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Table 1. Extraction yields of Pistacia atlantica, Myrtus communis, Foeniculum vulgare and Eucalyptus globulus essential oils at two
phenological stages.

Scientific Name Family Development stage weight of plant material (g) weight of oil (g) yields %
Eucalyprus globulus Myrtaceae Vegetative stage 150 1.49 0.99
Full flowering stage 150 1.74 1.16
Pistacia atlanticae Anacardiaceae Vegetative stage 150 1.12 0.75
Full flowering stage 150 1.67 1.13
Mpyrtus communis Myrtaceae Vegetative stage 150 1.03 0.69
Full flowering stage 150 1.28 0.85
Foeniculum vulgare Apiaceae Vegetative stage 150 1.58 1.05
Full flowering stage 150 1.91 1.27
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Table 2. Chemical composition of essential oils obtained from Eucalyprol globulus aerial parts at vegetative and full-flowering stages.

NO compound RT Concentration (%)
Vegetative Stage Full-flowering Stage
1 alpha.-Pinene 5.07 10.65 10.77
2 alpha.-Terpinen 5.62 0.24 0.58
3 alpha.--Thujene 5.76 0.20 0.58
4 Eucalyptol (p-Cineole) 6.36 52.68 50.91
5 (+)-4-Carene 6.55 0.60 1.17
6 Isoterpinolene 6.84 0.40 0.47
7 iso-Amyl 2-methyl butyrate 6.95 0.46 0.69
8 cis-a-Terpineol 7.00 0.82 1.06
9 Camphenol 7.25 0.30 0.44
10 L-trans-Pinocarveol 7.44 0.40 1.92
11 Verbenone, (L)- 7.61 0.40 0.63
12 Cidalon (Thanisol) 7.70 0.56 0.41
13 L-terpinen-4-ol 7.76 3.68 3.07
14 a-Terpinolene 7.90 3.49 4.83
15 Linalyl butyrate 8.25 0.95 1.18
16 4-Terpineol acetate 9.02 1.68 1.71
17 Geranyl Formate 9.19 1.17 0.82
18 A-Patchoulene 9.49 0.21 0.48
19 Aromandendrene 9.72 3.45 3.32
20 Alloaromadendrene 9.87 2.11 2.78
21 Guaia-1(10),11-diene (§-Guaijene) 10.88 0.65 1.21
22 d-Viridiflorol 10.60 0.32 0.55
23 (+)-Spathulenol 10.75 3.01 2.78
24 (-)-Globulol 10.80 2.65 2.74
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Table 3. Chemical composition of essential oils obtained from Myrrus communis acrial parts at vegetative and full-flowering

stages.
NO compound RT Concentration (%)
Vegetative Stage Full-flowering Stage
1 Isubutyl isobutyrate 4.778 0.81 0.95
2 - pinene 5.124 18.09 17.91
3 a- Fenchene 5.275 0.19 0.23
4 a- Terpinene 5.622 0.87 0.35
5 a- Thujone 5.758 18.41 18.96
6 8- Hydroxylinalool 5.799 0.22 0.20
7 o- Ocimene 6.002 0.26 0.37
8 Cineole 6.327 22.12 21.43
9 (+)- 4- Carene 6.543 0.29 0.35
10 cis- Linaloloxide 6.727 0.31 0.15
11 Allo- Ocimene 6.84 5.40 6.10
12 Trans- Limonene oxide 6.886 0.23 0.19
13 a- Linalool 7.037 7.16 8.43
14 Camphen- 6- ol 7.261 0.51 0.39
15 L- Pinocarveol 7.446 0.81 0.75
16 Isothujol 7.702 0.21 0.17
17 L- 4- terpineneol 7.759 0.81 0.60
18 a- Terpinol 7.92 7.01 7.38
19 3,6- Dimethylenectahydro- 1- benzofuran 8.051 0.51 0.31
20 cis- p- mentha- 1(7), 8- dien- 2- ol 8.146 0.81 0.62
21 Linlyl acetate 8.259 2.69 2.05
22 cis- Geraniol 8.336 1.21 1.34
23 10,13- Octadecadiynoic acid, methyl ester 8.659 0.56 0.26
24 a-Terpineol acetate 9.024 491 4.06
25 Geranyl acetate 9.198 0.75 0.30
26 Eugenol methyl ether 9.428 1.04 1.13
27 Isocaryophillene 9.585 0.10 0.09
28 Humulene 9.823 0.11 0.19
29 Cinerolone 10.22 0.51 0.97
30 Flavesone 10.35 0.22 0.31
31 Caryophylene oxide 10.77 0.39 0.53
32 Humulene- 1,2- epoxide 10.98 0.09 0.21
33 cis- Verbenol 11.19 0.59 0.65
34 Ethyl stearate, mono 9- epoxy 11.83 0.19 0.27
CH,
H,C CH p
HaC 3
O- pinene
H:C CHs
CHy—CH=CH Eucalyptol
Anethole

OCH,4
o515 &)y 0 ety uiliol oaimd St Lo s 33 aus JsSUge ezl =Y JSUd

Fig. 1. Molecular structure of the major compounds found in the Pistacia atlantica, Myrtus communis, Foeniculum vulgare and
Eucalyptus globulus essential oils.
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Table 4. Chemical composition of essential oils obtained from Pistacia atlantica aerial parts at vegetative and full-flowering

YYo

stages.
NO Compound RT Concentration (%)
Vegetative Stage Full-flowering Stage
1 alpha.-Pinene 5.154 41.68 46.39
2 Camphene 5.294 2.14 2.06
3 Nopinene 5.629 6.20 5.49
4 alpha- Myrcene 5.773 11.06 10.98
5 a- Ocimene 6.002 - 0.69
6 D- Limonene 6.219 2.40 3.10
7 Artemiseole 6.706 1.16 1.51
8 (+) - 4 - Carene 6.837 2.98 1.03
9 Camphenol 7.247 1.10 1.17
10 L-trans-Pinocarveol 7.445 1.79 2.95
11 2-Naphthalenamine 7.559 2.05 1.52
12 L- terpinen- 4- ol 7.76 1.32 1.17
13 L-a- Terpineol 7.905 5.84 6.86
14 Verbenone 8.045 1.11 1.37
15 cis- p- Mentha- 2, 8- dien-1- ol 8.144 - 0.90
16 2,4- Decadienal 8.299 1.19 1.37
17 Borneol acetate 8.554 2.17 3.37
18 E-2- Tetradecen- 1- ol 9.12 0.85 0.62
19 7- Hexadecanoic acid, methyl ester 9.52 1.45 0.56
20 Trans- Sesquisabinene hydrate 9.856 0.87 0.42
21 Cubenol 10.06 - 0.35
22 (+)- Spathulenol 10.75 3.08 3.10
23 n- Hexadecanoic acid 11.69 2.15 1.01

oS (23S 5 dugy by ds e > bl olS ol (slapluil jloel sty uilel plewd S 5 -0 Jgua

Table 5. Chemical composition of essential oils obtained from Foeniculum vulgare aerial parts at vegetative and full-flowering

stages.
NO compound RT Concentration (%)
Vegetative Stage Full-flowering Stage
1 Cyclofenchene 5.059 2.16 3.52
2 Bicyclo [2.2.1] heptane, 2,2- dimethyl- 3-methylene-, (15)- 5.264 - 0.45
3 a- Pinene 5.568 0.91 0.7
4 a- Myrcene 5.753 0.78 1.05
5 a- Thujene 5.945 0.31 0.25
6 D- Limonene 6.229 12.9 11.04
7 a- Ocimene 6.401 0.36 0.57
8 a- Terpinen 6.537 1.42 1.20
9 Fenchone 6.908 11.23 10.90
10 Camphor 7.445 0.40 0.75
11 Estragole 7.912 7.40 6.10
12 Fenchy acetate 8.146 - 0.17
13 Anethole 8.714 48.02 49.66
14 P- Pentylanisole 9.417 1.11 1.20
15 1,3,12- Nonadecatriene-5, 14- diol 10.00 3.15 2.72
16 Linoleic acid 10.47 6.08 5.30
17 1-(4- methoxyphenyl)1-4-buthanediol 10.86 1.15 1.42
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Fig. 2. Fumigant toxicity of the essential oils from Myrtus communis, Foeniculum vulgare, Pistacia atlanticae and Eucalyptus globulus
against Terranychus urticae at the highest concentration level during different days of exposure.
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Table 6. Fumigant toxicity of essential oils against eggs and adults of Tetranychus urticae.

. LCso (95% CLY)
a b 2c
Treatments used Stage Period (h) n df Slop (SE) X (WL/L air)
Myrtus communis Egg 72 400 5 2.85 (0.19) 4.08 3.62 (3.39-3.87)
Adult 24 300 5 2.82 (0.20) 4.53 3.95 (3.68-4.22)
Pistacia atlantica Egg 72 400 5 4.36 (0.32) 6.40 5.87 (5.07-6.53)
Adult 24 300 5 2.89 (0.19) 2.79 5.81(5.43-6.22)
Eucalyptus globulus Egg 72 400 5 3.61 (0.29) 1.49 1.59 (1.44-1.71)
Adult 24 300 5 2.61(0.17) 3.94 8.09 (7.50-8.72)
Foeniculum vulgare Egg 72 400 5 3.22 (0.31) 7.06 0.91 (0.76- 1.04)
Adult 24 300 5 2.44 (0.11) 6.36 4.27 (3.73-4.87)
M-1 Egg 72 400 5 3.59 (0.27) 9.76 2.05 (1.55-2.44)
Adult 24 300 5 3.39 (0.25) 3.83 4.69 (4.43-4.96)
M-2 Egg 72 400 5 3.16(021) 2.94 3.23 (3.04-3.44)
Adult 24 300 5 3.19 (0.22) 2.62 4.79 (4.51-5.09)
M3 Egg 72 400 5 471(029) 7.97 2.74 (2.44-3.09)
Adult 24 300 5 3.35(0.25) 4.84 3.84 (3.62-4.06)
M-4 Egg 72 400 5 2.69 (0.35) 3.94 0.86 (0.61-1.06)
Adult 24 300 5 2.92 (0.21) 2.62 4.69 (4.38-5.00)
M-5 Egg 72 400 5 3.39 (0.45) 5.53 0.75 (0.57-0.89)
Adult 24 300 5 3.21 (0.20) 2.60 6.84 (6.43-7.28)
M-6 Egg 72 400 5 2.85 (0.32) 4.53 1.11 (0.89-1.28)
Adult 24 300 5 3.49 (0.23) 4.69 4.50 (4.25-4.76)

Different combinations are represented as M-1 (M. communis EO: E. globulus EO), M-2 (M. communis EO: P. atlantica EO), M-3 (M. communis EO:
F. vulgare EO), M-4 (E. globulus EO: P. atlantica EO), M-5 (F. vulgare EO: E. globulus EO) and M-6 (P. atlantica EO: F. vulgare).

* The number of eggs/adults used in each bioassay. b Degree of freedom.

¢x* represents Chi-square goodness-of-fit test. 4 CL, confidence interval limit.
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Table 7. Comparison of toxicity indexes of essential oils binary mixtures against eggs and adults of Terranychus urticae.

Observed LCso Theoretical LCso®

. a c d e
Treatments used Stage Period (h) n (WL/L air ) (WL/L air ) TI SF DRI
Myrtus communis Egg 72 400 3.62 o 25 - -
Adult 24 300 3.95 - 100 - -
Pistacia atlantica Egg 72 400 5.87 - 15 - -
Adult 24 300 5.81 = 67.92 = =
Eucalyprus globulus Egg 72 400 1.59 - 57 - -
Adult 24 300 8.09 - 48.79 - -
Foeniculum vulgare Egg 72 400 0.91 - 100 - -
Adult 24 300 4.27 - 92.43 - -
M-1 Egg 72 400 2.05 139 - 068 1.76
Adult 24 300 4.69 5.32 - 1.13 1.72
M-2 Egg 72 400 323 4.54 - 1.4 1.82
Adult 24 300 4.79 472 = 0.98 1.21
M-3 Egg 72 400 2.74 1.45 - 053 131
Adult 24 300 3.84 4.11 - 1.07 1.11
M-4 Egg 72 400 0.86 25 - 2.9 6.82
Adult 24 300 4.69 6.76 = 1.44 1.72
M-S Egg 72 400 0.75 1.15 - 153 2.11
Adult 24 300 6.84 5.59 - 0.82 1.18
M-6 Egg 72 400 111 1.59 ; 1.44 5.29
Adult 24 300 4.50 4.93 - 1.09 1.29

Different combinations are represented as M-1 (M. communis EO: E. globulus EO), M-2 (M. communis EO: P. atlantica EO), M-3 (M. communis EO:
F. vulgare EO), M-4 (E. globulus EO: P. atlantica EO), M-5 (F. vulgare EO: E. globulus EO) and M-6 (P. arlantica EO: F. vulgare).

* The number of eggs/adults used in each bioassay.

"Theoretical LC50 = [Proportion of essential oil A/LCso of essential oil A + Proportion of essential oil B/LCso of essential oil B]".

“TT (toxicity index) at LCso level was calculated with respect to F. vulgare and M. communis essential oils because of their high toxicity against eggs and
adults, respectively (Sun, 1950).

4 SF = Theoretical LCso/ Observed LCso; SF = 1 (Additive), >1 (Synergistic), <1 (Antagonistic).

¢ DRI = 1 (No dose reduction), >1 (Favorable dose reduction), <1 (Unfavorable dose reduction).
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(- phellandrene) y ,5Me~WT (y- terpinene) cyiw 5 —Lol5 ¢ yged (- terpineol) Joz 5 W (p- cymene) ‘yomw — o «(alpha- pinene) i —1&)]
bl o855l LS 5 yiene 3| (B~ phellandrene) (s ,05Mé —Ls 4 (aromadendrene) (y )85k, (globulol) JslesglS (R~ pinene) i —lo
Sy JolS (205 5 gy iy Al po 93 2 13 Slalyd oy iy ety (uill oaimd S5 yolie oy 4o (Danna eral, 2024) Sgid o 45l (wez S|
ooyl 4y i & o)y 3Vl ot~ 51 Gy ) S 4 2o RN g FVPA L i @ st slagySo)tm 095 Sl ey —lall
A 4y bl olewd oS 5 cusly Lolwis! (spathulenol) Jodgeilul g (alpha- terpineol) Joiw 5 —Wl (Nopinene) ryiwg «(alpha- myrcene)
b ol S 5 (Zerkani eral, 2022) adllas S 5l ol (sloodly (ol ys ol o i35 glite (608 il caps o3laiw] 5550 (2LS pluil 4
—l 5 4 Cangy uileol oaimd oS5 Lol S 5 g )3 YAV g VEIM b i o JI=F— oy 5 ds (sloges 9 Sy il ol sy ol )3 o
JI ¥ — oy i (S oilel 3 ens plolid SlS 5 o ytere Jgwilawl 5 oy —WT (e — o (I =Y — ey sl 039 Ao yd VISV b i
-l ¢ (verbenol) Jgu,g (myrtenol) Joii e ¢y Wl g ab (slaogue 5 Juols (will ;5 ond olwlids clinl o yiane i~ 4 (Sabinene) sulo
dl> o & dituny by (puill oaimd JSU5 polic ho)d jui o8y 4 Blodgy joSde (Anghs D Al Cuwgy (il oaimd S cljal (g ytere ) 38 (i
Sigodd g (323 VIF g 51V+) Jgilyanl (3o y> VWYY g V+/Q) (9568 (ho)d YW/ 9 VV/+¥) pged (o yd YA-Y o ¥A/2F) JoiT liman olS i)
U551 =l Sy yolo 54 5 IS 35 3 gy 4 Jolyn 3 ey 4 bl osind LS5 ol oy Sl (my9 £1-A 3 DY) s
Boudraa er plizdl (B bl o ailjly (ulel saimd JSis Lol slia! Hlgie b (duo > YIY+) (camphor) j920l8" g (A3 AP/B+) (trans-anethole)
35 (M2 V+/VY) (D- liminen) ywed =63 g (30> YV/OY) (aneth-ether) 5l col (30,3 YA/FY) (alpha- phellandrene) o, 5M5 =T I 4 (af, 2021

Journal of Entomological Society of Iran 2024 ¢ 44 (4)



Sharifi & Malekmohammadi FEq

0l il ol yolie ¢ IS oK S > ((Hamada er al, 2021) Cuol 04 03 pU e pliodl (31 Cgin 3blio 5l bl uolul onsjle Lol yolie lge 4
09,5 jl estragole) g3yl g oy9md trans-anethole) Josl — il aiiwn S ygie ¢ (phenylpropanoid) ssglgm Jid clitie abjl, wilul
—1)S 9ydud Wgy oo sledd & F vulgare bl )3 o ololid yolie oy ,ilglyd by ek 5l ged § (0xygenated monoterpenes) &5 (sla 1y o
b auglio y3 gl g Cuanl (a5 51 a8 55l 3939 aibjly uilul 3 5 Jolld «j980lS” cyo—la] y95xen (monoterpene hydrocarbons) oy e (sla
Ot S8 ¥ g (Ao y> AMFY) 5Ty Sgi0 B (0o )3 V+/AF) oy Ssio Y+ (Benddine eral, 2023) S5 (aigdy 53 .35l )8 culdl )5 bog)S 5o
Jgal & Slolyd dopd o iy s Lol slin !y jd w35 olelid Foeniculum vulgare &b jly uilul )5 0550 03le VA gm0 45 5 (duoyd +/VY)
uobaid! (L- fenchone) (yezu8 — I ¢ (- pinene) yuy —Wl (D- Limonene) yaod =63 4 cas i 4 55 Slolyd (sladio s oy yieS 5 (duoys AF/5-)
oy 038 sl GC-MS losdd 5JU 1 eolainl b 3yg0 (bl o5l slinl 51 <SG o Slalyd ao)d g g5 camyp cpmod j1 (£)0 Lisy pd bl
(+1¥2) @3anST 5 SeSamw Vg (VIVY) (5 SsSumw B (YF/0D) G558 (p Sgio VY (DAVY) pygio VY ol ccalisio  gliawd Sy ¥ ¢ ol
1,8-) Jgtiw —A (a-pinemea-pinene) cyw —loiw —Wl .05 3,1i5 Myrrus communis 3,40 _wilwl ;> (caryophyllene oxide suST Ldg ,15)
Jsil); o (caryophylene) kg IS (linalool) Jglid (methyleugenol) Jg33! i (a-terpineol) Jgim 5 —Wl ((neryl-acetate) cluwl s cineole
& &g bl oximd S5 slinl ials g doli8l s 51 ks (s ledgs oSt dalllas )3 5yg0 (gwilwl 05k slial oy siers 5 sy 4 (geranyl)
09,5 J1 Iy ~Wl 5 gl eiivms & i 2 Slgl8 oy (2t 5l (g0 3 (peilisl oimd S8t ol polie oy 13 )50 ol (55 al> o
2 Jstis VA Wl lesd Guigd d92g (Vi) Cdly Gl (st o )Sspien 098 5l ot Wl 5 (i —T 5 308 (slogy igto
Toudert- Taleb er al,, ¢ Bouzabata et al., 2015¢ Bekhechi eral, 2019) cusl o 45U 55 (L8 s > M. communis e slaciond (il
65500 il b )0 ¢ (V/R) e -Wh (A1Y) (limonene) (paos) (VO/A) Jstizw =V I (Moghrani & Maachi, 2008) _ow)y 5 ;5 (2014
b M. communis bl 0353k yolis oy yiage (lsic & (cis- geraniol) (YO/VA) Jssly — s 9 (F/AA) Jstiow =V ;5 (Djenane er al, 2011)
(linalool) Jgid (3o TVIF) igad s oS asugen b o 53 ol (53550 bl 13 oy 3390 5 bl s a5 ol
F12) Joiuw VA g (Aoyd> AIY) (linalyl acetate) cbiwl JJUd (duoyd VoY) s —WT (30> V+/3) (geranyl acetate) bl 5 (auoyd VO/Y)
{o- pinene/ 1,8- cineole) Jotww =VA /i —Wl (o plimd] oliowd slacaiems demg ¢ 598 (slaadl (Hennia eral, 2016) .ol odd (5,135 (1o
bl Jslys /)qu.»?o.J 5 (1,8- cineole/ geraniol) Jeulyj /Jsaw —VA (1,8- cincole/ limonene)  pood [ Jotime —VA
Jhad & diy iz (>l 350 0lS (slon (slaciond (bl pu olowd oS 5 bld 4 LSle) 0 @3l & 1 (limonene/ampestr/geranyl acetate)
lord S 5 9 (S8) GyeSE (it bl (295 3929 Jlain] 45 (G055 4 )95 (o i 4 CulB g sy (S5 (548) A pe g Cudly
)8 (Mimica-Dukic er al,, 2010¢ Bazzali er al., 2012 ¢ Walle er al, 2014¢ Mohamadi er al, 2021) 35,5 o Cosis M. communis !
o558 iy )90 uilis] gl Copmns 25y Bl by bl gy 2 sl 00 )] o (BT slaiman (55, 4L 5 4 090 cwgilST (sl il
GBS (537 ks s (it oy e S5 ool e 5 ok o T ticae 55 3 055 oy e 5 5 i 515 5 b,
81 i 5 Sl o mpST ol 93,00 (ol (5 L) €35 515 pialS] ol 3 S 155 33390 (ol 4
LCsi= +/21) alyjl; (bl b slogs ) 8l slacumar 955 dlo po (gl (S Cpmus (25505 9 Cyidiar b G515 Fisom plp VoA 9 MFY /-0
055 Ay 3 (@l SladiS b (rtwcunsj slp 0ad oanlia Cundg Wiled p) CS & (l9p 1 2 3 9)See LCso= OIAY) 4iy g (9 32 0 3dg)See
S 5 035 Jolyn il 3 Coma 2095 1 (53 i =33 bl 55 B il 1 A5 e (] e 5 ot 55
Sl 550 saias i wielw Y e obsS Sloj o5l ;0 Al g o585 Jolye jlows )0 YU ©lal dgng il 03y (B pae sla il 4 (FeSs )b
Jalali ¢ Susurluk, 2023) cusl odds i85 50 (L8 sla gl )0 Cundy Cmod dlin ! (JeuSie )l &S uac wiuw p oy p 390 s bl
s a8 LS 5 09,5 ol )3 39390 claddgn 5 g Sl 4 (bl clacures p bl x5 (Sendi & Ebadollahi, 2014
Y lie b alS (cla bl iS4 g 09,Sue 1o ¢ S 5T cools ¢48 b3l (Plata-Rueda er al, 2021) 545 0 0315 Cas Ban (sladieS
Amizadeh ¢ Shang er al,, 2016¢ Reddy & Dolma, 2018) cuwl odpwy b3l &y ¢ yomo =2 5 Jaow ¢ J9,519,I8 (y9men (64550 Sgie S 5 g by Sgie
ol Vo cale > Jg5el o oo < Js,S19)5 (sladdsn saio b jlos o 70 urticae sdiS gdoys Vo wlali (Koc er al, 2013¢er al,, 2013
SeSie )b glaS g9, LS Calise sladisS bl iSas ol gl daasl (Lee eral, 1997) cusl osds (4555 55 (6565518 (5320 1 el VY
ouily b Lamiaceae 0dlgils 31,3 ¢ alS alises (cladisS (pm 50 )00 3939 (olbcglds ¢ 6)l8 15U (ol CutS g CueS jo &S Mix jb «Cawl 0dg05 35U 1
Mahmoud ¢ Ebadollahi ez al., 2020) st 15,95 p Bl 1S cladsl p )3 ookl Cagn (o55 jlaws Jawilis j iS4 g S0 i ol ab
5 i g9y lob il p 1l 0S¥ clale ) Origanum vulgare L. (Lamiaceae) (wilw! audis (30> A0 @lals (Tabet er al, 2018¢er al.,, 2019
g ySee o[V clale (5 Al gladiS sho)d Voo oS o (Calmasur eral, 2006) (5,88 (om0 > celw Ve L j5 70 wrricae 5 @b 5,8l
FNYY g b Oryganum onites L. (Lamiaceae) (wolwl 55 4 atwoly iSaS” @l il o (Choi er al, 2004) el YF cuidS jl G lov ) p
OBLS Caaws 8 paio sl )y Cunl 00 45135 5 (Sertkaya er al, 2010) Tewranychus cinnabarinus (Boisduval) 48" ade g S, s0 >
Rincon eral, ) cosl il olyon & 1) ol jl eoite cads 7. urticae saiS Cures (59 (o8] g 3)50 0dlgls oo (sladisS) Myrtaceae odlgils
Sawd (5y9dboe gy & (Siw Cuwj yd Sygygium aromaticum L. (Myrtaceae) olS o pd +/V uslwl (Roh er al, 2011) asdllas S > (2019
ol yolie & T urticae &5 g9, S. aromaticum Sous (wilw! (iS4 Cusls il Jd a1y 77 urticae b sbosle (sao)d VY wlils Sy
S. aromaticum il (sho,> VO clilé (Eldoksch, er al, 2009) 59 oo 0315 cows (18- Caryophylene) b 8= o (eugenol) Jgjl )
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¥o- Chemical composition and Synergistic toxicity of four essential oils on Tetranychus urticae. ..

Oligonychus coffeac gbaiS Cuzer 3 1y (g0 yd MDY o YWIYY EYINY OYINY ji0gSy0 # 5 cadyp & ccldVe o VY FA 8F Jloj slaojlyo
{Beynaghi er al,, 2015; Kheradmand er al, 2015) 68las o)y 85 > (Barua er al, 2015) cuwl azils o ;3 Nietner (Acari: Tetranychidae)
oy el V¥ 5l s g Logd (S Sawd o) To urticae Jb sbaiS ale S, aromaticum (sl (gl odd (555 do > B sniiS clale jlade
WI¥D) Cawl 0391 si0S ilye 4y (Susurluk, 2023) (ogas ed 15 (6,555 dilio 3uiod b dunlio jd a5 b 59l don i 5 il S VY (5,58
Olo)lS e Jsiel 1o > %3 ol 4 sl b po o g 2 53 S aromaricum (bl pliesd oS 5 g5 b Wlgie S9l wz (92 33 2 g )See
FION EYIYN o (Kheradmand er al, 2015) sz ) YIA g \YWIA YAO s & 8. aromaticum _wilsl j> 00 olwlils (a-Humulene) Jgosn —Laf 5

Sl bl (g5 eV g0y8 (6138655 | S0I05k 5 (SAGS g0 (S AS Gl josad 3 adsd ) .l 0dg (Susurluk, 2023) o)y VA« 4
& Tetranychus urticae Koch (Acari: Tetranychidae) &S ale Syzygium aromaticum (L.) (Myrtaceae) 5 Origanum vulgare L. (Lamiaceae)
Cuows | S aromaticum il b awslis y> O. vulgare bl 85 yasuie (Susurluk, 2023) g 5 (534565 (sl b (g9 ¢S5 Sand [y
Snosle 5 Ghigipy Jolyn sl 3oy D 338 e slie sl oyt S5ybensS 5 Lo oSt 5L lly sole i sl s
) 4 5 OIS g ) s S YTV 5 VAV i dy (5,845 (59 plite Capma Sl 9 V100 5 VPV i @ g (595 e Cmo &L
ol 0. vulgare ol gram Cons
(Myrtaceae o3lgils) ywaialST caliseo (ladisS bl 39y 415565 1 (slug) (55 situwo SBAS Curox dde (55558 (SN 9> yd8 51 . aromaricum
Musca domestica Aedes acgypti (s\n&isS (g, Slalllas (it s oyl 5l Canl b iale] eS| Cilisee 455 WY g opii> 4365 O+ (5o
(SIS )90 ¢ iS55 A8 b)) .l 48,8 &g Pediculus humanus Sitophilus orizae «Callosobruchus maculatus Tribolum castaneum
gl > IS g Sl s Uil w3l e bl «SELE gy 3 Slas 55 M ¢S Corons (g0 Corans «ooled Cous (Sl 15
Slodgs o plovl cla yimgs > Guind Slunl fpyiege 5l @l g Chod oy gy 55 Al po jl el (sl Jolpe oled p3 cdl claasS § lpis
Eucalyptus microthecaF. Muell LS sladisS il auitis Cuow b)) Baa b (Amizadeh eral, 2013) adlleo S y> (Danna eral, 2024)

& T urticae 9.Sie )b &5 @by loosle 5 @50 als> o ade Foeniculum vulgare Mill. g Heradeum persicum Desf. Satureja sahendica Bornm
e (ool Juilty 5l eSS0 uilwl b awslis j3 8. sahendica o E. microtheca gadisS (S p (il Ad asuiio ( dlo 428 5l eolatwl i,
3ol Candy puiliol s (gl 005 duasline Juoyd O+ oaiisS clale e ABb o Yl yes p SIS Laslys > cdl ol Ll S sladaly ) ool
AIVD 9 YN /AN DIV NOY by & odle saS ale F. Vulgare &by ¢ H. persicum ogue <S. sahendica Sy <E. microtheca sgo 4 Sy
Sl puilol Glusgas § ) Ol sl 039 loa i) 5 1dg o VWY 5 VOV /O FINF /05 iy &) o596 dlojo adde g lon i)y g o
3y90 (LS pluil &y dity iy bl s (olen Canle ;3 bl s cawl 0l 158 Ciglate (¢S il (gl odliiol 350 plusl 4y diy  BLS
Olge (gt Hlae Swgw dde db oo g 000 « Syl o T il 548" (Zerkani er al, 2022) Cuol odid 0l (65 il Cqa odlaiuwl
S0 Oyl 9y Al Cuwgy g 0400 «S p 5l odd s uilwl 4 (Pourya er al, 2018) Callosobruchum macularus (E.) (Coleoptera: Bruchidae)
Sy A bl (iSopuin ya8 ol 0l Ciogs jige (Zerkani er al, 2022) Tuta absolura (Meyrick) (Lepidoptera: Gelechiidae) (55,845 o5
& a5l 039y iSudgs b (Zerkani er al, 2022) Creatitis capirate (Wiedemann) (Diptera: Tephritidae) (slal ot o0 (wSe (slacures
5y jo,8 laSwguw (9, P atlantica subsp. kurdica 4i Luilol 0355l ol LS 5 51 (SO lgie 4w pe wglhae (SAES g pwdS Cuow AU
JsS s alio SluS 5 g o yo ol slacdale 1 ole a8 013 39 (6 )lssel ol Tribolium castaneum Herbst (Coleoptera: Tenebrionidae)
Sl dlac o slacures S can awlie Jawily ;| Foeniculum vulgare a3y uilol (Sadeghi er al, 2016) cé,5 oo cdl slocures Yoo
DB S pis @l il .casl l5 )63 (Borotova er al., 2021) (Heteroptera: Pyrrhocoridae) 5 Pyrrhocoris apterus L. dlos | (Kim et al., 2002)
Aedes acgyptiL. (Diptera: (slaady 9,¥ ade @b, wilul o353l ol yolie 5l ged g (E- nerolidol) Jgadgy — (¢! (E- anethol) Jgil - ¢l 4>
ob5jle ol cuS 5 lgie 4 Josl il 5 o bias &bl bl g5l gl oplsS 0 @l gl g Cuoms (Chantraine er al, 1998) cuwl oads 351 Culicidae)
Mpyrtus > )50 sl ywilw! Caauw b)) yosas 1> (Benddine eral, 2023) v S slaadly (Aboelhadid er al, 2021) 36 o0 0315 Cous puilus!
Rhopalosiphum maidis (Fitch) &,5 Sy ais ade acyjo ulys > Foeniculum vulgare (Apiaceae) &bjl, 9 communis (Myrtaceae)
bl cdale ul38) b lnaid 1095 yo maiaane b)) g 4 (clac 30 slacunes aide il 93 1o wled Cyomw 30l yous { Hemiptera: Aphididae)
sladsy (c9,Y dls 1o ade 390 (il Coon D905 (5135 305 1) (uill jid i) e £ 90 slachile )3 cdl (cao > MY g Vo/VY Slals 5 pao
Tetranychus &5 o)¥ 5 555 ol ale 3j50 (uilwl gllas  Saiis (Conti er al, 2010) Aedes albopictus (Skuse) (Diptera: Culicidae)
Phleboromus paoatasi (Scopoli) (SB ay (s40)d FYIY 4095 po (Topuz & Erler, 2007) cinnabarinus (Boisduval) (Acari: Tetranychidae)
{Yaghoobi-Ershadi er al, 2006) M. communis 1y 550 oLS 5y (ywilw] ms30 yio ko y p,S LioV/F cdale b jloys ;5 (Diptera: Psychodidae)
g yleSee Ve clale b oy 0 Mayeriola destructor (Diptera: Cecidomyiidae) g ady (oiSlye (slacuses Al sloady (gao)py Ar i
g ySeo Ve clale b el VY jla )0 4065 pad 050 dl> po (g3u0 )3 OF Sl g (605 )1,8 (5420 3 ddBVY+ Ll yo Myrrus communis 550 (bl
sl 033 )5S 3 (Lamiri er al, 2001) _yuilol 2 5

sla iSedl wlon b ywilul 156 oo (Miresmailli er al, 2006) situn cglite 36 bg, b calises jolie I ot cuS 5 ol (sla il
I8 Gan e g j3 1) oot Bun oSl (Isman, 2020) (wolol 055l jolie  olewd Cuble 4y dinn a4l ] Slpds  auas wiww pow o
9 JI’—\‘—W)J ‘(MIHS etal, 2004) UI)K"‘“ 9 )-LA (.)“')])f u.ol.ul).: c..\.ZJL»)UA wi el Crcures 4 smas Lgl.thw;)j ods )Lg(o 019"0 P /5 odl>
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LS 5 Yl o 4 (alS Slojull iSopis IS Aun 0,8 5 Bun (slacumer )3 el odsS il w3l oo QU155 Jsti VA
claailbs b by mas sloymue (305 51,8 Gun )3 by pgie Ulgi (Lee er al, 2004¢ Rozman er al., 2007) 395 o0 0315 o bgl 13 o igie
bl s B el i )68 ol g (slasly piimmm ¢ JoSu3sS 5l sl 398 o Ulgs o(Rattan, 2010) el o anl 55 yuob 8T 5 55 ylS LIS
ol yiidin Slpo 4y oy 5nST 381 ol LS 5 b dunlie )3 )5S sladn 5 5 Conws § (i j <l 31 (Gnankine & Bassole, 2017) 39, 0 jlodd 4
S Coslito 55 13 0085 833 JLle sloos,S 5 5 Wiy (032 ] s by el 4 iy Sl 5 J 095 ) (i Sl e 5 o0
Canle s & 42)) 35 o 59 (33 90 4 pyye Slo St 35len Slogsd 4 5 i 55355 usb 51 bl 3] (Pavela, 2008) ol 525
S 5 el b slinl 4y (kS el il i @l (Veal, 1996) sl sgumme g 48 ol (San Cidan 9,0 43 gl 35 ¢ swsd sz Yl
LS S 5 08 ) pliosd Sl 3 gl ol Jlo 45 gl 09 o 051> Conas Jgusd 5 a5 5s daise i isSms db e
S sl bl (5 39350 (sl y Ssie (iSo i Cullad (Magicrowicz, Gorska-Golan, 2019) 3,15 5555 0358 Cjgo 4y 35 4555 oo 31,81y 4
(a- phellandrene) oy )5l  (B- myrcene) Gy yo —b ¢ Jolli) e(camphene) (aalS” dcamphor) ysaolS « st =V oyt b ¢y —] ilon
5 Ad) yormed Oluds Sle glacdld (> @By b g IS 05 0 00 Cows Aliin Gua ol 4 Sge (olj8len slaylSgjle 4 Y slajs j»
5 OS] Bpao wilals 18 50 M) 5 sk S 2y aiS 5100 oLt (i (slog 3l 5, Sos )3 (S5 o IMB] (Jio 15 5 (2253 903
cunle (Kim er al, 2003¢ Feroz, 2020) Sig, s jlad 4 G chcuras 5 S clo ol b clo)Sailo 51 was S1j1 1y apuT 65 e
a3l elas 5 2 T > o 31 & Conns Ll s plv] St IS iy (Ao 3,Shat s (st oS (slopilel ogs s
i 51355 3 2Vl o)l 8 5l (g S8 Al Lol S (ol e (gladl5 s 5115 el 3985 sy o Yl 4 MBS 0 A5 35 1,
ol 35l Cangd oz Sl 5 L dmlin )3 gy 3l il e i |y <l s (idini 5 03,5 398 Sl s 3 Ly 25,36 & SlaisS
Rajendran & Sriranjini, ) 3 o0 031> Carand Ll 8 py% g YU cuylyp (sipgie slipl 4 djlas I gyl ;0 (LS slo bl (WiSo s culld
gl da il 5L 13 0590 oole Ky 51 Lt g3 (Lee er al, 2002) Cusl o )8 Slpts co) JsialS] ity oo S i (sund Cagous (2008
IS5 polie segme llon don 3 Sl Sl o o Sidseid > VS 50 Jio 1y 8 oS ale o (St 5 (i clld
AT b g g0 0315 o gl 055l ol polie 4y by il aj cllsd Jgoxe iyg0 4 (Lucia et al, 2009) Cowl odmwy 3] & b bl osims
S s5 Slbso b e polie flen 5 and Ol e (SAS 55 5y 5 (SIS Sl el B S 5 05,5l e Sl Sl S 3
1) b b el (g byl g Gep 5 clial JKa b (alyem 3 b g Jiies ©pgo a uilul ojl ol dsgere Cusl 039 Jlgl3 )
Coows ¢ guas Coow -(Rajendran & Sriranjini, 2008) W)l B> (Su6S)s0 5 (gl wd (o l38 050 | (S0,I05L ommen (Sais 59 Sass
bcunas 5 oS (el il 13U (Bakkali er al, 2008) sl o a5 Sl 5 ol Sl 5 j) g, ol alinian 5 sls Caous ¢ sk
oximd Ui s uiliol (tawsj Sl 31 g 36 0956 15 £405 sl b CBl elacunes )3 o] (b S g Canglio sloul Jlainl g oyl 5l conl (xdaw > b
P9 S F Cogo & Cunlipe B (ladisS n (aLS ClS 5 leg)S cnl Sl (ren a4 Cusd g sl (LS sl uilil 136 Wgile > g
Ghe 4 RS & G (LS ol (liflen Cunle I (BT 008 JE ) 2050 Sl b GBS g a0 5l sl Cglite Jame Ll
)90 Sgulel lite 31 (ad (38g) S db oriwcanj @bl )3 a9y cpl Sl el dalgs (b GLS 5wl p Sl 5 pewlie lagil il
(sl & 5 SF sl slizl a4 (V Jgi2) 1 () (Solo (S3jg Canmi )3 Jl slodiS (g9 ool (aligd S 5 (S Coans ey g ogielS] il
03l g pSass cuth JLid 4 1) (SaiS )98 53 aliblen s 38 )3 bl (S 5 SgSl le (ugidST —aljly 5 4y =390 S 5
uadli oade laie S e aul |y iSopbes @pa8 0 iSOl 590 ) (lse dae 5l Lugrd ST =il 5 4 =390 (slauilel eSS ol53len
3 Sge o2l psrde 4 o) slie a5l (el (l Gliee (392 555 B )5l S ) 355 RS L bl plgE 3,87 (slagSUl elos 53 53 S
Capte i lad cbaisS jgo IS ol 5 a8 wil e @l S Cumer go) il 1 Sy 4 Jius 33l b duslis 55 b puilul (oS 5 Gy
clale gge il yeus al = wetdllS] cuS 5 IS ol S o sl Gl Pl (golaidl 4dys 5 et ) Jilue bl (cures 4 Caoglio
iy bl 3 (5 5 5 g S Al 8) 5] el Jian 3, (2035 303 Lo b sl > dgi 2l 3 lSm ¥IPR @ b ys B ot
ouidS clale (gl Al (a8 do il S 5 0 3 Al )5 cge s 1) (VYY) Gpaas 35 55 GialS oy o oo 2 52 52d5)Se OIAY)
50 Gl 1 oy Jlite ST (A (pdg) e (@l s pe diilon 5 saalie VY Bpae 53 JalS jlade b aljl) =3)90 a8 5 sl b3 0
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Abstract

Problems associated with the use of pesticides have urged the need for biodegradable, environmentally and ecologically safe pesticides.

Owing to the high heterogeneity and complex composition, binary combinations of plant derived-essential oils often exhibit increased
insecticidal activity through synergistic interactions. The aims of the present study, therefore were to: 1) determine essential oil yield and
chemical composition of Myrtus communis L. (Myrtaceae), Foeniculum vulgare Mill. (Apiaceae), Eucalyptus globulus Labill. (Myrtaceae)
and Pistacia atlanticaDesf. (Anacardiaceae) essential oils by gas chromatography—mass spectrometry (GC-MS) at two different phenological
stages and 2) evaluate durability and 3) fumigant toxicity of above-mentioned essential oils and their binary combinations against two-
spotted spider mite, Terranychus urticae Koch (Acari: Tetranychidae) eggs and adults. The essential oils yields (w/w %) varied between
0.69% for M. communis at vegetative stage and 1.27% for F. vulgare at full flowering stage. At the full flowering stage, 23, 24, 34, and 17
components were identified in essential oils of P. adanticae, E. globulus, M. communis and F. vulgare, respectively. Oxygenated
monoterpenes and monoterpene hydrocarbons constituted the majority of chemical classes in essential oils of the studied plants. Among
the oils tested, the most toxic essential oils against adults and eggs of 7. urticac were M. communis (LCso= 3.95 pL L' air) and F. vulgare
(LCs0= 0.91 pL L air), respectively. The LCsp values for the binary mixtures of the essential oils ranged between 0.75 to 3.23 pL L' and
between 3.78 to 6.84 pL L, for 7. urticae eggs and adults, respectively. Based on the synergistic factor and dose reduction index, the most
promising binary mixtures to 7. urticae eggs and adults was E. globulus EO: P. atlantica EO. The essential oils of M. communis, E.
globulus, F. vulgareand P. atlantica caused 71%, 69%, 61% and 51% mortality at 3 day exposure, respectively. No mortality was recorded
on 9th day of exposure for all plant essential oils. Such this fast-initial release could reduce the toxicological effects expected to each essential
oil. Overall, it seems that essential oils of the above mentioned plants have the potential to be used in management of 7. urticae in
greenhouse conditions.
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