PERSIAN JOURNAL {?»@F}
Persian J. Acarol., 2021, Vol. 10, No. 3, pp. 309-319.
https://doi.org/10.22073/pja.v10i3.67629

Journal homepage: http://www.biotaxa.org/pja

The efficacy of some chemical and botanical pesticides against Tetranychus urticae
(Acari: Tetranychidae) on Platanus orientalis (Platanaceae) in urban areas

Masoud Fatemi' ", Ehssan Torabi?*", Ali Olyaie-Torshiz' " and Majid Taherian?

1. Department of Plant Protection, ACECR, Institute of Higher Education Jahad Daneshgahi, Kashmar, Iran; E-mails:
mnsa.co@gmail.com, torshiz@ut.ac.ir

2. Department of Plant Protection, College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran; E-
mail: eh torabi@ut.ac.ir

3. Horticulture Crop Research Department, Khorasan Razavi Agricultural and Natural Resources Research and
Education Center, AREEO, Mashhad, Iran; E-mail: taherian.m@ut.ac.ir

* Corresponding author

ABSTRACT

The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), is a destructive pest causing significant
damage to trees and shrubs in urban green spaces. Using pesticides is considered the most prevalent approach towards
controlling this pest. In this research, the effects of pesticides abamectin, fenproxymate, Tondexir®, Sirinol®, and
Palizin® on the mortality of 7. urticae were investigated in the laboratory and urban green spaces. Laboratory bioassays
were conducted with five concentrations of each pesticide between 0.72—3.60, 0.50-3.00, 1275-6800, 595-5950, and
325-3900 mg ai/L for abamectin, fenproxymate, Tondexir®, Sirinol®, and Palizin®, respectively in five replicates. Field
experiments were conducted based on a complete randomized block design (CRBD) in the urban green space of
Mashhad city on the oriental plane trees (Platanus orientalis L.) infested with T. urticae. Treatments included triplicate
sprayings with commercial formulations of abamectin (250 mg/L) and fenproxymate (500 mg/L) as well as Tondexir®
(2000 mg/L), Sirinol® (2000 mg/L), and Palizin® (2000 mg/L), and water (control). Abamectin and fenproxymate
showed the highest toxicity for 7. urticae adult females with LCsos of 1.61 and 1.16 mg ai/L, respectively. Tondexir®
showed a lower toxicity for 7. urticae (LCso = 2500.53 mg ai/L) compared to Sirinol® (LCso = 1308.58 mg ai/L)) and
Palizin® (LCso = 1494.73 mg ai/L). Abamectin and fenproxymate showed the highest population reduction in 7. urticae
adults on plane trees after 28 days (98.68 + 0.64 and 99.70 = 0.56%, respectively). For egg populations also, abamectin
and fenproxymate showed a better reduction compared to other insecticides. Palizin® showed the least efficiency (32.60
+ 2.40%) in controlling T. urticae adults. T. urticae eggs were reduced better with Tondexir® (35.85 + 2.24%)
compared to Sirinol® (22.54 + 0.69%) and Palizin® (20.85 + 1.5%). Although abamectin and fenproxymate showed
better control of 7. urticae adults and eggs, spraying with more efficient botanical insecticides such as Tondexir®
Sirinol® are suggested in urban areas due to health concerns for the residents.
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INTRODUCTION

The oriental plane tree (Platanus orientalis L.) is an ornamental species planted in parks and along
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streets in cities around the world due to having criteria of interest in terms of urban tree planning and
management, including rapid growth, resistance to drought, and a wide crown providing shade (Vogt
et al. 2017). In Iran, plane trees are planted extensively in the green spaces, streets, and avenues of
different cities (Pourkhabbaz ef al. 2010).

The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), is an invasive
polyphagus mite species and has over 1000 host plant species over the world (Khanjani and Haddad
Irani-Nejad 2006; Attia et al. 2013). Tetranychus urticae is an economically harmful pest due to its
high rate of fecundity and short life cycle on various crops (Tirello et al. 2012). During summertime,
this mite usually causes serious damage to plane trees in urban areas of cities resulting in decreasing
the quality of urban green space (Mazaheri et al. 2006, 2007).

Many chemical-based insecticides and acaricides have been registered to control 7. urticae in
Iran, including abamectin and fenproxymate. To reduce the risk for environmental pollution and
health of residents, demand for utilization of environmentally friendly pesticides has increased,
among which botanical insecticides such as Tondexir®, Sirinol®, and Palizin® are of great popularity
(Mirfakhraie and Mohammadian 2017; Kabiri Raeis Abad and Zaree 2017; Amiri-Besheli et al.
2020). Tondexir® and Sirinol® are botanical insecticides consisting of the extract of red pepper
(Capsicum annum L.) and garlic (Allium sativum L.) extracts, respectively. The garlic extract has
been reported to have repellency, antifeedant, bactericidal, fungicidal, and nematicidal activities
(Fields et al. 2001; Loth ef al. 2007; Londhe et al. 2011). Capsaicin is the main active ingredient in
the red pepper extract, which has toxicity effects on invertebrates (Govindarajan and Sathyanarana
1991). Palizin® consists of the extracts from mint and eucalyptus and coconut (Cocos nucifera L.) oil
(Nezhadverdy and Kavousi 2016). Palizin causes damage to the insect's respiratory system and
exoskeleton (Kabiri and Amiri-Besheli 2012).

The efficacy of Tondexir®, Sirinol®, and Palizin® against various pests, including 7. urticae, has
been reported (Nezhadverdy and Kavousi 2016; Mirfakhraie and Mohammadian 2017; Kabiri Raeis
Abad and Zaree 2017; Amiri-Besheli ef al. 2020). However, environmental conditions and host plant
characteristics are among the two important factors determining the toxicity of agrochemicals to pests
(Auger et al. 2003; Bostanian ef al. 2004). In this regard, no research has so far addressed the efficacy
of these compounds in reducing the population of 7. urticae on the plane trees in urban areas.

Controlling pests of plane trees, including 7. urticae, is of great importance for maintaining the
green spaces of urban areas. In this regard, applying effective and environmentally friendly pesticides
is essential to ensure the health of the citizens. Therefore, we aimed to evaluate the efficacy of three
botanical insecticides Tondexir®, Sirinol®, and Palizin®, in comparison with conventional insecticides
fenproxymate and abamectin on 7. urticae under laboratory and field (on plane trees in Mashhad city)
conditions.

MATERIAL AND METHODS

Pesticides

Commercial formulations of pesticides abamectin (Vertimec®; 1.8% EC; Golsam Co.) and
fenproxymate (Ortus®, 5% SC; Golsam Co.) along with botanical insecticides Tondexir® (85% EC;
Sabzavar Co.) and Sirinol® (85% EC; Kimiasabzavar Co.), and also the insecticidal soap Palizin®
(65% SL; Kimiasabzavar Co.) were obtained from local suppliers.

Mite collection and rearing for bioassay experiments

Mite populations for the bioassay tests were collected from infested plane trees without pesticide
application history located in an urban area of Mashhad city, Iran. In the laboratory, mites were
maintained and reared, for at least five generations, on plane stems with at least two leaves at 24 + 1
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°C, 60-70% relative humidity (RH), and 16L:8D h photoperiod. Stem tips were placed into a cork
stopper placed in water to keep the moisture.

To obtain uniformly aged female 7. urticae, 10 adults were randomly taken from separate mass
rearing arenas and transferred to plane stems with at least two leaves, as described above. After 24 h,
adults were removed, and the remaining eggs were kept at 24 = 1 °C, 60—70% relative humidity (RH),
and 16L: 8D h photoperiod. Differences in the sex-specific body size were used to determine their
sex after reaching adulthood. 4 day-old adult females were used for the bioassay tests (Ullah and Lim
2017; Tahmina et al. 2020).

Laboratory bioassay experiments

To evaluate the lethal concentrations of 30, 50, and 70% (LC3o, LCso0, and LC7o, respectively) of
each pesticide on the 4-day-old adult females of T. urticae, five concentrations of each pesticide were
selected, causing 10-90% mortality based on the bracketing test (Robertson and Preisler 1991) and
prepared in distilled water. These concentrations ranged between 0.72-3.60, 0.50-3.00, 1275-6800,
595-5950, and 325-3900 mg ai/L for abamectin, fenproxymate, Tondexir®, Sirinol®, and Palizin®,
respectively. A round leaf disk (20 mm diameter) was prepared with plane tree leaves and was
submerged for 15 s in aqueous solutions of each pesticide. After evaporation of water for 1 h, the
disks were placed on the floor Petri dishes. In the control group, leaf disks were submerged into
distilled water without any pesticide treatment. 16 adult females of 7. urticae were transferred onto
the leaf disks in each Petri dish. All Petri dishes were incubated at 24 + 1 °C, 60-70% relative
humidity (RH), and 16L:8D h photoperiod, and numbers of dead mites were counted after 24 h.
Experiments were carried out with five replicates.

Field experiments

Field experiments were performed in an urban area located in a western region of the Mashhad
City, Razavi Khorasan Province, Iran (longitude: 59° 36" 0" E; latitude: 36° 18" 0" N; altitude: 995
m). 40-year-old uniform oriental plane trees (Platanus orientalis) infested with the two-spotted spider
mites were selected for the experiments. The experimental layout was a complete randomized block
design (RCBD) in triplicates, with one tree in each block. Treatments consisted of sprayings with
recommended dosages of commercial formulations of abamectin (250 mg/L) and fenproxymate (500
mg/L) as well as Tondexir® (2000 mg/L), Sirinol® (2000 mg/L), and Palizin® (2000 mg/L), and a
water spray (control). The population of two-spotted spider mites was monitored regularly.
Concurrently with the observation of the maximum population, sprayings were conducted (May 14,
2020) based on the common regional practice by using a calibrated sprayer. Between each plot, two
trees were left unsprayed to avoid cross-contamination. Samplings were performed from different
parts of the plane tree crown by collecting 20 leaves from each tree 1 day before pesticide application
and 3, 7, 14, 21, and 28 days after spraying. Samples were transferred to the laboratory, and the
numbers of adult mites and eggs were counted under a binocular microscope. For complementary
counting, leaves were placed in a Berlese funnel, and after 48 h, numbers of mites escaped and trapped
in a receptacle were also counted.

Data analysis

For field experiments, the percentage of mite population reduction (adults and eggs) were
calculated for each treatment and each sampling day and corrected according to the control by using
the Henderson-Tilton's formula (Henderson and Tilton 1955). One-way analysis of variance
(ANOVA) was adopted for field data analysis, and means were compared using the least significant
difference (LSD) method at P = 0.05 using the SAS software v. 9.4. LC values along with 95%
confidence intervals (95% CI) were calculated using the PoloPlus v. 2 (LeOra Software).
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RESULTS AND DISCUSSION

Laboratory bioassay

LCs0, LCso, and LC70 values for pesticides on 7. urticae adult females are shown in Table 1.
According to the results, abamectin and fenproxymate showed the highest toxicities for 7. urticae
adult females with statistical different LCsos from the botanical compounds. LCsos of abamectin and
fenproxymate were 1.61 (95% CI = 1.38-1.88) and 1.16 (95% CI = 0.92—-1.43) mg ai/L, respectively.
Among the other three compounds, Tondexir® showed a lower toxicity for T. urticae (LCso = 2500.53
mg ai/L; 95% CI = 1984.96-3045.22) compared to Sirinol® (LCso = 1308.58 mg ai/L; 95% CI =
959.19-1681.31) and Palizin® (LCso = 1494.73 mg ai/L; 95% CI = 1200.61-1914.05). These results
are in accordance with the estimated LCso values for Tondexir® and Sirinol® as 1811.27 and 1509.51
mg ai/L, respectively by Mirfakhraie and Mohammadian (2017). Jafari et al. (2016) also evaluated
an LCso of 1898 mg/L for Tondexir® on Panonychus citri adults after 72 h. On the contrary, Kabiri
Raeis Abad and Zaree (2017) reported considerable different LCsos for Tondexir® (513.48 mg ai/L)
and fenproxymate (19.36 mg ai/L) on T. urticae. These contrasts can be explained by the different
bioassay methods used in the studies. Palizin® has also been shown to have repellency for various
stored product pests, i.e., Sitophilus oryzae, Tribolium castaneum, Rhizopertha dominica,
Oryzaephilus surinamensis, and Lasioderma serricorne (Sadeghi et al. 2014). Also, Palizin® at
concentrations of 1.5, 2, and 2.5 ml/L resulted in 0.71, 1.64, and 1.55% mortalities, respectively on
T. urticae after 24 h under laboratory conditions (Amiri-Besheli ef al. 2020).

Table 1. Bioassay results of pesticides on adult females of T. urticae.

LC30 (mg ai/L) LCso (mg ai/L) LC7 (mg ai/L) Slope e

.. a b
Pesticides N (95% CI) (95% CI) (95% CI) SE) @n 1

Abamectin____ 400 1.10 161 236 318 9041 057
(0.87-1.29) (1.38-1.88) (2.00-2.95) 048)  (13)

Fenproxymate 400 0.70 1.16 1.90 244 447 034
(0.48-0.89) (0.92-1.43) (1.52-2.68) 043)  (13)

Sirinol® 400 724.72 1308.58 2362.82 204 255 020
(432.78-983.81)  (959.19-1681.31)  (1834.83-3329.19) (0.35) (13)

Tondexir® 400 1561.31 2500.53 4004.72 256 172 0.13
(1048.02-1969.71)  (1984.96-304522)  (3272.01-5409.45) (0.46) (13)

Palizin® 400 917.79 1494.73 243435 248 640 049

(693.86-1144.38)  (1200.61-1914.05)  (1902.57-3495.61)  (0.36)  (13)

* number of mites; ® Heterogeneity.

Field sprayings

ANOVA results showed that the effect of pesticides on the population reduction of 7. urticae
adults and eggs were significant (P < 0.01) under field conditions (Table 2). Shapiro-Wilk and
Levene's test results were insignificant (P > 0.05), showing the normality of the data and the
homogeneity of variances, respectively (data not shown).

Based on the results, for all pesticides, the mortality percentages of 7. urticae adults and eggs
increased with time and reached a maximum after almost 21-28 days (Tables 3, 4). This result shows
that all pesticides had acceptable persistence overtime under field conditions and could affect the pest
population up to 21-28 days after application.
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Table 2. ANOVA for population reduction percentages of 7. urticae adults and eggs on plane trees treated with different

pesticides.
Life stage Sources of df Mean square (MS) at different sampling days after spray
Variation 3 7 14 21 28
Adults Block 3 22.95" 23.46™ 9.72™ 19.32 10.97™
Treatment 14 1544.05™ 1736.10™ 3049.57" 3084.30™ 3052.40™
Error 12 13.61 8.43 9.23 5.60 3.86
Eggs Block 3 3.27 1.71% 9.50™ 6.60" 2.95™
Treatment 14 371.84™ 1623.22* 1424.99™ 1826.07" 1858.26™
Error 12 1.13 2.99 4.65 7.53 2.93

" and ** are not significant and significant (P < 0.01), respectively.

Abamectin and fenproxymate showed the highest population reduction in 7. urticae adults on
plane trees after 28 days (98.68 + 0.64 and 99.70 + 0.56%, respectively) (Table 3). For egg popu-
lations also, abamectin and fenproxymate showed a better reduction compared to Tondexir®, Sirinol®,
and Palizin® and After 28 days, abamectin was significantly more efficient (66.23 +2.29%) compared
to fenproxymate (62.21 + 0.56%) (Table 4). Fenproxymate and abamectin are both considered broad-
spectrum acaricides and are effective against different growth stages of spider mites, i.e., larvae,
nymph, and adults. Although fenproxymate and abamectin showed higher toxicities for adults and
eggs of T. urticae in both laboratory and field trials, the environmental contamination and health risks
of these two agrochemicals, especially in urban areas, should be considered. Long-term application
of chemical pesticides can also adversely affect the ecosystem balance through the elimination of the
natural enemies (Gonzalez-Zamora et al. 2004; Mones et al. 2011; Pekar 2012). For instance, it has
been shown that the application of fenproxymate diminished the populations of Phytoseiulus
persimilis, a common predator of 7. urticae (Kabiri Raeis Abad and Zaree 2017). Therefore, shifting
towards the application of more environmentally friendly pesticides, i.e., Sirinol®, Tondexir®, and
Palizin®, especially in urban and residential areas, is suggested.

Table 3. Mean comparisons for population reduction percentages of 7. urticae adults on plane trees treated with different

pesticides.

Treatments Average for population reduction (%) of 7. urticae adults = SD in days after spraying
3 7 14 21 28

Abamectin 69.28 + 4.06° 77.71 £2.392 98.41 +1.22° 98.71 £ 1.06? 98.68 + 0.64*
Fenproxymate 66.90 + 3.90° 76.07 + 4.062 98.73 + 1.80° 98.64 +1.217 99.70 + 0.56?
Sirinol® 4325 +3.35° 59.30 £ 2.30° 72.32 +£2.89° 70.45 +£3.49° 70.64 + 3.30°
Tondexir® 42.86+5.16° 58.09 £2.97° 68.19 £4.31° 69.89 + 3.80° 70.74 +£2.92°
Palizin® 21.81 +£2.87° 25.91 £ 4.56¢ 31.51 +£3.88¢ 31.17 £3.58¢ 32.60 + 2.40°

SD: standard deviation. Means followed by the same letters in each column do not differ significantly (LSD, P = 0.05).

Table 4. Mean comparisons for population reduction percentages of 7. urticae eggs on plane trees treated with different

pesticides.

Treatments Average for population reduction (%) of 7. urticae eggs £ SD in days after spraying
3 7 14 21 28

Abamectin 23.13 £ 1.86° 49.31 +£2.53? 56.07 £ 3.64° 65.31 £2.522 66.23 £2.29%
Fenproxymate 23.01 +£1.81° 42.24 +£1.93b 51.56+£2.22° 59.63 £ 3.85° 62.21 £0.56°
Sirinol® 4.89+0.27¢ 7.14 + 0.654 19.29 + 1.414 21.87 +1.234 22.54 + 0.694
Tondexir® 8.00 = 0.55° 16.22 +1.57° 23.99 +1.77¢ 33.29 + 3.63¢ 35.85+2.24¢
Palizin® 4.10+0.82¢ 6.52 +0.814 16.37 +2.194 19.35 + 0.954 20.85 + 1.504

SD: standard deviation. Means followed by the same letters in each column do not differ significantly (LSD, P = 0.05).
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Tondexir® and Sirinol® are botanical insecticides consisting of the extract of red pepper (C.
annum L.) and garlic (4. sativum L.) extracts, respectively. Palizin® consists of extracts from mint,
eucalyptus, and coconut oil (Nezhadverdy and Kavousi 2016). The diallyl and disulfide present in
Sirinol® produce a sharp odor and act as a powerful insecticide (Kaufman et al. 2006). Huang et al.
(2000) showed that diallyl trisulphide is the dominant constituent of garlic extract. Other constituents
such as sulfur-containing amino acids also have toxicity against mites (Dabrowski and Seredynska
2007; Hincapié et al. 2008). Our results showed that after 28 days, Tondexir® and Sirinol® resulted
in significantly less reduction in the populations of 7. urticae adults (70.74 + 2.90% and 70.46 +
3.30%, respectively) compared to abamectin and fenproxymate (Table 3). Palizin® showed the least
efficiency (32.60 + 2.40%) in controlling 7. urticae adults (Table 3), despite its higher efficiency in
laboratory bioassay tests. Tetranychus urticae eggs were reduced better with Tondexir® (35.85 +
2.24%) compared to Sirinol® (22.54 + 0.69%) and Palizin® (20.85 + 1.5%) (Table 4). Kabiri Raeis
Abad and Zaree (2017) showed Tondexir® (2000 mg/L) resulted in 93 and 89% reduction of T. urticae
eggs and adults, respectively after 21 days in a field trial on bean (Phaseolus vulgaris L.) plants. Also,
Mirfakhraie and Mohammadian (2017) reported that Tondexir® and Sirinol® have appropriate
efficiencies in reducing 7. urticae populations. Amiri-Besheli and Kabiri-Res Abad (2018) showed
that Sirinol® at 2000 mg/L reduced the adult and egg populations of 7. urticae by 92.11 and 91.75%,
respectively under field conditions after 21 days on bean plants. Palizin® at concentrations of 1.5, 2,
and 2.5 ml/L resulted in 0.71, 1.64, and 1.55% mortalities, respectively, on 7. urticae after 24 h under
laboratory conditions (Amiri-Besheli et al. 2020). Erdogan et al. (2012) showed that Sirinol® at 5700
mg/L resulted in 77.77% mortality in 7. urticae populations. Also, Erdogan et al. (2010) reported that
the 12% ethanolic extract of the red pepper caused 97, 84, and 95% mortality for 7. urticae larvae,
nymphs, and adults, respectively. The efficacy of other botanical insecticides, e.g. the garlic extract,
on the two-spotted spider mites have also been reported (Aslan ef al. 2004; Pontes et al. 2007; Attia
et al. 2011; Shakarami et al. 2014). The toxicity of pesticides for mites depends on various factors,
e.g. the toxicity of the active ingredient, the applied dose, climatic conditions, the life stage of the
mites, and the host plant (Auger et al. 2003; Bostanian et al. 2004).The difference in climatic
conditions and host plant characteristics might have resulted in contrasts observed between our study
and the previously conducted ones. Plane trees have a wide crown and a dense canopy, and therefore,
it is supposed that the lower control efficacy of the botanical pesticides might be due to a lack of
balanced distribution of the sprayed solutions to all parts of the crown. Also, various allelochemicals
and secondary metabolites present in different host plants can influence the susceptibility of
herbivorous arthropods, including 7. urticae, to pesticides (Yang et al. 2001; Wang et al. 2002;
Homayoonzadeh et al. 2020).

On the other positive side, a research has reported low toxicity of Tondexir®, Sirinol®, and
Palizin® for beneficial insects. i.e., parasitoids and predators. Kabiri Raeis Abad and Zaree (2017)
reported significantly lower toxicity of Tondexir® to P. persimilis compared to fenproxymate. The
toxicity of Tondexir®, Sirinol®, and Palizin® for Oenopia conglobata L., a major predator of the
common pistachio psyllid, is also reported to be low (Kabiri Raeis Abad 2012).

The efficacies of the pesticide in reducing egg populations of 7. urticae were generally lower
compared to the adults (Tables 4 and 5). It has been suggested previously that adults of 7. urticae are
more susceptible to pesticides than eggs (Kabiri Raeis Abad and Zaree 2017; Amiri-Besheli and
Kabiri-Res Abad 2018). Therefore, sprayings are suggested after the emergence of adults.

CONCLUSION

Our results suggested that under both laboratory and field conditions, abamectin and fenproxymate
had higher toxicities for 7. urticae adults and eggs compared to Tondexir®, Sirinol®, and Palizin®.
According to laboratory LCso values derived from bioassay experiments, Sirinol® and Palizin®
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showed toxicities 1.9 and 1.7 times, respectively higher than Tondexir® for T. urticae adult females.
When sprayed on plane trees in urban areas, however, Tondexir® resulted in a more efficient reduction
in the populations of adults and eggs compared to Sirinol® and Palizin®, and Palizin showed the least
efficiency. Also, all pesticides were more efficient in reducing adult populations of 7. urticae
compared to the eggs, probably due to more susceptibility of the adult stage of this pest. The
application of pesticides in urban areas should be handled with care, and selecting environmentally
friendly compounds with the least risk for the health of residents is crucial. In this regard, our results
suggest that although abamectin and fenproxymate controlled 7. urticae adults and eggs with higher
efficacy, using efficient botanical insecticides such as Tondexir® Sirinol® are recommend-ed for
controlling 7. urticae populations on plane trees in urban areas.
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