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Abstract

Citrus red mite, Panonychus citri McGregor is one of the most important pests of citrus orchards in the world.
Due to excessive use of chemical pesticides and development of resistance plus their increasing environmental hazards,
the use of essential oils has been highly studied. But the low solubility of essential oils in water, oxidation, in addition
to their instability in presence of light, humidity and high temperature has diminished their application. Formulation
technology is one of the main strategies that can modify the physical properties and the viability of the essential oils in
agricultural pest management programs. In this research, the essential oil of Cuminum cyminum L. was encapsulated
by in situ polymerization of oil/water emulsion in nano scale and then the effects of nanoencapsulated essential oil
(NEO) were analyzed against P. citri. The results showed that LCs, of NEO's contact toxicity was 743.17 ppm over 24
hours. NEO also affected mortality and decreased oviposition rate in P. citri. NEO had deterrence capacity at 300, 500
and 700 ppm. Moreover, NOE had oviposition deterrence, lowering the number of eggs per female compared to the

control. Our finding suggests that high-tech formulations including nanoencapsulation technology can be used as
botanical pesticides and as alternatives to chemical pesticides.
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Table 1. LCs, valus of the nanoencapsulated essential oil of Cuminum cyminum on Panonychus citri adult female after

24 hour.
Treatment N > (df) P - Value Slope + SE LCs (ppm) 95% CL (ppm) '
Nanocapsule 178 1.13 (3) 0.77 3.63 £0.59 743.17 617.58 - 850.55

L CL= Confidence Limits
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Table 2. Effects of contact toxicity of nanoencapsulated essential oil of Cuminum cyminum on mortality and oviposition
rate of Panonychus citri adults after 24 hour.

Concentrations (ppm) % mortality + SE! No. of eggs/ adult + SE!
0 0° 1.52 £0.28"
500 31.99 +11.86™ 0.99 +0.51*®
800 78.96 + 16.35" 0.50 +0.50*®
1000 74.44 +12.52%° 0.41 +0.19®
1300 82.50 +11.81%° 0.13 £ 0.08°
2000 92.86 + 7.14% 0.11 +£0.11°
Fs.s 9.467 3.248
P <0.001 0.029

! Means followed by the same letters in each column do not differ significantly (Tukey's test, p < 0.05).
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(%)
Control Treatment ) Control Treatment
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Fig. 1. Percent deterrence and frequency of Panonychus citri on both treated (nanoencapsulated essential oil) and
control (distilled water) side of citrus leaf disks. "D" and "I" indicate deterrent and indifferent, respectively.
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Table 3. Deterrence index of nanoencapsulated essential oil of Cuminum cyminum on Panonychus citri at different
concentrations and times.

Concentration

(ppm) Time of exposure (h) Deterrence index 1-SD, 1+SD Effect
100 6 0.94 0.57-1.43 Indifferent
12 1.10 0.04 - 1.96 Indifferent
300 6 0.69 0.90 - 1.10 Deterrent
12 1.04 0.73-1.27 Indifferent
500 6 0.4 0.80 - 1.20 Deterrent
12 0.6 0.65 - 135 Deterrent
700 6 0.2 0.80 - 1.20 Deterrent
12 0.33 0.79 -1.21 Deterrent
EropS SA,la5k 1 g
Lasles Sl ol ome sk 4 dald 5 osle o sl S AL jesie okal Sy @Lu @4 L
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Table 4. Average ovipositiion of Panonychus citri at different concentrations of nanoencapsulated essential oil of
Cuminum cyminum during 24 hour.

Treatment Concentration No. of eggs / female/day
(ppm) (Mean + SE)’
NEO 1000 1.05 £0.33
NEO 500 1.55 +0.38"
NEO 300 1.45 +0.38
NEO 100 1.75 £0.6®
Distilled water 0 3.2+0.18*

"' Means followed by the same letters in a column do not significantly different (Tukey's test, p < 0.05).
NEO : Nanoencapsulated essential oil



...}:MAJ.:J'aL;aMUM_,SU&b‘Qwa}Cﬂ;‘IJ')K‘@J‘_;J:.L: \O/\

Loy o lel ay OF Sl JLis C3pmen IS
Srae 3y b oplply LS Sl kS Coew &S
S b rash owled Conw 3 uilud YL cLls
S e 31 J65 08 el s ol
G ooy ol dls o ub 5, onl 5l Adl e
3 5o Wl LS Gla bl esedl ol
A s 5l Ol e sl ol 1 0T e
D2 S 5 o 51 Ln il 5 5 (6 S
Lol s e Sl [ bes e 5 S
S3) Ohd Syl 5l e Mg e OAS A s S 5L
b;f-)ljs.:wl(gfﬂclaﬁ)U\;ck.ﬂ)aS@pck“
bl G il o g gy 5 das il
IS 50 il &8 lRn 355 0 0 J S 5
g SRl S Sy Pl o Loy 0l
ol s Gt 5 S it el ds g s s
5 dasge Sy IS Ssb w1 a8 (slapltl aes
Skl hls o ALS Hl 55 JseeS 5L O3
Gy s FeS Ol ai Sy edd gk
S 3l e s Mg e S i (A
L U QT DYy TR PO PR
spbr dpeSHU 0 el S sbe
Moretti et al. (2002) %, J§ 4 L .(Negahban, 2012a)
ol Bl el gy e s S op st
oy Sl Sy & by e Lymantria dispar L.
sdozr 55Y 0L o glalle 4 JseS s S
Coaws &S 3ls LS Negahban er al. (2010) .AiL
Sl ays bl J S 5L OV g0 b oeled
Al bl g b lel e Sen I 2t
Sl As ol 0 Ziaee (2014a, b) Sladlls s
3 e o QLIS ulad 550 0¥ ge b S
Al Rl el G 1 2 O

$s» Sanna Passino & Moretti (2004) (sla a5

Coa S n o558 andllas ol 51 L3 L

DS o 53 S Gy e e oS bl ol
ke gl s J ul ULl sy edis &l
3 AL Gla bl paled 5 kS e S35
el lasdss 500 a8 e 5 SU sleaS (g,
s~=5 LCs Haririmoghadam et al. (2011) RG] wjf
E. kingsmillii 5 E. salmonophloia s 52 JS| &35 55
YA s YIEY oy a gl 50 as s, 1)
El- pomes ol 035 1S 1ea 1) 2l S
OLlS sl slul el LCsy Moneim er al. (2012)
9 Marjorana hortensis (L.) « Chamomile recutita (L.)
sy oa gl 50 S s, |, Eucalyptus sp.
Sy O I AV SO VS SR U
S s on Al Rl oled LCsp e
sl 0 dsles (s\d;&' v/ gl s ot as
S 545 e asie cplalo (Bashiri er al., 2014)
oo 31 i Sl (AL la il ks e
A bl 8 el gl asl e Bl bl
0Ll du e 5 S 3 e ol Gl
G gl o 03 32 YU «(Bnan, 2001) 3L e
G 53 S 3L sl @ 5 eled &
sladisy Gk ol ol 4 el LS 5 i
ssb a s sl bas 5 Slde O syl et
5 s S J s Sl S5 s
P en 5l e Sl bl S
O b 02 S Ay a4 G 500 S
3 i Lo 0l o)l puilal SIS s s
RIS ok a5 plie il 3] Stk e
S oplaar g LIl bdas o s 5l 1 5
300 sy Slatay lad (glas e Slagiunn ST o

Q‘}‘& @ JALS LSL“'J'-’L"“ x_éj.m ol 3



Vo4

oo edlal 03 5 WS 60 cls SWslssl e
M5 0dd i SLSS mm s SRl
Oy o b i axlse Dol 5 Sy Sy
e e VU 1 bl Silssl &opdl e i
5 i 5 ses B bl 03 S 50
0y BT J xS s gl ous Sls 5 5 ghlls

Jalse 5l alS ol slaas 53 VL Srop>s
ey 35 ol 3 Al LOT m e Olib Lol
Bl Free b B S5 H bl S plecd
A bl S sl # o b 5l L e
Rl Wil e oS Al e e SLSIL
03 Lly e s sl ol £ o Sl omla
slckle sl & as jaskie Gagn ol
oS e bl JpeSHU DY
84S el glaas Srop>E 3 Sl sma
SRk 0 Gemes Aipde SUSs
oS ulul ol SlS 5 (g5, Attia er al. (2011)
RS g.L;:‘.)cl?u.‘ Deverra scoparia Coss. & Dur
s Eugenol Myrcene Jol S5 ¥ & A
b aS el el Celi a4 A-3-Carene
51 S 58 Myrcene 45 &Le;ﬂ Sl Lsd e slasd g
A il e o) bl ol SlS S
U5 o 58 b s ol o3 edel 555 4, Srops
Sl e Ol 35

OpeVgop &5 S35 amd Ulge J5 2
S &S dib e LS iy, el S5l
2wl bl baplad m e OS5 )l b
J= bl 2 Sl D3 05l el A
53l 4 G sl S sll b roees S
PR I G e N T P P S|
S bl s el Gl spd e @) 5

Mﬂegbybcbﬁ&wiﬁx}gﬁwy

VA0 (1) X (O ol i il a0l

L Plodia interpunctella (Hiibner) (gtla o

J S 5 See

Thymus vulgaris L. -5 ﬂ 9 Rosmarinus officinalis L.
5 S o bl JgS 5 Sen 5l eslinal L oS 3130l
00 Yo SIS Ly s pm MG A
Logy bl Aoss VO (sl 5y b S5 S

Og¥po 3 Clale Il L Zass cpl s

<ol ol Oy g0 3

4l Rl LS e g3 4 e 5 S e S 5L
Sol3sme JalS 55 IS Spope SOl s
bl Sl asdlas 53 50 Roh er al. (2011) .3 S ay
&S (69, Santalum austrocaledonicum Vieill oS
S sl s ol pme RalS sl g 550
S sdalis | besle law 55 ol azsldS Slaess
b as &S el e 5 ol g, Slallas
LS oo eslizal Lobse gl oS a5l slasTso
LS &S Glasul,y oamen (Boom ef al., 2003)
wS o W5 sl 56 S w el s L)
.(Horiuchi e al., 2003) 3 35 g0 s 45 O 35 Eoly
B s (gl OLS 5 LS gl Ll
5 asllS 3 bas by (s (S35 &S Ay e
03 L e laas ;L)lsjb. L JfJ;.'S)Ju o g
chle 50l LS as stalie Sujlsb Jilel
Aoy G 4 03y Jlg 51 SHa5L jaxls
Aot il 03 oS Az s S 0 ohS (SAISL
BRI PRI R R U g R g | o WY
~| Pontes et al. (2007) ngf_l; wlis J.:“.’.LAJ.I
Protium heptaphyllum (Aubl). olS Ll OS/.UJlJJ'Lg
Yoo 5 Voue 0rer (Yooo clachle s |
Lala)l 3 s 2s 50 Slasdsn U6 S s plns
Aol Yore chle o bobls an s
53 ekl dge b uill &S Jl s cals Sl



...}:MAJ.:J'aL;aMUM_,SU&b‘Q_”«Yy}Q|;|IJ')K‘@J‘_;J:.L: \-\'

o liS dyds ful go dal.zf slaslal YL cws
ol s s 4 AL e DLS 5l ol
VL Okl &S s o3 oS udll I st ol
s 1y s S bl 5 andls (5,8 il 3
S St 23 5l 593 55 ol 5l een S eslinal LSl
OseVpo b ol Sold Sl s sz sledal s
S 1y 5538 5338 L s, il SUT ale

.b)‘b o& dLa‘ DL &w CW 6% )‘

L OsenVse 3 ol 53 Js a8 o0 5ol ool wud
b orled 03 homl Bl (bl S
o5l o 3m s 4 S 5ealS S5 5,8 e sl elS
S S oS 5ol 4 pall ulll eled Caes
s g 53 OF 3l (sl eslial 4 (sl 35z
e bl (g5l & 5unsS 51U (6551 550 Lol 1G5 5
Lol bl 058 sl gz b bl
Olamen J= opl b osyls o ol 0l pliands o ot

@l:m

Arabi, F., Moharramipour, S. and Sefidkon, F. (2007) Insecticidal effects of essential oils from Cuminum cyminum L.
(Apiaceae) and Perovskia abrotanoides Karel (Lamiaceae) on some stored-product insects. MSc Thesis, Tarbiat
Modares University, Tehran. 121 pp.

Attia, S., Grissa, K. L., Lognay, G., Heuskin, S., Mailleux, A.-C. & Hance, T. (2011) Chemical composition and
acaricidal properties of Deverra scoparia essential oil (Araliales: Apiaceae) and blends of its major constituents
against Tetranychus urticae (Acari: Tetranychidae). Journal of Economic Entomology, 104(4), 1220-1228.

Bashiri, M., Moharramipour, S., Negahban, M. & Mafi Pashakolaei, Sh. (2014) Acaricidal activity of nano-
encapsulated essential oil of Cuminum cyminum on two spotted spider mite. Proceedings of the 22" Iranian
Seminar of Organic Chemistry, University of Tabriz, Tabriz, Iran.

Boom, C. V. D., Beek, T. V. & Dicke, M. (2003) Differences among plant species in acceptance by the spider mite
Tetranychus urticae Koch. Journal of Applied Entomology, 127(3): 177-183.

El-Moneim, M. a. A., Fatma, S. A. & Turky, A. (2012) Control of Tetranychus urticae Koch by extracts of three
essential oils of chamomile, marjoram and eucalyptus. Asian Pacific Journal of Tropical Biomedicine, 2(1), 24.

Enan, E. (2001) Insecticidal activity of essential oils: octopaminergic sites of action. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology, 130(3), 325-337.

Haririmoghadam, F., Moharramipour, S. & Sefidkon, F. (2011) Repellent activity and persistence of essential oil
from Eucalyptus salmonophloia F. Muell and Eucalyptus kingsmillii (Mauden) Maiden & Blakely on two
spotted spider mite, Tetranychus urticae Koch. Iranian Journal of Medicinal and Aromatic Plants. 27(3), 375-
383.

Horiuchi, J. I., Arimura, G. L., Ozawa, R., Shimoda, T., Takabayashi, J. & Nishioka, T. (2003) A comparison of the
responses of Tetranychus urticae (Acari: Tetranychidae) and Phytoseiulus persimilis (Acari: Phytoseiidae) to
volatiles emitted from lima bean leaves with different levels of damage made by T. urticae or Spodoptera exigua
(Lepidoptera: Noctuidae). Applied Entomology and Zoology, 38(1), 109-116.

Jamal, M., Moharramipour, S., Zandi, M. & Negahban, M. (2013) Efficacy of nanoencapsulated formulation of
essential oil from Carum copticum seeds on feeding behavior of Plutella xylostella (Lep.: Plutellidae). Journal of
Entomological Society of Iran 33, 23-31. [In Persian with English summary].

KéiTa, S. M., Vincent, C., Schmit, J. P., Ramaswamy, S. & Bélanger, A. (2000) Effect of various essential oils on
Callosobruchus maculatus (F.) (Coleoptera: Bruchidae). Journal of Stored Products Research, 36(4), 355-364.



AN} A0 (¥) % Ol wlidio pim ezl asls

Liu, C., Mishra, A., Tan, R., Tang, C., Yang, H. & Shen, Y. (2006) Repellent and insecticidal activities of essential
oils from Artemisia princeps and Cinnamomum camphora and their effect on seed germination of wheat and
broad bean. Bioresource Technology, 97(15), 1969-1973.

Liu, Y., Jiang, H., Yuan, M., Fan, Y., Yang, L., Chen, J. & Wang, J. (2010) Resistance monitoring and synergism on
four acaricides against Panonychus citri. Journal of Fruit Science, 27, 323-327.

Migeon, A. & Dorkeld, F. (2014) Spider Mites Web.Available on: http://www.montpellier.inra.fr/CBGP/spmweb

Moretti, M. D., Sanna-Passino, G., Demontis, S. & Bazzoni, E. (2002) Essential oil formulations useful as a new tool
for insect pest control. AAPs Pharmacutical Science and Technology, 3(2), 64-74.

Negahban, M., Moharramipour, S. & Sefidkon, F. (2006) Chemical composition and insecticidal activity of Artemisia
scoparia essential oil against three coleopteran stored-product insects. Journal of Asia-Pacific Entomology, 9(4),
381-388.

Negahban, M., Moharramipour, S., Zandi, M. & Hashemi, S. A. (2012a) Fumigant properties of nano-encapsulated
essential oil from Artemisia sieberi on Tribolium castaneum. In: Navarro, S., Banks, H. J., Jayas, D. S., Bell, C.
H., Noyes, R. T., Ferizli, A. G., Emekci, M., Isikber, A. A. & Alagu-sunda-ram, K. [Eds.] Proceedings of the
9th. International Conference on Controlled Atmosphere and Fumigation in Stored Products, Antalya, Turkey.
15 -19 October 2012, ARBER Professional Congress Services, Turkey pp: 101-105.

Negahban, M., Moharramipour, S., Zandi, M., Hashemi, S. A. & Ziaee, F. (2012b) Nano-insecticidal activity of
essential oil from Cuminum cyminum on Tribolium castaneum. In: Navarro, S., Banks, H. J., Jayas, D. S., Bell,
C. H., Noyes, R. T., Ferizli, A. G., Emekci, M., Isikber, A. A. & Alagu-sunda-ram, K. [Eds.] Proceedings of the
9th. International Conference on Controlled Atmosphere and Fumigation in Stored Products, Antalya, Turkey.
15 -19 October 2012, ARBER Professional Congress Services, Turkey pp: 63-68.

Negahban, M. Moharramipour, S. & Zandi, M. (2010) Insecticidal activity of essential oil from Artemisia sieberi
Besser on Tribolium castaneum and Plutella xylostella. PhD Thesis, Tarbiat Modares University, Tehran.
Negahban, M., Moharramipour, S., Zandi, M. & Hashemi, S. A. (2013) Efficiency of nanoencapsulated essential oil
of Artemisia sieberi Besser on nutritional indices of Plutella xylostella. Iranian Journal of Medicinal and

Aromatic Plants. 29(3), 692-708.

Papachristos, D. & Stamopoulos, D. (2002) Toxicity of vapours of three essential oils to the immature stages of
Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae). Journal of Stored Products Research, 38(4), 365-373.

Pillmoor, J. B., Wright, K. & Terry, A. S. (1993) Natural products as a source of agrochemicals and leads for chemical
synthesis. Pesticide Science, 39(2), 131-140.

Pontes, W. J. T., Oliveira, J. C. G. D., Camara, C. a. G. D., Lopes, A. C., Junior, G., Correia, M. G., Oliveira, J.
V. D., Barros, R. & Schwartz, M. O. E. (2007) Chemical composition and acaricidal activity of the leaf and
fruit essential oils of Protium heptaphyllum (Aubl.) Marchand (Burseraceae). Acta Amazonica, 37(1), 103-109.

Rajendran, S. & Sriranjini, V. (2008) Plant products as fumigants for stored-product insect control. Journal of Stored
Products Research, 44(2), 126-135.

Roh, H. S., Lim, E. G., Kim, J. & Park, C. G. (2011) Acaricidal and oviposition deterring effects of santalol identified
in sandalwood oil against two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae). Journal of
Pest Science, 84(4), 495-501.

Sanna Passino, G. & Moretti, M. (2004) Microencapsulated essential oils active against indianmeal moth. Boletin de
Sanidad Vegetal. Plagas, 30.

Vacante, V. (2010) Citrus Mites: Identification, Bionomy and Control. 378 pp. CABL



...}:MAJ.:J'aL;aMUM_,SU&b‘Q_”«Yy}Q|;|IJ')K‘@J‘_;J:.L: \-\Y

Yu, D. Y., Wang, C. F., Yu, Y., Huang, Y. Q., Yao, J. A. & Hu, J. F. (2011). Laboratory selection for spirodiclofen

resistance and cross-resistance in Panonychus citri. African Journal of Biotechnology, 10(17), 3424-3429.

Ziaee, M., Moharramipour, S.& Mohsenifar, A. (2014a) Toxicity of Carum copticum essential oil-loaded nanogel
against Sitophilus granarius and Tribolium confusum. Journal of Applied Entomology 138(10), 763-771.

Ziaee, M., Moharramipour, S., & Mohsenifar, A. (2014b) MA-chitosan nanogel loaded with Cuminum cyminum
essential oil for efficient management of two stored product beetle pests. Journal of Pest Science, 87(4), 691-
699.



