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PE3IOME
[MpoyyeHOo e BRMAHWETO Ha
noYBeHu GuoTopose BbpXYy

CbAbPXAHNETO Ha 3axapu, Makpo u
MUKPOENEMEHTU U TEXKN MeTanu B
nnogoBete Ha SOBLNKOBM COPTOBE
Anpgapea n Peg Yud. U npu geata

copTa ca Nn3MepeHun NO-HUCKN
CTOMHOCTM Ha CbAbpXaHNMEeTO Ha
pPa3TBOPUMM TBbpaun BellecTBa

(SSC), obwm 3axapu (TS), UHBEPTHU
3axapu (IS), 3axapo3a M NoO-BMCOKO
HMBO Ha TUTpyema KucenuHHocT (TA),
KaKTo 1 nosueHa abcopbumsa Ha Ca,
Mg, Na, P, Cu, Mn. Tlpu copt
Anpapeg, ocBeH cnomMeHaTuTe
ernemeHTu, e nosuweHa abcopbuusTa
Ha K wn Fe, a BnuaHMeTo Ha

SUMMARY

The influence of the application
of soil biofertilizers on the content of
sugar, macro, microelements and
heavy metals in the fruits of the apple
cv. lIdared and Red Chief was
analysed. In both cultivars, lower
values of soluble solids content
(SSC), total sugars (TS), inverted
sugars (IS), sucrose and higher
titratable acidity (TA) were measured,
as well as increased absorption of Ca,
Mg, Na, P, Cu, Mn.

In cv. Idared, in addition to the
mentioned elements, the absorption
of K and Fe was increased, and the
influence of biofertilizers contributed
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ovoTopoBeTe ponpuHacs 3a
NOHWXXaBaHe Ha ycBOsABaHETO Ha Pb,
Ni, Cr. To-BMCOKOTO CbAbpXXaHUE Ha
Ca B TpeTupaHusaTa, nosBonsiea Mo-
OnaronpusaATHO cboTHoweHne K/Ca,
KOeTo JonpuHacss 3a  No-AbNro
CbXpaHeHne Ha NnoaoBeTe.
BrnoTtoposeTte cbC cneumduyHo

cbyeTaHne oOT bOaktepun BANSAT
BbpXY Onon3oTBOPsSIBAHETO Ha
BUCOKOTO MUKPOOHO
©nopasHoobpasune " mmar
CTUMYyNMpaLLlo Bb3AENCTBME BBLPXY
YCBOSIBAHETO Ha XPaHUTENHU
BellecTBa oT noysarta "

ONTUMM3NPAHE Ha CbAbPXaHNETO UM
B A6bNKOBMTE NoaoBse.

KntoyoBu AyMmu:
Buoctumynatopu, A6bLMAKW, MaKpo U
MUKPOENEMEHTU, TEXKN MeTanu

yBOa4

3a na OTroBOpAT Ha
HapacTBallOTO TbpCEHe Ha XpaHa B
pesyntat Ha HenpeKbCHaTOTo
HapacTBaHe Ha CBETOBHOTO
HaceneHve, CenckocTonaHcknTe

NpoM3BOAMTENN MpPOy4YBaT Pas3fn4YHU
cTpaterum 3a MoAaxpaHBaHe Ha
kyntypute. Cnopeg oueHkuTte Ha FAO
TbPCEHETO  Ha  CEenCKOCTOMaHCKU
npoaykTn Lwe HapacHe o 60% po
2030 r. (Mia and Shamsuddin, 2010).
MonobpsasaHeTO Ha
NPOn3BOACTBOTO NpW 3anasBaHe Ha
OoKOnHaTa cpeja € egHo OT Han-
ronemnTe npeav3BMKaTencTea npes
21 Bek (Berg, 2009). 3a npasunHus
pacTex M pasBuUTWE Ha pPacTEHUETO e
HYXXHO OMTMMAariHOTO MPUCBLCTBME Ha
17 OCHOBHW enemMeHTa, cpen KOUTO
a3oT (N), doccop (P) n kanun (K),
HeobXoaMMM B OTHOCUTENHO ronemu
konunyectea (Mishra and Dash, 2014).
OcHoBHUTE XpaHWUTENHM
BellecTBa, HeobxoanmMm 3a
NnpaBuIHWUA pacTex Ha KynTypuTe B
npvpogara, npucbcTBaT B
HepasTBOPUMMW UMK CIIOXHN (POPMN.
Hakom  mukpoopraHvammu

to the reduction of the absorption of
Pb, Ni, Cr.

The higher Ca content in the
treatments enabled a more favorable
K/Ca ratio, which contributes to a
longer storage of fruits.

Biofertilizers with specific
consortia of bacteria influenced the
utilization of high microbial
biodiversity and had a stimulating
effect on the uptake of nutrients from
the soil and the optimization of their
content in apple fruits.

Key words: biostimulators,
apple, macro and microelements,
heavy metals

INTRODUCTION

To meet the growing demand
for food resulting from the continual
expansion of the world's population,
farmers are exploring different crop
nutrition strategies.

According to FAO estimates, demand
for agricultural products will rise to
60% by 2030 (Mia and Shamsuddin,
2010).

Improving  production  while

preserving the environment is one of
the biggest challenges in the 21%
century (Berg, 2009).
For the proper growth and
development of the plant, the optimal
presence of 17 basic elements is
necessary, among which nitrogen (N),
phosphorus (P) and potassium (K) are
needed in relatively large quantities
(Mishra and Dash, 2014).

Essential nutrients needed for
proper crop growth in nature are
present in insoluble or complex forms.

Certain microorganisms make
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npaBsaT pa3TBOPMMU WM AOCTBMHM 3a
pacTteHusTa. BuoTtopoBeTe ca
€KOMorn4yHu, peHTabunHw,
HETOKCUYHU W FECHM 3a MpunaraHe;
nognomarart NoAAbpPXaHETO Ha
CTpyKTypaTa Ha noyesarta "
©nopasHoobpasuneTto Ha
3emepgenckuTe 3emn. buotoposeTe ca
BELLECTBA, CbObpXaly pasfuyHu
MuKpobu, Mmalm cnocobHocTTa Aa
nogobpsar YCBOSIBAHETO Ha
XPaHUTENHU BellecTBa oT
pacTeHusiTa 4pe3 KOMOHW3MpaHe Ha
pusocdepata W [da  HanpasaT
XpaHuUTenHuTe  BellecTBa  JIECHO
OOCTbMHM 3@  BMACUMHKMTE  Ha
KopeHuTe Ha pacTeHusita (Dasgupta
et al., 2021). Mwukpobute moraT ga
B3aumopencTeat c KyNTypHUTE
pacteHus M ga nogobpsaT TexHus
UMYHWUTET, pacTex u passutue.
[okasaHo e, 4ye Te yckopsiBaT
pacTexa Ha KOopeHoBaTa CUCTEMa,

yoblpKaBaTt HenHMs XUMBOT,
pasrpaxgat BpeaHuTe - BellecTBa,
yBenn4yaBeart ouendBaHeTo Ha

pascaja M CbkpaliaBaT BpPeMETO Ha
ubdTex (Youssef and Eissa, 2014).
CnepoBarernHo Te cnyxaT kaTo
Aobbp 3amMecTuTen Ha XMMUYECKUTe
TopoBe (Deepali and Gangwar, 2010;
Thomas and Singh, 2019).
KoHueHTpauusita Ha  TEXKu
MeTanu B noysata W oKonHaTa cpefa
ce e yBenuuuna npes nocrnegHuTe
roovHM B pe3ynTaT Ha YoBellKaTa
OEefHOCT, npu ToBa Te He ce
pasrpaxgaTt oT GakTtepuu wunu Opyru
OpraHM3mu, Kato no TO3M HauuH
ocTaBaT B OKofHaTa cpeja 3a
HeonpeaeneHo BpeMme (Ammar et al.,
2022). B CbBPEMEHHOTO
NPOu3BOACTBO Ha A6BLNKW, NpUemMbT
Ha TEeXKM MeTanu OT no4yBata KbM
AO0NMBATE 4YacTM € BaXeH BbMPOC,
ocobeHO kaTo ce wuma npegsug
TAXHaTa TOKCUYHOCT, HE Bb3MOXHOCT
3a OMOpa3TBOPMMOCT W HaTpynBaHe
KaTo Hawn-ornacHUTE XapaKTepUCTUKM,
KOUTO MNpsIko 3acsrat 34paBeTo Ha

them soluble and available to plants.
Biofertilizers are  environmentally
friendly, cost-effective, non-toxic and
easy to apply; help maintain land

structure and  agricultural land
biodiversity.
Biofertilizers are the substances

containing variety of microbes having
the capacity to enhance plant nutrient
uptake by colonizing the rhizosphere
and make the nutrients easily
accessible to plant root hairs
(Dasgupta et al., 2021).

Microbes can interact with the crop
plants and enhance their immunity,
growth, and development.

They have been shown to
accelerate the growth of the root
system, prolong its lifespan, break
down harmful substances, increase
seedling survival and shorten the
flowering time (Youssef and Eissa,
2014).

Therefore, they serve as a
good substitute for chemical fertilizers
(Deepali and Gangwar, 2010; Thomas
and Singh, 2019).

The concentration of heavy
metals in the soil and in the
environment has increased in recent
years as a result of human activities
and they are not broken down by
bacteria or other organisms thus
remaining in the environment
indefinitely (Ammar et al., 2022).

In the modern apple production,
heavy metal intake from soil to edible
parts is an important issue, especially
considering their toxicity, bionon-
gradability, and accumulation as the
most dangerous characteristics that
directly affect consumer health.
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notpebutenute. WManonseaHeTo Ha
noabpaHn 6GuotopoBe MOXe [Aa
Hamanu ycBosiBaHEeTO Ha onpeaeneHun
BpPeAHW 1 onacHu BeLLecTBa.

B HacTosWweTo npoyyBaHe e

n3crnegsaHo Bb3EeNCTBMETO Ha
NPUNOXeHuTe MUKpOoOKn BbpXy
OUNOXUMUNYHUTE CBOMCTBA Ha

A6bNKoBUTE NNOAOBE.

MATEPUAN N METOON
WN3cnensaHusita ca M3BbpLUEHN

B AOBMKOBM  HacaxdeHus  CbC
coptoBe Anpgapeg wu Pepg Yud,
oTrnexgaHnm KOHBeHLUWMOHalrtHO npes

2021 r. HacaxpgeHueto ¢ Angapeg e
cb3gageHo npes 2015r., a ¢ Peag Ynd
npe3 2017r. B Tonona (LeHTpanHa
Cbpbus).

lMpn OCHOBHOTO TOpeHe e
npunoxeHa cdopmyna 12:12:17 (Elixir
Suprime 800 kg/ha), a npwm
nogxpaHeaHeto KAN (27%N) B
konumyectso 300 kg ha™.

BruoTtopoBeTe ca BHeceHu ype3
npbckaHe MO MOBBPXHOCTTA Ha
noysaTta: Bioplug 6l/ha; Biofor Active
5I/ha; Biofor BioP-51/ha (dpmpma Biofor
system d.0.0) B nepuog C
TemnepaTypa Ha noysata Hag 10°C.

BawuraTta (Ha HacaxgeHwuaTa)
oT Oomectm UM Henpusitenu e
M3BbpLUEHa CbINACHO CTaHAapTHaTa
3alUMTHa nporpama.

MnopoBete ca  nogbpanu
BM3yariHO B CbLLUMS eTan Ha pa3BuTue
1 OT NogobHu mecTa.

B nepuvopga Ha wHTeH3uBHa GepuTba,
KoraTo MOBeYeTO NIogoBe Ca BbB
¢asa NbiHa 3psnocT 3a
uscnegBaHnss CopT, Ca W3BbPLUEHU
XUMWYHWM aHanusu 3a onpegensiHe Ha
OMoxumMu4HUTE nokasarenu "
CbObpPXaHNETO Ha Makpo,
MUKPOENEMEHTU U TEXKUM MeTanun B

a6bnkoBuTe  nnogosete.  Bcuuku
aHanusu ca N3BbPLLEHM B
nabopartopusTa 3a XUMUYECKM

nscnegBaHua Ha WacneposaTerncku
MHCTUTYT NO OBOLWApPCTBO, Yauvak.

selected
the
and

The use of certain
biofertilizers can reduce
absorption of certain harmful
dangerous substances.

In our research, the effect of
applied microbes on the biochemical
properties of apple fruits was studied.

MATERIAL AND METHODS

The tests were performed in the
plantations of apple cv. Idared and
Red Chief conventional production in
2021.
Plantation of apples cv. ldared was
founded in 2015, and Red Chief in
2017 in Topola (Central Serbia).

In the basic fertilization, the
formulation 12:12:17 (Elixir Suprime
800 kg/ha) was applied, and in the top
dressing KAN (27%N) in the amount
of 300 kg ha™.

Biofertilizers were applied by
spraying over the soil surface: Bioplug
6l/ha; Biofor Active 5l/ha; Biofor BioP-
5l/ha (Biofor system d.o.0) in the
period when the soil temperature was
above 10°C.

Protection (of plantations) from
diseases and pests was carried out
according to the standard protection
program.

The fruits were selected
visually and were at the same stage
of development and from similar
locations in the bushes. During the
period of intensive harvesting, when
most fruits are in the phase of full
maturity for the tested variety,
chemical analyses were performed in
order to determine the biochemical
parameters and content of macro,
microelements and heavy metals in

apple fruits. All analyses were
performed in the Laboratory for
Chemical Testing of the Fruit

Research Institute, Cadak.
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buoxumuyeH
nnodose

Mpobu oT A6BLNKOBM MnoaoBe
ca cbbpaHu B eTan Ha NbriHa 3psnocT
B TPW NOBTOPEHMS, OT BCEKN BapuaHT
Ha eKcnepuMMeHTa, UK crej ToBa
M3non3eBaHnW 3a wu3cnegBaHe Ha
XUMUYHUA CbCTaB. CbAbpXKaHMETO Ha
pa3TBopumMu TBbPAM BellecTBa (PTB)
B NnogoBeTe € onpeaeneHo ¢ pbyeH
pedpaktomeTsp (Hanna instruments,
lepmaHus). CbabpXKaHMETO Ha Cyxo
BELLECTBO Ce Ofnpeaerns yYpes cylleHe
npu 105°C po pgocturaHe Ha
NMOCTOSIHHO Terno. TutpyemaTta
kncenvHHocT (TK) ce onpegens 4ypes
HeyTpanuanpaHe Ha nrnoaoBus
ekctpakt ¢ 0.1 N NaOH pgo pH 8.2,
Kato ce wu3nonsea deHondTanevH
kato uHgukatop. KucenuHHocTTa ce
ugpassgsa kato mg A6bnyeHa
kncenuHa/100 g npsAcHo Terno.

CbobpxaHMeTo Ha 3axaposa,
WHBEPTHN 3axapu 1 obm 3axapu ce
onpegenat no wmetoga Ha  Luff-
Schoorl (Tanner and Brunner, 1979).

CoObpkaHue Ha MaKpo,
MUKpoesieMeHmu U mexku memaru
(Ca, Mg, Na, K, Cu, Zn, Mn, Fe, Pb,
Ni, Cr) 8 manuHosu rnnodose

CbOobpxaHMeTo Ha Makpo U
MUKPOENEMEHTN € perynupaHo ypes
moaudpuumpaH metog (Moraisa et al.,
2017). OTYMTaHETO € M3BBLPLUEHO C
ypen AAS, Perkin-Elmer, PinAAcle
500 (CAL 2018), a cromHoCcTUTE Ca
nspaseHn B mg kg’ oT npsicHOTO
Terno Ha npobaTa, aokarto
cwoTHoweHneTo K: Ca e onpegeneHo
4Ypes3 U34yncrieHue.

Cmamucmudecku aHanu3

Bcekn BapuaHT Ha
ekcnepumeHTta bOelwe aHanusvpaH B
TPY NOBTOPEHUS U pe3ynTatute 6sxa
npeactaBeHM  kKaTo  cpegHa w
cTaHgapTHa rpewka. [JaHHuTe 6sxa
aHanuamMpaHu 4Ype3  e[HOMOCOYEH
aHanu3 Ha aucnepcusita (ANOVA), 3a
Ja ce u3crenaTt pasnukute Mexay
copToBeTe, kaTo ce  u3nonaea

aHarnus Ha

Biochemical analyses of fruits

Samples of apple fruits were
collected at the stage of full maturity
in three replicates, from each variant
of the experiment, and then used to
test the chemical composition.

The Soluble solid content (SSC) of
the fruit was determined on a manual

refractometer (Hanna instruments,
Germany).
The dry matter content was

determined by drying at 105°C until
constant mass.

Titratable acidity (TA) was determined
by neutralization of fruit extract with
0.1 N NaOH to pH 8.2, using
phenolphthalein as indicator.

Acidity was expressed as mg citric
acid 100 g™ fresh weight.

Sucrose, inverted sugars, and
total sugars content were determined
by Luff-Schoorl method (Tanner and
Brunner 1979).

Content of macro,
microelements and heavy metals (Ca,
Mg, Na, K, Cu, Zn, Mn, Fe, Pb, Ni, Cr)
in the fruits of raspberry

The content of microelements
and heavy metals was anlaysed using
modified method (Moraisa et al.,
2017). Readings were performed on
AAS, Perkin-Elmer, PinAAcle 500
(USA 2018), and values were
expressed in mg kg'1 of dry weight of
the sample.

Statistical analysis

Each variant of the experiment
was analysed in three replicates, and
the results were presented as mean
and standard error.
Data were analysed by one-way
analysis of variance (ANOVA) to
examine differences among the
cultivars, using Statistica 7 (StatSoft,
Inc., Tulsa, OK, USA).
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Statistica 7 (StatSoft, Inc., Tulsa, OK,
CALl). CpaBHeHnssiTa nNo AOBOWKM
Mexay pasnuyHuM napametpu Osixa
M3BbPLUEHM C MOMOLLTA Ha TecTa Ha
ObHkaH (p<0.05).

PE3YJNITATU N OBCBXXOAHE
CbabpxaHueTo Ha
pasTBOpMMM TBbLPAM BellecTBa €
Aobbp nokasaten 3a KOMMYECTBOTO
Ha 3axap B fA6bMKWTEe, TbW KaTo e

OCHOBHOTO  pa3TBOPUMO  TBbPAO
BewectBo (PTB) B nnogoeete (Nour
et al., 2010).

CbOTHOWEHNETO Ha 3axapute
Bapupa B 3aBMCMMOCT OT Mnoga wu
copta (Wu et al.,, 2007) n Bnusie
BbpXy BKkyca. OCHOBHaTa kucenvHa B
A0BNKNTE € A0bNYHaTa KucenuHa
(Ackermann et al., 1992; Colaric et
al.,, 2007). KvucenuHHOCTTa € BaXeH
KOMMOHEHT Ha NNOJOBUS BKYC M B
KombuHaums ¢ PTB pgonpuHaca 3a
LSANOCTHOTO opraHonenTuyHo
KayecTBo.

Pesyntatnute OT nNbpBUYHUTE
meTabonutn (Tabnuua 1) nokaseaT
noBULLIEHO CbabpXaHue Ha PTB,
obwy 3axapu, WHBEpPTHa 3axap,
3axapo3a Mnpu KOHTporia B CpaBHeEHWe
Cc TpeTupaHudata. CbObpXaHMeTo Ha
TuTpyemarta kucenunHHocT (TK) e no-
HUCKO B KOHTporata, KoeTo e
cnegctBue  OT  BRMSIHUETO  Ha
OvoTtopoBeTe  BbpXy Mo-6aBHOTO
y3psiBaHe M CTeneHTa Ha 3psocT Ha
nnogosere.

KucenvHHocTTa Ha nnogoseTe
Bapupa B pamMKWTe Ha copTa, a He B
pamkute Ha TpeTtupaHeto. TK moxe
fa 0Obae BaXeH WHCTPYMEHT 3a
NpOrHo3MpaHe Ha BKyca Ha A0bnkuTe
(Moor et al., 2008). Toa cbLUO MOXe
fa ObOoe BaxHO 3a  oueHkaTa Ha
KayecTBOTO Ha MfogoBeTe, Tbi KaTo
notpeburenute 4yecTo umart
pasnuyHm npegnovmMTaHus KbM
A0BMKM C KACEN WNW cragbK BKYC
(Nour et al., 2010).

lMnogosete Ha Angapen ca c

The pairwise comparisons between
different parameters were performed
out using Duncan'’s test (p< 0.05).

RESULTS AND DISCUSSION

Soluble solids content is a good
indicator of sugar content of apples,
as it is the major soluble solid in fruits
(Nour et al., 2010).

The ratio of sugars varies
depending on the fruit and the cultivar
(Wu et al., 2007) and influences taste.
The principle acid in apples is malic
acid (Ackermann et al., 1992; Colaric
et al., 2007).

Acidity is an important component of
fruit flavour and in combination with

SSC, contributes to overall
organoleptic quality.
The results of  primary

metabolites (Table 1) show increased
content of SSC, total sugars, inverted
sugars, sucrose on control compared
to treatments.

In accordance with the above, the TA
content is lower in the control, which
is a consequence of the influence of
biofertilizers on slower ripening and
the degree of fruit maturity.

The acidity of the fruit varies

within the variety, not within the
treatment. TA may be an important
tool in predicting the taste of apples
(Moor et al., 2008).
This may also be important during the
assessment of fruit quality, since
consumers often have distinct
preferences for acid or sweet-tasting
apples (Nour et al., 2010).

The cultivar Idared fruits have
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Nno-BMCOKO CbabpxaHue Ha PTB,
obwyn 3axapu, WHBEpPTHa 3axap,
3axaposa, a nnogoseTe Ha Pep Yning
umaT noBuweHa TK npu koHTponaTa u
TpeTMpaHeTo, KOeToO € CcopToBa
xapaktepucTtuka. NogobHn pesynrtaTtu
3a cbabpxaHneto Ha PTB u TK B
coptT Anpgapen ca onpegeneHn ot
MiloSevi¢ et al. (2019). Pasnukute B
pesyntatute Mexay aBTopuTe ca B
KNCENUHHUS MeTabonnabM, NpUYNHEH
OT cneumdu4YHOTO €eCcTecTBO Ha
TOpOBETE, KaKTO M OPYrn MpPUYMHM,
KaTo  pasnuYHM  arpoKIMMaTuYHU
ycrnoeusi , coprtoBaTta cneumduyHOCT
per se (reHOTUN), HaAYMHBT Ha
OTrneXxaaHe 1 Bb3pacTTa Ha AbpBOTO
(MiloSevi¢ and MiloSevi¢, 2017).

higher content of SSC, total sugars,
inverted sugars, sucrose, and cv. Red
Chief fruits have increased TA on
control and treatment, which is a
varietal characteristic.

Similar results of SSC and TA content
in the cultivar Idared were determined
by MiloSevi¢ et al. (2019).

Differences in results between
authors are in acid metabolism
caused by the specific nature of
fertilizers, as well as other reasons
such as diverse  agroclimatic
conditions, the cultivar factor per se
(genotype), cropping method, and
tree age (MiloSevic and MiloSevic,
2017).

Tabnuua 1. NbpBUYHM MeTabonNuTH B AGBLIIKOBM NNogoBe
Table 1. Primary metabolites in apple fruits

Oo6wm MHBepTHM
3axapu 3axapu 3axaposa
Vc;(r)izzy ?rﬁe‘:g(;}(t: pH SSC TA Total Inverted Sucrose
sugars sugars
%
KOHTpoOna 3.49+ 13.40+ 0.43+ 10.45+ 7.73+ 2.58%
Idared control 0.02c 0.07c 0.0l1a 0.04b 0.04c 0.03b
obpaboTka | 3.54+ 12.67+ 0.46+ 9.12+ 7.48+ 1.56+
treatment 0.02c 0.19d 0.0l1a 0.02d 0.03c 0.02d
KOHTpora 4.29+ 19.50+ 0.17+ 13.58+ 10.68+ 2.75+
Red control 0.05a 0.15a 0.01b 0.05a 0.17a 0.03a
Chief obpaboTka | 4.07+ 14.25+ 0.21% 10.17% 8.04+ 1.92+
treatment 0.18b 0.35b 0.02b 0.21c 0.21b 0.08c
ANOVA *% *% *% *% *% *%
Ms3non3saHeTo Ha OuoTopoBe The use of biofertilizers

nosuwaesa cbabpxaHueto Ha P, Ca,
Mg, Na u B pgBaTa copTta, a no-
HUCKOTO CbAbpxXaHue Ha K
no3sonsiea no-6naronpunaTHo
CboTHoWweHne Ha K/Ca un K+Mg/Ca,
KoeTo ce oTpassiBa Ha
NPOABIDKUTENHOCTTa Ha CbXpaHeHue
W N3OPBXKNMBOCTTA Ha MIogoBeTe .
CbabpxaHueTo  Ha P B
nnogoBete  Mpu  TpeTvpaHus e
1234,2-1468,0 mg/kg, Ca 40.0-43.7
mg/kg, Mg 32.6-44.6 mg/kg, Na 17.5-
32.6 mg/kg, K 889,0-965,3 mg/kg, K/
Ca cboTHoweHue 22.1-22.2 nu
K+Mg/Ca 23.04-23.11. Mpu

increased the content of P, Ca, Mg,
Na in both cultivars, and the lower
content of K enabled a more favorable
ratio of K/Ca and K+Mg/Ca, which
affects the length of fruit storage and
health safety.

The content of P in fruits on
treatments is 1234.2-1468.0 mg/kg,
Ca 40.0-43.7 mg/kg, Mg 32.6-44.6
mg/kg, Na 17.5-32.6 mg/kg, K 889.0-
965.3 mg/kg, K/Ca ratio 22.1-22.2 and
K+Mg/Ca 23.04-23.11.

In the variants without the use of
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BapnaHTuTe 06e3 u3nons3BaHe Ha
OvoTOpOBE CbAbPXAHMETO HA TE3U
XPaHUTENHW E€NIEMEHTU € 3HAYUTESTHO
no-Hucko. lnogosete Ha Pepg Yud
npuemat MO-HUCKO KOSIMYEeCTBO Ha
MakpOHYTPUEHTM B CPaBHEHWE C
Anpgapeg (Tabnuua 2).

Milinkovic et al.  (2021)
3asiBMxa, 4Ye npu  SA6bLNKoBUTE
nnoaoBe, ako cboTHoweHneTo K/Ca e
no-sucoko ot 30, a npu HAkou
coptoBe Hag 25 wu pgopu 20,
Bb3HUKBAT PU3NONOrNYHN
3abonsiBaHNA M CbOTBETHO MO-ManbK
noteHuMan 3a CbXxpaHeHue Ha
nnogoeete. TpeTupaHusTa nokaseat
No-HUCKO CbOTHolleHne Ha K/Ca u
K+Mg/Ca B cpaBHeHME C KOHTpoONaTa,
KOeTO MOTeHUManHo Bnusie BbPXY
3anasBaHeTo Ha KayecTBOTO Ha
nnoJoBeTe No BPEME Ha CbXpaHeHue.

biofertilizers, the content of these
nutrients is significantly lower.

The fruits of cv. Red Chief adopted a
lower content of macronutrients
compared to cv. Idared (Table 2).

Milinkovi¢ et al. (2021) stated
that in apple fruits, if the K/Ca ratio is
higher than 30, and in some varieties

higher than 25, and even 20,
physiological diseases occur and,
accordingly, less fruit storage
potential.

The treatments showed a lower ratio
of K/Ca and K+Mg/Ca compared to
the control, which potentially affects
the preservation of fruit quality during
storage.

Ta6bnuua 2. CbabpkaHue Ha MaKkpoeneMeHTU B I0BbLIIKOBU niogoBe
Table 2. Content of macroelements in apple fruits

K+Mg/
\C/?gﬁ; O6paGorkn | P ca Mg Na K KiCa i

Treatments .

ty mg/kg ratio
KOHTpona 1019.3 27.7+ 37.2+ 14.3¢ 1157.1+ 41.8+ 43.12+
|dared control +3.35d 0.67c 0.28b 0.17c 2.21a 0.92a 1.76a
O6pabotka | 1468.0 43.7+ 44 6+ 32.6+ 965.3+ 221+ 23.11+
treatment +2.32a 0.39a 0.13a 0.42a 3.89b 0.80c 0.83c
KOHTpona 1062.5 25.1+ 23.4+ 13.1% 745.6+ 29.7+ 30.63+
Red control +5.40c 0.26d 0.47d 0.19d 3.10d 0.76b 0.66b
Chief obpabotka | 1234.2 40.0+ 32.6+ 17.5¢ 889.0+ 22.2+ 23.04+
treatment +2.03b 0.54b 0.40c 0.22b 6.29c 0.54c 0.59c
ANOVA *% *% *% *% *% *% *%

Mnogosete oT copT Angapea,
oTrnedaHu Bbpxy noyesa, obpaboTeHa
c ouoTtop umart Mo-BMCOKO
cbabpkaHme Ha Cu umu Mn B
cpaBHeHMe c KoHTponarta (Tabnuua
3). CobabpkaHneto Ha Fe B
nnogosete Ha Algapeg v B aBata
BapuaHTa Ha onuTa (3.50-3.78 mg/kg)
e 3HaAYUTENHO NoO-BUCOKO B
cpasHeHue ¢ Pep Yud.

CeobpxaHueto Ha Zn e nmo-
HUCKO MpW TPEeTMpaHe B CPaBHEHME C
KOHTpornaTa.

The cultivar Idared fruits grown
on soil treated with biofertilizer have a
higher content of Cu and Mn
compared to the control (Table 3).

The Fe content in cv. Idared fruits in
both variants of the experiment (3.50-
3.78 mg/kg) is significantly higher
compared to cv. Red Chief.

Zn content is lower
treatments compared to control.

on
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Tabnuua 3. CbAabpXKaHMe Ha MUKPOeNneMeHTU B A0BNKOBUTE nNnogoBe
Table 3. Content of microelements in apple fruits

Copt O6paboTkn Cu Zn Mn Fe
Variety Treatments mg/kg
"%*(')Tnﬁf(;‘la 0.06£0.003d | 0.68:0.019a | 0.26+0.003d 3.78+0.074a
Idared
obpaboTka
trontment | 0:410.004a | 0.50£0.015b 0.41+0.016a 3.50+0.010b
KOHTPONa | 1540.003c | 0.53:0.004b | 0.31+0.003c 0.42+0.008d
. control
Red Chief obpaboTka
P 0.18+0.003b | 0.42+0.004c 0.35+0.005b 0.54+0.012¢
treatment
ANOVA *k *% *% *%
EdektbT oT OGuotopa e A particularly significant effect
CBbp3aH C  noHwkaBaHeTo  Ha | of the biofertilizer is the reduction of

cbabpxaHueto Ha Pb, Ni, Cr cnpamo
KOHTpoOnaTta v npu asaTta uscrenBaHu
copta (Tabnuua 4).

the content of Pb, Ni, Cr in relation to
the control in both tested cultivars
(Table 4).

Tabnuua 4. CbabpXKaHMe Ha TeXKU MeTanu B A0bLNKOBMU NogoBe
metals in apple fruit

Table 4. Content of heavy

Copt O6paboTku Pb ‘ Ni ‘ Cr
Variety Treatments
KOHTpOna 0.055+0.002a 0.056+0.002a 0.092+0.003a
control
Idared obpaboTka
P 0.023+0.001d 0.033+0.002¢ 0.031+0.002¢
treatment
KoHTpona 0.04120.001b 0.061£0.001a 0.073£0.001b
. control
Red Chief obpaboTka
P 0.031+0.001¢c 0.0390.002b 0.021+0.002d
treatment
ANOVA *% *% *%

PacTteHusiTa HaTpynBaT MeTanm
OT noyBaTa Mo BPeEMEe Ha pacTex U
Tb kKaTo Te He ca Ouopasrpagumu
cbLiuTe Morat pga HaBn4d3aT B
XpaHuTernHaTa Bepura, KOeTo MOXe
Aa [oBefe [0 MNOBULLEH MpUEM OT

xopa, NPUYMHABANKN Cepuo3Ho
3abonsiBaHe (Jabeen et al., 2010).
LMHKBT, MeaTa, XKenssoTo,

XPOMBT M KODaANTbT Ca BaXHU WU
cTaBaT TOKCUYHW CaMO BbB BUCOKU
koHueHTpauuun (Radivojevic et al,
1999). lNMopaaun ToBa e BaxHO Aa ce
cnegsiT KonuyecTBaTta Ha T MeTanuTte
B no4ysaTta nrogoBeTe M NioaoBuUTe
NPOAYKTW.

AmMepuKaHckaTa areHumsa 3a

Plants accumulate metals from
the soil during growth and as metals
are not biodegradable they can enter
the food chain which may lead to
increased human intake causing
serious illness (Jabeen et al., 2010).

Zinc, copper, iron, chromium
and cobalt are essential and become
toxic only in high concentrations
(Radivojevic et al., 1999).

It is thus important to monitor
metals in soil, fruit and fruit products.

The us EPA has
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onasBaHe Ha okonHata cpega (EPA)
npenopbyBa npuem Ha Cr ot 1.5
mg/kg/geH. TMpuembT Ha Ni uypes
XpaHa npu Bb3pactHn e 0.100 pgo
0.300 mg Ha geH (Haber et al., 2017;
ATSDR 2018), a cnopea TenecHoOTo
TErno nNpuUemMbT MY € OrpaHuyeH [o
0.020 mg/kg TenecHo Terno Ha feH
(Haber et al., 2017; US-EPA, IRIS9.
Pernament (EO) Ne 1881/2006
3a W3MEHeHMEe orpaHuMyaBa npuema
Ha Pb go 0.10 mg/kg TenecHo Terno
3a geua n 0.20 mg/kg TenecHo Terno

3a Bb3pacTHM. B HacTtosiweTo
uscneaBaHe ca M3MEPEHW  HUCKU
ctomHocty  Ha Pb  (0.023-0.055

mg/kg), Ni (0.033-0.061 mg/kg) un Cr
(0.021-0.092 mg/kg) B nNpecHu
A0BbNKOBM NNOAOBE.

n3Bogu
Cnopepg pesynratute oT
nscrneaBaHusTa, CbObpXaHWMETO Ha

CyX0 BeLLeCTBO U pasnuyHu copmm
Ha 3axap e Mo-BMCOKO B KOHTPOSHUS
BapuvaHT, a npunaraHeTo  Ha
buotopose e noBnnAno 3a
3abaBAHETO Ha y3psABaHeTO Ha
nropoBeTe. Pasnukata B
KACENWHHOCTTa Ha nrnogoBeTe e
noBnusiHa OT pas3nuyHuTe obpaboTku

n CbLUEeBpPEMEHHO oT
XapakTepuctumkmtTe Ha wuacreaBaHute
copToBe.

YCcTaHOBEHO e 3Ha4YnUTEINTHO
BINMnAHWE Ha npunaraHeTo Ha 6MOTOpa

BbpXY yBenuyaBaHeTo Ha
cbaobpxaHueto Ha P, Ca, Mg, Na n B
Asara copTa, a MO-HUCKOTO

cbabpxaHne Ha K nossonsaesa no-
OnaronpusATHO CboTHOLWEHME Ha K/Ca
n K+Mg/Ca. BbB BapuaHTuTe 6€3
n3nonasaHe Ha BuoTopose,
CbObPXaAHNETO Ha TE3U XPaHUTENHU
BELleCTBA € 3HA4YMTENHO MO-HUCKO,
KaTo CbLo Taka ce 3abensasBa, 4e
nnogosete Ha Peg Yud ca npuenu

No-HUCKO cbabpKaHue Ha
MakpoenemMeHTM B CpaBHEHWE C
Anpapeg.

recommended that a Cr intake of 1.5
mg/kg/day is allowed.

The intake of Ni through food in adults
is 0.100 to 0.300 mg per day (Haber
et al, 2017; ATSDR 2018), and
according to body weight its intake is
limited to 0.020 mg/kg bw per day
(Haber et al., 2017; US- EPA, IRIS9.

Amending Regulation (EC) No.
1881/2006 limited the intake of Pb to
0.10 mg/kg body weight for children
and 0.20 mg/kg body weight for
adults. In our research, low values of
Pb (0.023-0.055 mg/kg), Ni (0.033-
0.061 mg/kg) and Cr (0.021-0.092
mg/kg) contents were measured in
fresh apple fruits.

CONCLUSIONS

Based on the results of the
research, the content of dry matter
and different forms of sugar is higher
in the control variant, and the
application of biofertilizers influenced
the delayed ripening of fruits.

The difference in fruit acidity was
influenced by different treatments and

at the same time by the
characteristics of the examined
varieties.

A significant influence of
biofertilizer  application on  the
increase of P, Ca, Mg, Na content in
both cultivars was determined, and
the lower content of K enabled a more
favorable ratio of K/Ca and K+ Mg/Ca.

In the variants without the use of
biofertilizers, the content of these
nutrients is significantly lower, and it is
also noticeable that the fruits of cv.
Red Chief adopted a lower content of
macronutrients compared to cv.
Idared.
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lMnogosete oT copT Angapes,
OTrnefaHn Bbpxy No4ea, TpeTnpaHa ¢
OnoTop, NMaT No-BUCOKO CbAbpXKaHUe
Ha Cu u Mn B cpaBHeHVMe C
KOHTpoOnaTta, [oKaTo CbAbpXaHUETO
Ha Fe B nnogose oT Amgapeg v B
JBata BapuaHTa Ha onuta e
3HaYUTENHO NO-BUCOKO B CPaBHEHME C
Peg Yndp. CvavpxkaHueto Ha Zn e
No-HACKO Npu  TpeTupaHusaATa B
CpaBHeHWe Cc KoHTponata. Edekrsbt
ot O6uotopa ce wu3passiBa B
NMOHMXKaBaHe Ha CbAbPXaAHMETO Ha
Pb, Ni, Cr cnpsiMo koHTponarta u npu
ABata wuscnegsaHu copta. Bcuuko
ropensnoxeHo nokasea
3HAYUTENHOTO NONOXUTESNHO BNUSIHNE
OT npunaraHeTo Ha OwuoTopoBe B
A0bNKOBUTE rpaguHm ypes
Bb34ENCTBME BbpXy MOBULLIABAHE Ha
YCBOSIBAHETO Ha XpaHUTENHU
BELLeCcTBa, HamansiBaHe Ha
YCBOSIBAHETO Ha BpeaHU W OnacHu
BellectBa W YCTOMYMBOCT  Ha
Ka4yecTBOTO Ha nnogoeete B
YCIOBUSITA HA CbXPaHEHNE.
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