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Figure 1. Mean mortality (%) + SE of O. surinamensis adults exposed to a stick of golpar, thyme,

peppermint, eucalyptus and rosageranium essential oils after 24 (A) and 72h (B) in 250, 500 and
1000 ml bottles. Means followed by the same letter are not significantly different using Tukey’s Test

at P < 0.05.
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Figure 2. Mean mortality (%) = SE of T. granarium last instar larvae exposed to two sticks of golpar,
thyme, peppermint, eucalyptus and rosageranium essential oils after 24 (A) and 72h (B) in 250, 500

and 1000 ml bottles. Means followed by the same letter are not significantly different using Tukey’s
Testat P < 0.05.
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O. surinamensis T. granarium
Sticks Mean* SE Min-Max Mean* SE Min-Max
golpar 716b 1.86 68-74 28.6¢ 4.26 23-37
thyme 82.3ab 3.84 75-88 72.6b 291 68-78
peppermint 94 a 1.15 92-96 87.6a 1.45 85-90
eucalyptus 916a 491 82-98 76.3 ab 3.28 70-81
rosageranium 21.6¢ 5.78 12-32 6.6d 1.76 4-10
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Figure 3. Comparing the stability of fumigant toxicity (%) + SE of O. surinamensis adults exposed to
essential oils (A) with sticks (B) of golpar, thyme, peppermint, eucalyptus and rosageranium.
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Figure 4. Comparing the stability of fumigant toxicity (%) + SE of T. granarium last instar larvae
exposed to essential oils (A) with sticks (B) of golpar, thyme, peppermint, eucalyptus and
rosageranium.



o 52303 oS 88 iy bl a0 ¥ o (S0 e DSOS 5 pllae YA

ol Sledi i Ol i A s 0S5 95 (A0 sad ol
.(Carroll and Loye, 2006) <ol odis w2187l

5 oIS s pln laeSianl 55 bl anlllas o
S5 95 Gas i S5 S Bl T <l
YL Coglin @ a5 Lo Linls Olas 565 51 gull T
e 4 S e e 4 (Ll SBT e Ol 5 4]
FE 555 oty SBLE ) K S5V
ol LAk il 55 oLl DBT ple gy mbie
sl &l sl 53 QIS ol Sl 05V g0 3 S
LI el a3 8 513 0505T 3550 L1 ST 635 b
b oBT 5l gy aals (S35 03200 (oSS (Slaoms
3308 5 5Lbl 4t ol 53 Ol 5 on (6 iy Lalad

o155 o e Amlie DGl sl s S5 S 55b0les
G35 LbeSS ST cpldla bl ¢Szl b el il
S50 ol ol 655 sl Olea b s S 5 el
S o phe Jlples & disls Ol gl b plnil alS
a3l a8 aad 3550 53 IS 55b 4 (S S50 il
Sy o) beSaul ("5° 3T g3 s e L 1 P
Lo e s Ol B 15 0L ) S o 2t o ol
G milul 3550 534S Il 53 clile 3L o3 gutous ¢ s
ssb wly o S0 ke 31 5a, Y0 IV I el
S dd jesie Gy ol e sl Cas I S
o olel ilay wudly o 4 Sawl 0wV g0
SrSatir ssb 4y el (S 0 i 153 5 0350 55
b AR

4 a5 by Sl O gV g 3 Colie pls 4 a5 L
;.L':f)}: Jeomen g Hlaaldis 4l 69y bl O
osb g candllan 5550 3T 53 o (55 LSl om nlis
Wl OsmVsop 2l & 58 6,8 s Ul N
4 Jy dal aals gLl BT o e s YL Jesly
S e Cab g5y S Jgame 4 L5 Sgr o0 RS

S i Coaslie &S aed O gman SBT 055 ) (o Ll BT

Slaais (Obao ol dbilgr Supm b K 5,Ul
FIF @ b s oS sk e i )T
(Shahkarami et al., 2004; Negahban and <.l s

Moharramipour, 2007; Kabiri Raeisabad et al.,
4 S HbalLs aid dujy 0 b5 4 uomes 2014)

(Ghasemzadeh b slabes Jles b 5 5295 S0k z1ssl
5 (Ziaei etal., 2017) 4 sLs &S L g et al., 2012)
153 odd sloul Sl 340 55 Bl S el G
33 balts aid 6oy 1y S e YL e mJIST el
ouj);&,(;?Sg;\:nhn)uziuﬂwyr»@;w
M;JJJ}.‘QQL«A waﬁ‘))ﬁ)} Sl el Y
Sl 33 5 L g 5§ S SaaS ol oSl &
jtm.wu\is@ﬁb‘_ﬂ;;,w@uwou;ﬁr,a
Ly osT ¢Sanl 4 Sk o Y0 Cele VY Ol
RV
‘ég_:w" R AJL:ZJ QT @ c.lt: Coomnd BE] 45)}12:“
AoV Bl Rl s BT (Al s
gl 5 s 5 Jladlls A s S s
3 5 O ad oy 1y (S s ) o iy Sl
S uilel (FauSyes S L byl s Lsls ol
ol ok plnil ke latagh S I OLLS
(Shahkarami et al., 2004; Negahban et al., 2007,

Hamzavi, 2011; Mishra and Tripathi, 2011,
Mahmoudvand et al., 2011; Wang et al., 2014;

aadlas 3 Moharramipour and Negahban, 2014)
4 g adse ol o (Nerio et al., 2010) o,Kes 5 & 5
Gl uilul FuuS Ty b Loyl s bl wodd y5,0 o
S 5 Al gn s 53 (oS s QLS pl ot e
OVLss ade odd d g ALE GlaodiS 555 55, bajia s
Sl s p Je Ol gt 4 Llos g S jate (L Ko 5 Laasy)
5 5T el (S 555 Sl a3 e plal

Cle 4 e Aedes albopictus 4z, s, oT Slazis



¥4 WP Jlo ) o)led o dla ( aLE SBT Soliios

S 3wl o3lizul LB (Wyls olesd b AL cla iS04y o

Olile 5 il ol (29)ls &S5 51wy ol & Sl uilal &Sl (555 65 ol SOlalllas o p5Y il
5 Gl Sy s 4 Ol e 5 e sty LI ST 5 6 a8 omen 5 gl OLaLS
Db o 13548 Gais ol UG 255 el

References

Abbott, W. S. 1925. A method for computing the effectiveness of an insecticide. Journal of Economic
Entomology 18: 265-267.

Ahmad, A., Ahmed, M., Noorullah, A., Mehmood Ali, Q., Abbas, M. and Arif, S. 2013. Monitoring
of resistance against phosphine in stored grain insect pests in Sindh. Middle East Journal of
Scientific Research 16 (11): 1501-1507.

Ali Babaie, M. 2014. Fumigant toxicity of essential oils of Myristica fragrans, Dracocephalum
moldavica and Heracleum persicum against different developmental stages of some stored-product
pests. M.Sc. Thesis. The University of Urmia. (In Farsi)

Arunk, T., Veena, P., Kishank, A. and Sushil, K. 2001. Insecticidal and ovicidal activity of the
essential oil of Anethum sowa Kurz against Callosobruchus maculatus F. (Coleoptera: Bruchide).
Insect Science and its Application 21(1): 61-66.

Bagheri-Zenouz, E. 1995. Stored products pests and its control methods. Sepehr Publishing. 2nd edition.
309 p.

Baser, K. H. C. and Buchbauer, G. 2009. Handbook of Essential Qils: Science, Technology, and
Applications. CRC Press. 991 p.

Carroll, S. P. and Loye, J. 2006. PMD, a registered botanical mosquito repellent with DEET like
efficacy. Journal American of Mosquito Control Association 22(3): 507-514.

Clemente, S., Mareggiani, G., Broussalis, A., Martino, V. and Ferraro, G. 2003. Insecticidal effects
of Lamiaceae species against stored products insects. Boletin de Sanidad Vegetal Plagas 29: 1-8.

Dezfouli, E., Moharramipour, S. and Goldasteh, S. H. 2010. Ovicidal, larvicidal and oviposition
deterrency effects of essential oil from Thymus vulgaris L. (Lamiaceae) on Callosobruchus
maculatus (F.) (Col.: Bruchidae). Journal of the Entomological Research Society 2: 73-84.

Farashiani, E. F., Awang, R. M., Assareh, M. H., Omar, D. and Rahmanim, M. 2015. Fumigant
toxicity of 53 Iranian Eucalyptus essential oils against stored product insect, Sitophilus oryzae L.
Iranian Journal of forest and Range Protection Research 13 (2): 132-139. (In Farsi).

Fields, P. G., Xie, Y. S. and Hou, X. 2001. Repellent effect of pea (Pisum sativum) fractions against
stored-product insects. Journal of Stored Products Research 37: 359-370.

Fradin, M. F. 1998. Mosquitoes and Mosquito Repellents: A Clinician’s Guide. Annals of Internal
Medicine 128: 931-940.

Fradin, M. F. and Day, J. F. 2002. Comparative efficacy of insect repellents against mosquito bites.
New England Journal of Medicine 4: 347(1):13-8.

Ghasemzadeh, S., Pourmirza, A. A., Safaralizadeh, M. H. and Ashouri, Sh. 2012. The control's
effect combination of microwave radiation and cold storage on adults Oryzaephilus surinamensis
and Tribolium castaneum. Journal of Plant Protection 25(4): 391-397. (In Farsi).

Hamzavi, F. 2011. Insecticidal effects of essential oil from Eucalyptus camaldulensis Dehnh and
Bottlebrush Callistemon viminalis Gaertn. on three species of stored-product bettles. M.Sc. Thesis,
Faculty of Agriculture, Department of Agricultural Entomology, Tarbiat Modares University, 134
pp. (In Farsi).

Kabiri Raeisabad, M., Mohammadi sharif, M. and Kabiri Nasab, M. 2014. Biological effects of
Arizona cypress, Cupressus arizonica against rice weevil, Sitophilus oryzae and sawtoothed grain
beetle, Oryzaephilus surinamensis. Journal of Plant Protection 37(1): 11-21. (In Farsi).



o 52303 oS 88 iy bl a0 ¥ o (S0 e DSOS 5 pllae ¥

Keita, S. M., Vincent, C., Schmidt, J., Arnason, J. and Belanger, A. 2001. Efficacy of essential oils of
Ocimum basilicum L. and O. gratissimum L. applied as an insecticidal fumigant and powder to
control Callosobruchus maculates (Fab.) (Coleoptera: Bruchidae). Journal of Stored Products
Research 37 (4): 339-349.

Kheirkhah, M., Ghasemi, V., Khoshnood Yazdi, A. and Rahban, S. 2015. Chemical composition and
insecticidal activity of essential oil from Ziziphora clinopodioides Lam. used against the
Mediterranean flour moth, Ephestia kuehniella Zeller. Journal of Plant Protection Research 55
(3): 260-265.

Lai, F., Wissing, S. A., Muller, R. H. and Fodda, A. M. 2006. Artemisia arborescens L essential oil-
loaded solid lipid nanoparticles for potential agricultural application: preparation and
characterization. American Association of Pharmaceutical Scientists 7(1):1-9.

Lawless, J. 2013. The Encyclopedia of Essential Oils: The Complete Guide to the Use of Aromatic Oils
in Aromatherapy, Herbalism, Health, and Well Being. Red Wheel Weiser. 224 p.

Lee, S., Peterson, C. J. and Coats, J. R. 2003. Fumigation toxicity of monoterpenoids to several stored
product insects. Journal of Stored Products Research 39: 77-85.

Liu, C. H., Mishra, A. K., Tan, R. X,, Tang, C., Yang, H. and Shen, Y. F. 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. Biosource Technology 97(15): 1969-
1973.

Mahmoudvand, M., Abbasipour, H., Basij, M., Hosseinpour, M. H., Rastegar, F. and Nasir, M. B.
2011. Fumigant toxicity of some essential oils on adults of some stored-product pests. Chilean
Journal of Agricultural Research 71(1):83-89.

Manzoomi, N., Ganbalani, G. N., Dastjerdi, H. R. and Fathi, S. A. A. 2010. Fumigant toxicity of
essential oils of Lavandula officinalis, Artemisia dracunculus and Heracleum persicum on the adults
of Callosobruchus maculatus. Munis Entomology and Zoology 5 (1), 118-122.

Mishra, B. B. and Tripathi, S. P. 2011. Repellent activity of plant derived essential oils against
Sitophilous oryzae and Tribolium castaneum .Singapore Journal of Scientific Researchl: 173-178.

Moharramipour, S. and Negahban, M. 2014. Plant Essential Oils and Pest Management. 129-153 pp.
In: Basic and Applied Aspects of Biopesticides. Sahayaraj K. (Ed). Springer. 356 pp.

Moretti, M. D. L., Sanna-Passino, G., Demontis, S. and Bazzoni, E. 2002. Essential oil formulations
useful as a new tool for the insect pest control. American Association of Pharmaceutical
Scientists 3(2):1-11.

Mujeeb, K. A., Latif, M., Ayaz-llyas, M. and Shahid Ali, S. 2011. Effect of organophosphte insecticide
chlorpyrifos on some biochemical components of Trogoderma granariuum larvae. Science
International (Lahore) 23(3), 229-233.

Musaei, A. 2013. Evaluation of the fumigant toxicity of some Iranian pharmaceutical formulations as the
plant insecticide, against first instar larvae of the Mediterranean flour moth, Anagasta kuehniella (Z.)
(Lepidoptera: Pyralidae). M.Sc. Thesis. University of Gorgan.

Negahban, M. and Moharramipour, S. 2007. Fumigant toxicity of Eucalyptus intertexta, Eucalyptus
sargentii and Eucalyptus camaldulensis against stored-product beetles. Journal of Applied
Entomology 131(4):256-261

Negahban, M., Moharramipour, S. and Sarbolouki, M. N. 2011. Nanocapsulation of Artemisia sieberi
oil as a new formulation against Callosobruchus maculatus. Integr Prot Stored Prod IOBC/WPRS
Bull 69:249.

Negahban, M., Moharramipour, S. and Sefidkon, F. 2007. Fumigant toxicity of essential oil from
Artemisia sieberi Besser against three stored-product insects. Journal of Stored Product Research
43 (2): 123-128.

Negahban, M., Moharramipour, S., Zandi, M. and Hashemi, S. A. 2013a. Efficiency of
nanoencapsulated essential oil of Artemisia sieberi on nutritional indices of Plutella xylostella.
Iranian Journal of Medicinal and Aromatic Plants 29: 692—708. (In Farsi).



13 WP Jlo ) o)led o dla ( aLE SBT Soliios

Negahban, M., Moharramipour, S., Zandi, M. and Hashemi, S. A. 2013b. Repellent activity of
nanoencapsulated essential oil of Artemisia sieberi on Plutella xylostella larvae. Iranian Journal of
Medicinal and Aromatic Plants 29:909-924.

Nerio, L. S., Olivero-Verbel, J. and Stashenko, E. 2010. Repellent activity of essential oils: A review
Bioresource Technology 101: 372-378.

Parry, E. J. 2007. The Chemistry of Essential Oils and Artificial Perfumes- Volume 2 (4th Edition).
Wexford College Press. 380 p.

Pascual-Villalobos, M. J. and Ballesta-Acosta, M. C. 2003. Chemical variation in an Ocimum
basilicum germplasm collection and activity of the essential oils on Callosobruchus maculatus.
Biochemical Systematics and Ecology 31: 673-679.

Riazi, M., Khajehali, J. Poorjavad, N. and Bolandnazar, A. 2015. The mortality and repellency effect
of a formulation of spearmint essential oil on the cotton melon aphid under greenhouse conditions.
Journal of Science and Technology of Greenhouse Culture 6(24): 169-179. (In Farsi).

Sahaf, B. Z. and Moharramipour, S. 2008. Fumigant toxicity of Carum copticum and Vitex pseudo-
negundo essential oils against eggs, Larvae and adults of Callosobruchus maculatus. Journal of
Pest Science 81: 213-220.

Sarraf Moayeri, H. R., Pirayeshfar, F. and Kavousi, O. 2013. Repellency effect of three herbal
essential oils on the two spotted spider mite, Tetranychus urticae. Iranian Journal of Plant
Protection Science 44(1): 103-112. (In Farsi).

Shahkarami, J., Kamali, k., Moharramipour, S. and Meshkat-alsadat, M. H. 2004. Fumigant toxicity
and repellent effect of essential oil of Salvia bracteata on four stored product pest. Journal of
Entomological Society of Iran 24(2): 35-50. (In Farsi).

Vahabi Mashour, M., Moharramipour, S. and Negahban, M. 2015. Insecticidal activity of
nanoencapsulated formulation of Artemisia sieberi Besser essential oil on Xanthogaleruca luteola
(Coleoptera: Chrysomelidae). Journal of Entomological Society of Iran 35(3): 39-49. (In Farsi).

Wang, X., Li, Q., Shen, L., Yang, J., Cheng, H., Jiang, S., Jiang, C. and Wang, H. 2014. Fumigant,
contact, and repellent activities of essential oils against the darkling beetle, Alphitobius diaperinus.
Journal of Insect Science 14: 1- 11.

Yang, Y. C., Choi, H. C., Choi, W. S., Clark, J. M. and Ahn, Y. J. 2004. Ovicidal and adulticidal
activity of Eucalyptus globulus leaf oil terpenoids against Pediculus humanus capitis (Anoplura:
Pediculidae). Journal of Agricultural and Food Chemistry 52:2507-2511.

Ziaee, M., Atapour, M. and Marouf, A. 2017. Persistence and efficacy of four Iranian diatomaceous
earths against three stored grains beetles. Proceedings of the National Academy of Sciences, India
Section B: Biological Sciences. (Under publishing).



o 52303 oS 88 iy bl a0 ¥ o (S0 e DSOS 5 pllae FY

Plant Pest Research
2017- 7(1): 29-42

Insecticidal effects of stick formulation of five medicine plants
essential oils against sawtoothed grain beetle, Oryzaephilus
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Abstract

Essential oils of some plant species have shown suitable insecticidal properties against stored-product
pests, which are one of the main factors affecting post-harvest food losses. In this study mortality,
repellent effects and durability of fumigant toxicity of the formulated essential oils of golpar (Heracleum
persicum), thyme (Thymus vulgaris), eucalyptus (Eucalyptus globules), peppermint (Mentha piperita) and
rosageranium (Pelargonium roseum) as 2.5 gr sticks (10%), were studied on two important pests of stored
products, Oryzaephilus surinamensis and Trogoderma granarium in laboratory at 28 + 1 °C, 70 + 5 % RH
and dark condition. The results showed that sticks of rosageranium and golpar had the lowest toxicity and
sticks of peppermint and thyme had the highest toxicity effects especially on O. surinamensis. The
highest repellency effect was observed in peppermint and eucalyptus on O. surinamensis (94 and 91/6 %
respectively) while repellency of rosageranium sticks was observed below 20% on both pests. Sticks
durability in comparison with pure essential oils of plants was significantly different so that from the
fourth day by the end of the eighth week the mortality rate was approximately constant while the
durability of pure essential oils decreased after 2-3 weeks represents the slow-releasing of essential oils in
stick formulation.

Key words: essential oils, stick formulation, fumigant toxicity, repellent effects, durability.
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