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PE3IOME

Mo3aeuyHunaT BMpyc No 60poBUHKa-
Ta e onuncaH Mpeau HAKOMKO JeceTwusne-
TWS, HO BMpycHaTa npupoga Ha 3abons-
BAHETO e NoTBbpAeHa Hackopo. MNpuymHu-
TeNnAT Ha 3abonsBaHeTo € MO3aeyHUAT
BMpyc no 6oposuHkata (BIMaV), pog
Ophiovirus. BIMaV npuynHsBa /IMCTHM NeT-
Ha U APKO XBb/TU, 3€N1eHN U POo30BU [0
yepBeHN MO3aeYHW LIapku B 3apaseHuTe
xpactn. CumnToMmTe 0OMKHOBEHO Ce Nos-
BSABAT Ha HAKOMKO NuMcCTa WNW Mokpusat
uenuns XpacT, HO uHdekumaTa Moxe ga e
NnaTteHTHa B MPOAbL/IKEHME Ha HAKOSKO
roguHn. BIMaV e noTBbpaeH Ha [Age
Mecta B Cbpbua npu coprtose ,JHK",
.BNyKpo6“ u ,fonatpay6“. Llenta Ha Hac-
TOALLOTO NpOyyYBaHe e Aia ce OueHN BAusS-
HMeTo Ha BIMaV Bbpxy HSAKOM N10L0BU
XapakTepucTUKM Ha BUCOKOKaYecTBeHa
6opoBuHKa ,[doK".

OnuTbT e npoBefeH npes3 2019 . B
mMecTHocT byaoxena, 3anagHa Cbpbus B
OBOLlLHa rpajnHa C MOTBBLPAEHOTO Mpu-
cbcTBME Ha BIMaV. Bb3 ocHoBa Ha pe-
3yntatute oT RT-PCR aHanu3a ca nsbpa-

SUMMARY

Blueberry mosaic has been
described several decades ago, but the
viral nature of the disease was confirmed
recently. The causal agent of the disease
is blueberry mosaic associated virus
(BIMaV), genus Ophiovirus. BIMaV induce
leaf mottling and bright yellow, green, and
pink to red mosaic patterns in infected
bushes.

Symptoms usually appear on several
leaves or cover the entire bush, but the
infection may be latent for several years.

BIMaV was confirmed in two locations in
Serbia in varieties ‘Duke’, ‘Bluecrop’ and
‘Goldtraub’. The aim of this study was to
evaluate the influence of BIMaV on some
fruit traits of highbush blueberry ‘Duke’.

The trial was conducted in 2019 in
locality BudoZelja, West Serbia in the
orchard with the confirmed BIMaV presence.

Based on the results of RT-PCR analysis,
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HWU Tpu rpynn oT 60poBuHKM ,[1OK': Bes
3apasa BIMaV, BIMaV wuHdekTMpaHn —
MO3ae4Hu CUMMNTOMW NPUCHLCTBAT CaMo Ha
HAKOMIKO nncTa, u BIMaV uHdekTupaum -
MO3ae4YHu CUMNTOMU BbPXY LiesiMa XpacT.
V3cnegBaHo e BAWsgHMETO Ha BIMaV
BbpXy MOMOJIOTMYHU NpOMeHNuBK (Obn-
XWHa, W1pUHa U BUCOYMHA Ha niogose-
Te, hopma, Terso Ha nnogoBeTe U Cbabp-
)XaHue Ha pasTBOpPUMU CYXU BELLECTBA).

Pesyntatute nokaseat, 4e BIMaV
He OkasBa CTaTUCTUYECKN 3HAYMMO Bb3-
JelicTB/e BbpXy HUTO efHa OT u3cneg-
BaHWTe MN/I040BU XapakTepuctuku. B mo-
MeHTa Ce M3BbpLBa OLEHKa Ha BUA-
HMETO Ha BMpyCa BbPXY CbCTaBa Ha
XpaHUTe/THU 1 BMOaKTUBHU CbeUHEHNS.

KntouoBu gymun: 60posuHka, BIMaV,
RT-PCR, nomMonornyHn XxapakTepucTuku,
CTaTUCTMYECKN aHaNn3

YBO/,

CwmsTawe ce, 4e MO3aeyHUAT BU-
pyc MMa reHeTuyYeH NPon3xos 40 Aoknaja
Ha Varney (1957), KOliTO nokasea HeliHa-
Ta BMpycHa eTuonorus. B npogbkeHne
Ha JeceTuneTvs Mmalle HSKOJIKO onuta
3a MpeyncTBaHe Ha BMPYCHU YacTuuu oT
3apa3eHa TbkaH U M3C/iefBaHEeTO UM C
rnoMowjTa Ha efleKTPOHHA MUKPOCKONUs
(Ramsdell and Stretch, 1987). Thekke-
Veetil et al. (2014) oTKprxa HOB BMPYC NO
6opoBMHKaTa, KOMOMHUpaku  Tpagu-
UMOHHN MEeTOAM U cnejsallo NokosieHne
nocfiefoBaTesIHOCT HapeyeH Mo3aeyeH
Bupyc (BIMaV). B 3apa3eHute pacTeHus,
BIMaV uHayumpa nMCcTHY NeTHa 1 CBeT/10-
3€/1eHN, Xb/TU, PO30BU N TbMHOYEPBEHU
MO3aeyHu wWapkn. OCBEH ToBa, WHAEkK-
uusitTa MOXe fa e faTeHTHa B npoabi-
XEHUE Ha HSAKOMKO roguHu. MNpucbecTBre-
To Ha BIMaV e otmumanHo NnoTBbPAEHO B
CbveguHeHuTe watn, KaHaga, HAnoHus,
CnoseHusa 1 Typuus, HO CUMNTOMUTE Ha
Mo3aiikaTta no 60pOBUHKATA Ca MNOCOYEHN
OT MHOTO Apyru ctpaHu. BIMaV e oTKpuT B
Cbpbus Ha [Be pasivyHM MecTa B
coptose "bBnykpon", "ronarpay6” v "Arok"
(Jevremovi¢ et al., 2015; Jevremovi¢ et
al., 2016).

three groups of blueberry ‘Duke’ bushes
were selected: BIMaV-free, BIMaV
infected — mosaic symptoms present on
only several leaves, and BIMaV infected —
mosaic symptoms on entire bush. The
influence of BIMaV on pomological
variables (fruit length, width and height,
shape, fruit weight, and soluble solids
content) was examined.

The results showed that BIMaV did
not have statistically significant impact on
any of the examined fruit traits. The
evaluation of virus influence on the
composition of nutritive and bioactive
compounds is underway.

BIMaV,
statistical

Key words: Blueberry,
RT-PCR, pomological traits,
analysis

INTRODUCTION

Blueberry mosaic disease was
thought to be of genetic origin until the
report of Varney (1957) that showed its
virus etiology. For a decades, there were
several attempts to purify virus particles
from infected tissue and to examine them
using electronic microscopy (Ramsdell
and Stretch, 1987). Combining traditional
methods and next generation sequencing
Thekke-Veetil et al. (2014) detected a
new virus in symptomatic plants
tentatively named blueberry mosaic
associated virus (BIMaV) in blueberry
plants with mosaic symptoms. In infected
plants BIMaV induces leaf mottle and light
green, yellow, pink and dark red mosaic
patterns. Also, the infection may be latent
for several years.

BIMaV presence was officially confirmed
in the United States, Canada, Japan,
Slovenia and Turkey, but the blueberry
mosaic symptoms were reported in many
other countries. BIMaV was detected in
Serbia in two distinct locations in varieties
‘Bluecrop’,  ‘Goldtraub’ and  ‘Duke’
(Jevremovi¢ et al., 2015; Jevremovi¢ et
al., 2016).

196



BucokoxpactoBugHata 6G0pOBUHKA
(Vaccinium corymbosum L.) e egHa ot
Hal-ueHeHnTe ApeGHN N0A0BU KyATypwu
B cBeTa. lMopagu xpaHuTenHara CTOMHOCT
Ha nnogoseTte, NPOU3BOACTBOTO Ha Bopo-
BMHKN NOCTOSIHHO ce yBesnnyasa. lMoBeye
oT 70% OT BMCOKOXpacToBuaHUTEe 60po-
BUHKM ce npoussexgar B CAL, KaHana v
Unnn. YCTOMUMBMAT pacTex Ha Npon3Boa-
CTBOTO € oueBUAeH B A3usA (a UMEHHO
Kutait), EBpona n tOxHa Amepuka. Mbp-
BOTO BHacsiHe Ha BUCOKOXpacToBUAHA
6opoBvHka B Cbpbus e npes 70-Te
rOOVHN Ha MUWHaNUSA BEK, HO MpPOV3BOSL-
CTBOTO e Hesabenexumo. BtopoTto, no-
yChNewHo BbBexXpaaHe 3anoyHa npegu 15
roavHun. MNoHacTtosiwem, 6OpPOBUHKNUTE Cce
otrnexgar Ha noHe 1000 xektapa B
uanata cTpaHa.

OBoLUHUTE TpaZiMHK ce 3acaxiar C
BHeceHus nocajbyeH martepuas. B osoLu-
HUTe rpagvHu npucbeTBat Hapg 15 copra,
OT CTaHZapTHWUTE [0 Hali-CKOpO BHECEHW-
Te. BucokoxpactoBugHa 60poBuHKa COpT
"[IoK", KOWTO € eAuMH OT WKOHOMMUYECKMU
Hal-BaXXHUTE COPTOBE B CBeTa, € Hai-
pa3npoCTPaHEHUAT B OBOLLHUTE rpaguHn
Ha Cbpbusa. PasmHoxeH e B CALL un
BbBeJeH B NPoOu3BOACTBOTO npe3 1986 r.
(Retamales and Hancock, 2018). Mnogo-
BeTe ca cpefHW [0 ronemu no pasmep,
e/lHaKBW, paBHOMEPHO OLIBETEHU, TBBPAMU,
CbC CnajKo-Kuces apomaT U BKYC.

Llenta Ha HaweTo wuscnegBaHe e
Ja ce oueHU BMAHWETO Ha MOo3aeyHus
BMPYC BBbPXY HAKOW NSIOL0BWN XapakTepuc-
TUKM Ha BUCOKOXpacToBuAHa OGOPOBUHKA
"[toK" B NpOMULLIEHA OBOLLHA rpajuHa.

MATEPWNAN N METO4WA

MaTtepwuan

OnuTbT € npoBefeH npes3 2019 1. B
OBOLLHA rpajMHa B MecTHoCTTa byaoxens,
MBaHuua (43° 32.262’'N 20°16.568'E) Ha
HaZMopcKa Buco4vMHa 652 m. Hanuumeto
Ha BIMaV B Ta3u oBOwWHa rpaguHa e
NMOCOYEHO B  MNO-PaHHU  Npoy4YBaHUA
(Jevremovi¢ et al., 2015, Jevremovi¢ et
al., 2016). bopoBuMHKMTE ce oTrnexaar Ha
pasctosHue 2,5 x 1,5 m cnopepg, uHTerpu-

Highbush  blueberry  (Vaccinium
corymbosum L.) is one of the most valued
small fruit crop in the world. Because of
the nutritional value of the fruits, the
production of blueberries is in the
constant increase. More than 70% of
highbush blueberries are produced in the
United States, Canada and Chile.
Sustained growth of production is evident
in Asia (hamely China), Europe and South
America. The first introduction of highbush
blueberries in Serbia was during 1970s,
but the production was unnoticeable.

The second, more successful introduction
started 15 years ago. Today, blueberries
are grown on at least 1,000 hectares
across the country.

Orchards are planted with the
imported planting material. More than 15
varieties are present in the orchards, from
standard to the most recently released.
Blueberry ‘Duke’, that is one of the most
economically important variety in the
world, is the most prevalent variety in the
orchards in Serbia. It was bred in the
United States and introduced into the
production in 1986 (Retamales and
Hancock, 2018). Fruits are medium to
large sized, uniform, medium colored,
firm, of sweet-acid aroma and taste.

The aim of our study was to
evaluate the influence of blueberry mosaic
associated virus on some fruit traits of
highbush  blueberry  ‘Duke’ in a
commercial orchard.

MATERIAL AND METHODS

Material

The trial was carried out in 2019 in
an orchard in locality BudoZzelja, Ivanjica
(43° 32.262'N 20° 16.568'E) at the altitude
652 m above the sea level. The presence
of BIMaV in this orchard was reported in
earlier studies (Jevremovi¢ et al., 2015,
Jevremovi¢ et al., 2016). Blueberries are
grown at 2.5 x 1.5 m spacing according to
the integrate pest and disease

197



paHaTa cuctema 3a 6opba c Bpegutenunte
n bonectuTe.

OnuTtbT BKIOYUBaA 15 pacTeHus,
KOUTO ca M36paHn Ha cnyvyaeH NpuHLMn B
OBOLLHaTa rpaguHa. Beuykn pacteHus ca
pasgenenn B 3 rpynu/sapuaHTu: 5 pacte-
HAS C MO3aeyHa CuMMNTOMaTuKa BbpXY
uenusa xpact (1-uHdpektupaH); 5 pacrte-
HWS C /1IEKM CMMMTOMU Ha HSAKOJSIKO nncta
(2-3apaszeHun); n 5 pacteHus 6e3 cumnTo-
Mu (3-34pasn).

O6paTHa TpaHcKpunums "
nonvmepasHa BepumxHa peakums

Hannuuneto Ha BIMaV B nsbpaHute
Xpactu ce wu3csefsa C noMmowTa Ha
obpaTHa TpaHCKpUNUMsa ¥ nonMMepasHa
BepmxHa peakuns (RT-PCR). O6wurte
HykneuHoBu kucenvHu (TNA) ce ekcTpa-
xupat uype3 moauncpuumpaH CTAB meTopg
(Li et al., 2008). O6paTHaTa TpaHCKpun-
uus ce u3BbPWBA Ha fJBa eTana C
NMpou3BOSIHN  Xekcamepu U1 Maxima
Reverse Transcriptase (Thermo Scientific,
CALl). PCR ce npaBu cbC cneumdunyHmn
BIMaV  npainmepu, amnaudmumpaym
parmeHTa oT RNA3 Ha BIMaV reHoma
(Thekke-Veetil et al., 2014). PCR npogyk-
TMTe ca aHanusupaHu 4dpes 1,5% enekrtpo-
dopesa ¢ araposeH ref, ouBeTABaHe C
eTngves 6pomug 1 Busyanusmparu B Gel
Doc EZ System (Biorad laboratories, CALL).

3a pga ce u3KIYM BWAHUETO Ha
Apyrv BUpYCU BBPXY M3cnedsBaHuTe Xa-
PakTEPUCTUKN, BCUYKM PaCTEHNSA CbLUO ca
TecTBaHW 3a Ha/mune Ha ApYyrn NKOHOMU-
YeCKM BaXKHW BUPYCW. 3a HaM4MeTo Ha
blueberry shock virus (BIShV), blueberry
mottle virus (BIMoV), blueberry scorch
virus (BIScV), blueberry shoestring virus
(BSSV), tomato ringspot virus (TORSV),
tobacco ringspot virus (TRSV) and peach
rosette mosaic virus (PRMV) pacTteHus ca
TectBaHn 4ype3 TecT ELISA cwvrnacHo
npoToKoNuMTe Ha npoussoguTenute (Agdia
Inc., CALL, n BIOREBA AG, LBeiiuapus).
PCR aHa/n3bT e npoBefeH Ha pacTeHus-
Ta 3a Hanuume Ha blueberry red ringspot
virus (BRRV).

management system.

The trial included 15 plants that
were randomly selected in the orchard. All
plants were divided into 3 groups/variants:
5 plants with mosaic symptoms on entire
bush (1-infected); 5 plants with slight
symptoms on several leaves (2-infected);
and 5 plants without symptoms (3-
healthy).

Reverse transcription and
polymerase chain reaction

The presence of BIMaV in the
selected bushes was investigated using
reverse transcription and polymerase
chain reaction (RT-PCR). Total nucleic
acids (TNA) were extracted with a
modified CTAB method (Li et al., 2008).
Reverse transcription was performed in
two steps with random hexamers and
Maxima Reverse Transcriptase (Thermo
Scientific, USA). PCR was done with
specific BlMaV primers amplifying the
fragment from RNA3 of the BIMaVv
genome (Thekke-Veetil et al., 2014). PCR
products were analyzed by 1.5% agarose
gel electrophoresis, ethidium bromide
staining and visualized in Gel Doc EZ
System (Biorad laboratories, USA).

To exclude the possible effect of
other viruses on examined traits, all plants
were also tested on the presence on other
economically important viruses. For the
presence of blueberry shock virus
(BIShV), blueberry mottle virus (BIMoV),
blueberry scorch virus (BIScV), blueberry
shoestring virus (BSSV), tomato ringspot
virus (ToRSV), tobacco ringspot virus
(TRSV) and peach rosette mosaic virus
(PRMV) plants were tested by ELISA test
according to manufacturers’ protocols
(Agdia Inc., USA and BIOREBA AG,
Switzerland). PCR assay was performed
to test the plants on the presence of
blueberry red ringspot virus (BRRV).
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XapakTepucTuUKnN Ha Nn1ogoBeTe

Mnogose OT M3bpaHu pacTeHus ca
HabpaHu PbYHO Npe3 cpejara Ha N B
ONTUMaUTHUA eTan Ha 3psoCT 3a To3n
copTt. CbwmTe ca B3eTu OT 15 pacTeHus
(5 pacTteHns oT Bceku BapuaHTt; 20
nnogyeta OT BCAKO pacTteHue). O6wo ca
cbbpaHu n nsmepenun 300 nioga. Pasme-
puTe Ha naogoseTe (4b/HKMHA, WNPUHA U
BMCOYMHA) Ca ornpefeneHu ¢ aurutaneH
wy6bnep (Carl Roth, 'epmanus). NHaek-
CbT 3a hopMa Ha njoja e onpegesieH
KaTo CbOTHOLUEHWE MEexAay cpefHa BUCO-
ysHa W cpegHa WKUpoYMHa. TernoTo Ha
nnofoeete ce wu3Mepsa C AurMtasiHa
Be3Ha XL-1810 (Denver instruments, USA).

CbabpXaHMeTo Ha Cyxu BellecTsa
(SSC, °Brix) B nnoposete ce onpegens
oT npoba Ha njoaoB cok ¢ Undpos ped-
paktometbp MA871 (Milwaukee, USA)
npun 20°C. SCC e onpegeneH npu 25
naoga OT BCEKM BapuaHT. 3a Kaimbpu-
paHe Ha pedipakTomeTbpa e WU3nos3BaHa
JectuivpaHa Boja.

CratucTnyeckn aHanus

MonyyeHnte gaHHW ca aHannsupaHu
ypes efHO(PaKkToOpeH AMCNEPCUOHEH aHa-
3 (ANOVA) cbe cohTyepHa nporpama
CoStat, Bepcusa 6.311 (CoHort Software,
Monterey, CA, USA). Pasnukute mexay
BapuaHTMTe ca TeCcTBaHW 3a 3HAaYNMMOCT C
rnomowyTa Ha Tecta Ha [JbHkaH. TecToBe-
Te ce cumTaT 3a 3Ha4umum npm p<0.01.

PE3YNTATA

Pesyntatute ot RT-PCR aHanusa
noTebpauxa HannumeTo Ha BIMaV B 10
CUMNTOMATUYHN pacTeHus (durypun 1 n 2)
N OTCLCTBMETO Ha Bupyca B 5 pacTteHus
6e3 cumnTomu. [pyrn Bupycu He 6sxa
OTKPUTW B aHa/IM3NPaHUTE pacTeHUS.

Fruit traits

Fruits from selected plants were
hand-picked during middle July in the
optimal maturity stage for this variety.
Fruits were picked from 15 plants (5
plants per each variant; 20 fruits per each
plant). In total, 300 fruits were picked and
measured. Fruit dimensions (fruit length,
width and height) were determined with
digital caliper (Carl Roth, Germany).

Fruit shape index was given as the ratio of
mean height to mean width. Fruit weight
was measured with a digital balance XL-
1810 (Denver instruments, USA).

The soluble solids content (SSC,
°Brix) of the fruits was determined in a
sample of fruit juice with a digital brix
MA871 refractometer (Milwaukee, USA)
at 20°C. SCC was determined in 25 fruits
from each variant. Distilled water was
used for refractometer calibration.

Statistical analysis

Obtained data was analyzed by
one-way analysis of variance (ANOVA)
with CoStat software program, version
6.311 (CoHort Software, Monterey, CA,
USA). Differences between variants were
tested for significance by means of
Duncan’s multi-range tests. Tests were
considered significant at p < 0.01.

RESULTS

Results of the RT-PCR analysis
confirmed the BIMaV presence in 10
symptomatic plants (Figures 1 and 2), and
the absence of the virus in 5 plants
without symptoms. Other viruses were not
detected in the analyzed plants.
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dur. 1. NogoBe M nNucTta OT pacTeHUsi CbC CUIHU CUMMNTOMW Ha MoO3alika
npeanssukaHa ot BIMaV (BapnaHT 1)

Fig. 1. Fruits and leaves from the plants with severe mosaic symptoms induced
by BIMaV (variant 1)

J

dur. 2. TogoBe M nNucTa OT pacTeHMss CbC C/flabu cUMNTOMW Ha Mo3alika
npeanssukaHa ot BIMaV (BapnaHT 2)

Fig. 2. Fruits and leaves from the plants with slight mosaic symptoms induced
by BIMaV (variant 2)

O6wuaT 6poit ot 100 nnoga oT Ba-
pvaHT ca HabpaHu pbYyHO NPW onTUMasIHa
3pAIOCT U ca M3MepeHn B nadopatopusi-
Ta. Pe3yntatute oT uacneasaHute ousu-
Uecku CBOICTBA (Ob/DKMHA, LWIMPUHA W

A total number of 100 fruits per
variant were hand-picked in optimal
maturity and measured in the laboratory.
Results of the investigated physical
properties (fruit length, width, and height
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BMCOYMHA Ha naoja 1 MHAekc 3a chopma
Ha naoga) ca npeactaBeHn B Tabnuua 1.

and fruit shape index) of the fruits are
given in Table 1.

Tabnuuya 1. Ob/MKMHA, WMPOYNHA, BUCOYUYMHA U MHAEKC Ha doopMa Ha nnoaa,
CbAbpXaHMe Ha pa3TBOPMMK CyxXM BellecTBa B 3apaseHu ¢ BIMaV un 3gpaBu

pacTteHnsd

Table 1. Fruit length, width, height, fruit shape index, and soluble solids content

in BIMaV infected and healthy plants

XapakTtepuctukal/Trait Bapuantu/variants
P P 1-3apaseHo/l-Infected  2-3apasenw/2-Infected  3-3gpaBw/3-Healthy

ObnxuHa/Fruit length (mm) 16.69+0.54 a 16.67+0,17 a 16.59+0.38 a
LLnpounHa/Fruit width (mm) 16.28+0.53 a 16.30+0.14 a 16.23+0.49 a
BucouunHa/Fruit height (mm) 12.26+0.15 a 12.09+0.24 a 12.24+0.17 a
Vihaexc Ha chopma Ha nnioja 1.02+0.003 a 1.02+0.007 a 1.0240.01 a
Fruit shape index

Terno/Fruit weight (g) 2.0240.17 a 2.05+0.06 a 2.05+0.14 a
PasTeopuMn Cyxi BellecTsa 12.90¢1.23 a 12.1620.87 a 13.02¢0.34 a

Soluble solids content (°Brix)

HsiMa cTaTUCTUYECKN 3HAUMMMN Pa3fIMK MeXAay CPefHUTE CTOWHOCTM 0603HauYeHn ¢ egHa U cblua GykBa BbB

BapuaHTuTe cnopep Tect Ha [bHkaH p < 0.01.

No statistically significant differences between averages denoted with the same letter in variants by Duncan’s

multi-range test at p < 0.01.

Cratuctnyeckara oueHka Ha nosy-
yeHute pesyntatn ype3 ANOVA nokasa,
ye BIMaV He oka3Ba 3HauYMMO BWUSHUE
BbpXy (hn3nyHUTE CBOICTBA Ha NaogoBe-
Te Ha copT "[ioK" (p <0.01).

AHann3bT noTBbLpAN, uYe BIMaVv
WH(pekymaTa HamansBa SSC B nno-
JoBeTe Ha 3apaseHuTe pacTeHus cC
Mo3aeyHa cumntomatmka ot 0,93-6,60%
(Tabnuua 1). ToBa yBenuueHWe HAMa
3HauymMmo Bb3geincTeme (p<0.01).

OBCBbXOAHE

M3cnepnsaHeTo Ha BUpycHUTE
3a60/1s9BaHNsi N0 60POBUHKNTE B Cbpbus
e 3anoyHasio npean 15 roauHm B

M3cnepoBatesicku MHCTUTYT MO oBOLap-
ctBO B Yauak. MosaeyHuAT BUpyc no
6opoBVHKaTa, € oTKpUT B Cbpbus Ha aBe
OoTAasieyeHn MmecTa B Tpy pasHOBULHOCTMU.
BRRYV e HamepeH Ha eHO MACTO U cnej
ToBa € YyHuwoxeH (Jevremovié¢ et al.,
2018). Hama pgpyru Bupycu no 60pOBUH-
knte B Cbpbus. NMopagmn thakTta, ye copt
LOI0K' MMa Hali-ronsm Asn B OBOLWHUTE
rpaguHn 1 Hanl-ronsam 6poit  3apasleHn
pacTeHus, LenTa Ha Hawara paborta 6e
Ja npoyyum BnusiHMeTo Ha BIMaV Bbpxy
HerosuTe Nao40Be.

B 3aBMCMMOCT OT WMHTEH3UBHOCTTA

Statistical evaluation of the obtained
results in ANOVA showed that BIMaV had
no significant effect on the physical
properties of ‘Duke’ fruits (p < 0.01).

The analysis confirmed that BIMaV
infection decreased SSC in fruits on
infected plants with mosaic symptoms
from 0.93-6.60% (Table 1). This increase
was with no significant effect (p < 0.01).

DISCUSSION

The investigation on blueberry virus
diseases in Serbia has begun 15 years
ago at the Fruit Research Institute in
Cacak. Blueberry mosaic associated virus
was detected in Serbia on two distant
locations in three varieties. BRRV was
found in one location and afterwards
eradicated (Jevremovi¢ et al.,, 2018).
Other viruses infecting blueberries are not
present in Serbia. Due to the fact that
variety ‘Duke’ has a largest share in the
orchards and the highest number of
infected plants, the aim of our work was to
examine the impact of the BIMaV on its
fruits.
the

Depending on intensity  of
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Ha WVHdekunsaTa, Mo3aiikata MOxe Ja
npucbcTBa Ha Uenus xpact Wi ja ce
noKkanusmpa Ha HAKOJIKO JINCTa WU KSOH-
kn. BIMaV e oTKpuT 1 npu acuMnToMaTtmny-
Hn pacTeHus (Thekke-Veetil et al., 2014).
ViHghopmaymsaTa 3a BAUSHMETO Ha NHMeK-
uusiTa OT MO3aeyeH BUPYC BbPXY CBOIA-
cTBaTta Ha njogoBeTe n fobusa Ha 6opo-
BMHKaTa e ockbgHa. Matepuanute ot fiu-
TepaTtypaTa coyaT, Ye MO3aeYHUAT BUPYC
HamassiBa JobvBa, Ka4ecTBOTO Ha M/I040-
BETE U B/MSie BbPXY Nepuoga Ha 3peeHe
Ha 6opoBuHkMTe (Ramsdell and Stretch,
1987). Caruso and Ramsdell (1995) otun-
Tat 15% 3arybun Ha pekosntaTa npu copt
"Bnykpon". Cnep oTkpuBaHe Ha BIMaV B
oBOLUHATa rpagunHa, KbAeTo ce nposeje
HaCToALLETO M3cnegBaHe, No Bpeme Ha
BM3YaUTHN HAG/TOAEHNSI HE Ca YCTaHOBEHN
NpOMEHN B nepuvoja Ha 3peeHe Ha
naogoBeTe OT 3apaseHn W 34pasu
pacTeHus (Henyo/iMKyBaHu pesynrartu).

PesyntaTuTe, Nosly4eHn B HACTOALLO-
TO npoyyBaHe, nokaseart, 4ye BIMaV He
OKa3Ba HUKakBO BMSHUE BbPXY pasmepa
Ha nnogoseTe. [nogoBeTe No 3apaseHu-
Te XpacTu, KaKTo Mo pacTeHusiTa C Texka
Mo3alika, Taka 1 Mo pacTeHusitTa CbC CUM-
NTOMM Ha HSAKOMKO /ncTa, Ce passBuBart
HOpMaJ/THO. HAMalle passivka B HUTO eanH
OT TpUTE N3MEPEHM pa3Mmepa Ha niojo0Be-
Te Mexay WuscneaBaHWTe  BapuaHTu.
Ternoto Ha nnofoBeTe e B rpaHuuuTe
2,02-2,05 g, koeTo NoTBbPXAaBa pasnu-
KaTa mexay BapuaHTure.

CbAbpXaHMeTO Ha pasTBOpPUMMM
CyXM BelllecTBa B 3apas3eHunTe naogoBse e
MaJiko no-Hucko (12,90 n 12,16 ° Brix) B
cpaBHeHue cbe 3apaBute nnogose (13,02
°Brix). ToBa HamasneHue 6elle 6e3 cTa-
Tuctnyeckn edekt (p <0.01). Cbabpxa-
HueTo Ha SSC e BaxeH napameTbp 3a Ka-
4ecTBO Ha MpecHuTe N0LoBe WU onpeje-
N1 MOMEHTa Ha 3peeHe Ha pekofTara.

N3BOAN

Pesyntatute  OoT  HacToALETO
u3crsiefiBaHe nokassar, 4e BupycwT BlIMaV
He oKasBa CTaTUCTUYECKN 3HA4YMMO BUA-
HWe BBPXY Ab/KMHATA, WnpuHara, BUCO-

infection, mosaic may be present on
entire bush or localized on few leaves or
branches.

BIMaV was also detected in asymptomatic
plants (Thekke-Veetil et al.,, 2014). The
information on the influence of the
blueberry mosaic infection on the fruit
properties and vyield is scarce. Reports
from the literature suggested that
blueberry mosaic disease reduced yield,
fruit quality and influenced on the ripening
time of the fruits (Ramsdell and Stretch,
1987). Caruso and Ramsdell (1995)
reported 15% crop losses in variety
‘Bluecrop’. After BIMaV detection in the
orchard where we conducted our study,
during visual inspections we did not
observed changes in the ripening time of
the fruits from infected and healthy plants
(unpublished results).

Results obtained in our study
showed that BIMaV did not have any
impact on the fruit size. Fruits on infected
bushes, both on the plants with severe
mosaic and on the plants with symptoms
on several leaves, were normally developed.

There were no differences in any of the
three measured fruit dimensions between
the examined variants. Fruit weight was
within the range 2.02-2.05 g confirming
no difference between variants.

Soluble solids content in the
infected fruits was slight lower (12.90 and
12.16 °Brix) compared to the healthy fruits
(13.02 °Brix). This decrease was without
statistical effect (p < 0.01). SSC content is
an important quality parameter of fresh
fruit and determines the moment of
maturity for harvest.

CONCLUSIONS

The results of our study showed
that BIMaV did not have statistically
significant impact on the fruit length,
width, height, fruit shape index and
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ynHata, MHAekca 3a copma Ha nnoga u
CbAbpPXaHNETO Ha pPasTBOPUMU  CYyXM
BewecTsa B nsogose Ha copt "Alok".
JlekoTo NoHWXeHne Ha CbAbpPXKaHNETO Ha
pa3TBOPUMM CyXM BeLLleCTBaA B 3apa3eHu
BIMaV nnogose He e okasano cTatuc-
TUYECKN 3HaumMM edpbekT. B MomeHTa ce
M3BbPLIBA OLEHKa Ha B/IMSAHUETO Ha
BMpYyCca BbpXY CbCTaBa Ha XpaHUTENHUTe
N BUOAKTUBHUTE CbeAVHEHUS.

BJTIATOAAPHOCTWU
MpeacTtaBeHOTO npoyyBaHe 6e
nogkpeneHo oT MUWHUCTEPCTBOTO Ha

soluble solids content in ‘Duke’ fruits.

The slight decrease of soluble solids
content in BIMaV infected fruits was with
no statistically significant effect.

The influence of the virus on the
composition of nutritive and bioactive
compounds is underway.
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PE3IOME

HacTtoswwoTo npoyyBaHe e hokycu-
paHO BbpXy ONTUMMU3ALWA Ha HAKOW OT
napameTpuTe Ha MWKPOPa3MHOXUTESTHUSA
npouec npu p[uBM YEPBEHW U YepHU
6GOpPOBMHKKN, C npounsxop TpPositHCKuA 6an-
KaH, mecTtHocT bekneme. UsnutaHun ca 17
BapvaHTa Ha moaudmumpaHa WPM cpe-
Aa (McCown and Lloyd, 1981), ¢ pa3nuu-
HW KOHUEeHTpauuu Ha zeatin, 2-iP, casein
hydrolisate u pH (zeatin 2-3,5 mg/l; 2-iP
1,5-3,5 mg/l; casein hydrolisate 150-250
mg/l n pH 4,3-4,8).

Hair-Buncoku CTONHOCTK Ha
MUKPOPA3MHOXUTENHUA KOeUUUEHT Npu

SUMMARY

The present study is focused on the
optimization of some of the parameters of
the micropropagation process in
lingonberry and bilberry, originating in the
Troyan Balkan, Bekleme area. 17 variants
of modified WPM medium were tested
(McCown and Lloyd, 1981), with different
concentrations of zeatin, 2-iP, casein
hydrolysate and pH (zeatin 2-3.5 mg/l; 2-
iP 1.5-3.5 mg/l; casein hydrolyzate 150-
250 mg/l and pH 4.3-4.8).

The highest values of the
micropropagation coefficient in lingonberry -
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yepBeHUTE BOPOBUHKN — 4,4 Bp./ekcnnaHT
ca ycTaHOBEHU Ha XpaHuTesnHa cpega M4,
ob6orateHa ¢ 3,5 mg/l zeatin, 1,5 mg/l 2-iP
n 250 mg/l casein hydrolisate, a npwu
yepHute — 2,8 Op./ekcniaHT Ha M5
MoandguympaHa cpega (2,0 mg/l zeatin,
35 mg/l 2-iP n 250 mg/l casein
hydrolisate).

Haii-rongma cpegHa Ob/mMKUHA Ha
U3ALHKATE NpPU YepBeHUTE GOPOBUHKM €
oTyeTeHa Ha cpega M17 — 4,2 cm (2,75
mg/l zeatin, 2,5 mg/l 2-iP n 200 mgll
casein hydrolisate). Haini-gobpu pesynra-
TW OTHOCHO [Ab/DKUMHATA Ha WU3LbHKMTE
npy 4yepHuTe 60poBMHKM — 1,6 cm e
HabnogasaHa Ha BapuaHT M4 (3,5 mgll
zeatin, 1,5 mg/l 2-iP n 250 mg/l casein
hydrolisate).

M3nutaHn ca 9 BapuaHTa Cc Bapupa-
WM KOHUEeHTpauun Ha aykcuH IAA /0,5
mg/l; 0,75 mg/l; 1,0 mg/ll n pepyuupaHa
HanoMoBMHA CcOMeBa KOHLEHTpauusa Ha
ocHoBHarta cpega (WPM). AnBute BMuaOBE
GOpPOBVHKN (YEPBEHM N YEPHU) cCa BKOpe-
HEHM YCMNELWHO MpU KOHUEHTpauus Ha
aykemuH  0,5-1,0 mg/l n  myo-inositol
250-500 mgl/l.

KniovoBn pymn: guBa  4yepBeHa
6OpoOBMHKa, AMBa depHa OOPOBMHKA,
MUKpPOPa3sMHOXaBaHe, TbKaHHW KyNTypw,
2-iP, zeatin, IAA, casein hydrolisate

CbkpaweHuns: WPM, zeatin -
3eaTuH, 2-iP — gBe wvn, IAA — nHgonun
oueTHa kKucenuHa, IBA — wnHgonun
MacrneHa kucenuHa, CH — «ka3euH

xugponusar, Ml — MMONMHO3NTO/

yBO/[,

[vBute yepBeHU N YepHU BOPOBUH-
K/, KaTo npeacTaBuTenin Ha hnopata Ha
Bvnrapusa, npepctaBnsiBart MHTepec 3a
HaykaTa, nopagmu W3KMOUUTESTHO LLeHHUS
UM  BMOXMMMYEH CbCTaB W  3apau
TEXHUTE AWEeTUYHU U NneyebHU KayecTBa,
KOMTO ca 6uNn M3BECTHM Ha xopaTa olle
OT AbN6OKa APEBHOCT.

CoblectByBaT MHOTO6pPONHN CbHOO-
LEeHUs 3a 34paBHMTE MOM3N OT CbAbP-
Xawyte ce 61MoakTMBHM KOMMNOHEHTW KaTo
06wy ceHonu, cnaBoHOUAN, aHTOUUAHN

4.4 pcs./explant were put on nutrient
medium M4, enriched with 3.5 mg/| zeatin,
1.5 mg/l 2-iP and 250 mg/l casein
hydrolysate, and for bilberry - 2.8
pcs/explant of M5 modified medium (2.0
mg/l zeatin, 3.5 mg/l 2-iP and 250 mg/l
casein hydrolysate).

The largest average length of
shoots in lingonberry was reported on
medium M17 - 4.2 cm (2.75 mg/l zeatin,
25 mg/l 2-iP and 200 mg/l casein
hydrolysate). The best results regarding
the length of shoots in bilberry - 1.6 cm
was observed in variant M4 (3.5 mg/l
zeatin, 1.5 mg/l 2-iP and 250 mg/l casein
hydrolysate).

Nine  variants  with  varying
concentrations of auxin IAA /0.5 mg/l were
tested; 0.75 mg/l; 1.0 mg/l/ and reduced
by half the basic medium salt
concentration (WPM). Wild blueberry
species (lingonberry and bilberry) were
successfully rooted at a concentration of
auxin  0.5-1.0 mg/l and myo-inositol
250-500 mgl/l.

Key words: lingonberry, bilberry,

micropropagation, tissue culture, 2-iP,
zeatin, IAA, casein hydrolysate
Abbreviation: Woody Plant

Medium (WPM), zeatin (4-Hydroxy -3-
methylbut-2-enylamino) purine, 2iP (N6 -
isopentenyladenine), IAA (Indole-3-acetic
acid), IBA (indole-3-butyric) acid), CH -
casein hydrolysate, MI - myo-inositol

INTRODUCTION

Lingonberry and bilberry, as
representatives of the flora of Bulgaria,
are of interest to science because of their
extremely valuable biochemical
composition and because of their dietary
and healing properties, which have been
known to humans since ancient times.

There are numerous reports on the
health benefits of bioactive components,
such as total phenols, flavonoids,
anthocyanins etc. in their fruits and
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W Ap. B N/0A0OBETE U B /iucTara UM, Ha
KOWUTO Ce Ab/iKaT NpoTMBOPAKOBUTE, NPO-
TMBOBB3NAINTENIHUTE W aHTMAMA6eTHU
um ceolictBa (Jaakola et al. 2001; Wang
et al., 2005; Battino et al. 2009; Latti et al.,
2011). B cBeTa 60pOBMHKOBUTE M1040BE
ca M3BECTHU OLLEe 1 C Ha3BaHWETO ,cynep
nnaog”.

PacTutenHute KNeTbyHW, TbKaHHU
WU OpraHHW KynTypu ca W3nos3BaHu Kato
a/iITepHaTUBEH UHCTPYMEHT 3a U3yyaBaHe
Ha 6uonornyHnTe u ¢U3NONIOTMYHN OCO-
6EeHOCTM Ha AMBWTE MpeAcTaBUTeNu, C Uen
NPUNIOXEHNETO UM B CENEeKLMOHHU nporpa-
MK 1 XpaHuTenHa npomuwinieHoct (Kalf and
Dufour, 1997; Nikolaeva-Glomb, 2014).

OcBeH TOBa, nNpunaraHeTo Ha Me-
Tofa Ha TbKaHHWUTE KyNITypu npu AMBUTE
60pOBVHKN 61 BM10 NONE3HO 3a TAXHOTO
XapakrepusupaHe 1 oTéop Ha reHoTunose
C NOBULUEHO CbAbpXaHWe Ha 6MONOrMUYHO
aKTMBHU BeLLeCcTBa, 3a Lenute Ha apma-
ueBTMYHATA U MeaMUMHCKa WHAYCTpUsS
(Mazza and Miniati, 1993; Stothers, 2002).

Llenta Ha HacToswara paspaboTka
€ ONTUMM3UpaHe Ha pacTexHuTe peryna-
Topu - 2-iP, zeatin, IAA, opraHuyHuTe
pobasku - casein hydrolisate, myo-inositol
n pH u3nonseBaHu npu in vitro pasmHo-
XaBaHeTo Ha OuBUM GOPOBUHKMU (Y4epBeHU
W YepHW), npomsxoxaalim ot TposHCKUA
6ankaH.

MATEPWNAN N METO4WA
PactuTeneH martepuan

EcTecTBeHuTe nonynaumu OT AMBM
60poBVHKN B TposHCKMA 6asikaH, MecT-
HOCT Beknieme ca pasnosioxeHn Ha Haj-
Mopcka BucounHa 1440 m.

HayuHuaT ekcnepumeHT e npose-
JeH B naboparopusa 3a MUKPOpPa3MHOXa-
BaHe Ha Ape6HONMNOAHN OBOLLHM BUAOBE
KbM VK3 - rp. TposiH.

Crepunmnsayma Ha pacTUTesIHUA
MaTtepvasi M1 BbBexgaHe B in Vitro
KynTypa

Kato u3xogHW ekchniaHTu ca v3nos-
3BaHM 006€3/IMCTEHN ABYMBMKOBU 3€MEHM
pes3Huum ¢ Agb/kuHa 1,5-2 cm ot in vivo

leaves, which are responsible for their
anti-cancer, anti-inflammatory and anti-
diabetic properties (Jaakola et al. 2001;
Wang et al., 2005; Battino et al. 2009;
Latti et al., 2011). Blueberries are also
known as "super fruit" all over the world.

Plant cell, tissue and organ cultures
have been used as an alternative tool for
studying the biological and physiological
characteristics of wild representatives,
with a view to their application in breeding
programs and food industry (Kalf and
Dufour, 1997; Nikolaeva-Glomb, 2014).

In addition, the application of the
tissue culture method to wild blueberries
would be useful for their characterization
and selection of genotypes with increased
content of biologically active substances,
for the purposes of the pharmaceutical
and medical industry (Mazza and Miniati,
1993; Stothers, 2002).

The aim of the present study is to
optimize the growth regulators - 2-iP,
zeatin, IAA, organic additives - casein
hydrolysate, myo-inositol and pH used in
in vitro propagation of wild blueberries
(lingonberry and bilberry) originating from
the Troyan Balkans.

MATERIAL AND METHODS
Plant material

The natural populations of wild
blueberries in the Troyan Balkan,
Bekleme area are located at an altitude of
1440 m.

The scientific experiment was
conducted in the laboratory for
micropropagation of small fruit species at
RIMSA - Troyan

Sterilization of plant material and
introduction into in vitro culture

Green cuttings with two buds and
length 1.5-2 cm from in vivo plants were
used as starting explants. The micro
cuttings were isolated from the middle
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pacTeHusi. MUKpopesHuuuTe ca M30/MpaHu
OT cpefHaTa 4acT Ha efHOroAvLIHW neTo-
pacTu.

XpaHuTenHara cpefa 3a BbBexX-
JaHe Ha 6oposBuHkn e WPM (McCown
and Lloyd 1981), o6orateHa ¢ 3 mg/l 2-iP
(). bopoBuHkaTta e aumgoduneH Bua n
KMCesIMHHOCTTa Ha cpefata e 4,2 n 4,8.

Kato cTepunusmpaiw, areHt B
HaCTOALLMA eKCNepUMeHTasIeH MPOTOKO/I
e unsnonseaH 0,1 % HgCl, c¢ pasnnyHa
ekcno3nums (3 MuH. n 3,5 MuH.).

Crepunusauusita Ha pacTuUTesIHUA
mMaTepuasn BKIYBa:

> NMpommBaHe Ha Tedyalwa Boga 3a
€/MH vac:
> MoBbpxXHOCTHA CTepunusauus B

YCNoBuA Ha lamuHap 60OKC:

- 70 % C,H;OH 3a 30 cek.

- 0,1% HgCl,

- TpvkpaTHO npoMMBaHe CbC CTepUIHa
JectuivpaHa Boja.

BbBefeHuTe B in vitro KynTtypa
MUKPOPE3HMLW OT NpeAcTaBuUTeNn Ha pos
Vaccinium ce oTriexgar B pacTexHn Ka-
Mepw, C KOHTpOIMpaHu ycnosus. MNMoaasp-
XaHaTta TemnepaTtypa e 22+25 °C, ¢oTo-
nepvoabT 16/8 neH/HoLW, N ocBeTeHoCTTa
2000-3000 Ix. MpoabmkutTenHoctTTa Ha
cybkyntusmnpaHe e 30 gHW. PaspaboTsa-
HETO Ha YycrneweH CcTepuinsaumMoHeH
NpoTOKO/ Npu pog Vaccinium we Hamepwu
NPUIOXKeHVEe B CeNeKLMOHHUTE Mporpamm
Ha apebHonogHuTe.

B npoueca Ha in vitro pasmHoXa-
BaHe W BKOpPeHsABaHe, W3Mosi3Baxve
OCHOBHa XpaHuTesiHa cpega WPM ¢
Bapupaly KOHUEHTpauuy Ha pacTexHu
perynaropu, opraHu4Hu Ao6asku 1 CTOM-
HocTu Ha pH (Tabnuua 1-2). Kyntueupa-
HW ca eKcniaHTu oTAeNeHu oT npeasapu-
TE/IHO CefeKTMpaHu K/I0HOBE Ha AuBUTe
6OPOBUHKMN.

part of annual shoots.

The nutrient medium for the
introduction of blueberries is WPM
(McCown and Lloyd 1981), enriched with
3 mg/l 2-iP (E). Blueberry is an acidophilic
species and the acidity of the medium is
4.2 and 4.8.

In the present experimental
protocol, 0.1% HgCl, with different
exposures (3 min and 3.5 min) was used
as a sterilizing agent.

Sterilization  of
includes:
> Flushing on running water for one
hour:
> Surface sterilization in
box conditions:

- 70% C,HsOH for 30 sec.

- 0.1% HgCl,

- Rinse three times with sterile distilled
water.

Introduced in in vitro culture micro
cuttings from members of genus
Vaccinium are grown in growth chambers,
under  controlled  conditions.  The
maintained temperature is 22 + 25 °C, the
photoperiod 16/8 day/night and the
illumination 2000-3000 Ix. The duration of
sub-cultivation is 30 days. The
development of a successful sterilization
protocol for genus Vaccinium will find
application in the selection programs of
small fruit.

plant material

laminar

In the process of in Vvitro
propagation and rooting, we used a basic
WPM nutrient medium with varying
concentrations of growth regulators,
organic additives and pH values (Table 1-2).
Explants separated from pre-selected wild
blueberries branches were cultivated.
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Tabnuua 1. BapnaHTy Ha XOpMOHasieH 6anaHc npu dpasa Ha MyTUNINKaLus
Table 1. Hormonal balance variants in the multiplication phase

BapuaHTu Ha xpaHuTenHu cpean| OcHoBHa cpefa | Zeatin | 2-iP | Casein hydrolysate | pH
Variants of nutrient medium Basic medium mg/l | mg/l mg/l
M1 WPM 35 35 250 4,8
M2 WPM 35 35 250 4,3
M3 WPM 3,5 3,5 150 4,8
M4 WPM 3,5 15 250 4,8
M5 WPM 2,0 3,5 250 4,8
M6 WPM 2,0 15 150 4,3
M7 WPM 2,0 15 150 4,8
M8 WPM 2,0 15 250 4.3
M9 WPM 2,0 3,5 150 4.3
M10 WPM 3,5 15 150 43
M11 WPM 35 35 150 4,3
M12 WPM 35 15 250 4,3
M13 WPM 3,5 15 150 4,8
M14 WPM 2,0 15 250 4,8
M15 WPM 2,0 35 150 4,8
M16 WPM 2,0 35 250 4,3
M17 WPM 275 | 25 200 4,55
PusoreHesbT Ha AnBuUTE GOPOBUHKN The rhizogenesis of wild

€ OCbLUECTBEH Ha cpeauTe NoCoYeH B
Tabnuua 2.

Tabnumuya 2. CbcTaB
BKOpPEHsIBaHe Ha AnBNTe 60POBUHKU

Ha XpaHUTeNHUTe cpeau

blueberries was performed on the media
listed in Table 2.
N3NUTBaHU

npes dasa

Table 2. Composition of nutrient media tested during the rooting phase of wild

blueberries
BapuaHTy Ha XpaHuTenHu cpeau 1/2WPM 1AA Myo-inositol pH
Variants of nutrient medium mg/l
R1 1/2WPM 1,0 500 4,8
R2 1/2WPM 0,5 500 4,8
R3 1/2WPM 1,0 250 4,8
R4 1/2WPM 1,0 500 4,3
R5 1/2WPM 0,5 250 4,3
R6 1/2WPM 0,5 250 4,8
R7 1/2WPM 0,5 500 4,3
R8 1/2WPM 1,0 250 4,3
R9 1/2WPM 0,75 375 4,55

BnnsHue Ha xpaHuTesiHaTa cpe-
Ja BbpXy HapacTBaHeTO M nponude-
pauusiTa Ha AUBUTE GOPOBUHKM

AGCOMIOTHOTO CyXx0 Terno Ha
npoy4BaHUTEe GOPOBMHKN € OTYETEHO Npes3
eTana Ha MynTunaMKaums Ha pasnnyHuTe
BapuaHTW XPaHUTESHN Ccpeau.

MpeTerna ce 06LOTO KOMYECTBO
Ha cBexaTta 6uomaca B Ha4asioTo M Kpasi
Ha eKkcnepumeHTa.

Influence of nutrient medium on
the growth and proliferation of wild
blueberries

The absolute dry weight of the
studied blueberries was reported during
the stage of multiplication of the different
nutrient media.

The total amount of fresh biomass
was weighted at the beginning and end of
the experiment.
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Cyxarta 6uomaca ce onpegens kato
0,5-1,0 g cBexa 6momaca ce mscyllaBa B
TErN0BHO CTHLK/IO Npu Temneparypa ot 60
°C 3a 24 4aca BbLB BeHTWUIAUMOHHA
cywmnHsa. N3uucnasa ce % cyxo Terno.

Pa3BuTureTo Ha in vitro pacteHusita
ce npocnegssa upes3 onpefesisHe Ha
akymynupaHata cyxa 6uomaca (ADB) no
CNefHoTO ypaBHEHUe:

Dry biomass is defined as 0.5-1.0 g
of fresh biomass, which was dried in a
weight glass at a temperature of 60 °C for
24 hours in a ventilated dryer. % Dry
weight was measured.

The development of in vitro plants

ADB=FDW-IDW, g,

KbAEeTo:

> ADB - akymynupaHa cyxa
6uomaca, g;

> FDW — KpaliHO KONMM4ecTBO Ha

cyxaTa 6uomaca Ha cycneHausTa, g; - ToBa
€ KO/IMYecTBOTO cBexa buomaca B Kpasa Ha
Ky/ITMBUpPaHEeTOo *onpefeneHoTo Cyxo

IDW — HayasiHO KO/MYEecTBO Ha cyxarta
6uomaca Ha cycneHsusTa usnon3saHa sa
rnoceseH maTepuasn, g - ToBa € KOMu-
4eCcTBOTO CBeXa 6uomaca B Ha4as1I0TO Ha
KyNTUBMpPaAHETOo *onpefeneHoTo Ccyxo.

PE3YJITATU N OBCBXXOAHE

B pesyntaT Ha npoBefeHus ekcne-
pUMEHT 651Xa ONTUMU3UPAHU MPOTOKONU-
Te 3a cTepunusauus, MynTunaAxKaumaTa u
BKOPEHSIBAHETO Ha AMBU YEPHU U YEPBEHU
H60OPOBUHKYM C NPOM3X04 MeCTHOCT Beknewme.

N36opbT Ha HQCl, kato cTepunu-
3upall, areHT e onpefefieH Kato noaxo-
OAlL Npy anBuTe GOPOBUMHKK, B pesynTtaT
Ha MHOro6poliHM Hawu npoyyBaHus, B
KOUTO M3NUTBAHETO HAa Pas/iMyHu cTepu-
NN3aHTU He ca Ja/n HafexaHu pesyn-
Tatn (HenyennKyBaHW AaHHN).

Mpu npunaraHeto Ha 0,1 % HQCl, n
ekcnosvumsa oT 3 MuH. Gelle oTuyeTeH
CpaBHUTENHO BUCOK % CTEepUNHN KyNTypwu
npu yepBeHuTe 6GOpPOBUHKM — 59.5%, a
npu YepHuTe e 46.7%. YBenuyaBaHeTo Ha
ekcnosvumata Ha 3.5 MWH 3a 4yepHuTe
6OpPOBUHKN JOBefe [0 JIeKO yBeNnyeHue
Ha CcTepwuiHuTe  Kyntypu — 48.2%
(Tabnumua 3).

was monitored by determining the
accumulated dry  biomass (ADB)
according to the following equation:
where:

> ADB - accumulated dry biomass,
g

> FDW - final amount of dry

biomass of the suspension, g; - this is the
amount of fresh biomass at the end of
cultivation * determined dry

> IDW - initial amount of dry
biomass of the suspension used for
seeding material, g - this is the amount of
fresh biomass at the beginning of
cultivation * determined dry.

RESULTS AND DISCUSSION

As a result of the experiment, the
protocols for sterilization, multiplication
and rooting of bilberries and lingonberries
originating in the Bekleme area were
optimized.

The choice of HgCl, as a sterilizing
agent has been determined to be suitable
for wild blueberries, as a result of
numerous of our studies in which testing
of various sterilizers has not yielded
reliable results (unpublished data).

A relatively high % of sterile
cultures was reported for lingonberries -
59.5%, and 46.7% for bilberries with the
application of 0.1% HgCl, and exposure of
3 min. A slight increase in sterile cultures -
48.2% (Table 3) was a result of the
increase of the exposure to 3.5 min for
bilberries.
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Tabnuua 3. EpeKTMBHOCT Ha cTepunimn3auudara npu ameu yepHu (Vaccinium
myrtillus L.) n uepBeHun (Vaccinium vitis-idaea L.) 60pOBUHKN
Table 3. Sterilization efficiency in bilberries (Vaccinium myrtillus L.) and

lingonberries (Vaccinium vitis-idaea L.)

Copt Exkcno3unuusa ¢ | Xp. cpega Bpoii Bpoii % 3apa3eHn | % cTepuiHu

Cultivar Exposition with | Nutrient | BbBeAeHU | 3apaseHu infected KynTypu
HgCl, medium | Number of | Number of sterile crops

introduced infected

yepBeHN 3 min. a 252 102 40,5 % 59,5 %

GOPOBNHKM

lingonberries

YepHu 3 min 4 351 187 53,3 % 46,7 %

60POBUHKM

bilberries

YepHu 3,5 min a 83 36 48,2 % 51,8 %

GOPOBNHKM

bilberries

B npeavwHn Halu ekcnepuMeHTH
CMe YCTaHOBW/IN, Ye NoBeAeHUEeTo Ha au-
BUTE YepBeHWN U YepHN BOPOBUHKM e pas-
JIYHO B 3aBUCUMOCT OT XpaHuTenHarta
cpefa, BK/IOYEHUTEe pacTeXHW perynarto-
py 1 B3aumogencTBuaTa Mexagy Tax
(Georgieva et al., 2016).

AHaNU3bLT Ha pesynTaTuTe nokas-
Ba, Ye MyNTUNINKALMNOHHUAT KoeULIMEHT
€ B 3aBWCUMOCT OT KOHLleHTpauuata Ha
MPUIOXKEHNUA pPacTeXeH peryiatop U
opraHnyHK go6asku. Taka Hanpvumep npu
yepBEHUTE BOPOBUHKN TOI € B rpaHuLuTe
ot 1,3 6p./ekcnnaHT (M16 n M17) po 4,4
6p./ekcnnaHt (M4) (durypa 1, 3). Tosu
KoedMLMEHT Npu YepHUTE BOPOBUHKU € B
Nno-HUCBK AuanasoH oT 1,2 6p./ekcnnaHTt
(M11) po 2,8 6p./ekcnnaHT (M5).

Mo npuHUMN, MHAYLMpaHeTOo Ha pe-
reHeparvBeH npouec npv gMBuTe BUA0BE
€ CBbp3aHO C M3M0M3BAHETO Ha Mno-
BMCOKWN 1031 Ha PacTeXHUTE perynartopu,
Kato Te ce pas/simyasar [gOPWU B pamMKute
Ha efuH 1 cby BUA,. Pesyntatute nokas-
BaT, Y& CHOTHOLUEHNETO MEXAY LMTOKK-
HUHWUTE zeatin 2-iP npu u4epBeHuTE
6opoBrHKU € 3,5 mg : 1,5 mg B nonsa Ha
zeatina, JoKato Npu 4yepHUTE GOPOBUHKU
e obpaTHo - 2 mg : 3,5 mg B nonsa Ha
2-iP. Mon3zarta oT akymy/siMpaHe Ha BUCOKU
[031 UMTOKMHWHM B HavasnHarta asa Ha
TAXHOTO pasBuUTME Ce NposiBABa B CWJ/IEH
edekT cresl 0cBO6GOXAAaBAHETO Ha in Vitro
pereHepaHTUTE OT XOPMOHA/THUA HATUCK.

In our previous experiments, we
found that the behavior of lingonberries
and bilberries is different depending on
the nutrient medium, the growth
regulators involved and the interactions
among them (Georgieva et al., 2016).

The analysis of the results shows
that the multiplication coefficient depends
on the concentration of the applied growth
regulator and organic additives. For
example, it is in the range of 1.3
pcs/explant (M16 and M17) to 4.4
pcs/explant (M4) for lingonberries (Figure
1, 3). This coefficient for bilberries is in a
lower range from 1.2 pcs/explant (M11) to
2.8 pcs./explant (M5).

In general, the induction of a
regenerative process in wild species is
associated with the use of higher doses of
growth regulators, which differ even within
the same species. The results show that
the ratio of cytokinins zeatin: 2-iP in
lingonberries is 3.5 mg: 1.5 mg in favour
of zeatin, while in bilberries it is the
opposite - 2 mg: 3.5 mg in favour of 2-iP.

The benefit of accumulation of high doses
of cytokinins in the initial phase of their
development is manifested in a strong
effect after the release of in Vvitro
regenerants from hormonal pressure.
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Jaakola et al. (2001; 2002) poknag-
BaT, Ye BUCOKUTE KOHLeHTpauun Ha 2-iP B
XpaHuTesnHara cpefa BOAAT [0 MoBuMLLA-
BaHe Ha nokagpeHsBaHETO Ha YepBeHu ”
YepHU AMBU GOPOBUHKN.

Hve He cme HabnogaBan TakoBa
nokacheHsiBaHe, KOEeTo crnopej Hac ce
Ob/KM Ha oboraTsiBaHe Ha cpeguTe C
opraHnyHn aobaBku — casein hydrolisate
1 myo-inositol.

Jaakola et al. (2001; 2002) report
that high concentrations of 2-iP in the
nutrient medium lead to increased
browning of lingonberries and bilberries.

There wasn't such browning in the
present experiment, which in our opinion
is due to the enrichment of the media with
organic additives - casein hydrolysate and
myo-inositol.
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& Multiplication coefficient of lingonberries on different nutrient
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®ur. 1. MynTUNANKaLMOHEH KOEMULVEHT Ha ANBU YEPHU N YepPBEHN GOPOBUHKN

Ha pas3/iMvyHn XpaHUTesiIH1 cpean

Fig. 1. Multiplication coefficient of bilberries and lingonberries on different

nutrient media
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Fig. 2. Average shoot length (cm) of bilberries and lingonberries on different

nutrient media

MokasaTenaTt cpefHa Ob/DKMHA Ha
U3LbHKATE NpU  YepBeHWTe BGOPOBUHKM
Bapupa ot 1,1 cm Ha xpaHuTesiHa cpefa
M9 go 4,2 cm (M17), a npu yepHute oT 1
cm (M11) go 1,6 cm (M4) (durypa 2). He
e HabnofaBaHa onpegeneHa kopenauus
MeXay Ab/KMHaTa Ha  U34bHKUTE U
TEeXHUs GpoiA.

OT wm3nuTBaHWTe [eBeT BapuaHTa
Ha cpeam 3a KopeHoobpa3yBaHe e peruc-
TPUPaHO BKOPEHABaHE CaMO Ha HAKOW OT
Tax (Tabnuua 4). Taka Hanpumep npu
yepBeHUTE OOPOBUHKM BKOPEHABaHe e
oTyeTeHo camo Ha R6 n R8 — 11,1 %.
KopeHooGpa3yBaHeTO  npu  4yepHuTe
6GOpOBVHKM € HabnwgaBaHo camMO Ha
yeTMpU BapuaHta U € B rpaHuuuTe ot
16,7 % (R7) po 57 % (R4) (Tabnuua 5).
Jaakola et al. (2001) poknaasat 3a 81,3
% BKOpeHABaHe Npu YepHUTe GOPOBUHKM,
c pobassHe Ha 0,49 p M IBA B xpaHu-
TenHata cpega. lscneposatenu KaTo
Shibli and Smith (1996) ycnelwHo Bkope-
HABAT YepHU GOPOBUHKK (40 %) OT JINCTHM
€KCM/JIaHTV Ha XpaHuTenHa cpega 6e3 pac-
TEXHW perynaropu, cneg ocem ceMuLim.

The average length of shoots in
lingonberries varied from 1.1 cm on
nutrient medium M9 to 4.2 cm (M17), and
in bilberries from 1 cm (M11) to 1.6 cm
(M4) (Figure 2). No definite correlation
was observed between length of shoots
and their number.

Rooting was registered only in
some of the nine variants of rooting
medium (Table 4). For example, in the
case of lingonberries, rooting was
reported only at R6 and R8 - 11.1%.

Root formation in bilberries was observed
in only four variants and ranged from
16.7% (R7) to 57% (R4) (Table 5).
Jaakola et al. (2001) reported 81.3%
rooting in bilberries, with the addition of
0.49 p M IBA in the nutrient medium.

Researchers such as Shibli and Smith
(1996) successfully rooted bilberries
(40%) from leaf explants in a nutrient
medium without growth regulators after
eight weeks.
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[JaHHnTe 3a Hail-ronemusi cpepe
6poil KopeHn nNpu ABaTta Buaa 60POBUHKM
ca 6nm3kn — 3 6post npu yepBeHuTe (R6
0,5 mg/l IAA n 250 mg/l myo-inositol, pH
4,8) n 2,8 6pos npu yepHute (R3 1 mg/l
IAA 1 250 mg/l myo-inositol, pH 4,8).

Haii-ronamara cpegHa gb/KrMHa Ha
KOpeHWTe Npu YyepBeHUTe GOPOBUHKK € 2
Cm 1 e OTYETEHA Ha XpaHuTesHa cpeja
R6, a npn yepHute — 1,8 cm Ha R7.

The data for the largest average
number of roots in both types of berries
are similar - 3 in lingonberries (R6 0.5
mg/l 1AA and 250 mg/l myo-inositol, pH
4.8) and 2.8 in bilberries (R3 1 mg/l 1AA
and 250 mg/l myo-inositol, pH 4.8).

The maximum average length of
the roots in lingonberries is 2 cm on
nutrient medium R6, and in bilberries - 1.8
cm on R7.

Tabnuua 4. BkopeHsiBaHe Ha [AUBU 4YepBeHM OOPOBUHKM Ha pas/iNyHK

XpaHuTesiHn cpegn

Table 4. Rooting of lingonberries in different nutrient media

BapuaHTy Ha XpaHWUTesHu MpoueHT |CpeneH 6poli kopeHu CpefiHa Ab/XuUHa Ha
cpeam BKOpeHsiBaHe | Average number of KOpeHuTe
\Variants of nutrient medium| Rooting % roots Average length of roots (cm)

R1 - - -

R2 - - -

R3 - - -

R4 - - -

R5 - - -

R6 11,1% 3 2

R7 - - -

R8 11,1 % 1 1

R9 - - -

Tabnuua 5. BKopeHsiBaHe Ha AVWBU YepPHU BOPOBUHKU Ha Pa3/IMYHN XPaHUTESTHU

cpeau

Table 5. Rooting of bilberries in different nutrient media

BapuaHTu Ha XpaHWUTesHu MpoueHT |CpefeH 6poii KopeHwu CpefiHa Ab/XUHA Ha
cpeam BKOpeHsiBaHe | Average number of KOpeHuTe
\Variants of nutrient Rooting roots Average length of roots (cm)
medium (%)

R1 - - -

R2 - - -

R3 33,3% 2,8 1,4

R4 57 % 2 1,3

R5 50 % 0,8 0,8

R6 - - -

R7 16,7 % 15 1,8

R8 - - -

R9 - - -
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a

C

dur. 3 Cxema Ha in vitro pasmHoXaBaHeTO (BbBexXaaHe (a), myntunankaumsa (b),
BKOpEHsIBaHe (C)) Ha ANBU YepPBEHN U YEPHUN BOPOBUHKNA
Fig. 3 Scheme of in vitro propagation (introduction (a), multiplication (b), rooting

(c)) of lingonberries and bilberries

ABCOJIIOTHO CyXO0 Tersio

Ha Tabnuya 6 ca npeacTaBeHu
pesynratute OTHOCHO abCo/IIOTHO CyXOTO
Terno (%) Ha m3cneaBaHUTE YepBEHU U
yepHn O6OpoBMHKW. ToBa e nokasartern,
Xapaktepusupaly in vitro pactexa v gasa
npefcrasa 3a CTeneHTa Ha pasBuTHE Ha
3a/10KEHMA €eKCnaHT, B 3aBUCUMOCT OT
€K30reHHOTO NPUNOXKEHNE Ha pacTexHuTe
perynaTopu.

OT usnutaHuTe 17 BapuaHTa XpaHu-
TefIHN cpefun BbpPXy HapacTBaHETO Ha cBe-
xata briomaca Ha YepHuTe 1 YepBeHu 6opo-
BWHKW e HabnwogasaHa TeHAeHUMA 3a ycTa-
HOBsiIBaHe MNO-BMCOKM CTOMHOCTM Ha abco-
JIIOTHO CYXOTO Terso Npu YepHuTe 6OPOBUH-
Kn (C n3kYeHne Ha BapmaHT M15 n M17).

Haii-cuneH pactex npu yepBeHuTe
GOpPOBUHKN € OTYEeTEH Ha XpaHuTesHa
cpepga M14 (19,72 %), a npu yepHUTE —
Ha cpega M3 (32,49 %).

Absolutely dry weight

Table 6 presents the results
regarding the absolutely dry weight (%) of
the studied lingonberies and bilberries.
This is an indicator characterizing in vitro
growth and gives an idea of the degree of
development of the introduced explant,
depending on the exogenous application
of growth regulators.

Of the 17 nutrient media tested on
the increase in fresh biomass of bilberries
and lingonberries, there was a tendency
to establish higher values of absolutely
dry weight in bilberries (except for variant
M15 and M17).

The strongest growth in
lingonberries was reported on nutrient
medium M14 (19.72%), and in bilberries -
on medium M3 (32.49%).
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Tabnuua 6. A6GCOMNIOTHO cyxo Terno (%) Ha 4YepBeHU U YepHU GOPOBUHKU OT

palioH Ha npousxofa M. Bekneme

Table 6. Absolute dry weight (%) of lingonberries and bilberries from the region

of origin Bekleme area

A6CoNTHO cyxo Terno, % A6CoNTHO cyxo Terno, %

BapuaHTu Ha XpaHuTenHu cpeau Ha YepBeHW BOPOBUHKM Ha YepHU GOPOBUHKM
Variants of culture medium Absolute dry weight % Absolute dry weight %
of lingonberries (average) of bilberries (average)

M1 14,68 32,49

M2 11,19 25,70

M3 11,25 31,00

M4 11,77 26,79

M5 14,87 25,77

M6 13,01 23,84

M7 12,76 19,00

M8 13,04 18,17

M9 10,71 24,21

M10 13,12 19,06

M1l 13,47 20,06

M12 13,67 19,06

M13 13,38 19,96

M14 19,72 23,93

M15 17,22 15,69

M16 17,60 24,84

M17 18,80 15,10

AganTtauus Adaptation

ApantayuaTa Ha in vitro pacteHus
OT AVBMW YEPHM 1 YepBEHN BOPOBMHKM Mpu
nabopartopHu ycnosus e 6e3npobnemHa
(durypa 4). TpaHctepbT OT in Vvitro KbM in
vivo ycnosus e ycneweH (90 %). He ce
Habnogasar MopdOI0rMYHN NPOMEHN U
pacteHusiTa ce pasBuBaT HOPMaJIHO.
MpogbmkuTenHocTTa Ha agantaums e 40
AHn.  OnNTMM3MpaHuTe  YC/I0BUS  Ha
KOHTEWHEPHO OTINexaaHe AoBexaar Ao
nosiyyaBaHe Ha >XW3HEHUW pacTeHus c
M3paBHEH pacTex u p[obpe passuta
KOpeHoBa cucTema.

The adaptation of in vitro plants
from bilberries and lingonberries under
laboratory conditions is trouble-free
(Figure 4). Transfer from in vitro to in vivo
conditions was successful (90%). No
morphological changes were observed
and the plants developed normally. The
duration of adaptation was 40 days.
Optimized container growing conditions
lead to the production of viable plants with
balanced growth and a well-developed
root system.
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dur. 4. Agantauus Ha AnBun YepHu (A) n yepseHn (b) 60pPOBUHKN
Fig. 4. Adaptation of bilberries (A) and lingonberries (B)

13BOAV

Pa3paboTBaHeTo Ha MoAesiHa cuc-
Tema 3a in Vvitro pasmHoXaBaHe, BKOPEHSI-
BaHe W aganTauuss Ha [AMBU BUAOBE
npuHagnexawm kbm pog Vaccinium nma
OFPOMHO 3HayeHMe 3a ObAewyn HayyHu
n3cneABaHns HACOYEHN KbM OnpegesisiHe
Ha TexHus BuonoruyeH, usnonormyeH n
3apaBseH cTartyc. [JocerawHuTe pesynratu
[lokasBaT TaAxHaTa (hapmMakosiornyHa CToi-
HOCT W 3HAYeHWeTO UM 3a XpaHuTesHara,
hapMaueBTUYHA U KO3METMNYHA UHAYCTPWS.

In vitro pasmMHOXaBaHeTO Ha AVBU
BMOBE € CBbp3aHO C MO-TO/IeMU TPYA-
HOCTM B CpPaBHEHME C TEXHWUTE Cesiek-
LUMOHMpaHn copToBe. Pe3ynTatute nokas-
BaT, Ye 3a MHAyUMpaHe Ha OpraHoreHes
npu TAX Ce M3N0/a3BaT MO-BUCOKW [03U
(1,5 -3,5 mg/l/ Ha gBa uUTOKMHMHa (zeatin
n 2-iP). CbOTHOWEHMATA Mexay TAX ce
pasnuyasart npv Asarta Buja - YepBeHa 1
yepHa 6G0OPOBUHKA.

MpeogonsBaHeTo Ha OU3nOAOrNY-
H/N aHOMa/InK, KOMTO Ce KOMEeHTupart oT
Jaakola et al. (2001; 2002), e ycneLwHo ¢
BK/TOYBAHETO Ha OPraHUYHN J06aBKN KbM
XpaHutenHuTe cpeam (casein hydrolisate
1 myo-inositol).

MocTakymynatMBHUAT  edqekt oT
M3MNoN3BaHeTO0 Ha  MNO-BUCOKM  [03U
LUUTOKMHWHK Ce NPOosiBABa B NpoLecuTe Ha
BKOpEeHsIBaHe U in vivo agantupaHe.

Pa3paboTeHunAT edhekTMBEH NPOTO-
KON 3a in vitro oTrnexnaHe Ha AvMBKU 60po-
BVHKM (YEPBEHW N YEepHU) JaBa Bb3MOX-

CONCLUSIONS

The development of a model
system for in vitro propagation, rooting
and adaptation of wild species belonging
to genus Vaccinium is of great importance
for future research aimed at determining
their biological, physiological and health
status. The results so far prove their
pharmacological value and their
importance for the food, pharmaceutical
and cosmetic industries.

In vitro propagation of wild species
is associated with greater difficulties
compared to their selected cultivars. The
results show that higher doses of 1.5-3.5
mg/l/of two cytokinins (zeatin and 2-iP)
are used to induce organogenesis. The
ratios between them differ in both types -
lingonberries and bilberries.

Overcoming physiological
abnormalities, which are commented by
Jaakola et al. (2001; 2002), has been
successful with the inclusion of organic
food additives (casein hydrolysate and
myo-inositol).

The post-acumulative effect of the
use of higher doses of cytokinins is
manifested in the processes of rooting
and in vivo adaptation.

The developed effective protocol for
in vitro cultivation of wild berries
(lingonberries and bilberries) makes it
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HOCT 3a Cb3flaBaHe Ha HacaxieHus oT
TAX Ha noaxoAswy MecTooGUTaHus,
KOETO Lie MO3BO/IM CbXpaHeHWe Ha Te3u
LieHHM 6MONOTNYHN BUAOBE.

BNNATO4JAPHOCTU

Hactoswara  paspabotka  ce
OCHOBaBa Ha Wu3cneaBaHus, (UHaHCK-
paHu ot doHg "HayyHu nscnensaHua" Ha
MUHUCTEPCTBOTO Ha 06pa3oBaHVETO U
HaykaTta, gorosop O®HW 16/1 ot 2017 r.

possible to create plantations of them in
suitable habitats, which will allow the
conservation of these valuable species.
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PE3IOME

Llenta Ha npoBegeHoTo npe3 2016-
2018r wuscnepsaHe B UIMK3-TposH e
npocnegssaHe CTeneHTa Ha BAusHWE OT
TOpoBe MpefHa3Ha4yeHW 3a KOHBEHLMO-
HanHO ” GWOMOrMYHO M10A0MPOU3BOA-
CTBO BbPXY KAuyeCTBOTO U CbXPaHEHMEeTo
B XNafU/IHN YCNOBUSA Ha NPecHW C/MBOBYU
naogose ot copt EneHa. YcraHoBeHO e,
ye MPOABL/DKUTENTHOCTTA HAa CbXpaHeHune
npu temnepatypa ot 0 go 4 °C e go 35
[OHW, KaTo C Hali-0obpu CETUBHM XapakTe-
PUCTUKM 1 KAYECTBO 3a KOHCymauus, cnej
uscneflBaHns nepuos ca OTyeTeHu OT
BapviaHTUTe Ha TOPeHe C MU/eLlKn Top n
6uo TopeHeTo. Cnep NpecToii Ha NIoAo-
BeTe B X/1aAWUHN YCNOBUS, KOIMYECTBOTO
Ha OGuoxuMmMuyeckuTe nokasatenn obéuua,
WHBEPTHa 3axap M 3axapo3a ce NnoHuxXa-
Ba. YBeNNYeHne e yCTaHOBEHO Mpwu Npo-
LEHTHOTO CbAbpXaHue Ha AbOWIHU Be-
wecTtsa M NEKTUH, Hal-CUIHO MPOSBEHO
npy BapuaHTUTE Ha TOPEHE C MUJELLKN

SUMMARY

The present study was conducted
in 2016-2018 at RIMSA-Troyan. Its
purpose was to monitor the effect of
fertilizers for conventional and biological
fruit production on the quality and
refrigeration of fresh fruit of 'Elena’ plum
cultivar. The best sensory characteristics
and quality for consumption were found in
the variants with chicken manure and bio
fertilization. Fruit was kept from 0 to 4 °C
up not more than 35 days.

After staying in refrigerated conditions, the
amount of biochemical indicators, such as
total, invert sugar and sucrose in fruit,
decreased.

An increase was found in the percentage
of tannins and pectin, most pronounced in
the variants with chicken manure
(0.167%; 1.11%) and  biofertilizer
(0.173%; 1.03%). The results obtained
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Top (0.167 %; 1.11%) n 6UO TOpPEHETO
(0.173%; 1.03%). MonyueHnTe pesyntatu
BEpPOSATHO Ca MOBMUSHW OT CbCTaBa Ha
NPUIOXKEHNS OpraHvyeH MWIELLKNn Top W
61o Topa TekHoken AMuHO Ca.

KntovoBn gymu: cnvBa, TOpEHe,
CbXpaHeHue, 6MOXMMUYEH CbCTas, 06U
nonundgeHonn

YBO/,

lMNpecHUTe nnofoBe ca BaXkeH U3-
TOYHMK Ha BUTAMWHW, MUHeEpanun, aHTu-
oKCMAaHTW, hiaBoHONAN U ANETUYHN UG-
pu (Auger et al. 2004; Cevallos-Casals et
al., 2006; MiloSevi¢ and MiloSevi¢, 2012).
Cnep npubupaHe Ha pekonTata, B pe-
3ynTaT Ha Bb3AENCTBMETO Ha MUKpoopra-
HU3MU, AMLWIAHEeTO 1 3arybarta Ha Bnara 1e
6bp30 HamansBaT cBoOsiTa TPaWHOCT W
XpaHuTesiHa ctoiHocT (Radev, 2017).
CsoiicTBaTa Ha noysara, Ce30HHU-
T€ U KIMMaTU4yHU NPOMEHM MO BPEME Ha
BeretTaums BAUSAAT U UMaT NPSKO oTpaxe-
HMEe BbPXY KOMYECTBOTO U Ka4YeCTBOTO
Ha nonydyeHata npoaykumsa (Cautin and
Agusti, 2005; Barbosa-Canovas et al.,
2006; Dimitrova and Borisova, 2007; Rato
et al., 2008; Gitea et. al., 2019).
CbXpaHeHMeTo u noTpebrieHneTo
Ha C/IMBOBW NJI040OBE Ce pas/nyasa 3Ha-
YyuTesNHO,B 3aBUCUMOCT OT copTa, nonara-
HUTE TPWXKU, NpUOMpPaAHETO Ha pekosnTara
N  OCUTYpeHWUTe cnesj Hes  yc/ioBus
(Crisosto and Mitchell, 2002). Temnepaty-
parta e BaXHa TEXHOJ/IOTUS 3a CbXpaHeHne
Ha M/0f40BeTe, BAMUSElWa BbpPXy HacTbn-
BaLLUTE NPOMEHEHU B TAXHaTa PU3NOJIO-
rmsa n éuoxumus (Brizzolara et al., 2020).
XKenaHneto 3a KoHcymauusi Ha
NpecHN CNnBOBW NJI0JOBE 3aBWUCK OT ce-
TUBHUTE VM XapakTepuUCTWMKKN, KaTO BbH-
LIEeH BUA, UBAT, TBbPAOCT, BKYC U apomar.
CbOTHOLIEHNETO 3axapu/KMcenuHn onpe-
[ens BKyCOBUTE MM Ka4yecTBa, a CbObp-
X@HMETO Ha HSAKOW JIeT/IMBU apoMaTHU
KOMMOHEHTU U TEXHUA Mupuc. OCBEH Npu-
JaBalin UBAT, BKYC M CTMNYMBOCT, NOAU-
doeHoMTE, MPUCHCTBALLM B N/1040BE Aeli-
CTBAaT KaTo 3aliuTa cpelly Hebaronpusar-
HWUTE YC/I0BMS Ha OKosiHaTa cpeja, oTcpa-

are likely influenced by the composition of
the applied organic chicken manure and
bio fertilizer Tecnokel Amino Ca.

Key words: plum, fertilization,
storage, biochemical composition, total
polyphenols

INTRODUCTION

Fresh fruits are an important source
of vitamins, minerals, antioxidants,
flavonoids and dietary fiber (Auger et al.
2004; Cevallos-Casals et al., 2006;
MiloSevi¢ and MiloSevi¢, 2012). After
harvesting, as a result of the effects of
microorganisms, breathing and loss of

moisture they quickly reduce their
durability and nutritional value (Radev,
2017).

Soil characteristics, seasonal and
climatic changes during vegetation have
an impact on the quantity and quality of
the production (Cautin and Agusti, 2005;
Barbosa-Canovas et al., 2006; Dimitrova
and Borisova, 2007; Rato et al., 2008;
Gitea et. al., 2019).

The storage and consumption of
plum fruits varies considerably, depending
on the cultivar, care, harvesting and
conditions provided after that (Crisosto
and Mitchell, 2002). Temperature is an
important technology for storing fruits,
influencing the changes in their
physiology and biochemistry (Brizzolara et
al., 2020).

The desire to consume fresh plum
fruit depends on their sensory
characteristics, such as appearance,
colour, firmness, taste and aroma. The
sugar/acid ratio determines their taste
qualities and the content of certain volatile
aromatic components, their odour. In
addition to giving colour, flavour and
astringency, the polyphenols in fruits act
as protection against adverse
environmental conditions, destroy free
radicals, destroy the way of oxidation
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HABaT CBOOOAHWTE pajvkann, paspylua-
BaT NMbTHA Ha OKMC/IeHne obpasyBaH OT TAX
KaTo nimnuaHaTa nepokcuauus u yBpex-
AaHe Ha [HK B yoBewwkoTo 15710 (Robbins,
2003; Simon-Graoa et al., 2014). MNpoyu-
BaHUS1 yCTaHOBSIBAT, Y€ €CEHHUTE COPTO-
BE C/IMBU Ca C MO-BUCOK aHTMOKCUAAHTEH
KanayuteT cnpamo netHute (Ariona et al.,
2014). Cnopep Moyer et al., (2002) aHTu-
OKCMAAHTHOTO Bb3AeincTene Ha G1oakTne-
HUTE BellecTBa U okassawua uvm 6naro-
npuaTeH edpekT BbpXy 34paBeTo Ha YoBe-
Ka Kopesimpa € TAXHOTO CbAbpXaHue.
Mopagn TOBa € BaXHO Ja ce
npocnegn OMOXUMUYECKMS aHanu3 3a
KO/IMYECTBEHOTO OMNpefesnsiHe Ha OTAen-
HUTE roKasaTesiM U cfep CbXpaHeHue
(Guerra et al., 2009; Popovic et al., 2018).
MpoBefeHOTO M3NUTBaHE KUMa 3a
uen npocnegssaHe cTeneHTa Ha BAUSHUE
Ha HAKOW TOpOBE NpefHasHavYeHn 3a KOH-
BEHUWOH&/THO U BUOIOTNYHO NI040NPON3-
BO/ZCTBO, BbPXY OUMOXUMUYECKNS CbCTaB
Ha MNpecHW CAMBOBM MN0LOBE OT COPT
EneHa, npeamn n cnep cCbxpaHeHUeTo UM.

MATEPVAT N METOON

EkcnepvMeHTBLT e npoBefeH npes
nepuoga 2016-2018 r. B KOMIEKLMOHHOTO
HacaxieHne Ha VIHCTUTYT Mo njaHWHCKO
XVWBOTHOBBACTBO U 3emMegenune - TposiH.
O6eKT Ha mM3cnegBaHeTo ca MN0JoBeTE Ha
Hemckua copT EneHa, cenekuua Ha A-p
XapTMaH oT kpbcTocka Ha Fellenberg x
Stanley. CxemaTa Ha 3acaxpjaHe Ha
oBoLLHMTE AbpBeTa e 4/2.5 m. Mpunbnpa-
HETO Ha pekonTara e u3BbpLleHa npes
cnepgHute nepuoawn: npes 2016r. — 26.08.;
2017r. - 04.09.; 2018r. - 21.08, Henocpeg-
CTBEHO C/ief, KOETO Te ca MoCTaBeHN 3a
CbXpaHeHue.

BapuvaHTu Ha TOpeHe:

| BapnaHT — BuO TOpeHe — BK/HOY-BALLO
TopoBeTe: Arpucpyn (nouseHo) — 5 l/da,,
TekamvH  ®naybp (siuctHo) —  0,3%,
TekHoken AMuHo Ca (nmcTHo) — 0,4%,

Il BapnaHT — KoHBeHuuoHasiHO — Yara
Mila Complex (nouseHo) - 0.500
kg/obpBo, YaraVita Frutrel (nuctHo) —
0.500 ml/da, Yara Vita Universal Bio

formed by them as lipid peroxidation and
DNA damage in the human body
(Robbins, 2003; Simon-Graoa et al.,
2014). Studies have found that autumn
plum cultivars have a higher antioxidant
capacity than summer (Ariona et al.,
2014).

According to Moyer et al., (2002), the
antioxidant effect of bioactive substances
and their beneficial effect on human
health correlates with their content.

Therefore, it is important to follow
the  biochemical analysis for the
quantification of separate indicators and
after storage (Guerra et al., 2009; Popovi¢
et al., 2018).

The purpose of the present study is
to monitor the influence of some fertilizers
intended for conventional and organic fruit
production on the biochemical composition
of fresh fruit of 'Elena’ plum cultivar,
before and after their storage.

MATERIAL AND METHODS

The experiment was conducted in
the period 2016-2018 in the collection
plantation of the Research Institute of
Mountain Stockbreeding and Agriculture -
Troyan. The objective of the present study
is fruit of the German cultivar of 'Elena’, a
selection of Dr. Hartmann created as a
crossing between Fellenberg x Stanley.
The scheme of planting fruit trees is 4/2.5
m. The harvest was carried out during the
following periods: in 2016 - 26.08; 2017-
04. 09; 2018-21.08, immediately after
which they were placed for storage.

Fertilization variants:

| variant - Organic fertilization - including
fertilizers: Agriful (soil) - 5 l/da, Tecamin
Flower (foliar) - 0.3%, Tecnocel Amino Ca
(foliar) - 0.4%;

Il variant - Conventional - Yara Mila
Complex (soil) - 0.500 kg/tree, YaraVita
Frutrel (foliar) - 0.500 ml/da, Yara Vita
Universal Bio (foliar) - 0.500 ml/da,
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(nmctHO) — 0.500 ml/da,
cenutpa- 0.220 g/abpBo.

Il BapyaHT — 'paHynupaH nunewku Top —
0.500 kg/abpBo;

IV BapuaHT — HeTpeTupaHa KoHTpoia

AMOHMEBA

CbcTaB Ha TopoBeTe:

Arpucdoyn - 0O6u, XyMMHOB
ekcTpakT-306g/l; dynsokmcennHn-306g/l;
A30T(N)-55¢/l;  ®occop  (P,0s)-139gl/l;
Kanuin  (KjO)-13g/l; O6wa opraHuyHa
mMaTtepus-551g/l; pH-4.7

TekamuH ®naybp — EkcTpakt ot
Mopckn Bogopacnn-51g/l; CesobogHn "L”
amuHokucenuHun-38 g/l; Asot (N)-38 d/l;
®ochop (P,Os)-127g/l; Bop (B)-13g/;
MonnéaeH(Mo)- 6.5 g/l; pH-2

TekHokenn AMUHO Ca - Kanuues
okeung (CaO) sBogopastsopuM-148 g/l; bop
(B) Bogopasteopum - 3 g/l; CeobogHn "L”
amuHokucenmHun-89 g/l; pH-4.0-4.5

Yara Mila Complex A30T (N)-12%;
Kanuin (K)-18%; MarHesunii (MgO)-2.7%;
Bop (B)-0.015%; MaHraH (Mn)- 0.02%;
docop (P)-11%; Csapa (SOs)- 20%;
XKensso (Fe)- 0.2%; LinHk (Zn)- 0.02%.

YaraVita Frutrel - Kanunes okcug
(Ca0)- 280 g/l; ®occhop (P)- 104 g/l; AsoT
(N)- 69 g/l; Marnesnii (MgO)- 100 g/l;
LinHk (Zn)- 40 g/l; Bop (B)-20 g/l

YaraVita Universal Bio - A3oT (N)-
100 g/l; ®occhop (P,Os)-40 g/l; Kanwii
(K,0)- 70 g/l; Manran (Mn)-1.3 g/l; Meg
(Cu)- 1.0 g¢/l; UnHk (Zn)- 0.7 g/l; Bop (B)-
0.2 g/l; MonubgeH(Mo)- 0.03 g/l

FpaHynupaH nunewku Top Vita
Organic - A3oT(N)- 1.2%; docchop (P)-
1.99%; Kanwmii (K)-2.5%; Kanuyuin (Ca)-
10.85%; MarHe3uin (Mg)- 0.75%; LinHK
(Zn)-350 mg/kg; Mep (Cu)-50 mg/kg;
MaHraH(Mn)- 443 mg/kg; Xensazo (Fe)-
3450 mg/kg.

Mepuogn
TOopoBeTe :
Arpndoynn — nNpuaoxeH MNeTKpaTHo

Ha BHacsAHe Ha

OT Hayas/lIoTO Ha BeretauusATa npes
nepuog ot 15-20 gHu;
TekamuH ®laybp -  BHeceH

[BYKpaTHO. lMpunaraH npeay ubTex u

Ammonium nitrate - 0.220 g/tree;

Il variant - Granulated chicken manure -
0.500 kgltree;

IV variant - Untreated control

Fertilizer composition:

Agriful - Total humic extract-306g/l;
Fulvic acid - 306g/I; Nitrogen (N) - 55g/l;
Phosphorus (P,0s) -13g / I; Potassium
(KjO) -13g/l; Total organic matter - 551g/l;
pH-4.7

Tecamin Flower - Seaweed
extract-51g/l; Free "L" amino acids -38 g/l;
Nitrogen (N)-38 g/l; Phosphorus (P,Os)-

127g/l; Boron (B)-13g/l; Molybdenum
(Mo)- 6.5 g/l; pH-2
Tecnocel Amino Ca - Calcium

oxide (CaO) water-soluble -148 g/l; Boron
(B) water-soluble - 3 g/I; Free "L" amino
acids - 89 g/I; pH-4.0-4.5

Yara Mila Complex Nitrogen (N) -
12%; Potassium (K) -18%; Magnesium
(MgO) -2.7%; Boron (B) -0.015%;
Manganese (Mn) - 0.02%; Phosphorus
(P) -11%; Sulphur (SO3) - 20%; Iron (Fe) -
0.2%; Zinc (Zn) - 0.02%.

YaraVita Frutrel - Calcium oxide
(Ca0) - 280 g/I; Phosphorus (P) - 104 g/l;
Nitrogen (N) - 69 g/l; Magnesium (MgO) -
100 g/l; Zinc (Zn) - 40 g/l; Boron (B) - 20 g/l

YaraVita Universal Bio - Nitrogen
(N) - 100 g/I; Phosphorus (P,0s) - 40 g/l;
Potassium (K,O) - 70 g/l, Manganese
(Mn) - 1.3 g/l; Copper (Cu) - 1.0 g/l; Zinc
(zn) - 0.7 g/ I; Boron (B) - 0.2 g/
Molybdenum (Mo) - 0.03 g/l

Granulated chicken manure Vita
Organic - Nitrogen (N) - 1.2%;
Phosphorus (P) - 1.99%; Potassium (K) -
2.5%; Calcium (Ca) - 10.85%; Magnesium
(Mg) - 0.75%; Zinc (zn) - 350 mg/kg;
Copper (Cu) - 50 mg/kg; Manganese (Mn) -
443 mg/kg; Iron (Fe) - 3450 mg/kg.

Fertilizer application periods:

Agriful - applied five times at the
beginning of vegetation for a period of 15-
20 days;

Tekamin Flower _ 2 applications.
Applied before blossoming and during
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no BpeMe Ha obpasyBaHe Ha 3aBpb3;
TekHoken AmumHoO Ca - BHeceH

OBYKpaTHO. [lpunaraH cnepn ubgTex wu

Mecel, npeau npebupaHe Ha pekonTara,;

Yara Mila Complex - BHeceH
efiHokpaTtHo npe3 2016 n 2018r;
AMOHMEBa ceninuTpa— BHeceHa

efHokpartHo npes 2017r.;

YaraVita Frutrel — 4yeTupukpaTHO
BHeceH. MbpBo BbB hasa 3UMHM MbMKK,
BbB (pasa 68N OYTOH, MO Bpeme Ha
obpasyBaHe Ha 3aBpb3 U Mecel npegu
npebupaHe Ha pekonTara,;

Yara Vita Universal Bio - BHaceH
TpukpaTHo. Mpunarad npean v cneg ubo-
TeX U cnep npubupaHe Ha pekonTarta;

FpaHynMpaH nuewkKn Top —
BHeceH efHokpaTHo npe3 2016 n 2018r.

BMOXUMUYHMAT CcbCTaB Ha Ma04o0-
BeTe e m3cnensaH B xumudeckara nabo-
paTtopusaTa Ha UMXX3 - TposaH. MNpocnene-
HM ca cnegHUTE nokasaresmTe: Cyxo
BellecTBo no Re (%), cyxo TernosHo (%),
3axapu (%) (06wu, MHBEPTHA M 3axapo3a) —
no wmetoga Ha LWoopn u PereH6oreH,
kncenuHn (%) — uypes TutpyBaHe ¢ 0,1n
NaOH; ackop6uHoBa kucenmHa (mgL™) — no
mMeToAa Ha ®uaskos; aHToumaHu (mgL™) —
no metoga Ha Fuleki n Franciss, nekTuH
(%) — no metoga Ha MenuTy, OBLOUNHK
BellecTBa (%) — no meToAa Ha JleBeHTan,
O6wun nonucpeHonM — no mMetToga Ha
Singleton and Rossi (MgGAE/100gFW).

CbxpaHeHne Ha njogoseTe npwu
Temnepartypa 4 °C

MnogoBete 3a CbXxpaHeHue ca
nocTaBsHW B MNJaCTMacoBW KaceTku npu
XNaAWiHU ycnoBus C Temneparypu B
ananasoHa 0-4 °C. Ha Bceku 7 OHU ce
oTYMTaT 3arHWIUTe U HErogHu 3a KOHCY-
Mauusa nnogose. Ha nocnegHuTe niogose ¢
[06po KauyecTBO, Cfef CbXpaHeHuWeTo ce
aHasnnsnpa OMOXMMMYECKNS UM ChCTaB.

Mpe3 nbpBata onuTHa roauvHa,
cnep npubmupaHeTo Ha pekonTaTa oT copT
EneHa ca onpegeneHn oT BCEKM BapuaHT
no 5 kg ceBexu 1 BUAMMO 34pasu CIMBOBU
nnogose. lNpe3 cnepsawarta 2017 rogu-
Ha, nopagu HejocTaTbyHO MM KoJMyec-

fruit-set formation;

Tecnocel Amino Ca - 2
applications. Applied after blossoming and
a month before harvest;

Yara Mila Complex - 1 application
in 2016 and 2018;

Ammonium nitrate- 1 application
in 2017;

YaraVita Frutrel - 4 applications.
The first application was at the phase of
winter buds, at the phase of white button,
at the fruit-set formation and a month
before the harvest.

Yara Vita Universal Bio - 3
applications. Applied before and after
blossoming and after harvest;

Granulated chicken manure - one
application in 2016 and 2018.

The biochemical composition of
fruit was studied at the chemical laboratory
of RIMSA - Troyan. The following indicators
were monitored: dry matter according to
Re (%), dry mass (%), sugars (%) (total,
invert and sucrose) according to the
method of Shoorl and Regenbogen, acids
(%) - by titration with 0.1 n NaOH; ascorbic
acid (mgL'l) - according to the method of
Fialkov; anthocyanins (mgL'l) - according
to the method of Fuleki and Franciss, pectin
(%) - according to the method of Melitz,
tannins (%) - according to the method of
Leventhal, total polyphenols (mgGAE/100g)-
according to Singleton and Rossi.

Storage of fruits at a temperature
of 40C

The fruits were stored in plastic
boxes under refrigeration conditions at
temperatures in the range 0-4 °C. Every 7
days the rotten and unfit for consumption
fruits were reported. The biochemical
composition after storage of good fruit
quality was analyzed.

In the first experimental year, after
the harvest of 'Elena’, 5 kg of fresh and
visibly healthy plums were taken from
each variant.

In the next 2017, due to their insufficient
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TBO, CbXpaHEeHVeTo UM ce npocreasasa C
1.500 kg. HebnaronpusaTHUTE KAMMATWu-
HW YCNOBMA Mpe3 BereTaunoHHUsA nepuos
Ha 2018 r. 1 Nony4YyeHnss NO-HUCHK AO06UB
3a CbxpaHeHune ca usnutaHm no 0.500 kg
C/IMBOBU N/100BE OT BCEKN BapmaHT.

Ctatuctunyecka obpaboTka

3a 06paboTka Ha nosiyyeHuTe AaHHU
OT eKkcnepuMeHTasiHaTa paboTa Ha u3cnej-
BaH/WTE COpPTOBE Ca M3N0N3BaHW crnegHvTe
CTATUCTUYECKA  aHa/IM3u:  BapUaLUOHEH,
KOpesnaunoHeH 1 perpecuoHeH aHanus.

PE3YJITATU N OBCBXXOAHE

Bb3 oOcCHOBa Ha npeAcTaBeHUTE
pesyntatn Ha ®urypa 1 e ycTaHOBEHO, Ye
NPOAB/DKNTETHOCTTA Ha CbXpPaHeHME Ha
C/NMBOBUTE NiogoBe Ha copT EneHa npes
2016 n 2017r., e B vHTEpBasia ot 29 Ao
35 aHn, a npe3 2018 po 15 AHW, AaHHU
CbOTBETCTBaLWM Ha nocodeHute ot Abdi
et al., (1997) un Crisosto et al., (2004), cno-
pen KouTO cnepf npubupaHe Ha pekonTara,
B 3aBMCVMOCT OT copTa C/IMBOBUTE N/I0A0BE
MoraT fa Cce CbxpaHsiBaT B X/J1a4WIHW
YC/TOBUS OT ABE [0 LIECT CeAMULN.

quantity, their storage was monitored for
1,500 kg. The unfavorable climatic
conditions during the vegetation period of
2018 and the lower yield for storage were
tested with 0.500 kg of plums from each
variant.

Statistic analysis

For data processing the following
statistical analyses were used: variation,
correlation and regression analysis.

RESULTS AND DISCUSSION

Based on the results presented in
Figure 1 it was found that the duration of
storage of fruit of 'Elena’ plum cultivar in
2016 and 2017 was of 35 days, and in
2018 up to 21 days. These data
corresponding to those indicated by Abdi
et al., (1997) and Crisosto et al., (2004),
according to which, after harvesting,
depending on the cultivar, plums can be
stored in refrigerated conditions for two to
six weeks.

kg
1,75 |
1,5
1,25 |
1,
0,75 |
05 |
0,25 |

2016

== Bio fertilizer

7 ‘14 ‘21 ‘28 ‘35 ‘ 7

== || Conventional fertilizer

14 ‘21 ‘28 ‘35 ‘ 7 14 21

2017 2018

day

IIl Chicken manure  ==i==|V Control

®ur. 1. AnHamurka Ha KosmyecTBoTO (kg) OTCTpaHeHW, HerogHW 3a KOHCyMaums
npecHN CcnuMBOBM Mof0Be OT copT EneHa, cbXxpaHsiBaHW Npu  XNaguiaHu

ycniosua 3a nepuoga 2016-2018r.

Fig. 1. Dynamics of the quantity (kg) of fresh plums of Elena removed, unfit for
consumption, stored under refrigerated conditions for the period 2016-2018
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OT4YeTeHO e, Ye Npe3 TPUroguLLHUA
ONWTEH Nnepuog Npu BapuaHTa Ha KOHBEH-
LMOHA/THO TOPEHe, He3aBUCMMO OT KO-
YeCTBOTO Ha CbXpaHsABaHWTe M/0f40Be
(5;1.5 wnm 0.5 kg), cnep 7 n 14 gHM Ha
CbXpaHeHue, NUnceart Uan ca OTCTPaHEeHN
MUHUManeH 6poli noaoBe, HerogHu 3a
KOHCyMauus, cfef, KOeTo TAXHOTO KOJ/iu-
4ecTBO Ce yBenn4yasa.

lMpoBefeHOTO M3NUTBaHe MoKasBa,
ye Hali-MHOro nso4oBe, KOUTO 3anassar
3a No-AbNbI Mepuos KayeCTBEHUTE CU
XapaKkTepUCTUKN MpU CbXpaHeHue npes3
2016r n 2018r. ca oT BapmaHTa Ha TopeHe
C nunewkn Top cboTBeTHO - 0.309 kg u
0.215 kg, a npe3 2017r. Ha 6O TOpEHETO -
0.240 kg (durypa 2). MonyyeHnuTte pesyn-
TaTy BEPOATHO Ca NOBJ/IMAHWU OT CbCTasa
Ha opraHvyHWA NuaeLwku Top 1 6o Topa
TekHoken AmuHo Ca.

It was reported that during the
three-year experimental period for the
conventional fertilization variant,
regardless of the amount of stored fruit (5;
1.5 or 0.5 kg), after 7 and 14 days of
storage, a minimum number of unfit fruits
were missing or removed after which their
quantity increased.

The test shows that most fruits that
retained their quality characteristics for a
longer period during storage in 2016 and
2018 were in the variant with chicken
manure, respectively - 0.309 kg and 0.215
kg, and in 2017 in the organic fertilization
variant - 0.240 kg (Figure 2). The results
are likely influenced by the composition of
the organic chicken manure and
biofertilizer Tecnocel Amino Ca.

kg

0,4 1
0,3 1

0,2 1

0,1

0

Conventional
fertilizer

Bio
fertilizer

"M Y

H 2016 ®2018

11
Chicken
manure

Control

2017

dur. 2. Konnyectso (kg) Ha npecHn c/AMBOBM NA1040Be OT copT EfeHa, rogHu 3a
KOHCyMaums, cnepn CbxXpaHeHve npu xaaguiHuy ycnosusa 3a nepmnoga 2016-2018r.
Fig. 2. Quantity (kg) of fresh plums of Elena suitable for consumption, after
storage under refrigerated conditions for the period 2016-2018

AHanusupaHute 6uoxnMmnyeckn
nokasaTenu npegu u crnef CbxpaHeHue
Ha MpecHW C/MBOBM Nao40Be OT copT
EneHa no roguMHn u cpefHo 3a nepuoja
2016-2018r. ca npeactaseHu B Tabnuum
1n2.

The analyzed biochemical
indicators, before and after storage of
fresh plums of 'Elena’ cultivar by years
and on average for the period 2016-2018,
are presented in Tables 1 and 2.
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Tabnuya 1. BUOXMMNYECKN CbCTaB Ha

NnpecHun cnmBoBU Miogose CoOpT EneHa,

npeau cbxpaHeHune no rognHu 1 cpeaHo 3a nepuoaa 2016-2018r.

Table 1. Biochemical composition of

fresh plums of 'Elena’ cultivar, before

storage by years and on average for the period 2016-2018

o NI O\o o\o O\o. '(5 -
s . £ 5 5 5 8 % £ s £
Indicators ﬁ & S 2 ? E ol g %1' £ gs
Variants = £ ? 2 g g 28 £ 98 § 5%
o sy f_j [ = (%] o (] = a (5] 8
a a s E n g 2 ~ < <
<
| Biofertilizer 20.46 21.00 14.30 6.00 789 045 528 0.145 13.39 0.91 31.77
Il Conv. fertilizer 18.70 18.00 10.05 535 4.47 032 528 0.145 1823 0.86 32.81
© 11l Chicken
b= 19.89 20.25 1040 570 4.47 045 528 0.233 3452 042 2311
& manure
IV Control 21.02 19.00 1090 5.35 527 045 528 0.187 1823 0.94 24.22
CV % 495 6.80 17.17 553 29.35 1557 - 22.22 43.81 30.77 17.94
| Biofertilizer 17.08 2200 990 700 276 048 8.80 0.169 29.03 1.49 20.62
Il Conv. fertilizer 16.68 21.00 1295 6.35 6.27 041 528 0.056 6.45 1.19 31.58
™ 1l Chicken
b= 18.22 20.00 13.15 7.00 584 041 7.04 0.094 13.23 1.34 32.07
& manure
IV Control 1855 1950 11.10 7.00 390 048 7.04 0131 2226 0.92 23.12
CV % 5.07 537 1319 475 3516 9.08 2041 43.15 5596 19.68 21.76
| Biofertilizer 17.25 18,50 1295 870 4.04 045 880 0.181 9.84 0.06 28.77
Il KoH. TopeHe 19.05 19.00 13.25 820 4.80 0.38 10.56 0.145 8.06 0.06 34.86
® 111 Chicken
b= 16.23 17.00 13.15 8.05 4.85 0.38 1232 0.072 6.13 0.02 34.60
& manure
IV Control 17.18 18.00 13.65 855 485 051 880 0.163 13.06 0.13 26.76
CV % 8.18 469 218 358 842 1395 16.60 28.57 31.71 66.66 13.12
| Biofertilizer 18.26 2050 1238 7.23 490 046 7.63 0.165 1742 0.82 27.05
o Il Conv. fertilizer 18.14 19.33 12.08 6.63 518 037 7.04 0115 1091 0.70 33.08
fe)) .
g m;t'feke” 1811 19.08 1223 692 505 041 821 0133 17.96 0.59 29.93
S
® v Control 18.92 18.83 11.88 6.97 4.67 048 7.04 0160 1785 0.66 24.70
CV % 207 375 172 3.46 4.24 9.3 7.48 14.28 21.33 13.04 1261

CV - coefficient of variation

Ha 6a3a nonyyeHute pesynratn e
YCTAHOBEHO, Ye CTOMHOCTUTE Ha CYyXOTO
TErNI0BHO BELLECTBO Npeau CbxpaHeHue
Ha nnogoBeTe ca B guanasoHa ot 16.23
% (nunewkmsa Top 2018r.) go 21.02 %
(koHTponata 2016r.) CpegHata CTOMHOCT
Ha nokasatens 3a wuscnefBaHus TpUro-
OVLLeH nepros Mexay OnuUTHUTE BapuaH-
™™ e 18-19%, a cnep nNpecToil B xnaawsi-
HaTa kamepa e 19-20%. ToecT He ce
Habnwgasatr 3HauMTeNIHW  pas/vku B
CTOMHOCTWTE MO nokasarens.

Based on the results, it was found
that the values of dry mass before storage
of fruits were in the range from 16.23%
(chicken manure 2018) to 21.02% (control
2016). The average value of the indicator
for the studied three-year period between
the experimental variants was 18-19%,
and after storage in the refrigerator was
19-20%. That is, there are no significant
differences in the values of the indicator.
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Tabnuuya 2. BUOXMMNYECKN CbCTaB Ha

NnpecHun cnmeoBu MnJjiogose CopT EneHa,

cnep CbxXpaHeHue no rognHn u cpegHo 3a nepuopa 2016-2018r.
Table 2. Biochemical composition of fresh plums of 'Elena’ cultivar, after storage
by years and on average for the period 2016-2018.

o =3 o\o o\o L < N
S s & o S 3 s £ g £
, g ¢ s 8 g E S 45 B % 58
Indicators 9 x o 2 ) ne L c >2 £ =)
Variants = £ ? ° E &= 22 £ 88 B 5%
2 z T § 3 8 § & & & 28
o} a 8 g < < <
| Biofertilizer 2287 2150 1145 855 276 032 352 0.262 1193 0.95 3578
Il Conv. fertilizer 18.75 17.00 1245 835 3.89 032 352 0.150 177 0.71 38.91
© 11l Chicken
by 2249 20.00 13.15 8.20 470 032 528 0.206 581 0.59 41.09
& manure
IV Control 21.09 19.00 1230 835 375 039 7.04 0243 984 052 3154
CV % 873 9.70 559 167 2095 10.60 34.71 19.04 61.25 27.24 11.24
| Biofertilizer 20.73 1750 820 485 318 055 7.04 0.131 1194 104 1491
Il Conv. fertilizer 2250 19.00 9.05 470 4.13 048 880 0.169 1194 1.60 18.85
™ 1l Chicken
b= 19.69 16.00 870 405 442 048 7.04 0150 8.87 194 1813
& manure
IV Control 20.76 1750 570 335 223 048 528 0.131 839 106 11.88
CV % 554 6.97 19.08 16.07 28.36 7.14 20.31 1241 18.67 31.06 20.07
| Biofertilizer 17.06 19.00 820 4.70 3.33 051 14.08 0.127 11.77 1.10 16.08
Il Conv. fertilizer 15.69 17.00 8.20 5.85 223 051 1760 0.127 1290 0.60 16.08
® 111 Chicken
by 17.06 1900 955 735 209 045 880 0.145 748 080 21.22
& manure
IV Control 16.51 1850 9.05 720 176 051 1760 0.145 452 083 17.75
CV % 390 514 7.62 19.77 2893 6.06 28.63 7.35 4224 24.69 13.61
| Biofertilizer 20.22 1933 9.28 6.03 3.09 046 821 0.173 844 103 20.18
o 1 Conv. fertilizer 18.98 17.67 9.90 6.30 342 044 997 0.149 887 097 2267
@ 1ll Chicken
5 manure 19.75 18.33 1047 653 374 042 7.04 0167 7.38 111 2512
S
® v Control 19.45 1833 9.02 6.30 258 046 997 0173 7.58 0.80 19.60
CV % 265 369 6.62 317 1531 426 16.26 6.64 8.68 13.40 1155
CV - coefficient of variation
Mo OTHOWEHNE Ha CbAbPXAHUETO With regard to the dry matter

Ha cyxuTe pedpakToMeTPUYHN BELLECTBA,
He ce oTyuTa B/IUSIHWETO HAa MO-HUCKUTE
TemnepaTtypu Npy CbXxpaHeHue.

CwobrnacHo Manganaris et al., (2008)
Hali-peBanieHTHMA hakTop, onpeaensiy
CTeneHTa Ha 3psAnocT Mpu C/AMBOBUTE
Nn1040BE € KONNYECTBEHOTO UM CbAbpXa-
HVe Ha 3axapu. B HaweTo wunscnegsaHe
aHanM3npaHuTe CTOMHOCTU Ha BUOXUMU-
yeckmsa nokasates o6y 3axapu ca pas-
HonocoyHu. OTYeTeHO e, Ye B pesynTar

content of refractometric substances, the
effect of lower storage temperatures was
not taken into account.

According to Manganaris et al.,
(2008), the most relevant factor
determining the degree of ripeness in
plums is their quantitative sugar content.
In the present study, the analyzed values
of total sugars were diverse.

It is reported that as a result of the low
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Ha HMCKaTa Temneparypa npu cbxpaHssa-
He Ha C/IMBOBW M/I0A0BE, KOJIMYECTBOTO
um Hamansasa. CpefHO 3a nepuofa Ha
n3nuMTBaHe C BUCOKO MPOLEHTHO CbAbP-
XaHvie Ha obLy 3axapu ce oT/MyaBa Ba-
pvaHTa Ha TopeHe C rpaHympaH nuaetu-
Kn TOp, Kakto npeaun (12.23%), Taka wu
cnep xnagunHo cbxpaHssaHe (10.47%).
CobrnacHo Kaulmann et al. (2014), obwoTo
CbAbpXaHMe Ha 3axapu B MNpecHuTe
C/IMBOBW M/i0of0BE Bapupa mexay 8.5 u
19.6g/100g. B nocouyeHuss oOT aBTOpa
AvanasoH nonagart n aHaMsnpa-HuTe oT
Hac pesynrtartu, CpefHO OT4eTeHUW 3a
uenua nepuog Ha w3NUTBaHe, npegn u
cnef cbXxpaHeHue.

OT TpurogvwHua GUOXMMUYECKN
aHa/IM3 e ycTaHOBEHO, Ye C BcsKa cneg-
Balla onuTHa rogmMHa, CbAbpXaHUeTo Ha
aHasM3mpaHaTa MHBepTHa 3axap ce nosu-
lasa npu BCUYKN BapumaHTu. Hall-B1UCcoKu
CTOMHOCTM ca OTYeTeHM TMpu MbPBU
BapuaHT (bno TopeHe) — npe3 2016r. —
6.00%; 2017r. — 7.00% n 2018r. - 8.70%.

Mo oTHOLWeHWe mnokasaTesns 3axa-
po3a, cpefHO 3a BpemeBUS WUHTepBaUl
2016-2018r Hail-BUCOK NPOLIEHTEH pe3yn-
TaT e yCTaHOBEeH Mpu BapuaHTa Ha KOH-
BEeHUWOHasTHO TopeHe — 5.18%. Cnep
npecToli B xiaguiHaTa kamepa ca oTue-
TEHW MO-HWUCKN pe3ynTatu no OTHOLUeHune
nokasarenute o6uia, MHBEPTHa 3axap u
3axapo3a, HO Hai-BUCOKW CpefHu CTOMN-
HOCTU Cca OTYETEHU Npu TPETU BapuaHT, C
NMPWIOXKEH MWIelWKNn Top, CbOTBETHO
10.47%; 6.53% 1 3.74%.

Bbnpekn xapakTepHOTO HamasisBaHe
Ha obulata KMCEe/IMHHOCT MO BpeMe Ha
CbXxpaHeHve npu mecectu nnogose Valero
et al. (2013), oTyeTeHOTO cpefHO 3a ne-
profda Ha M3nUTBaHe MPOLEHTHO CbAbP-
XaHue Ha OpraHWyHW KUCesIMHW, npeau u
cfnef, CbXpaHeHMeTo Ha NnnogoseTe npwu
BCUYKKN BapuaHTu e npubnnsurtenHo 0.40%.

KonunyectseHo onpegeneHara
acKkopbuHoBAa KucesivHa B TAX Ce NMPOMEHS
npe3 roguHWTe W BapuvaHTUTE OT OnNuTa,
KOeToO MoTBbpXJaBa CbOOLWEHMETO OT
Lee and Kader (2000), cnopep KouTo
rnokasartens e 4yBCTBUTENIEH KbM MPUJIo-

temperature during storage of plums, their
quantity decreased. On average for the
experimental period with a high
percentage of total sugars, the variant
with granulated chicken manure is
distinguished, both before (12.23%) and
after refrigerated storage (10.47%).
According to Kaulmann et al. (2014), the
total sugar content in fresh plums varies
between 8.5 and 19.6 g/100g. The range
indicated by the author also includes the
results analyzed in the present study,
reported on average for the entire
experimental period, before and after
storage.

From the three-year biochemical
analysis was found that with each
subsequent experimental year, the
content of the analyzed invert sugar
increased in all variants. The highest
values were reported in the first variant
(bio fertilizer) - in 2016 - 6.00%; 2017 -
7.00% and 2018. - 8.70%.

Regarding the sucrose, on average
for the time interval 2016-2018, the
highest percentage was found in the
variant of conventional fertilization -
5.18%. After staying in the refrigerator,
lower results were reported in terms of
total, invert sugar and sucrose, but the
highest average values were reported in
the third variant with chicken manure,
respectively 10.47%; 6.53% and 3.74%.

Despite the characteristic decrease
in total acidity during storage in fleshy
fruits Valero et al. (2013), the average
percentage of organic acids reported for
the test period before and after storage of
the fruit in all variants was approximately
0.40%.

The quantified ascorbic acid in
changes over the years and experimental
variants, which confirms the report from
Lee and Kader (2000), according to which
the indicator is sensitive to the application
of nitrogen fertilizers and storage
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XEHVETO Ha a30THW TOPOBE W YCNOoBUATA
3a CbxpaHeHuwe cnep npubupaHe Ha
pekontarta. lpe3 TpuroauLHUA nepuos
Ha u3nuWTBaHe, cnej CbxpaHeHue e pe-
TMCTPUPaHO yBesSIMYeHne Ha ackopbuHo-
Bata kucenuHa npes 2017r. n 2018 r. ot
KOHBEHUUWOHanHoTo 1 npe3 2018 ot 6uo
TopeHeTo. C No-BMCOKa CpefHa CTOMHOCT
Ha nokasartesia 3a nepuoja ce oTMyasar
BCUYKN OMUTHU BapuaHTW, C U3K/TKOYEHUE
Ha TpeTn (C NPUNOXEeHWe Ha NUNeLLKn
TOP) NpV KOWTO € aHansMpaHo CbAbp-
)aHue ot 7.04mgL™.

W npes TpuTe roguHu cnep cbxpa-
HEeHVe TMPOLEHTHOTO CbAbpXaHue Ha
Ob6UNHY BellecTBa ce yBesmyaBa. 3a
nepuoga 2016-2018 rogmHa npu MbpBU
BapuaHT (6MO TOpeHe) e oTyeTeHa Haii-
BMCOKa cCpefHa CTOMHOCT, KaTto npeau
CbXxpaHeHueTo Ha nnogosete e 0.165% wu
cnep Hero - 0.173%.

B pesyntar Ha aHa/M3a e ycTaHo-
BEHO, 4Ye c/fief, CbXpaHeHue Ha MnpecHu
CNMBOBW NNOA0BE KOTIMYECTBOTO Ha aHTO-
unaHuTe Hamanasa. CpegHOTO MM Cb-
ObpXaHue 3a u3cnefBaHus nepuog npeau
NOCTaBSAHETO MM B X/NlaaunHaTa kamepa e B
uHTEepBana oT 6.45mgL’1 (BTOPW BapuaHT
2017r) po 34.52mgL™ (TpeTu BapuaHT
2016r.), n cnep cbxpaHeHMeTO € B Auana-
30Ha OT 5.81mgL™ (TpeTu BapuaHT 2016r.)
[0 12.90mgL™ (sTopn BapuaHT 2018r.).

Mo OTHOLWEeHWe Ha nNPOLEHTHOTO
CbbpXaHWe Ha NeKTVH B C/INBOBUTE MNJ10-
[0Be e yCTaHOBEHO MOoBYMLIaBaHe Ha CTOl-
HOCTUTE MY, cnej nNpecTtos UM B Xnagun-
HaTa kamepa. C Hail-BUCOK CpefeH pesyn-
Tar Ha nokasarens ot 1.11% 3a nepuoga
Ha wu3NMTBaHe ce OT/IMYaBa TpeTn
BapvaHT Ha TOpPEHe, C NUJIELLKMA Top.

O6WO0 heHOsSTHO ChbAbPXaHne

O6u0TO WEHOSHO CbAbpXaHne B
NPecHW C/IMBOBW NJI0A0BE Ha copT EneHa,
Hamansea crfef, CbXpaHeHWeTo UM B
XNafuiHn ycnoBsusa, npy temneparypa ot
0 go 4 °C (durypa 3). CpeaHo 3a nepmo-
[a Ha n3nuteBaHe, Hali-BMCOK pe3ynTtar Ha
rokasaTtens e ycTaHOBEH Mpean cbxpaHe-
HWe Npu BapuaHTa C NpUIoXeHne Ha 6uo
TopoBe — 318,68 mg/100gFW. Cnep

conditions after harvest.

During the three-year experimental
period, after storage, an increase in
ascorbic acid was registered in 2017 and
2018 with the conventional fertilizer and in
2018 in the biofertilizer variant. With a
higher average value of the indicator for
the period are distinguished all experimental
variants, except for the third (with the
application of chicken manure) in which
the content of 7.04 mgL™ was analyzed.

In all three years after storage, the
percentage of tannins increased. For the
period 2016-2018 in the first variant (bio
fertilizer) the highest average value was
reported, as before the storage of the fruit
was 0.165%, and after it - 0.173%.

As a result of the analysis it was
found that after storage of fresh plums the
amount of anthocyanins decreased. Their
average content for the studied period
before their placement in the refrigerator
was in the range from 6.45 mg% (second
variant 2017) to 34.52 mgL'1 (third variant
2016), and after storage it was in the
range of 5.81 mg% (third variant 2016) up
to 12.90 mgL™" (second variant in 2018).

Regarding the percentage content
of pectin in plums, an increase in its
values was found after their stay in the
refrigerator. With the highest average
result of 1.11% for the test period, a third
variant of fertilization, with chicken
manure, is distinguished.

Total polyphenols content

The total polyphenols content in
fresh plums of ’'Elena’ plum cultivar
decreased after storage in refrigerated
conditions at a temperature of 0 to 4 °C
(Figure 3). On average for the test period,
the highest result of the indicator was
found before storage in the bio fertilizer
variant - 318.68 mgGAE/100gFW.
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nepuoga Ha cbxpaHsiBaHe, KOIMYeCTBOTO
o6Ww¥ nonMdpeHoNn Hamassea npu BCUY-
K/ OMUTHW BapwaHTW, KaTto Hail-CUIHO ce
nposiesiBa Npu KOHBEHUMOHANHOTO Tope-
He 1 KoHTponara. lMo-HUCKOTO ChbAbpXa-
HMe Ha 06wy eHonm MOoxXe fa € B
pesyntaT Ha MO-yCKOPEHOTO AuaHe Ha
naogoBeTe, BOAELLO A0 TAXHOTO pasrpax-
naHe (Niara et al., 2018).

After the storage period, the amount of
total polyphenols decreased in all
experimental variants, being  most
pronounced in conventional fertilization
and the control. The lower content of total
phenols may be due to the faster
respiration of fruits, leading to their
degradation (Niara et al., 2018).
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CcMBOBM Nnogose copT EnenHa
Fig. 3. Impact of different fertilization va

riants on the content of total polyphenols

(mgGAE/100gFW) before and after storage of fresh plums of 'Elena’ cultivar

KopenaunoHHM 3aBUCMMOCTU Mexay
OCHOBHM  BMOXMMWYECKM nokKasaTenm
npean u cnep cbxpaHeHue Ha MpecHu
CNVBOBM NI040Be OT copT EneHa

MpeactaBeHuAT B Tabnmua 3 Kope-
naumoHeH adasn3, onuceall cuiata u
rocokara Ha 3aBUCUMOCT MeXAy OCHOBHU
OGMOXMMUYECKN MOKa3aTenu Ha MnpecHU
C/NMBOBM nfofJoBe Ha copT EneHa
rnokassa, 4e MPOLEHTHOTO CbAbpXaHue
Ha CyxO TerfIoBHO BELLEeCTBO Kopenupa
MoOJIOXKMTENIHO NPeau  CbXpaHeHue C
opraHuyHuTe kucenuHu (r=0.76) u cnep, ¢
Ab6unHu BewecTtsa (r=0.79).

Correlation dependencies between
basic biochemical parameters before and
after storage of fresh fruit of 'Elena’ plum
cultivar

The correlation analysis presented
in Table 3, describing the strength and
direction of dependence between the
main biochemical parameters of fresh
plums of 'Elena’ cultivar, shows that the
percentage of dry mass correlates
positively before storage with organic
acids (r = 0.76) and after storage with
tannins (r = 0.79).
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Tabnuua 3. KopenauyvoHHW 3aBUCUMOCTU MeXAY OCHOBHM GUOXMMUYECKU
rnokasaTe/iIn Ha MPECHU CAVMBOBM MNI04OBE OT COpT EneHa, npegu v cnepg

CbXpaHeHue
Table 3. Correlational dependencies

between basic biochemical parameters

before and after storage of fresh fruit of 'Elena’ plum cultivar

e o 8 08 S @
S ¢ g £ £ 9§ 8 £ g g%
5 & & 9 ¢ £ oL ¢ 8L ¢ 23
5§ 8 § 2 % g8 © g & <8
<
Before storage
Dry mass, % 1,00
Dry in Re, % -0,40 1,00
Total sugars, % -0,73 0,82 1,00
Invert sugar, % 0,22 0,61 0,50 1,00
Sucrose, % -091 0,22 0,40 -0,60 1,00
Acids as malic, % 0,76 0,14 -0,13 0,80 -0,96 1,00
Ascorbic acid, mgL™ -0,54 0,17 0,68 0,37 0,24 -0,07 1,00
Tannins, % 0,60 0,38 0,11 091 -0,86 0,97 0,02 1,00
Anthocyanins, mgL™ 0,39 0,03 0,26 0,79 -0,70 0,79 0,53 0,77 1,00
Pectin, % -0,06 0,89 048 050 -0,09 0,26 -0,28 0,45 -0,12 1,00
Acidimetric coefficient -0,81 -0,03 0,21 -0,74 0,98 -0,99 0,08 -0,94 -0,80 -0,17 1,00
After storage
Dry weight, % 1,00
Dry in Re, % 0,96 1,00
Total sugars, % -0,16 -0,41 1,00
Invert sugar, % -0,42 -0,63 0,73 1,00
Sucrose, % -0,04 -0,25 0,96 0,51 1,00
Acids as malic, % 0,21 0,47 -0,98 -0,83 -0,90 1,00
Ascorbic acid, mgL™ -0,68 -0,46 -0,60 -0,28 -0,63 0,57 1,00
Tannins, % 0,79 0,79 -0,47 -0,24 -049 041 -0,36 1,00
Anthocyanins, mgL'1 -0,27 -0,11 -0,14 -0,60 0,06 0,28 0,45 -0,63 1,00
Pectin, % 041 0,21 0,78 020 0,89 -0,68 -0,85 -0,14 0,03 1,00
Acidimetric coefficient -0,18 -0,43 1,00 0,78 0,94 -100 -0,59 -0,44 -0,21 0,74 1,00
CunHo nonoxuTenHa u cratucTu- Highly positive and statistically

YeckM 3HauMma 3a HUMBO Ha 3HaYMMOCT
0.05, kopenaunsa e oT4yeTeHa crnef npec-
TOA Ha M/040BeTe B X/1agunHara kamepa
MeXay KOMM4YecTBOTO O06LWM 3axapu U
3axaposa (r=0.96).

Buoxummuecknat nokasaten MHBePT-
Ha 3axap B NiofoBeTe OT copTa, npeau
CbXpaHeHue e B KopesiauvoHHa 3aBUCU-

significant for a significance level of 0.05,
a correlation was reported after storage of
fruit in the refrigerator between the amount
of total sugars and sucrose (r = 0.96).

The invert sugar before storage
correlated with organic acids (r = 0.80),
tannins (r 0.91) and anthocyanins
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MOCT C oOpraHuyHu kucenuHm (r=0.80),
AbounHu BewecTsa (r=0.91) n aHTOLMaHK
(r=0.79).

Mpeau v cnep cbxpaHeHve Ha no-
[OBeTe, NnokKasaTesnaT 3axapo3a kopesnmpa
CUMHO MOMIOXKUTENHO C aunaVMUTPUYeH
KoedmumeHT, (r=0.98; r=0.94) n cunHo otpu-
uaTesiHo ¢ kucenmHu, (r=-0.96; r=-0.90).

OnpepeneHata BMCOKa Kopena-
LMOHHA 3aBMCUMOCTTA MeXy MpPOLEeHT-
HOTO CbAbpXaHve Ha AbOWHU BellecBa
WU KACENUHW B MpPecHU CNMBOBWU NofoBe
oT copT EneHa, npean cbxpaHeHue npwu
xnagunHu ycnosusa (r=0.79) nossonsBa
Ja ce u3Befe npeacTaBeHOTO Ha durypa
4 perpecuoHHOTO YypaBHeHue Yy=0.4581x-
0.0537, npu KoeuLUMEeHT Ha JeTepMuHa-
ums R?=0.94.

(r=0.79).

Before and after fruit storage,
sucrose correlated strongly positively with
acidimetric factor (r = 0.98; r = 0.94) and
strongly negatively with acids (r = -0.96;
r =-0.90).

The determined high correlation
between the percentage of tannins and
acids in fresh plums of 'Elena’, before
storage under refrigeration conditions
(r = 0.79) allows to deduce the regression
equation presented in Figure 4
y = 0.4581x-0.0537, with a coefficient of
determination R*= 0.93.

R‘?:W

02 y = 0,4581x- 0,0537
L 0,15

2 01

c

S 0,05

|_

0 |
0,3 0,35

Acids as malic, %

0.4 045 0.5

dur.

4, PerpeCI/IOHHa 3aBNCMMOCT MexXxay nNpoueHTHOTO CbAbp)XXaHMe Ha

,q'b6MﬂHM BeuleceBa U KUCEJIMHMN B MNMpecHM CinBOoBUM niogoBe OT COPT Enena,
npegn CbxpaHeHme npun xnaguiHm ycnosua cneq rnpuioxeHmne Ha O1OMOrNYHN 1N

KOHBEHLMOHa/THN TOPOBE

Fig. 4. Regression dependence between the percentage of tannins and acids in
fresh plums of Elena plum cultivar, before storage under refrigerated conditions
after application of organic and conventional fertilizers.

N3BOAN

MpocnegeHo e BAMAHMETO Ha
HAKOM OGMOMOTUYHU N KOHBEHLUUWOHASTHN
TOpPOBE BbPXY OBMOXMMUYECKUA CbCTaB Ha
nnogoBeTe, KakTo W [MPOMEHUTE Ha
rnokasaTenute U KayecTBOTO WM cref
npoBefleHOTO CbXPaHeHNe.

OTyeTeHO e, 4Ye MakCUManHOTO
CbXpaHeHVe Ha njofoBe Npu Temnepatyp-
Hua gnanasoH ot 0 go 4 °C e o 35 gHu.

C Hail-gobpn CeTUBHM XapakTepuc-
TUKW W KA4yeCcTBO 3a KOHCymauus, npes

CONCLUSIONS

The impact of some biological and
conventional fertilizers on the biochemical
composition of plum fruits, as well as the
changes of the indicators and their quality
after storage have been observed.

It is reported that the maximum
storage of fruits ranged from 0 to 4 °C
was up to 35 days.

With the
characteristics and

best sensory
quality for
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nscnenBaHuns nepuog ca npecHuTe crimeu
OT BapuaHTMTe Ha TOpeHe C NuaeLlKus
TOp 1 61O TOPEHETO.

Cnep cbxpaHeHune Ha nnofoBeTe B
XNagunHn ycrnoBus, CTOMHOCTUTE Ha Bro-
XMMUYeckMTe nokasaresv obuia, MHBepT-
Ha 3axap ¥ 3axapo3a ce MoHmkKaBsar.

YBesiMyeHne € yCTaHOBEHO Mpu
MPOLEHTHOTO CbAbPXAHUE Ha AbOUAHK
BELLECTBA U MEKTWH, HA-CU/THO MPOSIBEHO
npv BapuaHTUTE Ha TOPEHE C MW/IELLKUS
Top (0.167 %; 1.11%) n 6U0 TOpPEHETO
(0.173%; 1.03%).

BJTATOAAPHOCTWU

Ta3n pabota e nogkpeneHa oT
MvHUCTEPCTBO Ha o06pa3oBaHUETo U
HaykaTa no HaumoHasnHaTa nporpama 3a
HayyHu u3cneggaHva ,Mnagm yyeHu u
NOCTAOKTOPaHTN®

consumption, during the studied period
are fresh plums treated with chicken
manure and organic fertilization.

After staying in refrigerated
conditions, the amount of biochemical
indicators decreased, such as total, invert
sugar and sucrose in fruit.

An increase was found in the
percentage of tannins and pectin, most
pronounced in the variants with chicken
manure (0.167%; 1.11%) and bio fertilizer
(0.173%; 1.03%).
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