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ABSTRACT

This study was aimed to evaluate the role of Potassium silicate, humic acid, and salicylic
acid in both normal and Nano sizes in eliminating Tetranychus urticae Koch infestations on
the eggplant cultivars Jawaher, Barcelona, and Iraq wonder. Potassium silicate was used by
2.5 ml/L and 5 g/L, humic acid 10 ml/L and 20 g/L and salicylic acid 0.1 g/L. and 0.2 ml/L for
ambient and Nano size respectively, the treatment plants were observed weekly after
application to determine the population density of TSSM .The use of prior fertilizers reduces
the population density of TSSM as compared to the control treatment in all three cultivars.
SEM pictures revealed that the potassium silicate Nano capsule (PSNC), humic acid Nano
capsule, and salicylic acid Nano emulsion had diameters of 99, 92, and 26 nm, respectively.
The zeta potential values for potassium silicate Nano capsule, humic acid Nano capsule, and
salicylic acid Nano emulsion were -68.2, -43.5, and 63.1 mV, respectively.

Key words: Humic acid, Nano capsule, Nano emulsion, Potassium silicate, SEM, Zeta
potential.
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INTRODUCTION the harm it does, but also because of its
Eggplant is a vegetable crop that is grown all extensive host range (Ribeiro et al., 2021), The
over the world and can provide substantial TSSM's rapid developmental pace and strong
nutritional benefits because of its content of reproductive capacity allow it to establish
vitamins, phenols, and antioxidants, In destructive population levels quickly when
addition, eggplant has potential therapeutic growth conditions are favorable, resulting in a
applications that are only recently being rapid decline in host plant quality (Razmjou et
identified (Giirbiiz et al., 2018) . Based on data al., 2009) . The use of synthetic acaricides is
from 2022, the global production of eggplant primarily relied upon to control 7. wurticae

is around 59 million tons annually, with a net (Abd AL Jaleel et al., 2024) . On the other
value of more than 12 billion US$ a year hand, 7. wrticae, has rapidly developed
(FAO, 2022).Several pests significantly limit resistance to the majority of the acaricides

eggplant output; the most common are the available for control (Tsagkarakou et al., 2002)
leathopper, whitefly, aphid, and two-spotted due to its very broad host plant range,
spider mite (Srinivasan, 2009). The two- extremely short lifecycle, high fecundity,
spotted spider mite Tetranychus urticae Koch, arrhenotokous parthenogenesis, and
1836, is one of the most important agricultural overwintering strategy (Adesanya et al., 2021).
pests (Salama et al., 2023), not only because of In recent years, some studies have focused on

1380


https://doi.org/10.36103/k8byrt16
mailto:https://orcid.org/0009-0005-7722-8972
mailto:ahmed.m.abdullateef@src.edu.iq
mailto:https://orcid.org/0000-0001-8188-508X
mailto:Sindab.s@coagri.uobaghdad.edu.iq

Iraqi Journal of Agricultural Sciences —2026:57(5):1380-1388
P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/k8byrt16

plant defense against herbivores (Agut et al.,
2018) , Plants have many defense mechanisms
that can reduce herbivores abundance or
increase plant tolerance to harm (Carmona et
al., 2011). Cultural methods such as crop
fertilization can affect the susceptibility of
plants to herbivores by altering plant tissue
nutrients (Altae & Al-Dahwi, 2023; Damghani
et al., 2021). Ismail et al. (2022) found that the
foliar application of two Silicon forms on
strawberries caused a significant reduction in
the number of TSSM adults, nymphs, and eggs
compared to the control group. Modern
nanotechnology has been considered one of
the most significant inventions of the 21st
century (Seleem & Abdel-Dayem, 2013).
Many agricultural fields have been affected by
nanotechnology (Zulfigar et al., 2025). Pest
control based on natural compounds needs to
be enhanced by using this technology (Navia
et al., 2024). In this study, we used three types
of fertilizers in normal and nano size to
evaluate their role in inducing resistance in
eggplant cultivars against TSSM.
MATERIALS AND METHODS

We selected three cultivars of eggplant:
Jawaher F1 from Enza Zaden, Netherlands;
Barcelona F1 from Fito, Spain; and Iraq
Wonder F1 obtained from Dr. Inad D. Abod,
Iraq. The experiment was carried out in 2024
in a greenhouse at the College of Agricultural
Engineering/ University of Baghdad/ Baghdad
Province/ Jadriya.

Formulation of Nano capsule

75 g of polyethylene glycol 4000 (Loba
chemie Pvt, India) was dissolved at 65° C,
added 25 g of potassium silicate (Barricade
from agri science Ltd, Turkey) with
continuously heating and stirring by using a
heating magnetic stirrer, then put the solution
in the freezer until stiffened, then grind it by
grinder to obtain a white powder (Gatarayiha
et al., 2010) , the same method was followed
to prepare humic acid Nano capsule.
Formulation of Nano emulsion

Nano emulsion were prepared by using the
low energy method of emulsion phase
inversion (EPI), which consists in the slow
addition of an aqueous phase into an oil phase
under constant stirring (Al Hilfy et al., 2022),
the salicylic Nano emulsion was formulated by
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combing 10 g of salicylic acid (C7HsO3)
(Oxford lab chem, UK), 10 ml of sunflower
oil, 10 ml tween 80 (Thomas Baker, India) as
surfactant, 10 ml ethylene alcohol and 1 g of
PEG 4000, under magnetic stirring for 30 min.
Deionized water was added at 1.5 ml/min
flow, under constant stirring (Ayllon-Gutiérrez
et al., 2023). The whole volume of emulsion
completed to 500 ml.

Characterizations of Nano capsule and
Nano emulsion: Nano capsule and Nano
emulsion shape and size were measured by
Mira 3 field emission scanning electron
microscopy  (FE-SEM), Tescan, Korea
(Hammed et al., 2023) . To determine the
stability and activity of Nano capsule and
Nano emulsion Zeta potential analysis was
made by a HORIBA Zetasizer Nano-SZ-
100V2 (HORIBA Scientific Instruments,
Japan) (Al Hilfy et al., 2022).

Field experiment: Potassium silicate, humic
acid and salicylic acid in both size normal and
Nano were used to evaluate its roles in
reducing infestation of TSSM on eggplant
cultivars Jawaher, Barcelona and Iraq wonder.
To assess the effect of previous fertilizers six
plants of each cultivar were selected for each
treatment in addition to the control treatment
(Agut et al., 2018), depending on companies'
recommendations fertilizers used, Potassium
silicate was used by 2.5 ml/L and 5 g/L, humic
acid 10 ml/L and 20 g/L and salicylic acid 0.1
g/L and 0.2 ml/L for ambient and Nano size
respectively, it should be noted that
concentrations of prepared Nano fertilizers
were half of its concentrations in commercial
products. The experimental units (plant) of
each treatment were sprayed with a fertilizers
solution and control treatments sprayed by
water only, the treatment plants were observed
weekly after application to determine the
population density of TSSM (Mmbando et al.,
2023).

Statistical analysis: The experiments were
carried out according to factorial experiments
using a completely randomized block design
(CRBD), and the differences between the
means of the treatments were tested according
to the value of the least significant difference
(L.S.D) at the probability level of 0.05. The
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results were analyzed by the statistical
program Genstat (Genstat, 2009).

RESULTS AND DISCUSSION

Scanning Electron Microscopy (SEM)
analysis: Analysis in (Figure 1) Shows
analysis SEM, shows the diameter and shapes
of potassium silicate Nano capsule, humic acid
Nano capsule and salicylic acid Nano
emulsion. The diameter average of potassium
silicate Nano capsule (A) was 99 nm with oval
shape. The dlameter average of humic acid

Nano capsule (B) was 92 nm with elongated
shape. The diameter average of salicylic acid
Nano emulsion (C) was 26 nm with irregular
shape.

Zeta potential analysis

The zeta potential analysis (Figure 2) revealed
that zeta potential mean of potassium silicate
Nano capsule (A) was -68.2 mV, humic acid
Nano capsule (B) was -43.5mV and salicylic
acid Nano emulsion (C) was 63.1 mV.
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Figure 1. SEM images of formulations (A) potassium silicate Nano capsule, (B) humic acid
Nano capsule and (C) salicylic acid Nano emulsion
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Figure 2. Zeta potential means (A) potassium silicate Nano capsule,(B) humic acid Nano
capsule and (C) salicylic acid Nano emulsion

Effect of fertilizers on TSSM population
density: Tables (1, 2, 3) show that potassium
silicate, humic acid, and salicylic acid in both
normal and nano sizes  significantly
outperformed control treatments in terms of
reducing TSSM population density on
eggplant cultivars Jawaher, Barcelona, and
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Iraq Wonder, additionally, potassium silicate
fertilizer average was 1.86, 2.48, 3.14
mites/cm? (for both normal and nano sizes)
significantly outperformed all other treatments
in the three previous cultivars. The use of
potassium silicate in normal and nano sizes
results in a decrease in the population density
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of TSSM (Zulfiqar et al., 2025), the PSNC
(potassium silicate nano capsule) may have
stiffened and dried out the body of the mite

(Hala & Elsamahy, 2016) apart from its
function of promoting plant resistance.
Normal-sized potassium silicate can encourage
plant to produce fence materials such phenols,
which lower the density of the TSSM
population, so increasing plant resilience
(Carmona et al., 2011; Giirbiiz et al., 2018).
Hussain et al. (2023) discovered that using
potassium silicate significantly enhanced the
thickness of the upper and lower epidermal

cuticle layers, as well as the thickness of the
leaf. The results of tables (1) and (2)
demonstrate that PSNC averages 1.47, 2.04
mites/cm?  significantly exceeds potassium
silicate averages in normal size 2.26, 2.93
mites/cm? ; this is due to the nano size of
PSNC (99 nm), and its stability derives from
the zeta potential value of -68.2 mV (Clogston
& Patri, 2011), As a result, PSNC is more
efficient than a normal-sized PS. However, in
table 3, there is non significant difference
between PSNC and PS in normal size.

Table 1. Effect of types of fertilizers in normal and Nano size on the population density of
TSSM on eggplant Jawaher cultivar

Fertilizer type Fertilizer No. of moving mites/cm?/ leaf Average
size 9/5 16/5 23/5 30/5
normal 1.18 3.18 5.37 5.47 3.80
1 Humic acid Nano 0.38 1.19 3.47 5.35 2.60
average 0.78 2.19 4.42 5.41 3.20
normal 0.83 1.67 2.17 4.36 2.26
2 Potassium silicate Nano 0.00 1.10 2.03 2.75 1.47
average 0.41 1.38 2.10 3.56 1.86
normal 0.67 3.00 4.66 517 3.37
3 Salicylic acid Nano 0.17 1.18 3.84 4.92 2.53
average 0.42 2.09 4.25 5.05 2.95
4 Control 517 6.67 7.37 6.45 6.42
Average of observation date 1.70 3.08 4.54 5.12 3.61
L.S.D (5% level)
Observation date: 0.51 Fertilizer type: 0.51 Fertilizer size: 0.36 Date* F.type:
1.01 F. type * F. size: 0.71 Interaction: 1.43

Table 2. Effect of types of fertilizers in normal and Nano size on the population density of
TSSM on eggplant Barcelona cultivar

type * F. size: 0.73 Interaction: 1.46

Fertilizer type Fertilizer No. of moving mites/cm?/ leaf Average
size 9/5 16/5 23/5 30/5
normal 1.33 2.67 5.54 7.15 4.17
1 Humic acid Nano 0.83 2.17 4.34 5.67 3.25
average 1.08 2.42 4.94 6.41 3.71
normal 0.73 1.50 4.17 5.33 2.93
2 Potassium silicate Nano 0.50 1.32 2.33 4.00 2.04
average 0.61 1.41 3.25 4.67 2.48
normal 1.10 2.69 4.50 6.25 3.63
3 Salicylic acid Nano 0.67 1.84 4.25 517 2.98
average 0.88 2.26 4.37 5.71 3.30
4 Control 5.47 6.76 10.00 8.83 7.76
Average of observation date 2.01 3.21 5.64 6.40 4.31
L.S.D (5% level)
Observation date: 0.52 Fertilizer type: 0.52 Fertilizer size: 0.36 Date* F.type: 1.03 F.
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Table 3. Effect of types of fertilizers in normal and Nano size on the population density of

TSSM on eggplant Iraq Wonder cultivar

Fertilizer type Fertilizer No. of moving mites/cm?/ leaf Average
size 9/5 16/5 23/5 30/5
normal 1.67 4.13 7.65 10.17 5.90
1 Humic acid Nano 0.83 2.17 5.14 6.84 3.75
average 1.25 3.15 6.39 8.50 4.82
normal 0.89 1.84 4.15 6.94 3.45
2 Potassium silicate Nano 0.67 1.51 3.17 6.00 2.83
average 0.78 1.67 3.66 6.46 3.14
normal 1.72 3.83 5.18 7.84 4.64
3 Salicylic acid Nano 0.52 2.31 3.52 5.65 3.00
average 1.12 3.07 4.35 6.74 3.82
4 Control 7.32 11.26 15.83 15.50 12.47
Average of observation date 2.61 4.79 7.56 9.30 6.06
L.S.D (5% level)
Observation date: 0.63 Fertilizer type: 0.63 Fertilizer size: 0.45 Date* F.type: 1.26
F. type * F. size: 0.89 Interaction: 1.78

Tables (1) and (2) shows non-significant
differences between humic acid and salicylic
acid averages, while table (3) shows that the
salicylic acid average 3.82 mites/cm? greatly
exceeds the humic acid average 4.82
mites/cm®. This could be due to how the
cultivar reacts to the type of fertilizer applied
(Salama et al., 2023) . According to tables (1,
2, 3) the humic acid nano capsule averages
2.6, 3.25, 3.75 mites/cm® outperformed
normal-sized humic acid averages 3.8, 4.17,
5.9 mites/cm* in terms of reducing TSSM
population density significantly. Because of
the nano features, such as the nano size of 92
nm and the zeta potential value of -43.5 mV,
humic acid in nano form improves and
enhances its properties when compared to
humic acid in normal form (Ismail et al.,
2022). The results show that salicylic acid
nano emulsion averages 2.53, 3 mites/cm?
significantly exceeds salicylic acid in normal
size averages 3.37, 4.64 mites/cm? in tables (1)
and (3), while there is non-significant
difference in table (2). Tables (1, 2, 3)
demonstrate a considerable variance in
observation date averages. The first
observation date averages 1.7, 2.01, 2.61
mites/cm”? greatly outperforms the other
observation date, whereas the second
observation date averages 3.08, 3.21, 4.79
mites/cm” outperforms the third and fourth
observation date averages. Finally, the third
observation date averages 4.54, 5.64, 7.56
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mites/cm? outperforms the fourth observation
date averages 5.12, 6.4, 9.3 mites/cm?.
CONCLUSION

It could be concluded that the application of
fertilizers can reduce the population density of
TSSM; most of the fertilizers in nano form are
more efficient than the normal form; the
fertilizers' effect begins high and decreases
with time.

ACKNOWLEDGMENTS

We'd like to thank Dr. Hazim I. Al Shammari,
Dr. Inad D. Abod, and Dr. Muatafa D. Juma
for their assistance with the research.
AUTHOR/S DECLARATION

We confirm that all Figures and Tables in the
manuscript are original to us. Additionally,
any Figures and images that do not belong to
us have been incorporated with the required
permissions for re-publication, which are
included with the manuscript.

Author/s signature on Ethical Approval
Statement.

Ethical Clearance and Animal welfare

Funds:

AUTHOR’S CONTRIBUTION STATEMENT
REFERENCES

Abd AL Jaleel, R. M., Al-Dahwi, S. S. J., &
Lelo, H. M. (2024). Evaluation of the
efficiency of some pesticides in controlling
mites on strawberries and reduce the economic
loss in the yield. Al-Muthanna Journal for
Agricultural Sciences, 11(1), 1-10.
https://doi.org/10.52113/mjas04/11.1/8



https://doi.org/10.36103/k8byrt16
https://www.google.com/search?q=https://doi.org/10.52113/mjas04/11.1/8

Iraqi Journal of Agricultural Sciences —2026:57(5):1380-1388

u?%S ’

P-ISSN: 0075- 0530 /E-ISSN: 2410-0862

Y, DOI: https://doi.org/10.36103/k8byrt16

Abbas, N., Shad, S. A., & Binyameen, M.
(2024). Integrating biological and synthetic
insecticides for the effective management of
Tuta absoluta (Lepidoptera: Gelechiidae).
Journal of Economic Entomology, 117(1),
185—196. https://doi.org/10.1093/jee/toad234
Adesanya, A. W., Lavine, M. D., Moural, T.
W., Lavine, L. C., Zhu, F., & Walsh, D. B.
(2021). Mechanisms and management of
acaricide resistance for Tetranychus urticae in
agroecosystems. Journal of Pest Science,
94(3), 639-663.
https://doi.org/10.1007/s10340-021-01342-x
Agut, B., Pastor, V., Jaques, J. A., & Flors, V.
(2018). Can plant defence mechanisms provide
new approaches for the sustainable control of
the two-spotted spider mite Tetranychus
urticae? International Journal of Molecular
Sciences, 19(2), Article 614.
https://doi.org/10.3390/1jms 19020614

Al Hilfy, A. A., Al Shammari, H. 1, &
Kathiar, S. A. (2022). Toxicity of nanomulsion
of castor oil on the fourth larval stage of Culex
quinquefsciatus under laboratory conditions.
Baghdad Science Journal, 19(5), 999-1007.
https://doi.org/10.21123/bs).2022.6638
Al-Dahwi, S. S. J., Al-Jubouri, H. K. J., & Al-
Mrsomi, Z. M. M. (2023). Effect of Acarus
siro L. infestation on germination of wheat and
barley seeds under laboratory conditions.
Research on Crops, 24(4), 765-773.

doi: 10.31830/2348-7542.2023.ROC-997
Aljubori, Y. M. S., Alimam, N. M. A., & Al-
Atrushy, S. M. (2024). Effect of nano and
chemical fertilization with NPK and chelated
zinc on vegetative growth of Taifi and Kamali
grape cultivars. Iraqi Journal of Agricultural
Sciences, 55(5), 1792-1800.
https://doi.org/10.36103/frnjar46

Altae, M. M. A., & Al-Dahwi, S. S. J. (2023).
Using two types of foliar and root fertilizers,
in both normal and nano particles, to reduce
the infection of apple trees with the lace bug
Stephanitis pyri (Fabricius). IOP Conference
Series: Earth and Environmental Science,
1225(1), Article 012091.
https://doi.org/10.1088/1755-
1315/1225/1/012091

Ayllon-Gutiérrez, R., Lopez-Maldonado, E.
A., Macias-Alonso, M., Gonzalez Marrero, J.,
Diaz-Rubio, L., & Cordova-Guerrero, 1.

1386

(2023). Evaluation of the stability of a 1, 8-
cineole nanoemulsion and its fumigant toxicity
effect against the pests Tetranychus urticae,
Rhopalosiphum maidis and Bemisia tabaci.
Insects, 14(7), Article 663.
https://doi.org/10.3390/insects 14070663
Carmona, D., Lajeunesse, M. J., & Johnson,
M. T. (2011). Plant traits that predict
resistance to herbivores. Functional Ecology,
25(2), 358-367.
https://doi.org/10.1111/j.1365-
2435.2010.01794.x

Clogston, J. D., & Patri, A. K. (2011). Zeta
potential measurement: Characterization of
nanoparticles intended for drug delivery.
Methods in Molecular Biology, 697, 63-70.
https://doi.org/10.1007/978-1-60327-198-1_6
Damghani, M., Asadi, M., & Khanamani, M.
(2021). Eftect of different fertilizer regimes on
life table parameters of Tetranychus urticae
(Acari: Tetranychidae) on resistant bean
cultivar. Journal of Agricultural Sciences and
Technology, 23(4), 853-863.
http://dorl.net/dor/20.1001.1.16807073.2021.2
34.7.6

FAO. (2022). Faostat Statistical Database.
https://www.fao.org/faostat/en/#dat
Gatarayiha, M. C., Laing, M. D., & Miller, R.
M. (2010). Combining applications of
potassium silicate and Beauveria bassiana to
four crops to control two spotted spider mite,
Tetranychus urticae Koch. International
Journal of Pest Management, 56(4), 291-297.
https://doi.org/10.1080/09670874.2010.49579
4

Genstat.  (2009). Genstat 12th edition.
International ~ Bioscience  Software  and
Consultancy.

Glirbiiz, N., Uluisik, S., Frary, A., Frary, A., &
Doganlar, S. (2018). Health benefits and
bioactive compounds of eggplant. Food
Chemistry, 268, 602-610.
https://doi.org/10.1016/j.foodchem.2018.06.09
3

Hala, H. A., & Elsamahy, M. (2016). Relative
toxicity of silica nanoparticles to two
tetranychids and three associated predators.
Egyptian Journal of Biological Pest Control,
26(2), 283-286.

Hammed, A. A. A., Al Shammari, H. 1., &
Kathiar, S. A. (2023). Effect of nanocapsules



https://doi.org/10.36103/k8byrt16
https://doi.org/10.1093/jee/toad234
https://www.google.com/search?q=https://doi.org/10.1007/s10340-021-01342-x
https://www.google.com/search?q=https://doi.org/10.3390/ijms19020614
https://doi.org/10.21123/bsj.2022.6638
https://www.google.com/search?q=https://doi.org/10.31830/2348-7542.2023.ROC-997
https://doi.org/10.36103/frnjar46
https://www.google.com/search?q=https://doi.org/10.1088/1755-1315/1225/1/012091
https://www.google.com/search?q=https://doi.org/10.1088/1755-1315/1225/1/012091
https://doi.org/10.3390/insects14070663
https://doi.org/10.1111/j.1365-2435.2010.01794.x
https://doi.org/10.1111/j.1365-2435.2010.01794.x
https://doi.org/10.1007/978-1-60327-198-1_6
https://www.google.com/search?q=http://dorl.net/dor/20.1001.1.16807073.2021.23.4.7.6
https://www.google.com/search?q=http://dorl.net/dor/20.1001.1.16807073.2021.23.4.7.6
https://www.fao.org/faostat/en/#dat
https://www.google.com/search?q=https://doi.org/10.1080/09670874.2010.495794
https://www.google.com/search?q=https://doi.org/10.1080/09670874.2010.495794
https://doi.org/10.1016/j.foodchem.2018.06.093
https://doi.org/10.1016/j.foodchem.2018.06.093

Iraqi Journal of Agricultural Sciences —2026:57(5):1380-1388
P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/k8byrt16

1RAQI JOURNAL OF AGRI!

and extract of Metarhizium anisopliae in
inhibiting acetylcholine esterase enzyme in
Musca domestica larvae. Baghdad Science

ICULTURAL SCIE

Journal, 21(1), 41-52.
https://doi.org/10.21123/bsj.2023.7900
Hussain, Z. Z., Al-Dahwi, S. S. J., & Lelo, H.
M. (2023). Effect of foliar fertilization with
potassium silicate on some morphological
characters of strawberry leaves reducing
sucking insects. IOP Conference Series: Earth
and Environmental Science, 1225(1), Article
012085.

https://doi.org/10.1088/1755-
1315/1225/1/012085

Ismail, M. S. M., Abdallah, A. M., &
Aboghalia, A. H. (2022). Silicon as a plant
defense inducer against the two-spotted spider
mite Tetranychus urticae (Trombidiformes:
Tetranychidae) invasion on strawberry.
International Journal of Pest Management, 1—
10.
https://doi.org/10.1080/09670874.2022.21367
78

Mmbando, A. S., Kunjwal, N., & Srivastava,
M. (2023). Screening of different cultivars for
resistance against two-spotted spider mite,
Tetranychus urticae Koch (Acari:
Tetranychidae). International Journal of
Tropical Insect Science, 43(2), 515-525.
https://doi.org/10.1007/s42690-023-00945-w.
Navia, D., de Mendon¢a, R. S., & Skoracka,
A. (2024). Wheat curl mite (Aceria tosichella)
complex and transmitted viruses: Global
invasion genetics and management challenges.
Annual Review of Entomology, 69, 345-365.
https://doi.org/10.1146/annurev-ento-012623-

Razmjou, J., Tavakkoli, H., & Nemati, M.
(2009). Life history traits of Tetranychus
urticae Koch on three legumes (Acari:
Tetranychidae). Munis Entomology and
Zoology, 4(1), 204-211.

Ribeiro, E. B., Castellani, M. A., Andrade, D.
J. d., Prado, R. d. M., Souza, L. A. S. C.,
Freire, D. S., & Savi, P. J. (2021). Biological
aspects of the two-spotted spider mite on
strawberry plants under silicon application.
Horticultura ~ Brasileira,  39(1),  5-10.
https://doi.org/10.1590/S0102-0536-20210101
Salama, A. M., Ramadan, A. M., Alakhdar, H.
H., Khan, T. K., El-Garhy, H. A. S., & Shoala,
T. (2023). Influence of spraying nano-
curcumin and nano-glycyrrhizic acid on
resistance enhancement and some growth
parameters of soybean (Glycine max) in
response to Tetranychus urticae infestation and
drought stress. Plants, 12(1), Article 114.
https://doi.org/10.3390/plants12010114
Seleem, S., & Abdel-Dayem, S. (2013).
Response of some wheat cultivars to nitrogen
fertilizer levels. Journal of Plant Production,
4(5), 721-731.
https://doi.org/10.21608/jpp.2013.73059
Srinivasan, R. (2009). Insect and mite pests on
eggplant (No. 09-729). AVRDC-World
Vegetable Center.

Tsagkarakou, A., Pasteur, N., Cuany, A.,
Chevillon, C., & Navajas, M. (2002).
Mechanisms of resistance to organophosphates
in Tetranychus urticae (Acari: Tetranychidae)
from Greece. Insect Biochemistry and
Molecular  Biology,  32(4), 417-424.
https://doi.org/10.1016/S0965-1748(01)00118-

031245

Ostertag, F., Weiss, J., & McClements, D. J.
(2012). Low-energy formation of edible
nanoemulsions: Factors influencing droplet
size produced by emulsion phase inversion.
Journal of Colloid and Interface Science,
388(1), 95-102.
https://doi.org/10.1016/].jc1s.2012.07.089

Rai, S., Singh, P., & Singh, R. P. (2024).
Smart  fertilization  through  nano-NPK:
Evaluating the physiological and yield
responses of wheat (Triticum aestivum L.) for
sustainable food security. Journal of Plant
Nutrition and Soil Science, 187(1), 112—-126.
https://doi.org/10.1002/jpIn.202300145

1387

7

Yousef, M., Salem, S., & Canale, A. (2022).
Efficiency of botanical extracts as sustainable
acaricides against the two-spotted spider mite
Tetranychus urticae. Scientific Reports, 12(1),
Article 13452. https://doi.org/10.1038/s41598-
022-17684-x

Zulfiqar, F., Navarro, A., & Ashraf, M. (2025).
Nano-fertilizers  for sustainable oilseed
production: Enhancing seed yield, oil content,
and phytochemical properties. Industrial Crops
and  Products, 208, Article 117842.
https://doi.org/10.1016/].indcrop.2024.117842



https://doi.org/10.36103/k8byrt16
https://www.google.com/search?q=https://doi.org/10.21123/bsj.2023.7900
https://doi.org/10.1088/1755-1315/1225/1/012085
https://doi.org/10.1088/1755-1315/1225/1/012085
https://doi.org/10.1080/09670874.2022.2136778
https://doi.org/10.1080/09670874.2022.2136778
https://www.google.com/search?q=https://doi.org/10.1007/s42690-023-00945-w
https://www.google.com/search?q=https://doi.org/10.1146/annurev-ento-012623-031245
https://www.google.com/search?q=https://doi.org/10.1146/annurev-ento-012623-031245
https://doi.org/10.1016/j.jcis.2012.07.089
https://www.google.com/search?q=https://doi.org/10.1002/jpln.202300145
https://www.google.com/search?q=https://doi.org/10.1590/S0102-0536-20210101
https://doi.org/10.3390/plants12010114
https://www.google.com/search?q=https://doi.org/10.21608/jpp.2013.73059
https://www.google.com/search?q=https://doi.org/10.1016/S0965-1748(01)00118-7
https://www.google.com/search?q=https://doi.org/10.1016/S0965-1748(01)00118-7
https://www.google.com/search?q=https://doi.org/10.1038/s41598-022-17684-x
https://www.google.com/search?q=https://doi.org/10.1038/s41598-022-17684-x
https://www.google.com/search?q=https://doi.org/10.1016/j.indcrop.2024.117842

Iraqi Journal of Agricultural Sciences —2026:57(5):1380-1388
P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/k8byrt16

uuuuuuuuuuuuuuu (GRICULTURAL SCIENCES

i) Giliua) gan & Tefranychus urticae (yiisid) g3 alal) Ao Blaad) A Saand) (e £loil Jlaxind) Sl

2ol alu e Jhalllie Glida aa)
Ghad) i ¢ calell Candl B el Gigadd) pa !
Ghal) ¢alai calans daals cac)3l) dusigl) agle LIS ccnlall Ala, aud?

saliiual)

G Goillly (salal) (Al diladlad) (aalag daggl padls cagaligl) @l il Aups L Gad) dis
asaligd) Sl cllantiad) - 3l Aigasly Aisldys « plga Glaiild) (e cilical E3E o alall dulcul) ABUSY) (il
Jarin) dhlladlud) Gaala < jilfale 20 5 il/de 10 Jamay Jarin) dagagl) paals il [ale § 5 ilfda 2.5 Jara
Aalaal) o oged) JSh LA Cumnd ¢ Mgil) Aoy dgililly dslad) cpillall jlfale 0.2 5 ol 0.1 Jura
alall Aulcul) ABGSY (aldsl ) oo SA) ARla Baeud) Jleniud o)) Gud . Ouliadd) (63 alall A5\Sud) ABUSY juadil
asualigl] Gl g€ sla Jima Ob gl malall jgaall jga cughl Ailal Alalias Aijlie cpiaddl) (53
ey i) o iagili 26 592 99 (seilll dldludlad) (aala culalione g digilil) clagugl) Gaasls Y gunS (Agilil)
vass Glaiiag Aigillll daggl) (asls c¥gwS (Agilll) aguligd) clSlu cYgws! zeta potential ad cuils
ol Ao mV 63.1 543.5- «68.2- (geilil) bl
Zeta (ol Glaiue dugili CYpuS cdaggll Gaals cagaaligd) ClSilu gl aulallhgaal) sdualisal) cilals)

.potential

1388


https://doi.org/10.36103/k8byrt16

