1):213–218 DOI 10.1093/jee/toy291.

Motulsky HJ. 2007. Prism 5 statistics guide, 2007. GraphPad Software 31:39–42.

Mukwevho L, Olckers T, Simelane DO. 2017. Establishment, dispersal and impact of the
flower-galling mite Aceria lantanae (Acari: Trombidiformes: Eriophyidae) on Lantana camara
(Verbenaceae) in South Africa. Biological Control 107(6):33–40
DOI 10.1016/j.biocontrol.2017.01.009.

Mullens BA, Reifenrath WG, Butler SM. 2009. Laboratory trials of fatty acids as repellents or
antifeedants against houseflies, horn flies and stable flies (Diptera: Muscidae). Pest Management
Science 65(12):1360–1366 DOI 10.1002/ps.1823.

Qayyoum et al. (2021), PeerJ, DOI 10.7717/peerj.10899 17/20

http://dx.doi.org/10.1016/j.pestbp.2015.11.002
http://dx.doi.org/10.1007/s10646-015-1459-z
http://dx.doi.org/10.1007/s10493-012-9644-8
http://dx.doi.org/10.11158/saa.24.11.11
http://dx.doi.org/10.1007/s10340-012-0442-1
http://dx.doi.org/10.1007/s10493-011-9465-1
http://dx.doi.org/10.1007/s10493-014-9835-6
www.minitab.com
https://www.scriptiebank.be/sites/default/files/thesis/2016-10/Moerman%20Felix%20Master%20dissertation.pdf
https://www.scriptiebank.be/sites/default/files/thesis/2016-10/Moerman%20Felix%20Master%20dissertation.pdf
http://dx.doi.org/10.1016/j.chemosphere.2019.03.114
http://dx.doi.org/10.11158/saa.24.8.1
http://dx.doi.org/10.1093/jee/toy291
http://dx.doi.org/10.1016/j.biocontrol.2017.01.009
http://dx.doi.org/10.1002/ps.1823
http://dx.doi.org/10.7717/peerj.10899
https://peerj.com/


Nauen R. 2005. Spirodiclofen: mode of action and resistance risk assessment in Tetranychid Pest
Mites. Journal of Pesticide Science 30(3):272–274 DOI 10.1584/jpestics.30.272.

Nilsson E, Bengtsson G. 2004. Endogenous free fatty acids repel and attract collembola. Journal of
Chemical Ecology 30(7):1431–1443 DOI 10.1023/B:JOEC.0000037749.75695.c5.

O’Dowd DJ, Pemberton RW. 1994. Leaf domatia in Korean plants: floristics, frequency, and
biogeography. Vegetatio 114:137–148.

O’Dowd DJ, Pemberton RW. 1998. Leaf domatia and foliar mite abundance in broadleaf
deciduous forest of north Asia. American Journal of Botany 85(1):70–78 DOI 10.2307/2446556.

Oliveira NNFC, Galvão AS, Amaral EA, Santos AWO, Sena-Filho JG, Oliveira EE, Teodoro AV.
2017. Toxicity of vegetable oils to the coconut mite Aceria guerreronis and selectivity against the
predator Neoseiulus baraki. Experimental & Applied Acarology 72(1):23–34
DOI 10.1007/s10493-017-0134-x.

Ouyang J, Tian Y, Jiang C, Yang Q, Wang H, Li Q. 2018. Laboratory assays on the effects of a
novel acaricide, SYP-9625 on Tetranychus cinnabarinus (Boisduval) and its natural enemy,
Neoseiulus californicus (McGregor). PLOS ONE 13(11):e0199269
DOI 10.1371/journal.pone.0199269.

Perotti MA, Braig HR. 2009. Phoretic mites associated with animal and human decomposition.
Experimental & Applied Acarology 49(1–2):85–124 DOI 10.1007/s10493-009-9280-0.

Pralavorio M, Fournier D, Millot P. 1989. Migratory activity of mites: evidence of a circadian
rhythm. Entomophaga 34(1):129–134 DOI 10.1007/BF02372596.

Ribeiro L, Do P, Zanardi OZ, Vendramim JD, Yamamoto PT. 2014. Comparative toxicity of an
acetogenin-based extract and commercial pesticides against citrus red mite. Experimental &
Applied Acarology 64:87–98 DOI 10.1007/s10493-014-9810-2.

Riehl LA, Jeppson LR. 1953. Narrow-cut petroleum fractions of naphthenic and paraffinic
composition for control of citrus Red Mite and Citrus Bud Mite1. Journal of Economic
Entomology 46(6):1014–1020 DOI 10.1093/jee/46.6.1014.

Rollo CD, Czyzewska E, Borden JH. 1994. Fatty acid necromones for cockroaches.
Naturwissenschaften 81(9):409–410 DOI 10.1007/BF01132695.

Romero GQ, Benson WW. 2004. Leaf domatia mediate mutualism between mites and a tropical
tree. Oecologia 140(4):609–616 DOI 10.1007/s00442-004-1626-z.

Ronce O. 2007. How does it feel to be like a rolling stone? Ten questions about dispersal evolution.
Annual Review of Ecology, Evolution, & Systematics 38(1):231–253
DOI 10.1146/annurev.ecolsys.38.091206.095611.

Sabelis MW, Afman BP. 1994. Synomone-induced suppression of take-off in the phytoseiid mite
Phytoseiulus persimilis Athias-Henriot. Experimental & Applied Acarology 18:711–721.

Sabelis MW, Dicke M. 1985. Long range dispersal and searching behaviour. In: Spider mites and
their control, Amsterdam: Elsevier, 141–160.

Sims SR, Balusu RR, Ngumbi EN, Appel AG. 2014. Topical and vapor toxicity of saturated fatty
acids to the German cockroach (Dictyoptera: Blattellidae). Journal of Economic Entomology
107(2):758–763 DOI 10.1603/EC12515.

Sousa VC, Zélé F, Rodrigues LR, Godinho DP, De la Masselière MC, Magalhães S. 2019. Rapid
host-plant adaptation in the herbivorous spider mite Tetranychus urticae occurs at low cost.
Current Opinion in Insect Science 36:82–89.

Strong WB, Slone DH, Croft BA. 1999. Hops as a metapopulation landscape for tetranychid-
phytoseiid interactions: perspectives of intra-and interplant dispersal. Experimental & Applied
Acarology 23(7):581–597 DOI 10.1023/A:1006208218771.

Qayyoum et al. (2021), PeerJ, DOI 10.7717/peerj.10899 18/20

http://dx.doi.org/10.1584/jpestics.30.272
http://dx.doi.org/10.1023/B:JOEC.0000037749.75695.c5
http://dx.doi.org/10.2307/2446556
http://dx.doi.org/10.1007/s10493-017-0134-x
http://dx.doi.org/10.1371/journal.pone.0199269
http://dx.doi.org/10.1007/s10493-009-9280-0
http://dx.doi.org/10.1007/BF02372596
http://dx.doi.org/10.1007/s10493-014-9810-2
http://dx.doi.org/10.1093/jee/46.6.1014
http://dx.doi.org/10.1007/BF01132695
http://dx.doi.org/10.1007/s00442-004-1626-z
http://dx.doi.org/10.1146/annurev.ecolsys.38.091206.095611
http://dx.doi.org/10.1603/EC12515
http://dx.doi.org/10.1023/A:1006208218771
http://dx.doi.org/10.7717/peerj.10899
https://peerj.com/


Tak J-H, Isman MB. 2017. Acaricidal and repellent activity of plant essential oil-derived terpenes
and the effect of binary mixtures against Tetranychus urticae Koch (Acari: Tetranychidae).
Industrial Crops & Products 108:786–792 DOI 10.1016/j.indcrop.2017.08.003.

Tang ML, Chen CX, Xie ST, Zhang ZH, Yang QY. 2002. Demonstration of horticultural mineral
oil-based citrus IPM programs in China. In: Spray Oils Beyond 2000: Sustainable Pest and
Disease Management: Proceedings of a Conference Held from 25 to 29 October 1999 in Sydney,
New South Wales, Australia, University of Western Sydney, 372.

Tian HX, Li HJ, Ran C. 2013. Efficacy trials of 15% SYP-11277 solution on Panonychus citri.
Pesticide Science & Administration 34(6):58–60.

Tixier M-S, Kreiter S, Auger P. 2000. Colonization of vineyards by phytoseiid mites: their
dispersal patterns in the plot and their fate. Experimental & Applied Acarology 24(3):191–211
DOI 10.1023/A:1006332422638.

Tixier MS, Kreiter S, Auger P, Weber M. 1998. Colonization of Languedoc vineyards by
phytoseiid mites (Acari: Phytoseiidae): Influence of wind and crop environment. Experimental
& Applied Acarology 22(9):523–542 DOI 10.1023/A:1006085723427.

Trammel K. 1965. Properties of petroleum oils in relation to toxicity to citrus red mite eggs.
Journal of Economic Entomology 58(4):595–601 DOI 10.1093/jee/58.4.595.

Turchen LM, Golin V, Butnariu AR, Guedes RNC, Pereira MJB. 2016. Lethal and sublethal
effects of insecticides on the egg parasitoid Telenomus podisi (Hymenoptera: Platygastridae).
Journal of Economic Entomology 109(1):84–92 DOI 10.1093/jee/tov273.

Turchin P. 1998. Quantitative analysis of movement. Sunderland: Sinauer Associates.

Wang Q, Gu X, Bei Y. 2004. Activities of EnSpray, a petroleum spray oil, on insect pests and joint
actions of its mixtures. Acta Agriculturae Zhejiangensis 16:321–323.

Wang S, Tang X, Wang L, Zhang Y, Wu Q, Xie W. 1971. Effects of sublethal concentrations of
bifenthrin on the two-spotted spider mite, Tetranychus urticae (Acari: Tetranychidae).
Systematic & Applied Acarology 4:481–490.

Weinberg SL, Abramowitz SK. 2016. Statistics using IBM SPSS: an integrative approach.
Cambridge: Cambridge University Press.

Xue Y, Andrew G, Beattie C, Meats A, Spooner-Hart R, Herron GA. 2009a. Impact of nC24
agricultural mineral oil deposits on the searching efficiency and predation rate of the predatory
mite Phytoseiulus persimilis Athias-Henriot (Acari: Phytoseiidae). Australian Journal of
Entomology 48(3):258–264 DOI 10.1111/j.1440-6055.2009.00714.x.

Xue Y, Meats A, Beattie GAC, Spooner-Hart R, Herron GA. 2009b. The influence of sublethal
deposits of agricultural mineral oil on the functional and numerical responses of Phytoseiulus
persimilis (Acari: Phytoseiidae) to its prey, Tetranychus urticae (Acari: Tetranychidae).
Experimental & Applied Acarology 48(4):291–302 DOI 10.1007/s10493-009-9242-6.

Yu H, Cheng Y, Xu M, Song Y, Luo Y, Li B. 2016. Synthesis, acaricidal activity and
structure−activity relationships of pyrazolyl acrylonitrile derivatives. Journal of Agricultural &
Food Chemistry 64(51):9586–9591.

Yuan M-L, Wei D-D, Zhang K, Gao Y-Z, Liu Y-H, Wang B-J, Wang J-J. 2010. Genetic diversity
and population structure of Panonychus citri (Acari: Tetranychidae), in China based on
mitochondrial COI gene sequences. Journal of Economic Entomology 103(6):2204–2213
DOI 10.1603/EC09392.

Zhou T-F, Shi C-H, Yu Q-Z, Zhang A-L, Huang H-T. 2011. Efficacy of three pesticides to control
Acaphylla theae and Empoasca vitis (Gothe) in tea field. Journal of Tea 37:11–13.

Qayyoum et al. (2021), PeerJ, DOI 10.7717/peerj.10899 19/20

http://dx.doi.org/10.1016/j.indcrop.2017.08.003
http://dx.doi.org/10.1023/A:1006332422638
http://dx.doi.org/10.1023/A:1006085723427
http://dx.doi.org/10.1093/jee/58.4.595
http://dx.doi.org/10.1093/jee/tov273
http://dx.doi.org/10.1111/j.1440-6055.2009.00714.x
http://dx.doi.org/10.1007/s10493-009-9242-6
http://dx.doi.org/10.1603/EC09392
http://dx.doi.org/10.7717/peerj.10899
https://peerj.com/


Zhuang QG, Wang LH, Li MZ, Hou TP, Xie Y. 2015. “EnSpray 99” mineral oils for white peach
scale, Pseudaulacaspis pentagona and phytotoxicity to “Hongyang” kiwifruit. Acta Horticulturae
1096:363–370 DOI 10.17660/ActaHortic.2015.1096.42.

Zwick RW, Field GJ. 1987. Field and laboratory evaluations of fenvalcrate against several insect
and mite pests of apple and pear in Oregon. Journal of Economic Entomology 71(5):793–796
DOI 10.1093/jee/71.5.793.

Qayyoum et al. (2021), PeerJ, DOI 10.7717/peerj.10899 20/20

http://dx.doi.org/10.17660/ActaHortic.2015.1096.42
http://dx.doi.org/10.1093/jee/71.5.793
http://dx.doi.org/10.7717/peerj.10899
https://peerj.com/

	Behavioral response of Panonychus citri (McGregor) (Acari: Tetranychidae) to synthetic chemicals and oils
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


