MOCA Volume 20, No 2, 2025 p. 82-89

COMPREHENSIVE ANALYTICAL STUDIES ON THE EFFICIENCY OF FOLIAR
APPLICATION OF NANOFERTILIZERS

V. CHOBOTAR, V. KOPILEVICH, O. KRAVCHENKO
References:

1. Mishra, S.; Singh, B.R.; Naqvi, A.H.; Singh, H.B. Potential of biosynthesized silver nanoparticles using
Stenotrophomonas sp. BHU-S7 (MTCC 5978) for management of soil-borne and foliar phytopathogens.
Sci. Rep. 2017, 7, 45154, https://doi.org/10.1038/srep45154

2. Karny, A.; Zinger, A.; Kajal, A.; Shainsky-Roitman, J.; Schroeder, A. Therapeutic nanoparticles penetrate
leaves and deliver nutrients to agricultural crops. Sci. Rep. 2018, 8, 7589. https://doi.org/10.1038/s41598-
018-25197-y

3. Zahedi, S.M.; Karimi, M.; Teixeira da Silva, J. A. The use of nanotechnology to increase quality and
yield of fruit crops. J. Sci. Food Agric. 2020, 100 (1), 25-31. https://doi.org/10.1002/jsfa.10004

4. Milewska-Hendel, A.; Witek, W.; Rypien, A.; Zubko, M.; Baranski, R.; Stréz, D.; Kurczynska, E.U. The
development of a hairless phenotype in barley roots treated with gold nanoparticles is accompanied by
changes in the symplasmic communication Sci. Rep. 2019, 9, 4724. https://doi.org/10.1038/s41598-019-
41164-7

5. Avellan, A.; Yun, J.; Zhang, Y.; Spielman-Sun, E.; Unrine, J. M.; Thieme, J.; Li, J.; Lombi, E.; Bland, G.;
Lowry, G.V. Nanoparticle Size and Coating Chemistry Control Foliar Uptake Pathways, Translocation, and
Leaf-to-Rhizosphere Transport in Wheat. ACS Nano. 2019, 13 (5), 5291-5305. https://doi.org/10.1021/
acsnano.8b09781

6. Zhao,L.;Lu,L.;Wang,A.; Zhang, H.; Huang, M.; Wu, H.; Xing, B.; Wang, Z.; Ji, R. Nano-Biotechnology
in Agriculture: Use of Nanomaterials to Promote Plant Growth and Stress Tolerance. J. Agric. Food Chem.
2020, 68 (7), 1935-1947. https://doi.org/10.1021/acs.jafc.9b06615

7. Malandrakis, A.A.; Kavroulakis, N.; Chrysikopoulos, C.V. Use of copper, silver and zinc nanoparticles
against foliar and soil-borne plant pathogens. Sci. Total Environ. 2019, 670, 292-299. https://doi.
org/10.1016/j.scitotenv.2019.03.210

8. Jing, L.; Kershaw, S.V.; Li, Y.; Huang, X,; Li, Y.; Rogach, A.L.; Gao, M. Aqueous based semiconductor
nanocrystals. Chem. Rev. 2016, 116, 18. 10623—-10730. https://doi.org/10.1021/acs.chemrev.6b00041

9. Kosinov, M.V.; Kaplunenko, V.H. Process for the preparation of nanometal aquachelates blast erosion
nanotechnology for the preparation of nanometal aquachelates. Patent 29856, Ukraine, MPK2006. CO7F
19/00, C12N 1/20. 25.01.2008, Bjul 2.

10. Faizan, M.; Faraz, A.; Mir, A.R.; Hayat, S. Role of Zinc Oxide Nanoparticles in Countering Negative
Effects Generated by Cadmium in Lycopersicon esculentum. J. Plant Growth Regul. 2021, 40, 101-115.
https://doi.org/10.1007/s00344-019-10059-2

11. Venkatachalam, P.; Jayaraj, M.; Manikandan, R.; Geetha, N.; Rene, E. R.; Sharma, N. C.; Sahi,
S.V. Zinc oxide nanoparticles (ZnONPs) alleviate heavy metal-induced toxicity in Leucaena leucocephala
seedlings: A physiochemical analysis. Plant Physiol. Biochem. 2017, 110, 59—69. https://doi.org/10.1016/j.
plaphy.2016.08.022

12. Hussain, A.; Ali, S.; Rizwan, M.; Zia ur Rehman, M.; Javed, M. R.; Imran, M.; Chatha, S.A.S; Nazir,
R. Zinc oxide nanoparticles alter the wheat physiological response and reduce the cadmium uptake by
plants. Environ. Pollut. 2018, 242, Part B, 1518—-1526. https://doi.org/10.1016/j.envpol.2018.08.036

13. Li, C.C.; Dang, F.; Li, M.; Zhu, M.; Zhong, H.; Hintelmann, H.; Zhou, D. M. Effects of exposure pathways
on the accumulation and phytotoxicity of silver nanoparticles in soybean and rice. Nanotoxicology 2017, 11
(5), 699—709. https://doi.org/10.1080/17435390.2017.1344740

14. Ma, Y,; Yao, Y,; Yang, J.; He, X.; Ding, Y.; Zhang, P.; Zhang, J.; Wang, G.; Xie, C.; Luo, W.; Zhang, J.;
Zheng, L.; Chai, Z.; Zhao, Y.; Zhang, Z. Trophic Transfer and Transformation of CeO, Nanoparticles along
a Terrestrial Food Chain: Influence of Exposure Routes. Environ. Sci. Technol. 2018, 52 (14), 7921-7927.
https://doi.org/10.1021/acs.est.8b00596

15. Raliya, R.; Nair, R.; Chavalmane, S.; Wang, W.-N.; Biswas, P. Mechanistic evaluation of translocation
and physiological impact of titanium dioxide and zinc oxide nanoparticles on the tomato (Solanum
lycopersicum L.) plant. Metallomics 2015, (12), 1-39. https://doi.org/10.1039/c5mt00168d

16. Kondratenko, T.Ye. Sorty yabluni dlia promyslovykh i amatorskykh sadiv Ukrainy. Kyiv, Manuskrypt —
ASV, 2010, 131-139. (In Ukrainian)

17. Alemasova, A.S.; Zaitsev, V.M.; Yenalieva, L.Ya.; Shchepina, N.D.; Hozhdzinskyi, S.M. Analitychna
khimiia: pidruchnyk dlia vyshchykh navchalnykh zakladiv. Ed. by V.M. Zaitsev. Donetsk, Noulidzh, 2010,
417 p. (In Ukrainian)



MOCA Volume 20, No 2, 2025 p. 82-89

18. Wrolstad, R.E.; Acree, T.E.; Decker, E.A.; Penner, M.H.; Reid, D.S.; Schwartz, S.J.; Shoemaker, C.F,;
Smith, D.M.; Sporns, P. Handbook of food analytical chemistry: pigments, colorants, flavors, texture, and
bioactive food components. A John Wiley & Sons, Inc., Publication, Hoboken, New Jersey, 2004, 624 p.
19. DSTU ISO 2173:2007 Produkty z fruktiv ta ovochiv. Vyznachennia rozchynnykh sukhykh rechovyn
refraktometrychnym metodom (ISO 2173:2003, IDT). Chynnyi vid 2009-01-01. Kyiv, Derzhspozhyvstandart
Ukrainy, 2010, IV, 7 p. (In Ukrainian)

20. DSTU 4957:2008. Produkty pereroblennia fruktiv ta ovochiv. Metody vyznachennia tytrovanoi
kyslotnosti. Chynni vid 2009-07-01. Kyiv, Derzhspozhyvstandart Ukrainy, 2009, Ill, 10 p. (In Ukrainian)
21. DSTU 4954:2008. Produkty pereroblennia fruktiv ta ovochiv. Metody vyznachannia tsukriv. Chynnyi
vid 2009-01-01. Kyiv, Derzhspozhyvstandart Ukrainy, 2009, Ill, 17 p. (In Ukrainian)

22. Karnauhov, O.l.; Polumbryk, O.M.; Beznis, A.T.; Surovcey, |.V. Inversiino-khronopotentsiometrychne
vyznachennia vazhkykh metaliv v obiektakh navkolyshnoho seredovyshcha. Nauk.-metodych. rozrobka.
Kyiv, UHUPT, 1997, 88 p. (In Ukrainian)

23. MVV 081/36-0790-11. Metodyka vykonannia vymiriuvannia masovoi kontsentratsii svyntsiu, midi,
tsynku ta kadmiiu u vodi metodom inversiinoi khronopotentsiometrii. Rozrobnyky: V.A. Kopilevych, I.V.
Surovtsev, V.M. Halimova, K.H. Kozak. Kyiv, NUBIiP, 2011, 21 p. (In Ukrainian)

24. Montgomery, D.C. Design and Analysis of Experiments. 10th Edition. John Wiley & Sons, Inc. 2019, 688 p.
25. Andrusyk, Yu.Yu.; Kytaiev, O.l. Strukturno-funktsionalnyi stan lystkiv malyny zalezhno vid adaptyv-
nosti do gruntovykh umov Sadivnytstvo: mizhvid. temat. nauk. zb. Kyiv, SPD ,Zhyteliev S.1.”, 2007, Vyp.
60, 258-263. (In Ukrainian)

26. Zhang, Q.; Waheed, A.; Aili, A.; Xu, H.; Kuerban, A.; Muhammad, M.; Ali, S. Copper sulfate-induced
stress in Spinach: Metabolic pathway disruption and plant response. Sci. Hortic. 2024, 337, 113575. https://
doi.org/10.1016/j.scienta.2024.113575

27. Cazzonelli, C.I. Carotenoids in nature: insights from plants and beyond. Funct. Plant Biol. 2011, 38(11),
833-847. https://doi.org/10.1071/FP11192

28. Wang, Z.; Li, G.; Sun, H.; Ma, L.; Guo, Y.; Zhao, Z.; Gao, H.; Mei, L. Effects of drought stress on
photosynthesis and photosynthetic electron transport chain in young apple tree leaves. Biol. Open. 2018,
7(11), bio035279. https://doi.org/10.1242/bi0.035279

29. Chobotar, V.; Kravchenko, O.; Tkalenko, H. Effectiveness of nanoaquachelates of transition metals
against scab in industrial apple plantations. Quarantine and Plant Protection, 2024, 4, 29-35. (In Ukrainian).
https://doi.org/10.36495/2312-0614.2024.4.29-35

30. Gimba, C.E.; Abechi, S.E.; Abbas, N.S. Studies on Physicochemical Properties, Trace Mineral and
Heavy Metal Contents of Common Energy Drinks. Int. J. Adv. Res. 2014, 2 (8), 131-138.

31. European Commission 2021. Commission Regulation No 2021/1323 of 10 August 2021 amending
Regulation (EC) No 1881/2006 as regards maximum levels of cadmium in certain foodstuffs. Official
Journal of the European Union. 2021, L288, 13—-18.

32. Altweiq, A.; Alkhawaldeh, A. The determination of some heavy metals in different selected
diets. Eurasian J. Anal. Chem. 2019, 14(4), 7-18.

33. EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2015. Scientific Opinion
on Dietary Reference Values for copper. EFSA Journal. 2015, 13 (10), 4253, 51 pp. https://doi.org/10.2903/j.
efsa.2015.4253

34. Pro zatverdzhennia Derzhavnykh hihiienichnykh pravyl i norm «Rehlament maksymalnykh rivniv
okremykh zabrudniuiuchykh rechovyn u kharchovykh produktakh». Nakaz MOZ Ukrainy Ne 368 vid
13.05.2013. https://zakon.rada.gov.ua/laws/show/z0774-13. (In Ukrainian)



