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7. Dihydroxyphenolic acid
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. Ferulic acid

. p-Coumaric acid

. Gallic acid
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. Syringic acid

. Catechol

. Protocatechuic acid
. Retention time

. Rosmarinic acid

19 Cinnamic acid
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Table 1. Analysis of chemical compounds (%) of aqueous extracts using the high-performance liquid

chromatography (HPLC)
. Plants
Chemical compounds - -
Eucalyptus  Rosemary Lavender Cumin Coriander  Tarragon
Gallic acid 26.83 0.00 1.37 2.30 2.21 0.00
Protocatechuic acid 0.79 0.00 0.00 0.91 5.87 0.00
p-Hydroxy benzoic acid 8.45 0.00 12.67 0.00 1.32 0.00
catechin 4.64 0.00 0.00 4.89 0.00 431
Vanillic acid 3.38 5.14 0.00 4.15 0.00 221
vanilin 3.51 0.00 0.00 0.37 0.00 0.00
p-Coumaric acid 0.75 0.00 1.22 0.86 0.00 1.45
Ferolic acid 0.00 18.35 12.25 0.00 0.00 0.00
m-Coumaric acid 0.00 0.00 18.12 0.00 0.00 0.50
quercetin 76.62 0.00 0.00 15.68 0.00 23.49
Cinnamic acid 0.00 6.39 0.00 0.00 0.00 1.00
Rosmarinic acid 0.00 0.34 0.00 0.00 0.00 0.00
Salcillic acid 0.00 21.68 33.90 0.00 9.90 3.24
(Lol S 5 (Aol Sy o Al S 5 3 8 oS 50 5l eds ) el ke o ylae HIUT )

Vose s Al S ke Ll Sl
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7. Ellagic acid

8, Kaempferol

°. Protocatechuic acid

10 Caffeic acid

1 p-Hydroxy benzoic acid
12, Rutin
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. Flavone

. Coumarin

. Apigenin

. Catechin

. Trans-2-dihydrocinnamic acid
. Resorcinol
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Table 2. Toxicity of aqueous and formulated extracts of rosemary, lavender, eucalyptus and tarragon
on the adults of Tetranychus urticae after 72 hours

LCso (ppm)
Plants Treatments N df Chi- (Min-Max) P-value
square

Agueous extract 90 5 6.04 3227 0.30
(2467 - 4063)

Rosemary  Nanoformulation 90 5 5.86 2166 0.32
(1502 - 2878)

Aqueous extract 90 5 7.16 7540 0.20
(6953- 7488)

Lavender  Nanoformulation 90 4 9.28 3741 0.54
(3009- 4656)

Aqueous extract 90 5 5.36 5273 0.37
(4290 -6750)

Eucalyptus  Nanoformulation 90 4 3.93 4687 0.78
(3609- 6220)

Aqueous extract 90 7 11.60 4091 0.11
(3375-5038)

Tarragon Nanoformulation 90 7 8.84 1454 0.26

(1067-1860)

N.: Number of individuals
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Table 3. Toxicity of aqueous and formulated extracts of cumin and coriander on the first instar of
Bemisia tabaci after 72 hours

Plants Treatments N df Chi-square LCso (ppm) P-value
(Min-Max)
Cumin Agueous extract 120 5 5.64 9639 0.34
(8733 - 10471)
Nanoformulation 120 5 7.93 6748 0.16
(5498 - 8385)
Agueous extract 120 6 5.93 11637 0.43
Coriander (10943- 12371)
Nanoformulation 120 5 1.90 10288 0.86

(10107- 11591)

N.: Number of individuals

Bemisia &b-\:ﬂwr)ﬂw‘_Q\Aa)ﬁwﬂf}ﬂaﬂjqugau\.&dfﬁ)@-\"_guo)ww—?d}b

el VY I . tabaci

Table 4. Toxicity of aqueous and formulated extracts of cumin and coriander on the third instar of
Bemisia tabaci after 72 hours

Plants Treatments N df Chi-square LCso (ppm) P-value
(Min-Max)
Cumin Aqueous extract 90 7 6.13 11670 0.52
(11110 - 12267)
Nanoformulation 90 6 3.70 9937 0.71
(9452 - 10404)
Aqueous extract 90 8 9.61 12358 0.29
Coriander (11561- 13216)
Nanoformulation 90 8 7.81 11185 0.45

(10450- 11939)

N.: Number of individuals

GOSN L6, 5T olE iy Calibes ol e 5 ZSL
e S ol Sl slaasly Codbge Olpe
Seslial (s sl WSl sl e iSTEST
ssbite 4 68 ol oo, Sl e 3 ALE (ol 28T sT
23 gledd OS5 5l eslal Oglbsl Ol J1 el
AL ot 5 BB Sl (6555188 Y pamee ud 5 0T 5
J..él:- g_)’:"'h}}.’. BE a.LAT Cwd 44 6[}'; ‘uNlM‘ wﬁ s
BL C;L’;Jj k.ﬁ-"? )‘ oslan! Ls‘_)" du.ﬂL.e 6[.;).3_) u\;\}:@
Lyl o 5 beSIbbdu 5 5,0 sbaS o pde glaasl
55T pal 3 Sl
S 3wl

oo ool oMKl Jlo Sl b sl e
5 S Sl dbspdy O8N5 el by

Lyl e r)&o\ Iyss Sls,ys

SLS 5 SasS SU Gl gl ey !

2l 4 508 g s 00 LI DT 4 by e ALE
Sl oy p o Bl i 93 sl 0l O glame BT
e OLLE Sl 2l sl ST (slasjlae  Suaiss
O g0 5l 5T ey oSOt 5 14353 56 oS
slaanl s 15 adlae 5,40 55 1) LOT Cuan Ol e
u)\ycw).sSsﬁgTj|§uw)ﬁle>au£\)\
WS (fw s ouk 3 o3lizal b ol ag (sbad s 56
anllae 5 50l Gl jlas b awslie )3 (5 i Caams
Ol 3 old odalive Glagles (opl 5 egde azils
Uie 5 g5 b Lo je adllan 5,50 sloojlae Sass
csorlie 2 S LOT )y a8 il 0 LOT sland SLS 5
lad o @l b a3 eSS sl e sl 61
ot DS 5 o lolid o3 50 v 55 65 ol 4 o )

23 0Tt s i 5 S laojlae Sais J e



v VY Jlo oY oples O o ¢ ol ST Sl

References

Abou-Fakhr, H., & Mcauslane, H. J. (2006). Effect of Melia azadrach L. extraxt on Bemisia argentifolii
(Hemiptera:Aleyrodidae) and its biocontrol agent eretmocerus rui (Hymenoptera: Aphelinidae).
Environmental Entomology, 35(3), 740- 745. DOI: https://doi.org/10.1603/0046-225X-35.3.740.

Ahmadi, Z., Saber, M., Bagheri, M., & Mahdavinia, G. R. (2017). Achillea millefolium essential oil and
chitosan nanocapsules with enhanced activity against Tetranychus urticae. Journal of Pest Science,
91(2), 837-848. DOI: https://doi.org/10.1007/s10340-017-0912-6.

Ahmed, M. Z., Barro, P. J. De, Greeff, M. J., Ren, S.X., Naveed, M., & Qiu, B. L. (2011). Genetic
identity of the Bemisia tabaci species complex and association with high cotton leaf curl disease
(CLCuD) incidence in Pakistan. Pest Management Science, 67, 307-317. DOI:
https://doi.org/10.1002/ps.2067.

Alichi, M., Roosta, S., Bagheri, F., & Minaei, K. (2019). Effect of golder (Rydingia persica) and myrtle
(Myrtus communis) extracts in controlling Bemisia tabaci on tomato under laboratory conditions.
Plant Pest Research, 9(3), 29-39. (in Farsi)

Antonious, G. F., Meyer, J. E., & Snyder, J. C. (2006). Toxicity and repellency of hot pepper extracts
to spider mite, Tetranychus urticae Koch. Journal of Environmental Science and Health Part B,
41(8), 1383-1391. DOI: https://doi.org/10.1080/0360123060096419.

Attia, S., Grissa, K. L., Lognay, G., Bitume, E., Hance, T., & Mailleux, A. C. (2013). A review of the
major biological approaches to control the worldwide pest Tetranychus urticae (Acari:
Tetranychidae) with special reference to natural pesticides. Journal of Pest Science, 86(3), 361-386.
DOI: https://doi.org/10.1007/s10340-013-0503-0.

Badawy, M. E. I., Abdelgaleil, S. A. M., Mahmoud, N. F., & Marei, A. E. S. M. (2018). Preparation and
characterizations of essential oil and monoterpene nanoemulsions and acaricidal activity against two-
spotted spider mite (Tetranychus urticae Koch). International Journal of Acarology, 44(7), 330-340.
DOI: https://doi.org/10.1080/01647954.2018.1523225.

Bettaieb, 1., Bourgou, S., Wannes, W. A., Hamrouni, I., Limam, F., & Marzouk, B. (2010). Essential
oils, phenolics, and antioxidant activities of different parts of cumin (Cuminum cyminum L.). Journal
of Agricultural and Food Chemistry, 58(19), 10410-10418.

Calmasur, O., Aslan, 1., & Sahin, F. (2006). Insecticidal and acaricidal effect of three Lamiaceae plant
essential oils against Tetranychus urticae Koch and Bemisia tabaci Genn. Industrial Crops and
Products, 23(2), 140-146. DOI: https://doi.org/10.1016/j.indcrop.2005.05.003.

Carmen Duda, S., Marghitas, L. A., Dezmirean, D., Duda, M., Margaoan, R., & Bobis, O. (2015).
Changes in major bioactive compounds with antioxidant activity of Agastache foeniculum,
Lavandula angustifolia, Melissa officinalis and Nepeta cataria: Effect of harvest time and plant
species. Industrial Crops and Products, 77, 499- 507. DOI:
https://doi.org/10.1016/j.indcrop.2015.09.045.

Deng, Y., Shi, D., Yin, Z., Guo, J., Jia, R., Xu, J., Song, X., Lv, C., Fan, Q., Liang, X., & Shi, F. (2012).
Acaricidal activity of petroleum ether extract of neem (Azadirachta indica) oil and its four fractions
separated by column chromatograohy against Sarcoptes scabiei Var. Cuniculi larvae in vitro.
Experimental Parasitology, 130(4), 475-477. DOI: https://doi.org/10.1016/j.exppara.2012.02.007.

Dua, A., Garg, G., Kumar, D., & Mahajan, R. (2014). Polyphenolic composition and antimicrobial
potential of methanolic coriander (Coriandrum sativum) seed extract. International Journal of
Pharmaceutical Sciences and Research, 5(6), 2302-2308.

Feyzioglu, G. C., & Tornuk, F. (2016). Development of chitosan nanoparticles loaded with summer
savory (Satureja hortensis L.) essential oil for antimicrobial and antioxidant delivery applications.
LWT-Food Science and Technology, 70, 104-110. DOI: https://doi.org/10.1016/j.lwt.2016.02.037.

Hu, X., Wang, Y., & Peng, B. (2014). Chitosan-capped mesoporous silica nanoparticles as pH-
responsive nanocarriers for controlled drug release. Chemistry-An Asian Journal, 9(1), 319-327.
DOI: https://doi.org/10.1002/asia.201301105.

Jacotet-Navarro, M., Laguerre, M., Fabiano-Tixier, A. S., Tenon, M., Feuillere, N., Bily, A., & Chemat,
F. (2018). What is the best ethanol-water ratio for the extraction of antioxidants from rosemary?
Impact of the solvent on yield, composition and activity of the extracts. Electrophoresis, 39, 1946-
1956. DOI: https://doi.org/10.1002/elps.201700397.



....... 6‘&})&)[3Jgﬁuug‘i—ju’;Tajwijdﬂyjﬁﬁybj;E LO‘)&AA}Jﬁ:CIC YA

Khanamani, M., Fathipour, Y., Hajiganbar, H., & Sedaratian, A. (2012). Reproductive performance and
life expectancy of Tetranychus urticae (Acari: Tetranychidae) on seven eggplant cultivars. Journal
of Crop Protection, 1(1), 57-66.

Khanamani, M., Fathipour, Y., Talebi, A. A., & Mehrabadi, M. (2017). Evaluation of different artificial
diets for rearing the predatory mite Neoseiulus californicus (Acari: Phytoseiidae): diet-dependent life
table studies. Acarologia, 57(2), 407-419. DOI: https://dx.doi.org/10.1051/acarologia/20174165.

Kheradmand, K., Beynaghi, S., Asgari, S., & Sheykhi Garjan, A. (2015). Toxicity and repellency effects
of three plant essential oils against two-spotted spider mite, Tetranychus urticae (Acari:
Tetranychidae). Journal of Agricultural Science and Technology, 17, 1223-1232.

Khezrilu, B. J., & Heidari, R. (2014). The evaluation of antioxidant activities and phenolic compounds
in leaves and inflorescence of Artemisia dracunculus L. by HPLC. Journal of Medicinal Plants,
13(51), 41-50.

Laborda, R., Manzano, I., Gamon, M., Gavidia, I., Perez-Bermudes, P., & Boluda, R. (2013). Effects of
Rosmarinus officinalis and Salvia officinalis essential oils on Tetranychus urticae Koch (Acari:
Tetranychidae). Journal of Industrial Crops and Products, 48, 106-110. DOI:
https://doi.org/10.1016/j.indcrop.2013.04.011.

Maciel, A. D. G. S., Trindade, R. C. P., Basilio Junior, I. D., Santana, A. E. G., Silva, J. P. D., Santos,
L.A. T, Silva, E. S., Freitas, J. D. D., & Nascimento, T. G. D. (2019). Microencapsulation of Annona
squamosal L. (Annonaceae) seed extract and lethal toxicity to Tetranychus urticae Koch (1836)
(Acari:  Tetranychidae). Industrial Crops and Products, 127, 251-259. DOI:
https://doi.org/10.1016/j.indcrop.2018.10.084.

Makhlof, A., Tozuka, Y., & Takeuchi, H. (2011). Design and evaluation of novel pH-sensitive chitosan
nanoparticles for oral insulin delivery. European Journal of Pharmaceutical Sciences, 42(5), 445-
451. DOI: https://doi.org/10.1016/j.ejps.2010.12.007.

Makhlouf, L., Meudec, E., Chibane, M., Mazauric, J. P., Slimani, S., Henry, M., Cheynier, V., &
Madani, K. (2010). Analysis by high-performance liquid chromatography diode array detection mass
spectrometry of phenolic compounds in fruit of Eucalyptus globulus cultivated in Algeria.
Agricultural and Food Chemistry, 58, 12615-12624. DOI: https://doi.org/10.1021/jf1029509.

Mena, P., Cirlini, M., Tassotti, M., Herrlinger, K. A., Dallasta, C., & Del Rio, D. (2016). Phytochemical
profiling of flavonoids, phenolic acid, terpenoids and volatile fraction of a rosemary (Rosmarinus
officinalis L.) extract. Molecules, 21, 1-15. DOI: https://doi.org/10.3390/molecules21111576.

Miron, T. L., Plaza, M., Bahrim, G., lbafiez, E., & Herrero, M. (2011). Chemical composition of
bioactive pressurized extracts of Romanian aromatic plants. Journal of Chromatography A,
1218(30), 4918-4927. DOI: https://doi.org/10.1016/j.chroma.2010.11.055.

Mradu, G., Saumyakanti, S., Sohini, M., & Arup, M. (2012). HPLC profiles of standard phenolic
compounds present in medicinal plants. International Journal of Pharmacognosy and Phytochemical
Research, 4(3), 162-167.

Munin, A., & Edwards-Levy, F. (2011). Encapsulation of natural polyphenolic compounds; A review.
Pharmaceutics, 3(4), 793-829. DOI: https://doi.org/10.3390/pharmaceutics3040793.

Natrajan, D., Srinivasan, S., Sundar, K., & Ravindran, A. (2015). Formulation of essential oil-loaded
chitosan-alginate nanocapsules. Journal of Food and Drug Analysis, 23(3), 560-568. DOI:
https://doi.org/10.1016/j.jfda.2015.01.001.

Pavela, R. (2016). Acaricidal properties of extracts of some medicinal and culinary plants against
Tetranychus  urticae  Koch.  Plant  Protection  Science, 52(1), 54-63. DOI:
https://doi.org/10.17221/62/2015-PPS.

Pavela, R. (2007). Possibilities of botanical insecticide exploitation in plant protection. Pest
Technologies, 1, 47-52.

Pimentel, D., Zuniga, R., & Morrison, D. (2005). Update of the environmental and economic costs
associated with alien-invasive species in the United States. Ecological Economics, 52, 273-288.
DOI: https://doi.org/10.1016/j.ecolecon.2004.10.002.

Radulescu, C., Stihi, C., llie, M., Lazurca, D., Gruia, R., Olaru, O. T., Bute, O., Dulama, 1. D., Stirbescu,
R. M., Teodorescu, S., & Florescu, M. (2017). Characterization of phenolics in Lavandula
angustifolia. Analytical Letters, 40, 1-30. DOI: https://doi.org/10.1080/00032719.2016.12644009.

Rebey, I. B., Bourgou, S., Debez, I. B. S., Karoui, I. J., Sellami, I. H., Msaada, K., Limam, F., &
Marzouk, B. (2011). Effects of extraction solvents and provenances on phenolic contents and



% VY Jlo oY oples O o ¢ ol ST Sl

antioxidant activities of cumin (Cuminum cyminum L.) seeds. Food and Bioprocess Technology,
5(7), 2827-2836. DOI: https://doi.org/10.1007/s11947-011-0625-4.

Roh, H.S., Lim, E.G., & Kim, J. (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. DOI: https://doi.org/10.1007/s10340-011-
0377-y.

Ruberson, J., Nemoto, H., & Hirose, Y. (1998). Pesticides and conservation of natural enemies in pest
management. Conservation Biological Control, 207-220. DOI: https://doi.org/10.1016/B978-
012078147-8/50057-8.

Salehi Amiri, S., Mohammadi Sharif, M., & Hadizadeh, A. (2019). Biological effects of Sambucus
ebulus L., Urtica dioica L., Rubus fructicosus Boiss. and Pteridium aquilinum (L.) Kuhn extracts
against two-spotted spider mite. Iranian Journal of Medicinal and Aromatic Plants, 35(4): 565-576.
DOI: https://doi.org/10.22092/ijmapr.2019.124763.2464. (in Farsi)

Santos, S. A. O., Villaverde, J. J., Silva, C. M., Neto, C. P., & Silvesre, A. J. D. (2012). Supercritical
fluid extraction of phenolic compounds from Eucalyptus globulus Labill bark. The Journal of
Supercritical Fluids, 71, 71-79. DOI: https://doi.org/10.1016/j.supflu.2012.07.004.

Sarraf Moayeri, H. R., Pirayeshfar, F., Bolandnazar, A. R., & Faridi, B. (2014). Fumigant toxicity of
cumin, spearmint and lavender essential oils against eggs and adults of two-spotted spider mite,
Tetranychus urticae Koch (Acari: Tetranychidae). Plant Pest Research, 4(3), 1-13. (in Farsi)

Sedaratian-Jahromi, A., Fathipour, Y., & Moharramipour, S. (2009). Evaluation of resistance in 14
soybean genotypes to Tetranychus urticae (Acari: Tetranychidae). Journal of Pest Science, 82(2),
163-170. DOI: https://doi.org/10.1007/s10340-008-0235-8.

Shi, G. L., Zhao, L. L., Liu, S. Q., Cao, H., Clarke, S. R., & Sun, J. H. (2006). Acaricidal activities of
extracts of Kochia scoparia against Tetranychus urticae, Tetranychus cinnabarinus, and Tetranychus
viennensis (Acari: Tetranychidae). Journal of Economic Entomology, 99(3), 858-863. DOI:
https://doi.org/10.1093/jee/99.3.858.

Shishebour, P. (2002). Whitefly (1% ed.). Shahid Chamran University Publication. (in Farsi)

Tapondjou, A. L., Adler, C., Fontem, D. A, Bouda, H., & Reichmuth, C. (2005). Bioactivities of cymol
and essential oils of Cupressus sempervirens and Eucalyptus saligna against Sitophilus zeamais
Motschulsky and Tribolium confusum du Val. Journal of Stored Product Research, 41, 91-102. DOI:
https://doi.org/10.1016/j.jspr.2004.01.004.

Van Leeuwen, T., Vontas, J., Tsagkarakou, A., Dermauw, W., & Tirry, L. (2010). Acaricide resistance
mechanisms in the two-spotted spider mite Tetranychus urticae and other important acari: A review.
Insect Biochemistry and Molecular Biology, 40(8), 563-572. DOI:
https://doi.org/10.1016/j.ibmb.2010.05.008.

Vasconcelos, G. N. D., Junior, M. G. C., & Barros, R. (2006). Aqueous extracts of Leucaena
leucocephala and Sterculia foetida to the control of Bemisia tabaci biotypes (Hemiptera:
Aleyrodidae). Ciencia Rural, 36(5), 1353-1359.

Zargar, V., Asghari, M., & Dashti, A. (2015). A review on chitin and chitosan polymers: structure,
chemistry, solubility, derivatives, and applications. ChemBioEng Reviews, 2(3), 204-226. DOI:
https://doi.org/10.1002/cben.201400025.



....... 6‘&})&)[3dgﬁuug‘i—ju’;TaJWWfdﬂyjﬁﬁybj;E LL)‘)&.«A}J)Q:C}C Ar

Open access T
Plant Pest Research doi: 1022124/|prj2023252211531 T
_ - R7. PISSN: 2322-2409
2023- 13 (2): 67-80 eISSN: 2538-6123 M e

Research paper
Effect of Nanoformulation on toxicity of some herbal extracts

against two-spotted spider mite Tetranychus urticae and Silverleaf
whitefly Bemisia tabaci

F. Arajpour!, R. Aziz Nesar?, A. Sedaratian-Jahromi®” and M. Ghane-Jahromi*
Department of Plant Protection, Faculty of Agriculture, Yasouj University, Yasouj, Iran
ORCID iD: 1. 0009-0009-8028-9994, 2. 0000-0002-2709-3898, 3. 0000-0002-2588-2359, 4. 0009-

0002-7219-904x

(Received: August 10, 2023- Accepted: September 13, 2023)

Abstract

The present study was designed to evaluate the lethal effects of aqueous extracts and
nanoformulations of Rosmarinus officinalis L., Lavandula angustifolia Mill., Eucalyptus globulus
Labill. and Artemisia dracunculus L. on Tetranychus urticae Koch (female and male adults) and
Cuminum cyminum L. and Coriandrum sativum L. on Bemisia tabaci (Gennadius) (first and third instar)
under laboratory conditions at 25 + 2 °C, 60% RH, and 16:8 h. photoperiod using contact toxicity
method. Among aqueous and formulated extracts rosemary (LCso = 3227 ppm) and tarragon (LCso =
1454 ppm) had the highest toxicity against adult mites, respectively. Aqueous and formulated extracts
of cumin also showed the highest toxicity with LCso of 9639 and 6748 ppm on the first instar and 11670
and 9937 ppm on the third instar of B. tabaci, respectively. The first instar of B. tabaci showed more
sensitivity to aqueous and formulated extracts than third ones. Based on the results of high-performance
liquid chromatography (HPLC), Salcillic acid for rosemary (21.68%), lavender (33.90%) and coriander
(9.9%), and quercetin for eucalyptus (76.62%), tarragon (23.49%) and cumin (15.68%) had the highest
amount of chemical compounds. Our findings show the reliable toxicity of plant extracts and will
facilitate the use of plant products in integrated pest management programs under greenhouse
conditions.
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