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i @paboocom European red mite, Panonychus ulmi (Acari: Tetranychidae) is one of the main pests of apple

ORgeJCEIt:;E)ZS trees worldwide. The main purpose of this research was to study the lethal and sub-lethal
Accepted: effects of Salvia officinalis and S. rosmarinus essential oils (EOs) on the European red mite. It
27 August, 2025 was found that the LCso values of EOs of S. officinalis and S. rosmarinus were 581.95 and 460.67
Published: uL 17! for contact toxicity, and 3.40 and 4.03 pL 17! air, for fumigant toxicity tespectively.
15 October, 2025 With increasing the concentration of EOs, the death rate of mites was increased. To study
Subject Editor: the lethality of S. officinalis and S. rosmarinus EOs on the European red mite, concentrations
E. Torabi of the LCss values of the mentioned EOs were 443.32 and 273.48 plL 171, respectively. The

net reproductive rate (Ro) in the control and in the treatment with S. gffcinalis and S. rosmarinus
EOs were 5.18 £ 0.94, 3.12 £+ 0.49 and 3.28 £ 0.51 offspring/female/ individual, respectively.
The intrinsic rate of increase (r) in the control and in the treatment with S. gffzcinalis and S.
rosmarinus were 0.10 £ 0.01, 0.07 £ 0.01, and 0.07 * 0.01 day™!, respectively. The finite rate
of population incteases (A) in the control and the S. officinalis and S. rosmarinus treatments wete
1.11 £ 0.13, 1.07 £ 0.07 and 1.08 £ 0.07 day™!, respectively, which were significantly smaller
than the control. The results showed that both tested EOs have lethal and sub-lethal effects
on the European red mite. Also, the effect of S. gffwcinalis EO in reducing parameters such as
the immature longevity, female longevity, and fertility was estimated to be greater than that
of S. rosmarinus EO, and there was no statistical difference between them. Finally, the
mentioned plant compounds have noticeable effects on the age-stage specific survival and
fertility rates in the European red mite and possess the capability of significantly reducing its
population under controlled condition.
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INTRODUCTION

Many species of insects and mites have been identified as apple pests. Mites are an extremely
diverse group of organisms and among them, Tetranychidae family has a wide range of hosts (Zhang
2003; Alberti 2005) and are an important damaging group of pest mites in agricultural ecosystems
(Migeon and Dorkeld 2025). Damaging species from the mentioned family of the mites on the apple
trees known as the European red mite, Panonychus ulmi (KKoch) have attracted interest (Rodrigues 2005).
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This species is distributed worldwide (Schruft 1985) and its main hosts are fruit trees and bushes of the
Rosaceae family including apple trees (Baker and Tuttle 1994; Bolland ¢ 2/ 1998). High densities of P.
ulmi population may result in browning, early leaf drop, and the production of small, discolored fruits in
apple trees, ultimately leading to significant economic losses (Arbabi e @/ 2001). Acaricides play the main
role in P. ulmi control. However, indiscriminate application of synthetic acaricides for pest control may
lead to adverse consequences, including health risks, environmental pollution, threats to mammals, and
the development of resistance in highly fecund and rapidly proliferating pests like spider mites (Cavalcanti
et al. 2010). Such concerns have prompted an increased focus on naturally derived acaricides, with
numerous essential plant oils (EOs) identified as potential alternatives to their synthetic counterparts.
EOs are aromatic oily liquids sourced from multiple plant parts, including leaves, seeds, fruits, buds,
flowers, wood, herbs, barks, and roots (Burt 2004). The pesticidal efficacy of these oils is linked to the
presence of monoterpenes, diterpenes, and sesquiterpenes, which have been the subject of extensive
evaluation for many years, revealing their antifeedant, repellent, and ovicidal activities against a range of
pests (Govindarajan ez a/. 2016; Reddy ez a/. 2016). Although, acaricidal properties of many EOs have
been studied against spider mites especially, Tezranychus urticae Koch (Acari: Tetranychidae), but not much
work has been done for European red mite.

The Lamiaceae family encompasses a vast number of species found across the globe and is well-
known for its antimicrobial properties that are effective against various arthropods (Biljana ez a/ 2007,
Tong and Coats 2010; Spinozzi ez al. 2024). Among these aromatic plants, Rosemary (Salvia rosmarinus
Spenn.) is a native woody perennial herb to the Mediterranean region (Szumny ez a/. 2010) whose extracts
are widely used in cosmetics and aromatherapy and which holds an important place due to its antibacterial
activity and its insecticidal/acaricidal effects (Martinez-Velazquez e al. 2011; Laborda Cenjor ez al. 2013,
Ben Slimane e# al. 2015). Salvia, a genus characterized by its broad distribution, can be found in a variety
of regions, including those with temperate and warmer temperatures. Sage (Salvia officinalis 1..) has been
used since ancient times for medicinal purposes, as a food seasoning, and in the cosmetics industry. Its
strong antibacterial and antifungal activities have been demonstrated, too (Wu e a/. 2012). The primary
goal of this research is to evaluate both the lethal and sub-lethal effects of these plant essential oils on
the European red mite, aiming to assess their potential as eco-friendly control agents. The findings of
this study are anticipated to be applicable in the management of the European red mite within apple
orchards.

MATERIAL AND METHODS

This research was carried out during 2023—-2024 in the greenhouse and entomology laboratory of
the Department of Plant Protection, Faculty of Agriculture, University of Maragheh (East Azerbaijan
Province, Iran). Apple seedlings were obtained from the orchards of Maragheh.

Mite colonies

The culture of the European red mite began with individuals collected from apple orchards in
Maragheh, which were then transferred to a greenhouse. The leaves of the apple seedlings were
subsequently infested with the pest mites. To prepare a laboratory colony, apple seedlings were placed in
a climate chamber at 26 + 2 °C, 16:8 h L:D, and 50 * 5% RH. Seedling leaves were infested with mites

and were maintained for 60 days before starting the experiments.
Plant material and preparation of essential oils

Plant samples were collected in September and March 2023 from various regions of Fars
Province, where the species either occur naturally or are cultivated in agricultural fields. Sages were
collected from Marvdasht Shiraz (29.52° N, 52.48° E, 1595 m a.s.l.) and rosemary were collected from
Kazerun Shiraz (29.51° N, 23.51° E, 509 m a.s.l.). Following their identification, the specimens were
subjected to a drying process within a controlled laboratory setting maintained at a temperature of 25 £
1 °C. To extract EOs from the dried plants, 300 grams of each plant were powdered using an electric

PERSIAN JOURNAL OF ACAROLOGY



2025 EFFECTIVENESS OF SALVIA EOs ON P. ULMI

mill. Then, 50 grams of the powdered plants were mixed with 600 mL of distilled water and extracted
using a Clevenger-type apparatus with a distillation method, employing water for three hours. The EO
was dried over anhydrous sodium sulfate. Plant EOs were kept in 1.5 mL containers, which were covered
with aluminum foil, stored in a refrigerator at 4 °C temperature until use (Gulluce ez 2/ 2007).

Analysis of essential oil samples

Essential oils components were identified using an Agilent GC-MS instrument (Agilent 5975C)
at the University of Maragheh according to the procedure introduced by Morshedloo ez o/ (2018). An
HP5-MS column type with a length of 30 meters and an inner diameter of 0.25 micrometers was used
for the separation of the components. The oven temperature was programmed for 5 min at 60 °C, and
rinsing from 60 to 240 °C at 3 °C/min, and then held isothermal for 10 min at 240 °C; carrier gas was
He (flow rate of 1 mL/min); split ratio 1:24; acquisition mass range 40—400 m/z; ionization voltage, 70
eV.

Contact and fumigant toxicity bioassay

To check the contact toxicity of each EO separately in the preliminary tests, concentrations of 50,
100, 200, 400, 600, 800 and 1000 uL. I were prepared for each essential oil. For prepared concentrations
of 1000 ul. 1", 200 ml. distilled water and 20 mL. ethanol were added. For the control treatment, only
ethanol and distilled water were used, and the concentrations that caused between 10-90% losses were
determined and used in the final test. The immersion method was used to conduct the test (Roh ez 4.
2011). After preparing the concentrations, apple leaves were placed in Petri dishes with dimensions of
2X9 cm and volume of 40 mL, containing different concentrations of EOs and after 5 seconds the leaves
were removed from the solution and kept for a period of 20 minutes to dry, then placed in Petri dishes
on wet pads. 20 adult mites were placed on the leaves with a fine brush in Petri dishes. All Petri dishes
were kept at 26 + 2 °C, 16:8 h L:D, and 50 * 5% RH. Four repetitions were considered for each
concentration. After 24 hours, the mite mortality rate was calculated.

To investigate fumigant toxicity separately in preliminary tests of concentrations 0.1, 0.2, 0.3, 0.4,
0.5,0.6,0.7,0.8,0.9 and 1 ul. 17" or 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20, 22.5 and 25 ul. 1" air were used and
concentrations which caused between 20 and 90% losses were used in the final test. To achieve this, 15
adult female mites were placed on apple leaf discs under controlled conditions, without exposure to any
treatments, as well as in the presence of S. officinalis essential oil at concentrations of 2.5, 3.13, 3.91, 4.88,
6.08, and 7.5 pl. 1" air. Essential oil (EO) concentrations of 2.5, 3.31, 4.37, 5.75, 7.59, and 10 pl. 17" air
tor S. rosmarinus were introduced using a Hamilton syringe onto filter paper measuring two square
centimeters in diameter, which was then positioned within a 40 mL glass container to minimize the
potential loss of EO vapors. From inside the containers, the doors were completely blocked by parafilm
and placed in an incubator at 26 £ 2 °C, 16:8 h L:D, and 50 + 5% RH. After 24 hours, the mortality rate
of mites was calculated. Mites that exhibited total immobility as a result of contact with the brush were
deemed deceased.

Sub-lethal effect (LCzs) of essential oils on the biological parameters of the European red mite

The basis of this test is the two sex age-stage life table (Chi and Liu 1985; Chi 1988), which is
based on the method of (Yin ¢f a/ 2013; Li ez al. 2017) and used in order to study the lethal effects of S.
officinalis and S. rosmarinus EOs on the European red mite. Concentrations of the LCys values of the
mentioned EOs were prepared with values of 443.32 and 273.48 uL. 1" respectively, while in the control,
distilled water was used. Thereafter, leaf discs were prepared after immersion. The samples were subjected
to open air exposure for one hour to facilitate drying at these concentrations. Then, 50 pairs of one-day-
old adults were placed individually on the dorsal surface of leaf discs, placed on wet filter paper, and then
Petri dishes were transferred to the controlled conditions (26 + 1 °C, 70 £ 10 RH and 16:8 L:D). After
24 hours, 50 eggs for each treated mite were randomly selected and the rest of the eggs and adult mites
were removed. Each of the eggs was placed separately in a Petri dish on the leaf discs. Experimental
arenas were checked daily to record the survival and development of the different life stages. Fach newly
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emerged female was coupled with an untreated male under the same conditions. Survival and fecundity
rate were recorded until the death of the last individual.

Statistical analysis

All the bioassay data were analyzed to calculate LCss, L.Cso, and LCy values with 95% confidence
limits using the Probit procedure of the SAS program (SAS Institute 2002) and mean comparisons carried
out using LSD test (p = 0.05). Abbott’s formula (Abbott 1925) was used for corrections in relation to
blank control mortality. Life table and reproduction parameters were estimated using Twosex-Mschart
software (Chi 2022) and the figures were prepared using Sigma Plot software.

RESULTS
Lethal effect of essential oil on the European red mite

Although the effect of the abovementioned EOs on the European red mite has not been
studied, studies of their EOs on other mites, including T. #rticae, have shown that these compounds have
a variety of effects, such as increasing mortality of the various mite stages, reducing the life span of the
females and decreasing their fertility (Abd-Elhady and El-Zahi 2011; Amer ez a/. 2011; Laborda Cenjor ez
al. 2013; Bakkali Aissaoui ¢# a/. 2021). In this research, it was found that the LLCsy values of EOs of .
officinalis and S. rosmarinus for contact toxicity were 581.95 and 460.67 ul. 17!, and for fumigant toxicity
were 3.40 and 4.03 ul. 1" air, respectively (Table 1). With the increase in the concentration of EOs, the
death rate of mites increased. Due to the lack of overlap, the 95% confidence interval values for the
toxicity of EOs of S. officinalis and S. rosmarinus are significantly different at 5% significance level. While
both EOs had low LCs, values, they showed high toxicity against the European red mite (Figs 1-4).

Table 1. Toxicity of tested Salvia officinalis and S. rosmarinus essential oils (EOs) on adult of Panonychus ulpi.

Essential oils Methods N df Chi-squate Slopet SE LCys LCs
S. officinalis contact toxicity 560 4 5.07 0.27 = 1.26 443,32 581.95
(407.33-471.41) (555.56-610.33)
S. rosmarinus  contact toxicity 560 4 10.75 2.68£0.29 273.48 460.67
(168.53-343.92) (597/8-371.31)
S. officinalis fumigant 420 3 1.0273 0.342 = 0.794 1.86 3.40
toxicity (1.01799-2.40234) (2.78511-3.896206)
S. rosmatinus fumigant 420 3 5.2034 1.734 + 0.157 2.34 4.03
toxicity (1.65243-2.83779) (3.48688—4.58480)
Logarithm of concentration
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Figure 1. Probit diagram of Salvia officinalis and S. rosmarinus EOs for contact toxicity.
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Figure 2. The corrected percentage mortality of adult Panonychus nlmi caused by the contact toxicity of Salkvia officinalis and S.
rosmarinus essential oils.
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Figure 3. Probit diagram of S. officinalis and S. rosmarinus EOs for fumigant toxicity.
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Figure 4. The percentage mortality of adult Panonychus nlmi resulting from the fumigant toxicity of Salvia officinalis and S.
rosmarinus essential oils.
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Chemical components of essential oils

Identification of EO compounds was carried out by GC-MS chromatography. Thus, 40
compounds were identified in . rosmarinus EO while the majority of the compounds include 1.8-cinEOle,
verbenone, vamphor and a-pinene. In Comparison, 86 compounds were identified for S. officinalis EO,
while its main compounds identified trans-thujone, cis-thujone and 1.8-cinEOle (Table 2).

Table 2. The main components of Salia officinalis and S. rosmarinus essential oils were identified using GC-MS analysis.

No RI RI Reference Components S. rosmarinus (%) S. officinalis (%o)
1 899 900 n-Nonane 0.37 -
2 919 921 Tricyclene 0.31 -
3 931 932 a-Pinene 10.87 3.57
4 944 946 Camphene 2.83 2.99
5 950 961 Verbenene 0.16 -
6 972 974 B-Pinene 0.17 3.2
7 976 977 I -octen-3-one 0.28 -
8 984 983 3-Octanone 2.7 -
9 987 988 Myrcene 1.87 1.18
10 999 1000 n-Decane 0.2 -
11 1014 1014 a-Terpinene 0.31 0.906
12 1021 1024 p-Cymene 1.95 -
13 1026 1026 1,8-Cineole 11.61 10.45
14 1055 1059 y-Terpinene 0.99 -
15 1063 1065 cis-Sabinene hydrate 0.3 -
16 1085 1086 Terpinolene 0.19 -
17 1098 1096 Linalool 4.08 0.88
18 1121 1124 Chrysanthenone 0.9 -
19 1140 1141 Camphor 10.64 8.73
20 1156 1155 Isoborneol 0.37 -
21 1162 1165 Borneol 9.81 3.13
22 1169 1172 cis-Pinocamphone 1.4 0.98
23 1173 1174 Terpinen-4-ol 1.44 0.54
24 1187 1186 a-Terpineol 3.19 0.32
25 1202 1204 Verbenone 16.22 -
26 1232 1232 Thymol, methyl ether 1.673 -
27 1283 1284 Bornyl acetate 5.81 0.99
28 1292 1289 Thymol 1.9 6.4
29 1300 1298 Carvacrol 0.3 -
30 1413 1417 (E)-Caryophyllene 1.61 3.99
31 1578 1582 Caryophyllene oxide 0.8 -
32 923 924 a-Thujene - 0.991
33 1001 1002 a-Phellandrene - 0.141
34 1020 1022 o-Cymene - 0.94
35 1096 1098 trans-Sabinene - 0.65
36 1105 1101 cis-Thujone - 19.3
37 1113 1112 trans-Thujone dihydro - 6.99
38 1194 1191 cis-Carvone - 0.35
39 1149 1152 Humulene - 6.65
40 1590 1592 Viridiflorol - 6.92
Total 95.25 91.18

Sub-lethal effects (LC;s) of essential oils on the biological parameters of the European red mite

In order to study the sub-lethal mortality of S. officinalis and S. rosmarinus EOs on the European red
mite, concentrations of the LCys of the mentioned EOs were prepared using values of 443.32 and 273.48
ul. 17" respectively. Life table parameters and standard error were estimated based on bootstrap
technique. The results showed that the net reproduction rate (Rg) in the control and treatments with .
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officinalis and S. rosmarinus EOs wete recorded as 5.18 = 0.94, 3.12 £ 0.49 and 3.28 £ 0.51 offspring/female
/individual, respectively. Furthermore, intrinsic rate of natural increase (r) in control and treatment of S.
officinalis and S. rosmarinus were estimated as 0.10 + 0.01, 0.07 + 0.01 and 0.07 + 0.01 d7', respectively.
The mean generation time (T) in the control and in the treatments using sage and rosemary EOs were
15.74 £ 1.93, 14.79 £ 1.02 and 14.97 £ 1.07 d, respectively, which were shorter than the control (Table
3). The length of different developmental stages of female European red mite in control and treated with
EOs of S. officinalis and S. rosmarinus were 18.79 + 0.16, 15.29 + 0.25 and 15.75 + 0.23 d, and in male it
was 17.00 = 0.71, 13.40 * 1.44 and 13.40 £ 1.12 d, respectively, which was less than the control. The
longest period of the egg stage was seen in the S. rosmarinus treatment, which was more than control. The
longevity from egg to death in all three tested populations was higher in females than in males. The
longest longevity of females and males was in control. The average length of the different developmental
stages of the European red mite in control and treated with L.Cys concentrations of S. gfficinalis and .
rosmarinus EOs (Table 4, Fig. 5).

Table 3. Comparison of the mean (£ SE) parameters of Panonychus nlmi life table in treatments including the control and
exposing to LCos value of Salvia officinalis and S. rosmarinus EOs.

Treatment r A Ry T GRR
Control 0.10 £ 0.01» 1.11 £ 0.13# 5.18 £ 0.942 15.74 £ 1.93# 7.93+1.19¢

S. officinalis 0.07 + 0.01b 1.07 + 0.07b 3.12 £ 0.49> 14.79 £ 1.02 b 8.37+1.45b
S. rosmarinus 0.07 £ 0.01b 1.08 £ 0.07b 3.28 + 0.51b 14.97 + 1.072> 8.8411.542

SE was estimated using 100000 bootstrap replications. The means followed by different letters in each column are significantly
different (P < 5%)

Table 4. The mean (£ SE) duration (days) period of different developmental stages of Panonychus nlmi in control and exposed
to L.Cos value of Salvia officinalis and S. rosmarinus EOs.

Treatment Sex N Egg Larva Nymph Adult Longevity
Control M 4 5.75 £0.25b 2.00£000a 5.75 £0.25a 3.50£0.50a  17.00£0.71a
S. officinalis M 5 6.00£0.32a 1.4010.24b 3.80£0.58b 2.20£0.58b  13.40%1.44b
S. rosmarinus M 5 6.00£0.32a 1.40%0.24b 3.80£0.71b 2.20 £0.58b  13.40%+1.12b
Control F 29 5.97£0.03b 1.83+0.07a 5.48+0.09a 5.524£0.20a  18.79£0.16a
S. officinalis F 28 5.96£0.06b 1.61+0.09b 4.86%0.14b 2.86x£0.13b  15.29£0.25b
S. rosmarinus F 28 6.04£0.06a 1.61%0.09b 4.93%0.13b 3.18%£0.14b  15.75%0.23b

SE was estimated using 100000 bootstrap replications. The means followed by different letters in each column are significantly
different (P < 5%).

In the study of population growth, determining the time and age of the start of oviposition is of
great importance and can have a significant effect on population growth (Chi and Li 1985). Most
entomologists only calculate the pre-oviposition period (APOP) of complete female insects. In
determining the effect of the pre-oviposition period on the population growth, it is stated that the
calculation of the total pre-oviposition period (TPOP) provides more significant figures than the adult
pre-oviposition period of female insects (APOP), because the total pre-spawning period (TPOP) more
precisely defines the effect of the length of time from birth to the first reproduction on population
parameters (Ebrahimi ef a/. 2013). The mean total pre-oviposition period (TPOP) in different treatments
including the control and treatments of S. gfficinalis and S. rosmarinus EOs, were 14.28 £ 0.1 d and 13.43
1+ 0.1 d and 13.57 £ 0.0 d. The fecundity rate in control and treatments of S. officinalis and S. rosmarinus
EOs were calculated as 8.93 = 1.24, 557 £ 0.54 and 5.86 = 0.55 offspring/female/individual,
respectively. The highest age-specific fecundity was recorded for control females. The average length of
the reproductive period (days) and the total fecundity of the European red mite in control and treated
with LCys concentrations of S. officinalis and S. rosmarinus EOs are represented in Table 5 and Figure 6.
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Figure 5. Age-Stage specific sutvival rate (sy), for different developmental stages of Panonychus ulmi in control and exposed to

LCss value of S. officinalis and S. rosmarinus EOs.

Table 5. The mean (£ SE) duration (days) period of reproduction and total fertility of Panonychus ulpi in control and exposed

to LCos value of Salvia officinalis and S. rosmarinus EOs.

Treatment Oviposition days APOP TPOP Total Fecundity
Control 2.03 +0.132 1.00 £ 002 14.28 £ 0.1 8.93 + 1.24~
S. officinalis 1.67 + 0.14b 1.00 + 002 13.43 £ 0.1 5.57 £ 0.54b
S. rosmarinus 1.67 £ 0.14> 1.00 £ 002 13.57 £ 0.0° 5.86 £ 0.55P

SE was estimated using 100000 bootstrap replications. The means followed by different letters in each column are significantly

different (P < 5%)).
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Figure 6. Age-specific survival rate (Iy) and Age-specific fecundity (my) of Panonychus ulmi in control and exposed to LCo;s
value of Salvia officinalis and S. rosmarinus EOs.

DISCUSSION

EOs and their constituents demonstrate fumigant and contact toxicities towards insects which
besides having direct influence on mortality, also have several secondary impacts, such as oviposition,
repellency and antifeedancy (Motazedian e /. 2011; Gholamzadeh Chitgar e# a/. 2013). In this research,
it was found that the LCs, values of EOs of S. officinalis and S. rosmarinus for contact toxicity were 581.95
and 460.67 ul. 17", and for fumigant toxicity were 3.40 and 4.03 ul. 17" air, respectively. Laborda Cenjor ef
al. (2013) studied effects of S. officinalis and S. rosmarinus EOs on T. urticae. Slide-dip and leaf-disk bioassays
were employed to study the mortality caused by these plant oils on two-spotted spiders. Different
dilutions of both EOs (0.10-0.25%, v/v) caused acute contact toxicity, although the sage extract showed
greater acaricidal activity than rosemary oil. Mortality rates of 95-100% were observed at all the sage oil
dosages and when rosemary emulsions contained at least 0.20% of EO. In the residual contact
experiments (leaf-disk assays), 0.15—0.25% of sage oil or 0.25% of rosemary extracts significantly reduced
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mite survival. However, in this study, it was determined that the toxicity of the EO of S. rosmarinus was
higher than that of the EO of S. officinalis, which could be due to the different compositions of the plant
EOs and the different type of test. Talebi Jahromi ez 2/ (2015) studied the combined effect of orange peel
EO with two chemical acaricides, spirodiclofen and propargite, against adult female spider mites T. wrzzcae.
In this study, the fumigant and contact toxicity of Citrus sinensis orange peel EO and the contact effect
of a mixture of EOs with two acaricides, spirodiclofen and propargite, against two-spotted spider mites,
T. urticae, were investigated. The EO was extracted from fresh Dezful orange peel by steam distillation.
The median lethal concentration (LCs)) values of orange peel EO for fumigant and contact were
estimated to be 48.75 ulL 1" air and 48.48 pg/cm’, respectively.

Nouri Ghonbolani ez a/. (2015) studied chemical components and toxicity of two plant EOs against
adult insects Tribolium castanenm Herbst (Col.: Tenebrionidae) and Callosobruchus maculatus F. (Col.:
Bruchidae). In this study, the contact and fumigation toxicity of wormwood, Salia pratensis L. and
Artemisia absinthinm L. EOs on adult insects of 7. castaneum and C. maculatus was investigated. The results
showed that the EOs had appropriate contact and fumigant toxicity. Wormwood EO with a lethal
concentration of 50% (7.093-10.033) was 8.518 ul. 1" air compared to sage EO with a lethal
concentration of 50% (13.904-11.121). 12.539 ul. 1" air significantly increased fumigant toxicity on Tr.
castaneum after 72 hours. This difference was not significant for the C. maculatus due to overlapping
confidence limits. In contact toxicity of wormwood EO, the T7. castaneun was more sensitive to 50%
lethal concentration (0.1170/196) 0.150 pl./cm?® than the C. maculatus to 50% lethal concentration
(0.2300/356 0.281 pl./cm?). Kaveh (2014) conducted a study on evaluation of the acaricidal activity of
several EOs from plants of the Lamiaceae family on the two-spotted spider mite T. #rticae. Their results
showed that LCso values of EOs of . offiinalis and S. rosmarinus for contact toxicity were 602.13 and
530.71 ul. 1!, and for fumigant toxicity were 6.73 and 7.49 ul. 17" air, respectively. The results of this
research are close to the results of Kaveh. Fumigant toxicity of plant EOs is much higher than their
contact toxicity. Since plant EOs have a nervous mechanism of action in the mortality of the terminal
section (Enan 2001), the high fumigant toxicity compared to contact toxicity may be due to the fact that
in fumigant toxicity, the EO compounds easily enter the body of insects and mites through the respiratory
pores and directly affect nerve cells, but in the contact state, it must travel through the cuticle and
haemolymph and then reach the nerve cells, during which a small amount of the EO enters the body of
the insect and some of the EO is metabolized and loses its lethal effect. However, given that there is no
closed space in orchard and filed ecosystems and if plant EOs are consumed as pesticides never reach a
vapor pressure high enough to cause fumigant toxicity, therfore despite the use of high concentrations
of EOs in contact toxicity, research on the contact effects of EOs is more useful than fumigant toxicity
(Negahban ez a/. 2010). In order to study the sub-lethal mortality of S. officinalis and S. rosmarinus EOs on
the European red mite, concentrations of the LCys of the mentioned EOs were prepared using values of
443.32 and 273.48 ul. 1", respectively. Life table parameters and standard error were estimated based on
bootstrap technique. The mean generation time (T) in the control and in the treatments using sage and
rosemary EOs were 15.74 £ 1.93,14.79 £ 1.02 and 14.97 £ 1.07 d, respectively, which were shorter than
the control.

Herbert (1981) observed an oviposition period for P. u/mi on apple leaves of 16 days, 22 eggs per
female, and 20 days of longevity at 18 and 21 °C. Gotoh e /. (2003) observed an average of 17.5 days,
52.8 eggs per female, and 20 days of longevity. Johann e a/. (2018) studied the life table parameters of P.
ulmi on two grape varieties and apple leaves, and reported that the intrinsic rate of population increase
(t) were 0.11 and 0.09 d', the finite rate of population increase (A) were 1.11 and 1.10 d', the average
duration of one generation (T) were 17.05 and 16.94 d, respectively. In the present study, the third
summer generation beginning in early July in East Azerbaijan Province, Iran was examined under
controlled conditions at 26 £ 2 °C; the results of this research are close to the results of Johan ef a/. (2018).
The life cycle of the European red mite on apples in Iran, in West Azerbaijan Province, Urmia city, were
as follows: the first generation 35 to 40 days in the second generation 25 to 30 days, the third generations,
fourth and fifth generations from 10 to 20 days, the sixth generation, 25 days in the seventh generation
30 days and the eighth generation takes 35 to 40 days (Mostaan 1991). Tomczyk and Suszko (2011)
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reached similar conclusions in trials with Sa/za extracts, which were conducted to evaluate their toxicity
to adult females, the eggs and larvae of two-spotted spider mite. They observed that the negative effect
of sage extracts on T. urticae was not due only to the contact toxicity for the mobile mite stages, but also
to the decreased fecundity of surviving females. Thus, the number of eggs laid by females on ivy leaves
treated with sage extracts was more than three-fold as low if compared to the controls. Goldansaz ez al.
(2012) tested inhibition of carob moth damage using Ferula assafoetida EO in pomegranate orchards of
Iran. The EO of Ferula assafoetida was tested in four pomegranate orchards. In each garden 10 trees were
treated with three concentrations of oil. The oil was diluted by ethanol as solvent. Three concentrations,
1:1 (oil: solvent), 1:3, and 1:5 were prepared and sprayed on the canopy of the plants (5 ml/plant) every
two weeks. All three concentrations of the EO of F. assafoetida significantly (P < 0.001) reduced fruit
infestation by carob moth, Ectomyelois ceratoniae (Zeller) (Lep.: Pyralidae). There were no significant
differences between the experimental sites (P > 0.05). The rotten fruits in treated plots that fell to the
ground during the growing season were significantly lower (P < 0.001) than the control. The percentage
of infected fruits by the pest larvae in treated gardens were also significantly lower (P < 0.001) than the
control in the end of season. The reduction in pomegranate fruits infestation may be due to the direct
repellent effect of the oil on the adult carob moth, or a disruption of reproductive behavior of the adult
carob moth by volatile compounds emitted by the EO, or combination of the two effects. Their study
revealed some EOs can be used in integrated pest management programs as the safe compounds for
human health.

Bibi e al. (2021) studied the effect of profenofos and citrus oil on Cryptolaenins montronzieri Mulsant
(Col.: Coccinellidae) and Chrysoperla carnea Stephens (Neurop.: Chrysopidae), key predators of citrus
mealybug, Planococcus citri (Risso) (Hem.: Pseudococcidae), under laboratory conditions. They found
higher prey consumption rates of citrus mealybugs by Cr. montronzieri adults when scales were treated
with citrus oil, compared to mealybugs treated with the organophosphate insecticide profenofos.
Additionally, mortality of Cr. montrouzieri adults was significantly higher following ingestion of citrus
mealybugs treated with profenofos compared to citrus oil treatment, which indicate that citrus oil may
be applied against P. citri populations in the presence of Cr. montrouzieri adult predators in citrus orchards.
Mansour e al. (2022) tested toxicity of Mentha pulegium EO and chemical pesticides toward citrus pest
scale insects and the coccinellid predator Cr. montrouzieri. They evaluated the contact toxicity of Mentha
puleginm EO (applied at either 2.73 mg/L, 9.56 mg/1L, 13.65 mg/1, 27.31 mg/L, or 40.96 mg/L) toward
three pest scales, P/ citri, Aonidiella anrantii Maskell, and Chrysomphalus aonidum (L) (Hem.: Diaspididae),
and two chemical insecticides, chlorpytifos (100 mL/ hL) and spirotetramat (120 mL./hL), against P. citri
and A. aurantii under laboratoty conditions. Toxicity of M. puleginm EO and both insecticides was also
assessed on the coccinellid predator Cr. montrouzier:. The highest mortality rates for all scale insect nymphs
(> 97% for A. anrantii and 100% for P. citri or Ch. aonidum) were obtained following EO application at a
dose of 40.96 mg/L. Sharifiyan ef al. (2024) studied lethal and sublethal effects of Mentha piperita L. and
its nanoformulation form on the biological and population growth parameters of Trialenrodes vaporariorum
(Westwood) (Hem.: Aleyrodidae) under laboratory conditions. In this study, the lethal and sublethal
effects of M. piperita 1. EO and its nanoformulation were investigated on the T7. wvaponariorum by
considering the biological and population growth parameters. The leaf dipping was used for the bioassays.
The bioassay results showed that, the nanoformulation of EO (LCs: 3375.411 ppm) was more toxic than
the peppermint (LCso: 4536.118 ppm) on the 17 vaporariorum adults. The life table data were analyzed
based on the age-stage, two-sex life table theory. Also, the sublethal concentration (LCas) M. piperita L.
EO and nanoformulation were 2145.91 and 1762.79 ul. 17, respectively. Giordano e a/. (2025) conducted
a study on toxicity EOs of Origanum vulgare, Salvia rosmarinus, and Salvia officinalis against Aculops lycopersici
(Acari: Eriophyidae). In this study, they evaluated the acaricidal effects of EOs extracted from three
officinal plants, O. vulgare, S. rosmarinus, and S. officinalis, cultivated using precision aromatic crop (PAC)
techniques. They tested multiple concentrations (320-5000 uI.17") and exposure times (1—4 days) to assess
mite mortality. In this research two EOs showed significant reduction on life table parameters like r, R,,
T and A. The EOs caused a reduction in longevity, sutvival and fecundity of P. u/mi. We used S. officinalis
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and S. rosmarinus EOs, which have high efficiency in EO extraction and have the ability to be widely
cultivated. Therefore, it is not far-fetched that in the near future, commercial products of these EOs will
be launched on the market against various pests. However, more research is needed in this field. The
results of this study can be used to increase the toxicity and durability of these EOs, which can be
nanoencapsulated, or the synergistic effect of the mixture of EOs and acaricides can be used to increase
the effect of these compounds on the P. #/wi and reduce the dose of acaricides used, and also reduce the
environmental impact of chemical pesticides.

CONCLUSIONS

The results of this research showed that both tested EOs have lethal and sublethal effects on the
European red mite. Salvia rosmarinus EO caused more mortality Compared to S. officinalis EO. Also, the
effect of S. officinalis EO in reducing parameters such as the longevity of the immature stages, female life
span, and fertility was estimated to be greater than that of S. rosmarinus EO. Therefore, the application of
these EOs led to a decline in mite populations, suggesting their potential for use in pest management,
pending confirmation through field experiments.

ACKNOWLEDGEMENTS

The authors hereby thank University of Maragheh and the Central Laboratory University of
Maragheh for their financial support and providing the facilities to carry out this research.
Author contributions: Sampling, collection and preparation of plant samples and reviewing: M.R.M.; writing — original draft,
Analyses and data curation: S.T.; Supervision, Funding acquisition, Writing — Review & Editing: M.B., Gh. G.; Writing —
revisions and editing: S.V.; All authors have read and agreed to the published version of the manuscript. All authors have read
and agreed to the published version of the manuscript.

Funding: The research was funded by the University of Maragheh and the Central Laboratory University of Maragheh.
Data availability: Data are available upon request from the authors.

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

Conflict of interest: The authors declare no conflict of interest.

REFERENCES

Abd-Elhady, H.K. & El-Zahi, E.-Z.S. (2011) Composition and acaricidal activities of Rosmarinus Officinalis essential
oil against Tetranychus urticae and its predatory mite Phytoseuilus persimilis. Alexanderia Science Exchange Jonrnal,
32(3): 337-345. https://doi.org/10.21608/ ASEJAIQJSAE.2011.2637

Abbott, W.S. (1925) A method of computing the effectiveness of an insecticide. Journal of Economic Entomology, 18:
265-267. https://doi.org/10.1093 /jee/18.2.265a

Aissaoui, A.B., Amrani, A.E., Zantar, S. & Annaz, H. (2021) Toxicity of Rosmarinus officinalis essential oil to the pest
Tetranychus urticae Koch (Acari: Tetranychidae) and its predator Phytoseinlus persimilis Athias-Henroit (Acari:
Phytoseiidae). International Journal of Innovative Approaches in Agricultural Research, 5(1): 1-16. https://doi.org/
10.29329/ijiaar.2021.339.1

Alberti, G. (2005) On some fundamental characteristics in acarine morphology. A# Della Accademia Nazionale
taliana di Entomologia, 53: 315-360.

Amer, S.A.A., Mohamed, F.S.A., Kamel, A.M., Zakeya, E.A.D., Huda, E.H. & Eldesouley, M.E. (2011) Acaricidal
activity of some Lamiaceae plant essential oils against Tetranychu urticae Koch (Acari: Tetranychidae). Acarines,
5 (1): 11-17. https://doi.org/10.21608/ajesa.2011.163601

Arbabi, M., Khosrowshahi, M. & Afshari, M. (2001) Studying the effect of Stimap-M pheromone mixed with
different acaricides to control Panonychus ulmi in apple orchars of Karaj and Damavand. Journal of Agriculture,
3(1): 35-42.

PERSIAN JOURNAL OF ACAROLOGY


https://doi.org/10.29329/ijiaar.2021.339.1
https://doi.org/10.29329/ijiaar.2021.339.1
https://doi.org/

2025 EFFECTIVENESS OF SALVIA EOs ON P. ULMI

Attia, S., Mansour, R., Abdennour, N., Lebdi, K.G., Sahraoui, H., Blel, A., Rahmouni, R. & Mazzeo, G. (2022)
Toxicity of Mentha pulegium essential oil and chemical pesticides toward citrus pest scale insects and the
coccinellid predator Cryptolaemus montrouzieri. International Journal of Tropical Insect Science, 42: 3513-3523.
https://doi.org/10.1007 /s42690-022-00870-y

Baker, EW. & Tuttle, D.M. (1994). A guide to the spider mites (Letranychidae) of the United States. Indira Publishing
House, West Bloomfield, USA, 374 pp.

Ben Slimane, B., Ezzine, O., Dhahri, S., Chograni, H. & Ben Jamaa, M.L. (2015) Chemical composition of
Rosmarinus and Lavandula essential oils and their insecticidal effects on Orgyia trigotephras (Lepidoptera,
Lymantriidae). Asian Pacific Journal of Tropical Medicine, 3(1): 64-69.

Bibi, R., Ahmad, M., Gulzar, A. & Tariq, M. (2021) Effect of profenofos and citrus oil on Cryptolaenus montronzieri
Mulsant and Chrysoperia carnea Stephens, key predators of citrus mealybug, Planococcus citri (Risso), under
laboratory conditions. International Journal of Tropical Insect Science, 42(3): 379-387. https://doi.org/10.1007/
$42690-021-00555-y

Biljana, B.N.D., Mimica, I. & Jovin, 1.S.E. (2007) Antimicrobial and antioxidant properties of rosemary and sage
(Rosmarinus officinalis L. and Salvia officinalis L., Lamiaceae) essential oils. Journal of Agricultural and Food
Chemistry, 55: 7879-7885. https://doi.org/10.1021/jf0715323

Bolland, H.R., Gutierrez, J. & Flechtmann, C.H.W. (1998) World catalogne of the spider mite family (Acari: Tetranychidae).
Brill publication, Leiden, 392 pp.

Burt, S. (2004) Essential oils: their antibacterial properties and potential applications in foods-a review. International
Journal of Food Microbiology, 94: 223-253. https://doi.org/10.1016 /j.ijfoodmicro

Cavalcanti, S.C.H., Niculau, E. dos S., Blank, A.F., Camara, C.A.G., Aradjo, LN. & Alves, P.B. (2010) Composition
and acaricidal activity of Lippia sidoides essential oil against two-spotted spider mite (Tetranychus nrticae Koch).
Bioresource Technology, 101: 829-832. https://doi.org/10.1016/j.biortech.2009.08.053

Chi, H. (1988) Life table analysis incorporating both sexes and variable development rates among individuals.
Environmental Entomology, 17: 26-34. https://doi.org/10.1093/ce.17.1.26

Chi, H. (2022) Tow sex-MS Chart: a computer program for the age-stage, two-sex life table analysis. Available
from: http//:140.120. 197.173/ Ecology/ Download / Twosex-Mschatt.zip.

Chi, H., Liu, H. (1985) Two new methods for the study of insect population ecology. Academia Sinica, 24: 225-240.
EOEDbrahimi, M., Sahragard, A., Talaei-Hassanloui, R., Kavousi, A. & Chi, H. (2013) The life table and
parasitism rate of Diadegma insulare (Hymenoptera: Ichneumonidae) reared on larvae of Plutella xylostella
(Lepidoptera: Plutellidae), with special reference to the variable sex ratio of the offspring and comparision
of Jackknife and Bootstrap techniques. Annals of the Entomological Society of America, 106(3): 279-287.
https://doi.org/10. 1603/AN12015

Enan, E. (2001) Insecticidal activity of essential oils: octopaminergic sites of action. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology, 130(3): 325-337. https://doi.org/10.1016/51532-0456(01)00255
-1

Gholamzadeh-Chitgar, M., Khosravi, R., JalaliSendi, J. & Ghadamyari, M. (2013) Sublethal effects of Thynus vulgaris
essential oil on life-table parameters of two-spotted spider mite, Tetramychus wurticae Koch (Acari:
Tetranychidae). Archives of Phytopathology and Plant Protection, 46: 781-788. https://doi.org/10.1080/03235408
.2012.752143

Giordano, T., Cerasa, G., Marotta, 1., Conte, M., Orlando, S., Salamone, A., Mammano, M.M., Greco, C. &
Tsolakis, H. (2025) Toxicity of essential oils of Origanum vulgare, Salvia rosmarinus and Salvia officinalis against
Aculops lycopersici. Plants, 14(10): 1462. https://doi.org/10.3390/plants14101462.

Goldansaz, S.H., Talaei, L., Poorjavad, N. & Dehghani, Y.H. (2012) Inhibition of carob moth damage using Feru/a
assafoetida EO in pomegranate orchards of Iran. 2 International Symposium on the Pomegranate, 103: 129—131.

Gotoh, T., Ishikawa, Y. & Kitashima, Y. (2003) Life-history traits of the six Panonychus species From Japan (Acari:
Tetranychidae). Experimental and Applied Acarology, 29: 241-252.

Govindarajan, M., Rajeswary, M., Hoti, S.L.. & Benell, I.G. (2016) Larvicidal potential of carvacrol and terpinen-4-
ol from the essential oil of Origanum vulgare (Lamiaceae) against Anopheles stephensi, Anopheles subpictus, Culex
quinguefasciatus and Culex tritaeniorbynchus (Diptera: Culicidae). Research in 1 eterinary Science, 104: 77-82. https:
//doi.org/10.1016/j.rvsc.2015.11.011

Gulluce, M., Sahin, F.; Sokmen, M., Ozer, H., Daferera, D., Sokmen, A., & Ozkan, H. (2007) Antimicrobial and
antioxidant properties of the essential oils and methanol extract from Mentha longifolia 1.. Food chemistry,

PERSIAN JOURNAL OF ACAROLOGY


https://doi.org/10.1007/s42690-021-00555-y
https://doi.org/10.1007/s42690-021-00555-y
https://doi.org/10.%201603/AN12015
https://doi.org/10.1016/S1532-0456(01)00255-1
https://doi.org/10.1016/S1532-0456(01)00255-1
https://doi.org/10.1080/03235408.2012.752143
https://doi.org/10.1080/03235408.2012.752143
https://doi.org/10.1016/j.rvsc.2015.11.011
https://doi.org/10.1016/j.rvsc.2015.11.011

TAGHIZADEH ET AL. 2025

103(4): 1449—-1456. https://doi.org/j.foodchem.2006.10.061

Herbert, H.J. (1981) Biology, life tables, and intrinsic rate of increase of the European red mite, Panonychus ulmi
(Acarina: Tetranychidae). Canadian Entomologist, 113: 65-71.

Johann, L., Do-Nascimento, .M., Da-Silva, G.L., Silva-Carvahho, G. & Juarez-Ferla, N. (2019) Life history and
life table parameters of Panonychus wlmi (Acari: Tetranychidae) on two European grape cultivars.
Phytoparasitica, 47: 79-86. https://doi.org/S12600-018-00709-8

Kaveh, M. (2014) Evaluation of the acaricidal activity of several essential oils from plants of the Lamiaceae family on Tetranychus
urticae Koch (Acari: Tetranychidae). Master’s thesis in agricultural entomology. Esfahan University of
Technology, 128 pp.

Laborda Cenjor, R., Manzanoa, 1., Gamoénb, M., Gavidiac, 1. & Pérez-Berudezc, P. (2013) Effects of Rosmarinus
officinalis and Salvia officinalis essential oils on Tetranychus nrticae Koch (Acari: Tetranychidae). Industrial Crops
Products, 48: 106-110. https://doi.org/10.1016 /j.indcrop.2013.04.011

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

Martinez-Velazquez, M., Rosario-Cruz, R., Castillo-Herrera, G., Flores-Fernandez, J.M., Alvarez A.H. & Lugo-
Cervantes, E. (2011) Acaricidal effect of essential oils from Lippia graveolens (Lamiales: Verbenaceae),
Rosmarinus officinalis (Lamiales: Lamiaceae), and Alium sativum (Liliales: Liliaceae) against Rhbipicephalus
(Boophilus) microplus (Acati: Ixodidae). Journal of Medical Entomology, 48(4): 822—827. https://doi.org/10.1603/
ME10140

Migeon, A. & Dorkeld, F. (2025) Spider Mites Web: a comprehensive database for the Tetranychidae. Available
from https://wwwl.montpellier.inra.fr/ CBGP/spmweb (Accessed on 30.02.2025).

Morshedloo, M.R., Maggi, F., Neko, HT., & Aghdam, M.S. (2018) Sumac (Rbus coriaria L.) fruit: essential oil
variability in Iranian populations. Industrial Crops and Products, 111: 1-7. https://doi.org/j.indcrop.2017.10.
0020202

Mostaan, M. (1991) Study of the bioecology of the European red mite, Panonychus ulmi (Acari: Tetranychidae) and
the effect of using emulsifiabe mineral oils in winter and specific acaricides in spring on the control of the
European red mite in apple orchards in West Azerbahjan. Proceeding of the 8th Iranian Plant Protection Congress,
Isfaban University of Technology, Isfaban, Iran, p.12

Motazedian, N., Ravan, S. & Bandani, A. (2011) Toxicity and repellency effects of three essential oils against
Tetranychus urticae Koch (Acari: Tetranychidae). Journal of Agricultural Science and Technology, 14: 275-284.

Negahban, M. Moharramipour, S. & Zandi, M. (2010) Insecticidal activity of essential oil from Artemisia sieber:
Besser on Tribolinm castanenm and Plutella xylostella. Ph.D. Disertation, Tarbiat Modares University, Tebhran, Iran,
123 pp.

Nouri Ghonbolani, GH., Ebadollahi, A. & Nouri, A. (2015) Investigation of the chemical components and toxicity
of two plant EOs against adult insects Tribolinm castanenm and Callosobruchus macnlatus. Scientific Journal of
Agricnlture, 38(2): 103-112.

Reddy, S.G.E., Dolma, S.K., Koundal, R. & Singh, B. (2016) Chemical composition and insecticidal activities of
essential oils against diamondback moth, Plutella xylostella (Lepidoptera: Yponomeutidae). Natural Product
Research, 30: 1834-8. https://doi.org/10.1080/14786419.2015.1068772.

Rodrigues, J. R.O. (2005) Os dearos fitoseidEiOs na limitacio natural do aranhico-verelho em fruteiras e vinha. Ponte de Lima:
Instituto Politécnico de Viana do Castelo/Escola Supetior Agraria de Ponte de Lima.

Roh, H.S,, Lim, E.G., Kim, J. & Park, C.G. (2011) Acaricidal and oviposition deterring effects of santalol identified
in Sandal wood oil against two-spotted spider mite, Tetranychus nrticae Koch (Acari: Tetranychidae). Journal of
DPest Science, 84(4): 495-501. https://doi.org/10.1007/s10340-011-0377-y

Schruft, G.A. (1985) Predaceous insects. Iz Helle, W. & Sabelis, M.W. (Eds.,) World crop pests, Spider mites: their
biology, natural enemies and control. Vol 1B. Elsevier. Amsterdam, The Netherlands, pp. 359—-3060.

Sharifiyan, M., Mehrkhou, F. & Negahban, N. (2024) Lethal and sublethal effects of Mentha piperita L. and its
nanoeformulation form on the biological and population growth parameters of Traleurodes vaporariornm
(Westwood) under laboratory conditions. Journal of Entomology Society of Iran, 44 (1): 25—41. https://doi.org.10.
61186/jesi44.1.3

Spinozzi, E., Ferrati, M., Cappellacci, L., Petrelli, R., Baldassarri, C., Morshedloo, M.R., Maggi, F. & Pavela., R.
(2024) Major monoterpenoids from Dracocephalum moldavica essential oil act as insecticides against Culex

PERSIAN JOURNAL OF ACAROLOGY


https://doi.org/10.1603/ME10140
https://doi.org/10.1603/ME10140
https://doi.org/j.indcrop.2017.10.0020202
https://doi.org/j.indcrop.2017.10.0020202
https://doi.org.10.61186/jesi44.1.3
https://doi.org.10.61186/jesi44.1.3

2025 EFFECTIVENESS OF SALVIA EOs ON P. ULMI

quinguefasciatus with synergistic and antagonistic effects. Industrial Crops and Products, 219 :119060.
https://doi.org/10.1016/j.indcrop.2024.119060

Szumny, A., Figiel, A., Gutierrez-Ortiz, A. & Carbonell-Barrachina, A. (2010) Composition of rosemary essential
oil (Rosmarinus officinalis) as affected by dring method. Journal of Food Engineering, 97(2): 253-260.
https://doi.org/10.1016/j.iffoodeng.2009.10.019

Talebi Jahromi, K., Shafiee, E. & Sabahi, G. (2015) The combined effect of orange peel essential oil with two
chemical acaricides, spirodiclofen and propatgite, against adult female spider mites Tetranychus urticae (Acari:
Tetranychidae). Plant Pest Research, 5(4): 39-50.

Tomezyk, A. & Suszko, M. (2011) The role of phenols in the influence of herbal extracts from Sa/via officinalis L.

and Matricaria chamomilla L. on Tetranychus nrticae Koch (Acari: Tetranychidae). Biological letters, 48: 193—
205.

Tong, F. & Coats, J. (2010) Effects of monoterpenoid insecticides on [3H]-TBOB binding in house fly GABA
receptor and 36Cl- uptake in American cockroach ventral nerve cord. Pesticide Biochemistry and Physiology, 98:
317-324. https://doi.org/10.1016/j.pestbp.2010.07.003

Wu, Y.B., Ni, Z.Y., Shi, Q.W., Dong, M., Kiyota, H., Gu, Y.C. & Cong, B. (2012) Constituents from Sa/via species
and their biological activities. Chemical Reviews, 112: 5967-6026. https://doi.org/10.1021/cr200058f

Yin, W.D., Qiu, G.S., Yan, W.T., Sun, L.N., Zhang, H.]. & Adaobi, U.P. (2013) Age-Stage two-sex life tables of
Panonychus ulmi (Acari: Tetranychidae), on different apple varieties. Journal of Economic Entomology, 106(5):
218-225. https://doi.org/10.1603/EC12491

Zhang, Z.-Q. (2003). Mites of greenhouses, identification, biology and control. Wallingford: CABI Publishing, 244 pp.

PERSIAN JOURNAL OF ACAROLOGY



TAGHIZADEH ET AL. 2025

(Lamiaceae) S. rosmarinus g Salvia officinalis j| dows g 50! g quilw!  uiSo o
Panonychus ulmi (Acari: Tetranychidae) (g9,

TPl po Lo oo | T6392 g dewo |V (S50,8 Cramalle | 7Y (658l somo | 0313 A5 yoeuw

anbagheri20022002@yaboo.com  sabar.taghizadeh7 844@gmail.com Aodollb], 3ly) cdlio dilio olKiil o gj)glis” 64Kl o SdpolS 04,5 )

qgharakbani@gmail.com
svojondi1@gmail.com 4olibly 251yl Spd lwl)S] liwl o jyaliSDlg> «olils Lias §,15].F
morshedooreza@gmail.com :4obbly £ 31y cd)so cd o olSiiild o 45)9lisS 54D ( HEL 0g,5.F

&g
2 -&\55 sahar.taghizadeh7844@gmail.com
mbagheri20022002@yahoo.com

Sl polpw )3 e 5y Lol @Bl 51 S Panonychus uimi (Acari: Tetranychidae) obg,l 50,8 &S

[ PR
5 (Salvia officinalis) JSmye blS Luilsl (S3iS 5 5 S3iS fl alllas Limggy ol bl Coan . bb):ﬁ
—au e LS ‘:w,'L.,I LCs0 45 s aseio Gidgh opl )3 sl obgyl 30,8 &S S5 (8. rosmarinus) o, e
2l G Conw 3 5 i) 0 s S ¥PIEY 5 OAVAD bl il (pled Coons 3 i & )by 5 IS VECE 5050
Wy 8l Ll S agcS e lime il sl Ll b g lomyid yr yidy,Sas F/o¥ o F/F+ | cal i
ol LCas polis jl placble o)l 50,8 &5 (59) 5)lej) 9 (Bpere ol (SaiS 5 3l adlls VEF o VY
bsless )3 9 0l 53 (Ro) Jio g pals plise b and il o yidysSee YVYIFA 9 YEV/YY o5y 0l )55 S s
S e 392358y ljl &) 555 YIVAZ 1OV o YINYE ¥R DALY 1y iy (gylosy 5 oo ol i

D2 g9y g [ VESN g o[ VRSN IVt ]N i pa 5)losy 5 (Smpe ot e 20l 5 (1) Cumer 1
5 VoV AMENY Coiga sy 5 (Bmpe Sl 5 s 0 (A) comer Sl alie e
by )l ol g dald I eS (oI dze jebody 4S gy Sald I jieST (61 Gixe yobody &S gy 59y o VeAEL/Y
bl B izmen bl oo g 50,8 SAST (g9) (SIS 5 5 (S ST sl Silol 5,90 il 93 o &S
ool 5l i 6090l g o3le iz pee Jsb (HLL Jole 009 Jobo (omen (plbaxinly (ialS 3 (S ye
5 Slooj e je 5o (2LS oS5 oo 0 1)l o b gl g ()bl a5l 5l (5l

Syl 0 S Ly 13 |y Crma ialS oblgs (g sine yobods 5 455 3 S i 09 (6pg)l

S 28l S ¢ gy LS (St Cols 2lig)l 3oy5 &S ¢ ) slaShg 1l B3l

(9 puof Taghizadeh, S., Bagheri, M., Gharekhani, G., Vojoudi, S. & Morshedloo, M.-R. (2025) The
effectiveness of essential oils detived from Sakia officinalis and S. rosmarinus (Lamiaceae)
against Panonychus ulmi (Acari: Tetranychidae). Persian Jonrnal of Acarology, 14(4): 140406.

https://doi.org/10.22073/pja.v14i4.87360

PERSIAN JOURNAL OF ACAROLOGY


mailto:svojoudi1@gmail.com
mailto:sahar.taghizadeh7844@gmail.com

	ABSTRACT
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

