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The study investigated the effects of foliar-applied nano fertilizers containing nanoparticles (NPs) of Cu, Zn, and Fe, in
both non-complexed form and as urea-aqua nanometal complexes (UAM), on physiological and biochemical parameters
of Champion apple trees planted in 2016. Metal sulfates served as controls. Foliar applications were performed four
times during the growing season, with leaves sampled in mid-July, shortly after full development. Photosynthetic
activity, fruit quality, and heavy metal content were assessed. Metal concentrations in nanomaterials were quantified by
iodometric and complexometric methods. Chlorophylls a, b, and carotenoids were measured colorimetrically, soluble
solids content (SSC) refractometrically, and sugars and titratable acids titrimetrically. The sugar-acid index (SAl) was
calculated accordingly. Cu®, Zn*, Cd*, and Pb* in apples were determined by inversion chronopotentiometry. UAM
applications (200 and 400 mi/ha) enhanced chlorophyll a and b concentrations, increased SSC by 1.45-3.57%, and
improved fruit quality (SAl increased by 1.48-7.85 units). Conversely, treatments with Cu®, Zn*, and Fe* sulfates
negatively affected photosynthetic pigments and apple quality. Importantly, UAM treatments reduced Cd* and Pb*
accumulation in apples, whereas sulfate treatments increased these toxic elements to or above maximum permissible
concentrations (MPC). Thus, foliar application of Cu, Zn, and Fe UAM (200 and 400 mi/ha) optimizes mineral nutrition,
enhances photosynthesis, improves apple quality, and reduces contamination by toxic heavy metals compared to
Sulfate fertilizers.
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HocniidxeHo ecbekmusHicmb  ¢honiapHO20  B8HECEeHHsI HaHoO0obpue Ha OCHosi  HaHoyacmuHok  (HY)
Cu, Zn, Fe y HecmabiniszosaHili chopmi ma y euenadi kKomrrekcie kapbamidakeaHaHomemanis (KAM)
Ha  izionozo-6ioximiyHi  MokasHuku  sa6nyHi copmy YemnioH (2016 poky cadiHHs). [lopieHosanu
erniue  OocnidxKysaHUX CronyK 3 po3quHamu cynbghamie 8i0rnosiOHUX Memarie, sKi  3acmocosysarnu
yomupupasoso 8rpodoex ce3oHy. Bidbip 3paskie nucmkie nposodunu yepe3 10-14 OHi8 nicrid 6HECEeHHS
HaHOYacCmUuHOK 'y cepeOuHi IUMHs, KOomu nucmku 6ynu nosHicmio cgopMoeaHi, ane we He cmapinu.
Busyarnu ernnus 0bpobok Ha chomocuHmemuyHy akmueHicmb, siKicmb r7100i8 i emicm 8axkux memariis. Bmicm
Memanie 'y HaHOMamepianax eu3Hayanu (oOOMempuUYHUM ma KOMIMIeKCOHOMeMmPUYHUM mMemodamu.
Bmicm xnopocpinie a, b i kKapomuHoiOig 8uMiptogsanu KOIOPUMEMPUYHO, CyXUX PO3YUHHUX pPEeYO8UH
(CPP) — pechpakmoMempuy4Ho, UyKpie ma mumposaHux Kuciom — mumpumempuyHo. Llykposo-
kucriomHut  iHOekc (LIKI) pospaxosysanu 3a 8i0nosiOHUMU  criiegiOHoweHHsmMU, a emicm Cu®, Zn*,
Cd*, Pb* 8 sbrnykax eusHayanu mMemoOOM  [HBepcCiliHOI  xpoHoromeHuiomempii.  3acmocysaHHs
KAM (200 ma 400 wmn/ea) cripusno nidsuweHHIo pieHs xmaopogpinie a ma b, 36inbweHHro CPP
(Ha 1,45-3,567 %), nokpaweHHIO opeaHONenmuyHUX rnoka3sHukie sibnyk i 3pocmarHio LIKI Ha 1,48—7,85 oOuHuupb.
Hasnaku, sHeceHHs cynbghamie Cu®, Zn? i Fe? 3HuXys8aso emicm ¢homoCcuHmemuy4HUX rieMeHmie i noaipuysano
sakicmb nnodis. BreceHHsi KAM 3meHwysano Hakonu4yeHHs mokcudyHux Cd* ma Pb?* y sabnykax, modi sak
3acmocysaHHs Cyrnbghamie Crpusno nepesulyeHHIo 2paHuyHo OonycmuMux KOHUeHmpauild. Takum YuHOM,
orniapHi eHeceHHs KAM Cu, Zn, Fe 3abe3nedyyroms roKpawieHHs1 XuerneHHs, homocuHmesy, sskocmi rniodie ma
be3sneyHicmb rpooyKuyii.

Knro4yoBi cnoBa: HaHOYACTMHKM, KOMMMEKCOYTBOPEHHS, (POTOCUHTETMYHA aKTUBHICTb, MOKA3HUKM SIKOCTI Nnogis,
BaXKKi MeTanu, nepexigHi metanu
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BeTvn HVKMNERTHORI  KUCOOTU _ TA  Binku__ 1110 nobutk  ix
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CruHelin (Ph) uanewimtk nn  Rawkmuy mMeTanir Cii- N 15 mr/er macmm Tina ua nobhv [321 R Vinaiui
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MiTtenaTvna laiicncenhala eeedlinne: A nhvcinchemical analveic

alleviate heavy metal-induced toxicity in Leucaena rycnne vyznacnennia vaznkykn metdilv. v Opiekiakn
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