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ABSTRACT 
The European red mite, Panonychus ulmi (Acari: Tetranychidae), is one of the main pests 
of apple trees worldwide. The main purpose of this research was to study the repellent 
and lethal effects of Heracleum persicum and Trachyspermum ammi (Apiaceae) essential oils 
(EOs) on the European red mite. The EOS of H. persicum and T. ammi were extracted using 
a Clevenger device and by the water distillation method. The mortality of the mites was 
evaluated after 24 hours, and the lethality of each EO was calculated for contact toxicity 
and fumigant toxicity in an incubator at 26 ± 2 °C, 16:8 h L:D, and 50 ± 5% RH. It was 
found that the LC50 values of EOs of H. persicum and T. ammi were 343.91 and 311.74 µL 
l−1 for contact toxicity, and 2.54 and 2.85 µL l−1 air for fumigant toxicity, respectively. 
With increasing the concentration of EOS, the death rate of mites increased. Three 
different concentrations of the EOs from H. persicum and T. ammi were tested for their 
repellent effects on the European red mite. Results of the present study revealed that the 
repellency rate increased with increasing concentration; meanwhile, the T. ammi EO had 
the highest repellency among the concentrations. Despite the growing interest in plant-
based pest control, the specific acaricidal and repellent potential of these EOs against P. 
ulmi remains under-explored, particularly regarding their efficacy in integrated pest 
management systems. These findings suggest that H. persicum and T. ammi EOS represent 
promising, eco-friendly botanical alternatives for the management of the European red 
mite in apple orchards.
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INTRODUCTION 

Plant-feeding mites are among the most significant arthropod pests in perennial fruit production 
systems due to their capacity to cause substantial economic damage through direct feeding and 
physiological stress on host plants. The European red mite, Panonychus ulmi (Acari: Tetranychidae), is a 
major global pest of fruit orchards, where its activity leads to reduced photosynthetic capacity, leaf 
chlorosis, and premature defoliation, ultimately compromising fruit yield and quality (Cheng et al. 2023;
IRAC 2024). The pest is particularly challenging due to its short life cycle and high reproductive rate, 
which allow for rapid population surges under favorable environmental conditions (IRAC 2024). For 
decades, the management of P. ulmi has relied heavily on synthetic acaricides; however, this approach has 
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faced increasing failure due to the widespread development of resistance (IRAC 2024). Resistance has 
been documented against several major chemical groups, including organophosphates, pyrethroids, 
METI acaricides, and even abamectin, with resistance ratios reaching as high as 46× in certain 
populations (Crop Protection 2003; IRAC 2024). This escalating resistance necessitates the urgent 
exploration of alternative, sustainable pest management strategies that are compatible with Integrated 
Pest Management (IPM) programs. Botanical pesticides, specifically essential oils (EOs), have emerged 
as a promising alternative because they consist of complex bioactive mixtures that may offer multiple 
modes of action (Isman 2020). Such complexity can potentially mitigate the risk of rapid resistance 
development compared to conventional single-target synthetic chemicals (Isman 2020).  

Among potential botanical candidates, Heracleum persicum Desf. & Fisch. and Trachyspermum ammi L. 
(Apiaceae) have shown significant biological potential, with H. persicum demonstrating notable 
antimicrobial and antioxidant properties (Imani Baran et al. 2020; Ghareh Bashlouei et al. 2022). Despite 
the potential of these plant-derived compounds, a significant knowledge gap exists regarding their 
efficacy against P. ulmi. Most recent research (2022–2026) in this field has prioritized other mite species, 
such as Tetranychus urticae (Acari: Tetranychidae) (Nascimento et al. 2012; Zhu et al. 2024), or has focused 
on the impact of botanical extracts on beneficial insects (Kamanga et al. 2025). Furthermore, while the 
bioactive properties of H. persicum are known, direct studies on its acaricidal potential against P. ulmi are 
scarce, and recent findings suggest its efficacy may vary compared to related species like Trachyspermum 
copticum (Isman 2020). Therefore, the objective of this study was to evaluate the repellent and lethal effects 
of H. persicum and T. ammi EOs against P. ulmi. This research aims to determine the mortality rates across 
different concentrations and assess the repellent activity of these oils under laboratory conditions. By 
investigating these specific EOs, this study provides novel insights into their potential as eco-friendly 
components for the sustainable management of acaricide-resistant P. ulmi populations. 

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 was started using the 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 (yellow 
apple cultivar) were placed in a climate chamber at 26 ± 2 °C temperature, 16:8 h L:D photoperiod, 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 
Heracleum persicum and Trachyspermum ammi samples were collected from Talesh, Guilan Province 

(37.5–38.0° N, 48.5–49.0° E; 600–2500 m a.s.l.) and Tabriz, East Azerbaijan Province (38.0–38.2° N, 
46.2–46.5° E; 1300–1800 m a.s.l.), respectively. Following their identification, the specimens were 
subjected to a drying process within a controlled laboratory setting maintained under 25 ± 1 °C 
temperature conditions. To extract EOs from the dried plants, 300 grams of each plant were powdered 
using an electric 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 EOs were dried over anhydrous sodium sulfate. Plant EOs were kept in 1.5 mL containers, 
covered using aluminum foil, at 4 °C temperature until use, then stored in a refrigerator (Gulluce et al. 
2007).       

Analysis of essential oil samples  
EOs components were identified using an Agilent GC-MS instrument (Agilent 5975C) at the 

University of Maragheh according to the procedure explained by Morshedloo et al. (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 then 
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ramped from 60 to 240 °C at 3 °C/min, and then held isothermally 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.                                                                                                                                                           

Laboratory bioassay of essential oils 
To check the contact toxicity of each EO separately in the preliminary tests, concentrations of 50, 

100, 200, 400, 600, 800, and 1000 µL l−1 were prepared for each EO. two hundred mL of distilled water 
and 20 mL of ethanol were added for the prepared concentration of 1000 µL l−1. For the control 
treatment, only ethanol and distilled water were used, and the concentrations that caused between 10–
90% losses were selected and used in the final test. Leaf-dip method or residual bioassays were carried 
out using the immersion method (Roh et al. 2011). In such a way that after preparing the concentrations, 
apple leaves were placed in Petri dishes with dimensions of 2 × 9 cm and a 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. After that, they were put into Petri dishes lined with moist pads. 
Twenty female adult mites of the same age were placed on the leaves with a fine brush in Petri dishes. 
All Petri dishes were kept at 26 ± 2 °C temperature, 16:8 h L:D photoperiod, and 50 ± 5% RH. Four 
replicates were performed for each concentration, and after 24 hours, the mite mortality rate was 
calculated.               

In preliminary tests to evaluate fumigant toxicity separately, concentrations of 0.1, 0.2, 0.3, 0.4, 0.5, 
0.6, 0.7, 0.8, 0.9, and 1 µL L−¹ air, or 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20, 22.5, and 25 µL L−¹ air, were used. 
Only the concentrations that resulted in mortality rates between 10% and 90% were selected for 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 H. persicum and T. ammi EOs at 
concentrations of 2.5, 2.88, 3.31, 3.80, 4.37 and 5 µL l−¹ air were introduced using a Hamilton syringe 
onto filter paper measuring 2 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 temperature, 16:8 h L:D, and 50 
± 5% RH. Four replicates were performed for each concentration, and after 24 hours, the mortality rate 
of mites was calculated. Mites that showed no movement at all when touched with the brush were 
considered dead (Roh et al. 2011). 

Repellence assay  
To investigate the repellent effect of plant EOs, concentrations of 10, 100 and 1000 µL l−¹  were

prepared for each EO. Apple leaves were cut into two halves. The concentrations prepared by the  
microsampler and leaf staining method were placed on one-half   of the apple leaf as  a treatment. The 
other half of the leaf was considered the control and received only ethanol solvent. Both halves of the  
leaf were exposed to ambient air for  five minutes. Then both halves of the leafwere placed on wetpads  at 
the bottom of Petri dishes   with dimensions of   2 × 9 cm  . Twenty adult mites were placed in the center 

of the leaf halves, and after  two the number of mites in both halves was counted ,hours . Four replicates 
were performed for each concentration. The following formula was used to calculate the percentage of  
repellent. In this formula, NC is the number of mites in the control half of the leaf , NT is the number of 
mites in the treated half of the leaf, and Eo  PR is also the percentage of repellency (Nerio et al. 2009; Lim 
et al. 2012; Motazedian et al. 2011; Araújo et al. 2012). 

PR= [(NC-NT)/(Nc+NT)] × 100 
Statistical analysis 

All the bioassay data were analyzed to calculate the LC50 value with 95% confidence limits using 
the Probit procedure of the SAS program (SAS Institute 2020), and mean comparisons were carried out 
using the LSD test (p ≤ 0.05). Abbott's formula (Abbott 1925) was used for corrections in relation to 
blank control mortality. 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, 
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studies of their EOs on other mites, including T. urticae Koch, have shown that these compounds have 
had a variety of effects, such as increasing mortality of the various mite stages (Bakkali et al. 2008; Abd-
Elhady et al. 2011; Amer et al. 2011; Laborda et al. 2013). In this research, it was found that the LC50 values 
of EOs of H. persicum and T. ammi for contact toxicity were 343.91 and 311.74 µL l−1, and for fumigant 
toxicity were 2.54 and 2.85 µL l−1 air, respectively (Table 1). The slopes of the logarithmic concentration 
response lines of EOs of H. persicum and T. ammi for contact toxicity were 3.42 and 1.99, and for fumigant 
toxicity were 0.4 and 0.19, respectively. The slope of the line of H. persicum EO was greater than that of 
T. ammi EO, meaning that with increasing the concentration of H. persicum EO, the mortality rate of adult 
female mites will show greater changes than with the same increase in concentration in T. ammi EO. One 
of the related issues of the slope of the line in pest control is that it is attempted to create a more effective 
control with a smaller increase in concentration, which is why the LC50 index becomes important. 
Therefore, compounds that can kill more than 90% of pests with a small increase in concentration instead 
of 50% are more desirable (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 H. persicum and T. ammi were significantly different at 5% significance level. While both EOs had low 
LC50 values, they showed high toxicity against the European red mite.      

Table 1. LC50 for contact and fumigant toxicity of Heracleum persicum and Trachyspermum ammi EOs on adult P. ulmi. 

Essential oils    Methods N Df χ2 Slope ± SE LC50 
H. persicum       contact toxicity 560 4 13.68 3.42 ± 0.008 343.91 (233.19–557.81) 
T. ammi      contact toxicity 560 4 7.96 0.092 ± 1.99 311.74 (259.66–390.43) 
H. persicum       fumigant toxicity 420 3 0.40 0.40 ± 0.327 2.548 (2.443–2.625) 
T. ammi      fumigant toxicity 420 3 0.59 0.19 ± 0.897 2.858 (2.615–3.040) 

Chemical components of essential oils 
Identification of EO compounds was carried out by GC-MS chromatography. Thus, 68 

compounds were identified in H. persicum EO, while the majority of the compounds include thymol, octyl 
acetate, butyl butanoate, and hexyl butyrate. In Comparison, 29 compounds were identified for T. ammi 

EO, while its main compounds were identified as thymol, γ-terpinene, carvacrol, and p-cymene (Table  

2). The chemical profile of H. persicum EO in the present study, characterized by a predominance of octyl 
acetate and hexyl butyrate, is consistent with previous phytochemical investigations (e.g., Sefidkon et al. 
2004; Mahboubi et al. 2011). While our results corroborate the dominance of these aliphatic esters, slight 
variations in the relative concentrations of minor compounds compared to earlier studies may be 
attributed to differences in the geographic origin, harvest period, and the specific phenological stage of 
the plant material (Moghaddam et al. 2015). Similarly, the composition of T. ammi EO, with thymol, γ-
terpinene, and p-cymene as the major constituents, aligns with the findings of various studies identifying 
T. ammi as a thymol-chemotype plant (Boskabady et al. 2014; Dutta et al. 2020). The high content of 
thymol (41.3%) and γ-terpinene (17.57%) observed in our samples falls within the reported ranges for 
this species. Discrepancies in the quantitative ratios of these monoterpenes, when compared to other 
literature (e.g., Khorshidi et al. 2010), are typical in EO studies and often reflect the plasticity of the 
secondary metabolism of T. ammi in response to environmental conditions and post-harvest drying 
processes. 
Table 2. The main components of Heracleum persicum and Trachyspermum ammi EOs were identified using GC-MS analysis. 

No  RI  RI Reference  Components  H. persicum (%)  T. ammi (%)  
1 951 955 Butyl isobutyrate 0.28 - 
2 954 953 Isobutyl butanoate 0.04 - 
3 985 985 Isobutyl 2-methylbutyrate 1.16 - 
4 994 993 Butyl butanoate 4.18 - 
5 1009 1007 Hexyl acetate 0.89 - 
6 1022 1020 R-Cymene 1.22 - 
7 1024 1022 Limonene 1024 1022 0.29 - 
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Table 2. Continued. 

No  RI  RI Reference  Components  H. persicum (%)  T. ammi (%)  
8 1033 1032 Ocimene <(Z)-β> 0.39 - 
9 1043 1044 Butyl 2-methyl butyrate 0.45 - 
10 1045 1047 Butyl isovalerate 0.32 - 
11 1056 1054 γ-Terpinene 0.84 17.57 
12 1058 1058 2-Methylbutyl butyrate 0.32 - 
13 1066 1063 N-Octanol 1.73 - 
14 1096 1095 Linalool  1.6 0.18 
15 1148 1147 Hexyl isobutyrate 4.91 - 
16 1191 1191 Hexyl butyrate 33.4 - 
17 1197 1190 (3Z)-3-octenol acetate 3.84 - 
18 1212 1214 Octyl acetate 14.76 - 
19 1236 1233 Hexyl 2-methyl butyrate 4.66 - 
20 1289 1287 Thymol  6 41.3 
21 1344 1344 Octyl isobutyrate 1.32 - 
22 1385 1382 Hexyl hexanoate 0.29 - 
23 1388 1394 Octyl butyrate 3.1 - 
24 1298 1302 Carvacrol - 1.94 
25 924 925 α-Thujene  - 0.52 
26 930 932 α-Pinene  - 0.36 
27 974 975 β-Pinene - 1.48 
28 988 989 β-Myrcene - 0.82 
29 1002 1002 α-Phellandrene  - 0.16 
30 1020 1024 P-Cymene  - 30.57 
31 1025 1026 β-Phellandrene  - 0.81 

    Total 85.99 95.71 
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Figure 1. The repellency of Heracleum persicum and Trachyspermum ammi EOs on adult P. ulmi after two hours. 

DISCUSSION 

EOs from plants, including H. persicum and T. ammi, demonstrate both fumigant and contact 

(μ L−1) 
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toxicities against insects and mites. These effects not only directly increase mortality but also contribute 
to secondary impacts such as repellency and antifeedant properties (Motazedian et al. 2011; Gholamzadeh 
Chitgar et al. 2013). 

Shafiee et al. (2015) studied the combined effect of orange peel EO with two chemical acaricides, 
spirodiclofen and propargite, against adult female spider mites T. urticae. 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 
(LC50) values of orange peel EO for fumigant and contact were estimated to be 48.75 µL l−1 air and 48.48 
µg/cm2, respectively. 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 because in fumigant toxicity, the EO 
compounds easily enter the body of insects and mites through the respiratory pores and directly affect 
nerve cells, while in the contact state, it must travel through the cuticle and hemolymph 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 
field ecosystems, and that when plant EOs are employed as pesticides they will never reach a vapor 
pressure high enough to cause fumigant toxicity, 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 2010). 
A key contribution of this research is the specific demonstration of both repellent and lethal effects of 
these EOs against P. ulmi. The significant contact toxicity observed in this study is of paramount 
importance for the practical management of P. ulmi. Unlike fumigant toxicity, which relies on the volatile 
movement of molecules through air spaces, contact toxicity ensures that the active constituents of H. 

persicum and T. ammi EOs directly penetrate the mite's cuticle upon physical contact with the leaf surface 
or the pest itself. Given that P. ulmi often resides in protected microhabitats, such as the undersides of 
leaves or within silken webs, a potent contact action is essential to ensure that the botanical acaricide 
reaches the target population effectively. Furthermore, the ability of these EOs to cause mortality through 
contact reduces the risk of 'escape' by the mites during volatile fluctuations, thereby providing a more 
reliable and consistent control mechanism in orchard environments (Smith et al. 2024).  

Our determined LC50 values for contact toxicity of H. persicum and T. ammi EOs were 343.91 and 
311.74 µL l−1, respectively. For fumigant toxicity, the LC50 values were 2.54 and 2.85 µL l−1 air, 
respectively. These findings align with and extend previous research on other mite species, such as T. 

urticae (Lim et al. 2012; Govindarajan et al. 2016; Reddy et al. 2016; Salehi Amiri et al. 2019), suggesting that 
the complex chemical composition of these EOs, particularly their high concentrations of monoterpenes 
and sesquiterpenes, plays a critical role in their bioactivity against mite populations. Monoterpenes and 
sesquiterpenes are known for their diverse biological activities, including insecticidal and acaricidal 
properties. Their modes of action are varied and can include disruption of the nervous system, 
interference with energy metabolism, and damage to the cuticle (Amiri et al. 2022; Djoumessi et al. 2023;). 
For instance, compounds like pulegone, a monoterpene found in some EOs, have been shown to act as 
acetylcholinesterase inhibitors, leading to paralysis and death in insects (Kato et al. 2023). Sesquiterpenes, 
such as farnesol, have demonstrated effects on insect growth regulation and membrane integrity (Lee et 
al. 2004). While previous research has explored the insecticidal activities of various plant-derived 
compounds, extending this understanding to the specific efficacy of mono-terpene and sesquiterpene-
rich EOs from H. persicum and T. ammi against P. ulmi is a significant advancement. Furthermore, research 
on the repellent effects of plant EOs against insects and mites has been well-documented (Sarraf-Moayeri 
et al. 2013; Faraji et al. 2015; Ebadollahi 2011).  

Our repellency tests confirmed that H. persicum and T. ammi EOs exhibit a concentration-dependent 
repellent effect on P. ulmi, with higher concentrations leading to increased repellency rates. This 
multimodal approach, encompassing both lethal and repellent actions, underscores the potential of EOs 
to reduce reliance on conventional chemicals and integrate into safer orchard management programs 
(Zhang et al. 2025). The observed strong toxicity of these EOs is consistent with findings in other studies 



 7 PERSIAN JOURNAL OF ACAROLOGY 2026 

  

 

EFFECT OF H. PERSICUM AND T. AMMI EOS ON P. ULMI 

focusing on the Tetranychidae family. For instance, research on similar volatile compositions has 
demonstrated that the synergistic interaction of monoterpenes and sesquiterpenes provides superior 
acaricidal efficacy by disrupting the delicate physiological balance of mite populations (Athanassiou et al. 
2022; Mossa et al. 2019). Our results, specifically regarding the high susceptibility of P. ulmi to the tested 
EOs, corroborate this trend, indicating that the chemical profile of H. persicum and T. ammi acts effectively 
across various species within the Acari subclass. This reinforces the broader applicability of these 
botanical acaricides as a robust alternative to synthetic compounds, ensuring consistent control efficacy 
despite the inherent interspecific variations among mites. Our study, focusing on the European red mite, 
provides specific data on the contact and fumigant toxicity of T. ammi EO, reinforcing the consistency 
of EO efficacy across different arthropod pests and highlighting the importance of chemical constituents 
(Imani Baran et al. 2020). A primary knowledge gap addressed by this study is the historical skew of EO 
efficacy research towards species like T. urticae. By expanding these evaluations to the P. ulmi, we provide 
a more comprehensive understanding of botanical acaricide performance across different species within 
the Tetranychidae family (Mossa et al. 2019). This broader perspective is crucial for developing effective 
and targeted pest management strategies. To further enhance the efficacy and durability of these EOs, 
future research could explore methods such as nanoencapsulation or investigate synergistic effects when 
EOs are combined with conventional acaricides. Such approaches could potentially increase the toxicity 
and longevity of EO action against P. ulmi, reduce the required dosage of chemical pesticides, and 
consequently mitigate the environmental impact of chemical pest control (Senthil-Nathan et al. 2023; Liu 
et al. 2026). 

CONCLUSIONS 
The results of this research showed that both tested EOs have repellent and lethal effects on the 

European red mite under laboratory conditions. In the contact toxicity assay, T. ammi exhibited higher 
efficacy with an LC50 value of 311.74 µL l−1 compared with 343.91 µL l−1 for H. persicum. Conversely, in 
the fumigant toxicity assay, H. persicum demonstrated greater lethality with an LC50 of 2.548 µL l−1 air, 
compared with 2.858 µL l−1 air for T. ammi. Overall, the results indicate that both EOs, particularly 
through the fumigant method, possess significant potential for use in the management of the targeted 
pest. Also, the results indicated that T. ammi EO had the highest  percentage of repellency in all three 
concentrations used. Therefore, these EOs can be proposed for application in the management of the 
European red mite after field tests and further studies. 
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  یدهچک

ی د ک  آف ت کصلد ش،خت ن سیب ش، سرکسر جه ن    Panonychus ulmi (Acari: Tetranychidae)قرمز ک،وپ ید    ةکن

و    (Heracleum persicum)گلپر  کس دس گی ه ن  شو،کنن گد و ک ن گد    کثر  د مط لع کست. ه ف کصلد کین پژوهش  

ک،وپ ید    ة،ود کن  (Trachyspermum ammi) دی ن   و  دی نگی ه ن  کس دس  .  کستقرمز  ک  شستا ه    گلپر  کستف شه  ب  

س عت ک، ی بد ش  و میزکن ک ن گد   ۲۴ه  پس ک  گذشت  ومیر کن کلودجر و ب  ،وش تقطیر ب  آب کستخرکج ش د . مرگ

س عت ،وشن ید   ۱۶دو،د  ةشو، اسلسیوس  ةش،ج ۲۶ ±۲هر کس دس ش، سمیتّ تم سد و ت خیند ش، کد وب تو، ب  شم د 

کس دس   05LC ش،ص  مح سب  ش . ش، کین پژوهش م خص ش  ک    ۰۵  ±  ۱۰  س عت ت ،ی د و ،طوبت دسبد  ۸و  

و    ۲/ ۵۴می رولیتر بر لیتر و ش، سمیتّ ت خیند    ۷۴/۳۱۱و    ۹۱/۳۴۳ب  ترتیب ش، سمیتّ تم سد    گلپر و  دی نگی ه ن  

س  غلظت مختلف  ه  کفزکیش ی فت.  ومیر کن  ه  میزکن مرگب  کفزکیش غلظت کس دس  .کستهوک   می رولیتر بر لیتر  ۸۵/۲

د قرمز ک،وپ ید آ م یش ش د . دت یج  ه  بر ،ود کن برکد بر،سد کثر شو،کنن گد آن  گلپر و  دی نکس دس گی ه ن  ک   

کفزکیش مد کفزکیش غلظت  ترین  ی ب ا همچنین کس دس  دی ن بیشمط لع  ح ضر د  ن شکش ک  میزکن شو،کنن گد ب  

  اد هیگه د  بیعلاق  ب  مب ، ه ب  آف ت ب  کستف شه ک  ترک  شیب  وجوش کفزک  ه  شکشت.ش،ص  شو،کنن گد ،ک ش، بین غلظت

  ده ستم یه  ش، سآن   یدک  دظر ک ،ک  ژهیو ا ب P. ulmi   یه  علکس دس   نیک  دو شو،کنن گ   دک کن    دکختص ص  لیپت دس

بر،س  دقیتلف  تیریم  مو،ش  کمتر  همچن ن  کست.    دآف تا  گرفت   م  نیک  ده  فت  یقرک،  د  ن  ک     شه د پژوهش 

ب  مح   وک،کنن هیکم  د هیگ  ده ن یازیعنوکن ج ب   T. ammiو    H. persicum  ده کس دس   د برک  ستی ط یو س  گ ، 

 مطرح هستن . یدقرمز ک،وپ  دکن  تیریم 

 کنترل آفت  اگی ه ن شک،ویدگی هدا خ صیت ک ن گدا  ه دکش آفت اتیره چتری ن: یدیواژگان کل
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