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PE3IOME

lMpoBefeH e ekcrnepuMeHT 3a nepros
OT TpY FOAMHKN 3a cUcTeMaTuyHO u3cneasa-
He Ha Mofenn B NepuoguyHuTe ChbouTuA
unn  peHonornyHMTe etanu (Havano Ha
pasnucTeaHe, MbAIHO pas3nucTeaHe, nossa
Ha UBAT, Hayaslo Ha UbQTEX, Nb/eH
ubdTex, obpasyBaHe Ha NIOLEH 3aBpPbH3 U
y3psiBaHe Ha nsof) Ha copToBeTe kacuc. B
n3cnefBaHeTo ca BK/IOYEHU cefeM copTa
kacuc (,6en lomoHg", ,beH Capek”, ,Llema*,
LIvuTanma", YavaHcka LwbpHa", ,Tucen" u
»TMBEH") N TPM CUCTEMU 3a NOAAbPXKAHE Ha
noyseHara NoBbPXHOCT (yrap, MynumpaHe c
[ObpBECHN CTBbPrOTUHW U C YepHO (HO/IMO).
VM3cnepBaHuTe copToBe MOKasBaT Pas/vKu
BbB (heHonornyHute asn. PeHonornyHuTe
eTany BbB BCMYKM BapuaHTV W roauHu ce
cnyyBaT Haii-paHo npu ,HYavaHcka ubpHa" n

SUMMARY

An experiment was conducted over a
period of three years to systematically
examine patterns in the periodic events or
phenological stages (beginning of leaf
unfolding, full leaf unfolding, inflorescence
emergence, beginning of flowering, full
flowering, beginning of berry set and berry
ripening) of black currant cultivars. Seven
black currant cultivars (‘Ben Lomond’, ‘Ben
Sarek’, ‘Tsema’, ‘Titania’, ‘Cacanska Crna’,
‘Tisel and ‘Tiben) and three soll
management systems (bare fallow, sawdust
mulch and black plastic mulch) were
included in the study. The studied cultivars
showed differences in the phonological
stages. The phenological stages in all
treatments and years occurred earliest in
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.tucen". Hali-kbCHO pasnncTBaHe ce
Ha6nwogasa npu "TutaHns" n Llema", kato
npu copt ,BbeH JlomoHA" Hali-kbCHO ce
cnyusaT Apyrute (UEHONOTMYHU CbOUTUSA.
Mo oTHOLWEHWe Ha nofAbpXaHeTo Ha Mou-
BeHaTa MOBBLPXHOCT, Hal-paHHOTO Havaso
Ha (peHonornyHUTe etanu e OTYETEeHO Mpu
COpTOBE Kacuc nof 4YepHO NOJSIMETU/IEHOBO
010, a Hali-KbCHO MpW Te3n BbPXY yrap.
KnumaTtnyHute goaktopu, Haii-Beye Temnep-
aTypaTa Ha Bb3gyxa, UMaT rosiMo Bb3aeii-
CTBME BbPXY MposiBata Ha (PeHONOrnyHuTe
eranu.

Knoyosu aymn: Kacuc,
oeHoNOrMyHM  XapaktepHn 6enesun, yrap,
MynumpaHe C  ObPBECHU  CTbProTUHMU,
My/l4yMpaHe ¢ nosiMeTUIeHOBO YepHo oMo

YBO/[,

Kacucobt (Ribes nigrum L.) e pgpeb6-
HOM/04€EH OBOLLEH BUA, KOWTO BCTHLMBA BbB
Beretauusi No-paHo OT APYrM KOHTUHEHTaul-
HKU nnogosu kyntypu (Misi¢, 2002). Havasno-
TO W NPOAB/IKUTENHOCTTA HA PEHONOTNYHU-
Te eTanu ca cneuuduyHu 3a reHotuna u
3aBUCAT He caMO OT Hac/ie[ICTBEHUTE OCO-
6eHOCTU, HO © OT arpoeKkosIornyHUTE
ycnosus. MpoabMXUTENIHOCTTa Ha AEeHA U
Temnepatypata umaT NpsKo Bb3AelicTene
BbPXy (PEeHO/I0TNYHNTE CTaaumn KaTo LAMIo K1
no-cneunasHo BbpXy Ub(TEXa, nopagu
KOeTO COpTOBETE Ha Kacuca pearvpar pas-
JINYHO Ha KNUMaTu4HuTe ycnosusa (Sonsteby
et al., 2012). KacucoeT Bupee fobpe B pas-
JINYHW MOYBM U MPU Pas3INYHN CUCTEMU 3@
nogabpxaHe Ha noysata. lpu arpoekoso-
rMyHUTe ycnosus Ha Cbpbus, Haii-4yecTo
cpellaHaTta cuctema e yrap, T.e. HenpekbC-
Hata opaH. Hanocnefbk MynyumpaHeTo C
ObpBEHN CTbProTUHM WM oMo ce
13Mnos3Ba BCe No-4ecTo npu obpaboTka Ha
NMOYBEHOTO MOKPUTME HA OBOLLHUTE Hacax-
[eHus oT Kkacmuc. MHOrobpoliin npoyysaHus
nokassat MNoOJIOKUTE/THOTO Bb3AeWCTBME Ha
My/lYpaHeTo C AbPBECHW CTbPrOTUHU WU
h0IMo BBbPXY PEHOMOIMUYHUTE eTanu, Bere-
TaTVBHUA W PasMHOXWUTENEH MOTeHuman u
XMMUYEeCKM  CBOICTBA Ha  njoposeTe
(Robinson, 1991; Dale, 2000; Kivijarvi et al.,
2005). MynunmpaHeTo Ha NO4YBUTE Ha OBOLL-
HUTe HacaxgeHua ¢ osmo, NpAKo NoAmno-
Mara paHHOTO Yy3psiBaHe Ha Mn/o4oBeTe

‘Cacanska Crna’ and ‘Tisel'. The latest leaf
unfolding was observed in ‘Titania’ and
‘Tsema’, whereas the latest occurrence of
the other phenological events was recorded
in ‘Ben Lomond'. As for treatments, the
earliest onset dates of all phenological
stages were in black currant cultivars grown
under foil mulch, and the latest in those
under bare fallow treatment. Climatic
factors, particularly air temperature, have a

large effect on the occurrence of
phenological stages.
Key words: black currant,

phenological traits, bare fallow, sawdust
mulch, black plastic mulch

INTRODUCTION

Black currant (Ribes nigrum L.) is a
small fruit crop that enters the growing
season earlier than other continental fruit
crops (Misi¢, 2002). The onset and length
of phenological stages are genotype-
specific and affected not only by heritable
traits but also by agroenvironmental
conditions. Day length and temperature
have a direct effect on phenological stages
in general and flowering in particular, due
to which black currant cultivars respond
differently to climatic conditions (Sonsteby
et al., 2012).

Black currant fares well in a variety of
soils and under diverse soil management
systems. Under the agroenvironmental
conditions of Serbia, the most common
soil management system is bare fallow
i.e. continuous tillage. More recently,
mulching with sawdust or foil has been
increasingly used in orchard floor
management for black currants. Numerous
studies have shown a positive effect of
sawdust or foil mulches on phenological
stages, vegetative and generative potential,
and fruit chemical properties (Robinson,
1991; Dale, 2000; Kivijarvi et al., 2005).

Mulching orchard soils with foil directly
promotes early fruit ripening (Larsson,
1997), whereas in peanut plants it increases
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(Larsson, 1997), gokato npu obCTbYeEHUTE
pacTeHusi TO MoBMLLIABa Temnepartyparta Ha
noysara W cnefoBaTenHo BOAU [0 paHHO
ubdTeHE 1 y3psiBaHe Ha nnogoseTte (Devi
et al., 1991).

Llenta Ha HacCTOALLUSI EKCNEPUMEHT €
CpaBHWTENEH aHaNM3 Ha Bb3encTBneTo Ha
cucTeMuTe 3a nNogAbpXaHe Ha noyeara npu
HacaxgeHuaTa OT YepeH Kacuc, BbpXy
cheHoorMYHUTE  €Tanum Ha U3NUTBaHWUTE
copToBe.

MATEPVAT N METOOU

M3cneasaHeTo e nposefeHo B U3-
cnepoBaTesiCKM MHCTUTYT MO OBOLLAPCTBO,
Yavak, 3anagHa Cbpbus, npes nepuoga
2012-2014 r. HacaxpgeHueTo OT Kacuc e
cb3jageHo npe3 nposnetra Ha 2011 c
OBYroAviLLHW pacTeHns. YepHuAT kacuc ce
oTrnexaa nopg dopmara Ha Xxpactu Ha
pascTosiHue ot 3 m mexay pegosete u 1 m
B camus pef. 3nonssaHu ca cefem copra:
.beH JlomoHa“, ,beH Capek”, ,YadaHcka
ubpHa“, ,Uema“, ,Tutanusa“, ,TnbeH* u
Ljucen”. M3non3saHn ca TpU cUCTeEMM 3a
06paboTka Ha nouysaTa: BapuaHT | — yepHa
yrap, T.e. HernpekbcHarta opaH, BapuaHT Il —
My/nyMpaHe ¢ AbpPBECHW CTBPIOTUHN 1 obpa-
60Tka BapuaHT lll — MynuupaHe C 4epHo
NnosiMeTuIeHoBO osimo. EKkCnepyMeHTsT e
3a/10keH No paHAoMu3npaH 6710KOB Mozen
CbC CefleM copTa, TPu MOBTOPEHUA U TpU
cucteMn 3a nogAbpXaHe Ha nouysara, npwu
KoeTo ce nosyyasar o6bwo 315 kacucoswu
xpacTa.

Tabnuua 1 nokasBa cpefHaTa Me-
CeyHa v roguiiHa Temneparypa Ha Bb3gyxa.
CpegHute MeceyHu W roguHn  obLwm
Ba/IEXV 3a EeKCNepuMeHTaUTHUA MNepuof,
2012-2014 r. ca gageHu B Tabnuua 2.

soil temperature and, hence, results in early
flowering and fruit ripening (Devi et al.,
1991).

The objective of the present
experiment was a comparative analysis of
the effect of soil management systems in a
black currant planting on the phenological
stages of the tested cultivars.

MATERIAL AND METHODS

The research was conducted at the
Fruit Research Institute, Cacak, Western
Serbia, during 2012-2014. The black currant
orchard was established in the spring of
2011 using two-year-old plants. Black
currants were grown as bushes at a spacing
of 3 m between rows and 1 m in the row.
Seven cultivars were used: ‘Ben Lomond’,

‘Ben Sarek’, ‘Cadanska Crna,, ‘Tsema
‘Titania’, ‘Tiben’ and ‘Tisel. Three soll
management systems were employed:
treatment | — bare fallow i.e. continuous

tillage, treatment Il — sawdust mulch, and
treatment Il — black plastic mulch.

The experiment was laid out in a randomised
block design with seven cultivars, three
replications and three soil management
systems, giving a total of 315 black currant
bushes.

Table 1 shows mean monthly and
annual air temperatures. Average monthly
and annual rainfall totals for the
experimental period 2012-2014 are given
in Table 2.

Tabnuua 1. CpegHn MecedHU TemriepaTypu Ha Bb3gyxa (°C), cpefiHU roauvLLHu
Temnepatypu Ha Bb3gyxa (A) M cpegHW Temneparypy Ha Bb3gyxa 3a

BeretauMoHHuA nepunog Ha pactex (VG)

Table 1. Mean monthly air temperatures (°C), mean annual air temperatures (A) and
mean air temperatures for the vegetative growth period (VG)

FopuHa/
mMece
YearI/J' | Il 1} \Y \Y \ Wl VI IX X X Xl A VG
month
2012 18 -25 68 122 173 241 266 254 209 138 95 14 13.1 20.0
2013 35 38 66 132 182 206 233 241 172 145 89 2.0 13.0 187
2014 40 6.6 102 128 161 211 227 221 175 135 89 3.1 13.2 18.0
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Ta6nuua 2. CpefHa MeceuHa CTOMHOCT Ha BaniexuTe (mm m™), roguwHM Banexm
(A) n Baniexun o060 3a BeretayMoHHMA nepuog Ha pactex (VG)

Table 2. Average monthly rainfall total (mm m™), annual rainfall total (A) and
rainfall total for the vegetative growth period (VG)

FopunHa/

mecel,

Year/ [ noom Y v VIV VI X X XE X A VG

month

2012 60 70 10 47 68 38 22 0 72 30 237 87.6 4635 2122

2013 51 68 657 37 785 615 10 625 87 172 405 4 5829 3537

2014 215 6 525 1045 125 1035 163 56 101 50 19 90 892 703
deHonornyHute  ocobeHocTn  ca Phenological traits were determined

onpegeneHu, Ypes PEHOIOTMYHO Habnoae-
HVe, KaTo ce M3Mnon3ear MexayHapoaHuTe
onucaHms 3a kacuca (CPVO-TP/040/2 —
UPQV, 2009). W3cnepsaHu ca cnegHute
cheHonornyHn napametpu: 1. Mepuog Ha
pasnucteaHe — perncTpupaHo kaTo gara Ha
nosiea Ha MbpPBUTE NIUCTA OT 3UMHUTE MbM-
kn. Bb3 OCHOBa Ha fatata Ha pa3rbBaHe Ha
nMcTa, u3cneaBaHWTe COPTOBE ca kiacu-
hvumpaHmn B paHHO, CPeAHO U KbCHO pasrb-
BaHe Ha ncTarta; 2. Nepuopg Ha nosisaBaHe
Ha cbuBeTus, T.e. JaTa Ha NbpBaTta nosBs-
Ba Ha CblBeTMe 0T reHepaTuBHaTa MbMkKa,;
3. Mepuog Ha Havyano Ha ub(Texa — T.e.
MOMeHTa, B kointo 10% oT obwusa 6poi
LBeTOBe ca OTBOPEHW; MbfeH Ub(Tex —
MOMeHTa, korato 90% oOT LBeTOBeTe ca
oTBOpeHu. Crnopef nepuofa VM Ha Ubh-
TeX, COpPTOBeTe ce KacuguumpaTt C paHeH,
cpefieH 1 KbCeH UbgiTex. Mpogbmxuten-
HOCTTa Ha neproja Ha ubTex, T.e. nepmo-
OBbT Mexy HayasnoTo Ha Lb(TEX U MbpBUS
NAo4EH 3aBPb3 € n3paseHa kaTo 6poii gHW.
Cnopef, T03¥ napameTbp, COpPTOBETE ca
rpynvpaHn B COPTOBE C KpaTbK, CpefeH nnm
Obnbr nepuog Ha ubtTex; 4. Mepuoa Ha
MbpBY MI0AEH 3aBpPb3 — 0TOensA3aH kaTo
JaTa un 5. Meprog Ha 3peeHe Ha nnojaa, T.e.
Jarta Ha nb/iHa nnn 6eputbeHa 3pAnocT Ha
nnoga (gara Ha npubupaHe Ha pekonTara),
cnopef KosiTo copToBeTe ca knacudumumpa-
H/ KaTo MHOFO pPaHHW, PaHHW, CPeaHW,
KbCHO U MHOFO KbCHO 3peelyn. Pesyntatu-
Te ca npeAcTaBeHu B TabnnyHa chopma.

PE3YJITATN N OBCbXXAAHE

by phenological observation  using
international descriptors for black currants
(CPVO-TP/040/2 — UPOV, 2009). The
following phenological parameters were
examined: 1. Time of leaf unfolding —
recorded as the date of first leaf emergence
from the winter bud. Based on leaf unfolding
date, the tested cultivars were classified into
early, medium and late leaf unfolding; 2.
Time of inflorescence emergence i.e. the
date of first inflorescence emergence from
the generative bud; 3. Time of beginning of
flowering — i.e. the moment when 10% of the
total number of flowers were open; full
flowering — the moment when 90 % of
flowers were open. According to their
flowering times, the cultivars were classified
into early, medium and late flowering.
Length of flowering period i.e. the period
between the beginning of flowering and first
berry set, expressed as the number of days.
According to this parameter, the cultivars
were grouped into cultivars with either a
short, medium or long flowering period; 4.
Time of first berry set — recorded as the date
of first berry set, and 5. Time of berry
ripening i.e. date of full or harvest maturity of
the fruit (harvest date), according to which
the cultivars were classified into very early,
early, medium, late and very late ripening.
The results are presented in tabular form.

RESULTS AND DISCUSSION
Under the

Mpwn arpoekonIornmyHuTE YCNoBusi Ha agroenvironmental
Cbpbua cpegHata gata Ha pasnucteaHe | conditions of Serbia, the average first leaf
3a BCUYKM copToBe, no BapuaHTu u | unfolding date for all cultivars, treatments and
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rooguHn e 13 mapT, [AOoKaTo NbAHOTO
pa3nMcTBaHe ce e OCbLLLECTBUIO CpeaHo
5 gHu cnep NbpBUA AEH Ha pasnncTBaHe.
Hai-kpaTknaT nepuog mexay nbpBoTo U
NbAHOTO pasnucTeaHe e 5 aHM npes 2013
r., a Hal-gbnrvaT 7 gHum npe3 2012 r. um
2014 r. JaHHuTe 3a gatuTe Ha pasfincT-
BaHe 3a M3csejBaHNTe COpPTOBE Kacuc ca
npeacraseHu B Tabnvua 3.

WN3cnepsaHvTe copToBe ce pas/nvya-
BaT MO CPOK Ha NbPBOTO pasnucTeaHe. Hali-
paHHOTO pas3/iMcTBaHe Cce c/yyBa npu
"HauvaHcka LlbpHa" n "Tucen" BLB BCUYKU
BapvaHTM W roAvHW, a Hali-kbCHOTO Mnpwu
"TutaHng" n "Uema". Pasnukarta B cpefHa-
Ta farta Ha MbpBOTO Pas3/IUCTBAHE MeXay
copToBeTe C Hall-paHHO UK nocnegHo
BCTbNBaHe B TO3U heHonornyeH etan e 13
[OHW, [OKaTO pasfnvkarta B cpefHaTa jaTta Ha
NbAHOTO pasnucteaHe e 12 aHu. [lpwu
BCUYKM BapuaHTW WU rOAUHU, NEPUOLBT MeX-
[y Hayasl0TO Ha pas/McTBaHe U Mb/IHOTO
pasnucTBaHe e Hai-kpaTbk npu ,beH
Capek” (cpegHo 4 gHu), a Hal-gbar npu
.HavaHcka UbpHa", ,Tucen" n ,Tnben" (6
OHW cpepHo). Hali-mankata pasnvka 3a
nepuoja Ha pasnucreaHe npe3 ekcnepu-
MEeHTaNHWTe roAuHW e nfokasaHa oT
"Tutanus" n "Lema" (cpegHo 1 geH), a Haii-
ronavara — npu "beH Capek" (cpegHo 6
OHW).

BbB BCUUKN eKCreprMeHTasTHN roau-
HW, HayasIoTO Ha pas/iMcTBaHe U MbJIHO
pasfiMcTBaHe e Hail-paHo npu copToBe OT
BapuaHTa MysnuMpaHe c 4YepHo nonvertwuse-
HOBO (pONNO, @ Hai-KbCHO 3a Te3n OTI/Iex-
[JaHun Bbpxy YepHa yrap. Pasnukara B Hava-
NoTo Ha pasnucTteaHe npe3 2012 r. mexay
BapuaHTUTe C YepHa yrap u A bpBeCHU CTbp-
FOTUHW, KaKTo U Mexay AbpBEHU CTbproTu-
HA W YepHO MNOJIMETWIEHOBO MNOKPUTME, B
3aBMCUMMOCT OT copTa e 1 A0 2 AHKM, J0oKaTo
pasfiMkata Mexpay BapuaHTuTe € yrap u
4YepHO nonMeTnneHoBo hosmo Bapupa oT 2
0o 4 pHwn. Tpe3 2013 r. pasnukara e no-
Masika, T.e. 1 AeH mMexay MynyMpaHeTo C
[bpBeHV CTbProTUHU 1 yrap, 1 AeH Mexay
ObpBEHV CTbProTUHWU U Myn4YupaHe ¢ YepHo
NosIMeTUIEHOBO (DONNO U 2 AHN MeXAyY yrap
W MynuupaHe C 4YepHO MNOAMETUIEHOBO
dhonuo.

years was 13 March, whereas full leaf
unfolding occurred on average 5 days after
the first leaf unfolding day. The shortest
period between first leaf unfolding and full
leaf unfolding was 5 days in 2013, and the
longest 7 days in 2012 and 2014. Data on
leaf unfolding dates in the tested black
currant cultivars are presented in Table 3.

The studied cultivars differed in the
time of first leaf unfolding. The earliest leaf
unfolding occurred in ‘Cacanska Crna’ and
‘Tisel' in all treatments and years, and the
latest in ‘Titania’ and ‘Tsema’. The
difference in the average date of first leaf
unfolding between the cultivars with the
earliest and latest entry into this
phenological stage was 13 days, whereas
the difference in the average date of full leaf
unfolding was 12 days. In all treatments and
years, the period between beginning of leaf
unfolding and full leaf unfolding was the
shortest in ‘Ben Sarek’ (4 days on average)
and the longest in ‘Cacanska Crna’, ‘Tisel
and ‘Tiben’ (6 days on average). The lowest
variation in the time of leaf unfolding across
the experimental years was exhibited by
Titania’ and ‘Tsema’ (1 day on average)
and the highest by 'Ben Sarek’ (6 days on
average).

In all experimental vyears, the
beginning of leaf unfolding and full leaf
unfolding were the earliest in cultivars under
black plastic mulch treatment, and the latest
in those under bare fallow. The difference in
the beginning of leaf unfolding in 2012
between bare fallow and sawdust treatments
and between sawdust and black plastic
mulch treatments, depending on cultivar,
was 1 to 2 days, whereas the difference
between bare fallow and black plastic mulch
treatments ranged from 2 to 4 days. In 2013,
the difference was smaller i.e. 1 day between
bare fallow and sawdust mulch treatments, 1
day between sawdust and black plastic
mulch, and 2 days between bare fallow and
black plastic mulch treatments.
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Tabnuua 3. lat 3a Ha4Yas10 Ha pa3fIMCTBAHETO U Mb/IHO pasNnUcTBaHe
Table 3. Dates of beginning of leaf unfolding and full leaf unfolding

Hauano Ha CpepHo 3a CpeaHo 3a
CopToBe BapUanTU pasnucTeaHe copToBeTe MbHO pasMcTeaHe copToBeTe
CuIF:ivars Tregtmen ts Beginning of leaf Average Full leaf unfolding Average
unfolding across across
2012 2013 2014 cultivars 2012 2013 2014  cultivars
uepHa yrap
bore falon 1903, 12.08. 17.03.  16.03. 24.03. 15.03. 25.03. 21.03.
‘Ben Lomond’  CTEPIOMHM 18453 11.03. 15.03.  15.03. 23.03. 14.03. 24.03. 20.03.
sawdust
MOMMETMUNEH 17 53 10.03. 13.03.  13.03. 22.03. 13.03. 23.03. 19.03.
black plastic
depHayrap 4943 09.03. 16.03.  14.03. 22.03. 12.03. 22.03. 19.03.
bare fallow
‘Ben CTBProTUHU
Sarek’ Juigbeo 16.03. 08.03. 13.03.  12.03. 21.03. 11.03. 21.03. 18.03.
NOMMETUNEH 1/ 53, 07.03. 10.03.  10.03. 20.03. 10.03. 20.03. 17.03.
black plastic
depayrap 5403 22.03. 21.03.  21.03. 25.03. 26.03. 26.03. 26.03.
bare fallow
“Tsema’ CTBPIOHA 19 03, 21.03. 20.03.  20.03. 24.03. 25.03. 25.03. 25.03.
sawdust
noaneTuneH
black plastc 1803 2003. 1903 19.03. 23.03. 24.03. 24.03. 24.03.
depHayrap 5403 22.03. 21.03.  21.03. 25.03. 27.03. 27.03. 26.03.
bare fallow
“Titania’ CTBPIOHA 19 03, 21.03. 20.03.  20.03. 24.03. 26.03. 26.03. 25.03.
sawdust
MOMMETWNEH 16 03, 20.03. 19.03.  19.03. 23.03. 25.03. 25.03. 24.03.
black plastic
depHayrap 1403 07.03. 08.03.  09.03. 21.03. 11.03. 12.03. 15.03.
bare fallow
‘Cacanska CTBPrOTUHM
Crna i 09.03. 06.03. 05.03.  07.03. 20.03. 10.03. 09.03. 13.03.
MOMMETWNEH 47 03, 05.03. 02.03.  05.03. 19.03. 09.03. 06.03. 11.03.
black plastic
depHayrap 94 93 07.03. 08.03.  09.03. 21.03. 11.03. 12.03. 15.03.
bare fallow
Tisel’ CTEPIOTHA 9 03, 06.03. 05.03.  07.03. 20.03. 10.03. 09.03. 13.03.
sawdust
NOMMETUNEH 7 53 05.03. 02.03.  05.03. 19.03. 09.03. 06.03. 11.03.
black plastic
depHayrap - 5403 14.03. 14.03.  16.03. 25.03. 19.03. 21.03. 22.03.
bare fallow
“Tiben’ CTBPIOHM 19 03, 13.03. 12.03.  15.03. 24.03. 18.03. 19.03. 20.03.
sawdust
flonveTned g3 1503 10.03.  13.03. 23.03. 17.03. 17.03. 19.03.
black plastic
depHayrap 1703 1203, 14.03.  14.03. 23.03. 18.03. 21.03. 20.03.
CpepHo 3a bare fallow
BapuaHTuTe CTbProTH1
Average across  sawdust 15.03. 11.03. 12.03.  13.03. 22.03. 16.03. 19.03. 19.03.
treatments  nonveTwned 400 1603 0903, 11.03. 21.03. 15.03. 17.03. 18.03.
black plastic
O6La cpeHa CTOMHOCT 3a
COPTOBE 1 Bapnatn 15.03. 11.03. 12.03.  13.03. 22.03. 16.03. 19.03. 19.03.

Overall average across cultivars
and treatments
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Pa3nukute mexny sapuaHTute npes 2014
r. ca no-rofiemMmu, B CpaBHeHWe C ocTaHasu-
Te eKCnepuMeHTasTHU roAMHU, KaTo Bapu-
par ot 1 Ao 3 AHK Mexay yrap U Mynuu-
paHe CbC CTbProTUHU, KakTo W Mexay
noaabpXXaHeTo C AbPBEHU CTbLPIrOTUHU M
YepHO NOANETUIEHOBO (OMIMO N 2-6 [HK
MeXay YepHa yrap v MynuvMpaHe C 4YepHo
nonvetTuneHoso dosno. OT rnefHa Touka
Ha Mb/IHOTO pasnucTBaHe npe3 2012 r. u
2013 r., pa3nvkata Mexay noagbpXaHeTo
B yrap v My/numpaHe ¢ A bpPBECHM CTbProTu-
HW, KaKTO U MexAay BapuaHTa C [bpBECHU
CTbPrOTMHW W YEepHO  MOJINETU/IEHOBO
donvo e 1 feH, a mexay yrap v 4YepHo
noaMeTnIeHoBo oonuno — 2 axHu. MNpes 2014
r., pasnvkara mexgy sapnaHtuTe e cbljata
KaKTO B HAY&/10TO Ha pas/IMCTBaHETO.

Pa3snuctBaHeTo € Hail-paHO npes
2013 n Haii-kbcHO npe3 2012. [atata Ha
MbPBOTO pPa3NMCTBaHe MeXAy Hai-paHHaTa
W Hail-KbCcHaTa rofmHa nokassa pas/svka ot
3 OHW, a pasnvkara npuv NbAHO PassucT-
BaHe e 6 gHuW.

Bb3 ocHoBa Ha nepvofa Ha MbpBOTO
pasnucTBaHe, copToBeTe ca Knacudguumpa-
HM B faBe rpynu: 1. cpegHo paHeH (6-10
mMapT): ,YavaHcka LlbpHa", ,Tucen" n 2.
KbCHU (cnepg 11 maprT): ,beH lomoHg", ,beH
Capek”, ,Tnben", ,Tutanuns", ,Liema"“.

lMosiBaTa Ha CbLBETUSA CTaBa CpesHo
15 gHn cnef NbLAHOTO pasnucTeaHe. 3a
BCUYKM COPTOBE, BapvaHTU Ha nogabpxaHe
W roAuHKW, cpefHaTa gaTa Ha nosisata Ha
cbuBeTUsa e 3 anpwi. Hali-kpaTkusat nepuog,
MeXay Mb/HO pas/iucTBaHe W nossara Ha
cbuBeTua e 8 aHuM npe3 2013 1 2014 r., a
Hali-abnrmaT 17 guv npes 2012 r. JaHHuTe
3a fpartnte Ha nosiBABa Ha CbLUBeTMA B
n3cnefsaHuTe copToBe ca npefcTaBeHn B
Tabnuua 4.

O6pa3yBaHeTO Ha CbUBETUA BbB
BCUYKN  EKCMEePUMEHTa/THM  TOAUHU WU
BapvaHTu Ha noafbpXaHe e Hail-paHo npu
"YayaHcka LbpHa" 1 "Tucen", a Hali-KkbCHO
npu ,beH JlomoHA". Pa3nvkaTta B cpegHara
Jarta Ha nosBa Ha CbUBETUA Mexay
copToBeTe C Hail-paHHO ¥ nocnegHo
B/M3aHe B TO3W (peHosiormyeH etan e 6
OHW. 3a BCUYKM BapuaHTW U roguHu, Haii-

KpaTbK nepviog Mexay Mb/IHOTO
pasnucteBaHe M nosiBata Ha CbLBETUS ce
Habnwogasa (cpegHo 13 gHW)  npu

The differences between the treatments in
2014 were larger compared to the other
experimental years, and ranged from 1 to 3
days between bare fallow and sawdust
mulch, and between sawdust and black
plastic mulch treatments, and 2-6 days
between bare fallow and black plastic
mulch treatments. In terms of full leaf
unfolding, in 2012 and 2013, the difference
between bare fallow and sawdust mulch,
and between sawdust and black plastic
mulch treatments was 1 day, and that
between bare fallow and black plastic
mulch treatments was 2 days. In 2014, the
difference between the treatments was the
same as in the beginning of leaf unfolding.

Leaf unfolding was the earliest in
2013 and the latest in 2012. The date of
first leaf unfolding between the earliest and
the latest year showed a difference of 3
days, and the difference in full leaf
unfolding date was 6 days.

Based on the time of first leaf unfolding,
the cultivars were classified into two groups: 1.
medium early (6-10 March): ‘Cacanska Crna,
Tisel' and 2. late (after 11 March): ‘Ben
Lomond’, ‘Ben Sarek, ‘Tiben’, ‘Titania’,
‘Tsema'.

Inflorescence emergence occurred
15 days on average after full leaf unfolding.
For all cultivars, treatments and years, the
average date of inflorescence emergence
was 3 April. The shortest period between
full leaf unfolding and inflorescence
emergence was 8 days in 2013 and 2014,
and the longest 17 days in 2012. Data on
inflorescence emergence dates in the
tested cultivars are presented in Table 4.

Inflorescence  emergence in all
experimental years and treatments was the
earliest in 'Cacanska Crna’ and ‘Tisel' and
the latest in ‘Ben Lomond'. The difference
in the average date of inflorescence
emergence between the cultivars with the
earliest and latest entry into this
phenological stage was 6 days. In all
treatments and years, the shortest period
between full leaf wunfolding and
inflorescence emergence (13 days on
average) was observed in 'Titania’ and
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"Tutanns" n "Uema", a Han-gbarus npu
"YauyaHcka LbpHa" n "Tucen" (cpegHo 17
[OHN). Hail-mankata npomsiHa B nepuoga Ha
nosiea Ha CbLUBETUA Mpe3 eKcrnepumeHTasl-
HUTE ToAMHM e nokasaHa oT "TutaHus" un
"Llema" (cpegHo 5 gHu), a Hali-ronsmara —
oT "TmnbeH", "Tucen" n "YavaHcka LbpHa"
(cpegHo 9 gHun).

‘Tsema’, and the longest in ‘Cacanska
Crna’ and ‘Tisel' (17 days on average).
The lowest variation in the time of
inflorescence emergence across the
experimental years was exhibited by
‘Titania’ and ‘Tsema’ (5 days on average),
and the highest by ‘Tiben’, ‘Tisel' and
‘Catanska Crna’ (9 days on average).

Tabnuua 4. latn Ha o6pa3yBaHe Ha CbLBeTUSA
Table 4. Inflorescence emergence dates

O6pa3yBaHe Ha CbLBETUS CpegHo 3a
CopTose BapuaHTi Inflorescence emergence CX;\)chrjaBge;e
Cultivars Treatments 2012 2013 2014 aCross
cultivars
yepHa yrap / bare fallow 08.04. 12.04. 31.03. 07.04.
‘Ben Lomond’ CTbProTuHu / sawdust 07.04. 11.04. 30.03. 06.04.
nonuetwuneH / black plastic 06.04. 10.04. 29.03. 05.04.
YyepHa yrap / bare fallow 05.04. 09.04. 29.03. 04.04.
‘Ben Sarek’ CTBProThH / sawdust 04.04. 08.04. 28.03. 03.04.
nosvetune / black plastic 03.04. 07.04. 27.03. 02.04.
yepHa yrap / bare fallow 08.04. 12.04. 05.04. 06.04.
‘Tsema’ CTbProtuHu / sawdust 07.04. 11.04. 04.04. 05.04.
nosnetune / black plastic 06.04. 10.04. 03.04. 04.04.
yepHa yrap / bare fallow 08.04. 12.04. 05.04. 06.04.
‘Titania’ CTBProT1H / sawdust 07.04. 11.04.  04.04. 05.04.
nonvetuneH black plastic 06.04. 10.04. 03.04. 04.04.
5 yepHa yrap / bare fallow 04.04. 06.04. 24.03. 01.04.
‘Cacanska Crna’ CTBProTHM / sawdust 03.04. 05.04.  23.03. 31.03.
nonuetwuneH black plastic 02.04. 04.04. 22.03. 30.03.
YyepHa yrap / bare fallow 04.04. 06.04. 24.03. 01.04.
‘Tisel’ CTbProtuHu / sawdust 03.04. 05.04. 23.03. 31.03.
nosmetune / black plastic 02.04. 04.04. 22.03. 30.03.
yepHa yrap / bare fallow 08.04. 09.04. 27.03. 04.04.
‘Tiben’ CTBProTHM / sawdust 07.04.  08.04.  26.03. 03.04.
nonuetwuneH / black plastic 06.04. 07.04. 25.03. 02.04.
CpefHo 3a BapnaHtuTe yepHa yrap / bare fallow 06.04. 09.04. 28.03. 04.04.
Average across CTbprotmHn / sawdust 05.04.  08.04.  27.03. 03.04.
treatments MonvetuneH/ black plastic  04.04.  07.04.  26.03. 02.04,
O6Lla cpefHa CTOMHOCT 3a COPTOBE N 06paboTKN 05.04 08.04 27.03 03.04
Overall average across cultivars and treatments o o o o
Hali-paHHata nosiea Ha cbuBeTUS € The earliest beginning of

peructpupaHa npu CcOpTOBe, OTIIeXAaHu
noj, YepHo MoNVeTUIEeHOBO (PONMO, a HaWi-
KbCHO MpU Te3n, KOUTO ca OTrIexaaHn Bbp-
Xy yrap. Pasnukata B nepuoga Ha nosisa Ha
CbLUBETUS BbB BCUYKMA EKCMEPUMEHTaTHU
rooMHn e 1 geH Mexay uepHa yrap u
MynuupaHe ¢ AbPBECHU CTbPrOTUHU, KakKTo
U MeXAy ObPBECHUTE CTbPrOTUHU U YEPHO
nonueTnneHoso ponuo, 3a pasnuka ot 2-
[HEBHaTa pasfvMka Mexay yrap U 4YepHo
nosINeTnIeHoBo hosInO.

inflorescence emergence was recorded in
cultivars grown under black plastic mulch
treatment, and the latest in those under bare
fallow. The difference in the time of
inflorescence emergence in all experimental
years was 1 day between bare fallow and
sawdust mulch, and between sawdust and
black plastic mulch treatments, as opposed
to the 2-day difference between bare fallow
and black plastic mulch treatments.
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MosiBaTa Ha CbUBETUA € Hali-paHHa
npes 2014 un Hali-kbCHa npe3 2013.
Pasnukata B pgarata Mexay roguHara c
Hail-paHHa MosiBa Ha CbUBETUA W HaWl-
KbcHata e 12 aHu.

Hauanoto Ha ubgTex e cpefHo 8
[OHW cnef, nosBaTa Ha CbUBETUSA, & Mb/IHUAT
UbpTEX € 7 [OHU Ccfej HavasnoTo  Ha
ubTexa. aHHUTe 3a gatnte Ha ubgTex
3a Mpoy4yBaHUTe cOpTOBE ca JafeHu B
Tabnuua 5.

LibhTeXbT BbB BCUYKM BapuaHTu Ha
noAfbpxaHe N ekcnepuMeHTaNIHU ro4uHN e
Hal-paHeH npu ,YavaHcka LibpHa" w
~Tucen”, a Hal-kbceH npu ,6eH JlomoHa" n
.Lema“, ¢ pasnvka oT 9 AHM CbC cpefHa
Jata Ha Havano Ha UubTex Mexay
copToBe, KOWTO HaBnM3aT B TO3U
(PEHONOMMYEH eTan Hail-paHO U Hal-KbCHO.
Hai-kpaTkmaT nepuog mexay nosisata Ha
CbLUBETUA W HayaNoTo Ha LUbHTEX BbLB
BCUYKM BapuvaHTh W eKCnepuMeHTasHN
roguHy ce Habnwpgasa npu ,TutaHua" u
.Lema“ (cpegHo 5 gHun), a Haln-abAMAT Npu
.beH Capek” (cpegHo 10 aHw). MepuoabT
Mexay Hayanoto Ha Ub(TeX U Nb/HUA
ubPTEX € Hai-kpaTbk npu ,beH Capek”
(cpegHo 6 gHW), a Hak-gbNbr Npu , TnbeH"
(cpegHo 8 pHuW). Pasnukute B patata Ha
UbATEX Mpe3 ekcrnepyMeHTa/THUTE TOAMHN
ca Haii-mankm npu ,TutaHusa" (cpegHo 3

AHW), a Hai-ronemn npu ,Tucen" wu
LHayaHcka ubpHa" (cpegHo 10 gHu).
BbB  BCWYKM  eKCNepuMEHTasTHU

roguHy, onmoTo 3a MynumpaHe BoAu A0
Hali-paHHMA LbTeX, AoKaTO YepHaTa yrap
BOAM A0 Ha-KbCHUA UbdTex. Pasnukata B
nepvoZa Ha Hadyaslo Ha UbTeX N MbJIHUA
Ub(TEX BBLB BCUYKA EKCNEPUMEHTAITHU
roguHn e 1 geH mexpgy BapuaHTuTe Ha
noggbpXxaHe OT TuN yrap M mMya4YupaHe c
OBbPBECHN CTBProTUHU, KakTo U MyympaHe
C [ObpBECHU  CTBLPrOTMHW U YEepHO
nosIMeTUIEHOBO (YONNO, U 2 OHU Mexay
My/yMpaHe C 4YepHO MNOSIMETUIEHOBO
dhonuo n yrap.

Hayanoto Ha ubgTeX u nbeH
ubgpTeX ca Hali-paHHM npe3 2014 n 2013.
Pasnvkata B nepuvoga Ha HayasloTo Ha
UbITEX MexAy Hal-paHHaTa M KbCHa
roguHa e 14 pHW, gokato pasnvkata B
nepuoa Ha nbsieH ubdTex e 10 gHu.

Inflorescence  emergence  was
earliest in 2014 and latest in 2013. The
difference in inflorescence emergence date
between the earliest and the latest year
was 12 days.

The beginning of flowering was 8
days on average after inflorescence
emergence, and full flowering was 7 days
after the beginning of flowering. Data on
flowering dates in the tested cultivars are
given in Table 5.

Flowering in all treatments and
experimental years was the earliest in
‘Cacanska Crna’ and ‘Tisel', and the latest
in ‘Ben Lomond’ and ‘Tsema’, with the
difference of 9 days in the average date of
the beginning of flowering between the
cultivars that entered this phenological
stage at the earliest and latest dates. The
shortest period between inflorescence
emergence and beginning of flowering in all
treatments and experimental years was
observed in ‘Titania’ and ‘Tsema’ (5 days
on average), and the longest in ‘Ben Sarek’
(10 days on average). The period between
the beginning of flowering and full flowering
was shortest in ‘Ben Sarek’ (6 days on
average), and longest in ‘Tiben’ (8 days on
average). Variations in flowering date across
experimental years were smallest in ‘Titania’
(3 days on average), and largest in ‘Tisel' and
‘Cacanska Crna’ (10 days on average).

In all experimental vyears, foll
mulching resulted in the earliest
flowering, whereas bare fallow treatment
led to the latest flowering event. The
difference in the time of beginning of
flowering and full flowering in all
experimental years was 1 day between
bare fallow and sawdust mulch
treatments, and sawdust and black plastic
mulch treatments, and 2 days between
black plastic mulch and bare fallow
treatments.

The beginning of flowering and full
flowering were earliest in 2014 and latest in
2013. The difference in the time of the
beginning of flowering between the earliest
and the latest year was 14 days, whereas the
difference in the time of full flowering was 10
days.
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Tabnumuya 5. latn Ha Havyao Ha UbdTeX U Mb/eH LbdTex
Table 5. Dates of beginning of flowering and full flowering

Hauano Ha ubdTex CpegHo 3a MbneH ubdTex CpegHo 3a
Beginning of flowerin copToBeTe Full flowerin copToBeTe
COp.TOBe Bapuarmm . . . A?/erage . A?/erage
Cultvars — Treatments  ,415 5013 2014,  across 2012 2013 2014  across
cultivars cultivars
depHayrap 4704 21.04. 10.04. 16.04. 25.04. 27.04. 18.04. 23.04.
bare fallow
‘Ben Lomond’  CTPPO™HA 1604 20.04.  09.04. 15.04. 24.04. 26.04. 17.04. 22.04.
sawdust
NOMMETUNEH 15 04 10.04. 08.04. 14.04. 23.04. 25.04. 16.04. 21.04.
black plastic
depHayrap 1504 20.04.  09.04. 14.04. 21.04. 25.04. 15.04. 20.04.
bare fallow
‘Ben Sarek’  CTPPIOMHA 15 04 19.04. 08.04. 13.04. 20.04. 24.04. 14.04. 19.04.
sawdust
noneTuneH
black plasie 1104 1804, 07.04 12.04. 19.04. 23.04. 13.04. 18.04.
depHayrap 1704 20.04.  10.04. 16.04. 25.04. 26.04. 18.04. 23.04.
bare fallow
Tsema’ CTEPIOTMHA 15 04, 19.04.  09.04. 15.04. 24.04. 25.04. 17.04. 22.04.
sawdust
MOMMETWIEH 15 04 18.04. 08.04. 14.04. 23.04. 24.04. 16.04. 21.04.
black plastic
depHayrap .4 04 17.04.  12.04. 13.04. 20.04. 22.04. 18.04. 20.04.
bare fallow
Titania’ CTEPIOTMHA 1404, 16.04.  11.04. 12.04. 19.04. 21.04. 17.04. 19.04.
sawdust
MOMMETWIEH 09 04,  15.04. 10.04. 11.04. 18.04. 20.04. 16.04. 18.04.
black plastic
4epHAYIap  0g 04 14.04. 29.03. 07.04. 17.04. 20.04. 05.04. 14.04.
bare fallow
‘Cacanska CTBPrOTUHM
O e 08:04. 13.04. 2803, 06.04. 16.04. 19.04. 04.04. 13.04.
NOMMETUNEH 7 04, 12.04. 27.03. 05.04. 15.04. 18.04. 03.04. 12.04.
black plastic
4EpHAYIap 09 04 14.04. 29.03. 07.04. 17.04. 20.04. 05.04. 14.04.
bare fallow
Tisel CTBPIOTMHA - 3 04, 13.04.  28.03. 06.04. 16.04. 19.04. 04.04. 13.04.
sawdust
NOMMETUNEH 7 04, 12.04. 27.03. 05.04. 15.04. 18.04. 03.04. 12.04.
black plastic
depHayrap 1504 17.04.  03.04. 11.04. 22.04. 24.04. 11.04. 19.04.
bare fallow
“Tiben’ CTBPIOTMHA— 15 04,  16.04.  02.04. 10.04. 21.04. 23.04. 10.04. 18.04.
sawdust
MOMMETWIEH 11 04, 15.04. 01.04. 09.04. 20.04. 22.04. 09.04. 17.04.
black plastic
HepHaYrap 4344 1804, 04.04. 12.04. 21.04. 23.04. 13.04. 19.04.
CpepHo 3a bare fallow
BapuaHTuTe CprrOTVIHVI
Average across  sawdust | 1204 17.04. 0304, 11.04. 20.04. 22.04. 12.04. 18.04.
treatments — nonveTuneH ) o, 1604 02.04. 10.04. 19.04. 21.04. 11.04. 17.04.
black plastic
O6la cpeaHa CTOMHOCT 3a
COPTOBE V1 BapnaHTi 12.04 17.04.  03.04. 11.04. 20.04. 22.04. 12.04. 18.04.

Overall average across
cultivars and treatments
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Cnopef, nepuoja Ha Hayano Ha
LUbAITEX, BCUMUKM COPTOBE ca kiacuuum-
paHu KaTo KbCHU COpPTOBe (cnepg 2 anpwn).
Bbnpeku ToBa, Tbil Kato ,YavaHcka LibpHa"
n ,Trcen" HaBnmMsaT B NbJEH UbdTEX MNO-
paHo npe3 2014 r., Te ca rpynupaHu B
CcpefHO Uub@TAWM copToBe (27 mapTt - 1
anpwn) npes Tasu roguHa. Bb3 ocHoBa Ha
NPOABL/XKMUTENHOCTTA Ha  nepuoja Ha
UbgITEX, COPTOBETE Cca rpynupaHy B: 1.
COpPTOBE C KpaTbk nepuog Ha ubdTex (4o
15 gHun): ,beH Capek”, ,Llema“, ,Tnuben" n 2.
COpPTOBE CbC CpefieH nepuog Ha LbiTex
(16-18 pgHn): ,beH JlomoHg®, ,TuTaHus",
~HavaHcka LbpHa", ,Tucen".

MnogHWAT 3aBpb3 Cce o0b6pasysa
cpefHo 15 gHu cnep nbieH UbdTex, a
3peeHeTo 3anoysa cpefHo 50 AHW cnepg
obpasyBaHe Ha nnogHuA 3aspb3. epuo-
ObT MeXay MbAHWA Nepuof Ha UbqTex U
obpasyBaHe Ha 3aBpb3 € Hal-Ababr npes
2014 r. (cpegHo 18 aHW) 1 Hal-kpaTbK npes
2013 r. (cpepHo 3a 12 gHKW), gokato Hali-
ObNrMAT nepuop, Mexay obpasyBaHe Ha
3aBpb3 W y3paABaHeto e npe3 2014
r.(cpoegHo 55 gHuW), a Hali-kKpaTkusat npes
2012 r. (cpegHo 46 pHW). [JaHHuTe 3a
HavyasHMTe gatu Ha obpasyBaHe Ha 3aBpPb3
N y3psiBaHeTO Ha njoja npv uscnefsaHuTe
copToOBe ca npefcTaBeHn B Tabnvua 6.

.HadaHcka UbpHa" u ,Tucen" umar
Hall-paHHa faTa 3a 06pasyBaHe Ha NnnoaeH
3aBpb3, a ,beH JlomoHA® Hal-KbCHa.
Pasnukata B cpegHara  jgarta 3a
obpasyBaHe Ha NojeH 3aBpb3 Mexay Haii-
paHHUTE COpPTOBE U Te3n C KbCHO B/M3aHe
B TO3M cpeHonormyeH etan e 9 JHW.
MepvogbT Mexay NbaHUA  UbTeX U
obpasyBaHe Ha N/OAEH 3aBpPb3 3a BCUUKU
BapnaHTM Ha noaAabpxaHe Ha no4ysara u
eKcnepuMeHTa/IHA TOAMHW € Hal-KpaTbk
npy ,TubeH" n ,beH Capek” (cpegHo 14
OHW), a Hal-gbnrmat e npu  YavaHcka
UbpHa" wu ,Tucen" (cpegHo 18 aHw).
Pasnukata B HavyanHaTa pgata Ha
obpa3syBaHe Ha NoJeH 3aBpb3 yCTaHOBEHA
npes3 ekcnepMMeHTaHUTe rOAMHN € cpedHo
3 aHu npu ,BeH JlomoHg®, ,BeH Capek”,
Ldema* u ,TutaHna" u cpegHo 4 AHU npu
.HavaHcka UbpHa", ,Tucen" n ,Tuben". Wo
ce OTHacsa [0 fgartaTa Ha yspsiBaHe, Hali-
paHHaTa gata e otyeteHa npw ,Tucen”, a
Han-KkbCcHaTa npu ,beH JlomoHA".

According to the time of the beginning
of flowering, all cultivars were classified into
late flowering cultivars (after 2 April).
However, since ‘Cacanska Crna’ and ‘Tisel
entered full flowering earlier in 2014, they
were grouped into medium flowering
cultivars (27 March — 1 April) in this year.
Based on the length of the flowering period,
the cultivars were grouped into: 1. cultivars
with a short flowering period (up to 15 days):
‘Ben Sarek’, ‘Tsema’, ‘Tiben’ and 2. cultivars
with a medium flowering period (16-18
days): ‘Ben Lomond’, ‘Titania’, ‘Cacanska
Crna’, ‘Tisel'.

Berry set occurred 15 days on
average after full flowering, and berry
ripening started 50 days on average after
berry set. The period between full
flowering and berry set was the longest in
2014 (18 days on average), and the
shortest in 2013 (12 days on average),
whereas the longest period between berry
set and berry ripening was in 2014 (55
days on average), and the shortest in
2012 (46 days on average). Data on the
onset dates of berry set and berry ripening
in the tested cultivars are presented in
Table 6.

‘CaCanska Crna’ and ‘Tisel' had the
earliest berry set date, and ‘Ben Lomond’
had the latest. The difference in the average
berry set date between the cultivars with the
earliest and those with the latest entry into
this phenological stage was 9 days. The
period between full flowering and berry set in
all treatments and experimental years was
the shortest in ‘Tiben' and ‘Ben Sarek’ (14
days on average), and the longest in
‘Cacanska Crna’ and ‘Tisel' (18 days on
average). The variation in the onset date of
berry set across experimental years was 3
days on average in ‘Ben Lomond’, ‘Ben
Sarek’, ‘Tsema’ and ‘Titania’, and 4 days on
average in ‘Cacanska Crna’, ‘Tisel and
‘Tiben'. As for berry ripening date, the
earliest date was recorded in ‘Tisel', and the
latest in '‘Ben Lomond'.
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Tabnuua 6. Jatn Ha Havyasio Ha obpa3yBaHe Ha No4eH 3aBPb3 U y3psiBaHe Ha naoja
Table 6. Dates of beginning of berry set and berry ripening

O6pasyBaHe Ha CpegHo 3a CpegHo 3a
N/04eH 3aBpb3 copToBeTe Y3psBaHe copToBeTe
Coprose BapuanTy Beginning of Average Berry ripening Average
Cultivars Treatments berry set across across
2012 2013 2014 cultivars 2012 2013 2014 cultivars
qepH?ayl/lr(;a\VflJ bare  12.05 10.05 08.05 10.05. 28.06 25.06 30.06 28.06.
‘Ben Lomond’ CTbProTuHM sawdust 11.0509.05 06.05 09.05. 21.06 24.06 29.06 27.06.
nonmeTneH 10.05 08.05 05.05 08.05. 26.06 23.06 28.06 26.06.
black plastic . . . . . .
qepH?ayl/lr(;a\VflJ bare  07.05 04.05 03.05 05.05. 18.06 21.06 23.06 21.06.
SS:;T(’ CTPIOTMHM Sawdust 06.05 03.05 01.05 03.05. 17.06 19.06 22.06 19.06.
nonmeTneH 05.05 02.05 30.04 02.05. 15.06 17.06 20.06 17.06.
black plastic . . . . . .
qepH?a)lll?V[a bare  09.05 06.05 04.05 06.05. 23.06 23.06 25.06 24.06.
‘Tsema’ CTBProTuHM sawdust 08.0505.05 02.05 05.05. 22.06 22.06 24.06 23.06.
ronmeTneH 07.05 04.05 01.05 04.05. 20.06 21.06 23.06 21.06.
black plastic . . . . . .
qepH?a)lll?V[a bare  09.05 06.05 04.05 06.05. 23.06 23.06 25.06 24.06.
‘Titania’ CTbProtuHM sawdust 08.05 05.05 02.05 05.05. 22.06 22.06 24.06 23.06.
nosmeTunen 07.05 04.05 01.05 04.05. 20.06 21.06 23.06 21.06.
black plastic . . . . . .
qepH?ayl/lrc;a\VflJ bare  04.05 03.05 28.04 02.05. 14.06 21.06 22.06 19.06.
‘Cacanska Crna’ CTBbProTuHM sawdust 03.0502.05 26.04 30.04. 13.06 19.06 21.06 18.06.
nonmeTneH 02.05 01.05 25.04 29.04. 11.06 17.06 19.06 16.06.
black plastic . . . . . .
qepH?ayl/lr(;a\VflJ bare  04.05 03.05 28.04 02.05. 14.06 19.06 21.06 18.06.
‘Tisel’ CTBbProTuHM sawdust 03.0502.0526.04 30.04. 13.06 17.06 20.06 17.06.
nonmeTneH 02.05 01.05 25.04 29.04. 11.06 15.06 18.06 15.06.
black plastic . . . . . .
qepHafla)Ill?vs bare  05.05 04.05 29.04 03.05. 30.06 24.06 25.06 26.06.
‘Tiben’ CTBbProTuHM sawdust 04.0503.0527.04 01.05. 29.06 23.06 24.06 25.06.
ronmeTneH 03.05 02.05 26.04 30.04. 28.06 22.06 23.06 24.06.
black plastic . . . . . .
qepH?a)I/IrOaV;\)I bare 07.05 05.05 02.05 05.05. 21.06 22.06 24.06 22 06.
CpefiHO 3a BapuaHTuTe - . - - . .
Average across CTbprommHn sawdust 06.0504.05 30.04 03.05. 20.06 21.06 23.06 21.06.
treatments nonneTnen  05.05 03.05 29.04 18.06 19.06 22.06
. 02.05. 20.06.
black plastic
O6La cpefHa CTOMHOCT 3a COpTOBE U
BapuaHTn / Overall average across cultivars 06.05.04.05.30.04. 03.05. 20.06.21.06.23.06.  21.06.

and treatments
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Pasnukata B pgatata Ha 3peeHe Mexnay
.gucen' un ,beH JlomoHa® e 10 pgHw.
MepvogbT mMexay obpasyBaHe Ha NNOAEH
3aBpb3 M y3psIBAHETO 3@ BCUYKM NOYBEHU
006paboTKN N eKCrnepumMeHTasIHA TOOUHN e
Hanl-kpatbk npu ,Tucen" n ,beH Capek”
(cpegHo 48 pgHW), a Hal-gbATUAT € npu
.Tnéen" (56 gHM cpepgHo). Hali-mankarta
pasfika B eKCnepuMeHTaNIHUTe ToAMHU e
nokasaHa ot ,TutaHus" u Llema“ (cpegHo 1
AeH), a Hai-ronama npu ,Tucen" wu
"YayaHcka ubpHa" (5 gHKU cpegHo).

dopmMupaHeTo Ha 3aBpb3 U 3peeHe-
TO Ha MJ104a HacTbLMBAT Hal-paHo Npu Mys-
ympaHe C YepHO NoJIMEeTUNIEHOBO (osIno, a
Hali-kbCHO npu 4YepHa yrap. Pasnukata B
fJaTtata Ha obpa3syBaHe Ha M/04eH 3aBpb3
npe3 2012 r. n 2013 r. e 1 geH mexny yrap
N MynuuMpaHe C [AbpPBECHW CTBbPrOTUHW,
Kakto M Mexay MynuumpaHe C AbpBECHU
CTBLPrOTMHN U YepHO  MOSIMETU/IEHOBO
h0oNmo, 1 2 oHW MeXAy yrap U MyndvpaHe ¢
YepHOo NONETUIEHOBO DOINO.

Mpe3s 2014 r., pasnukatra e no-
ronsamMa, T.e. 2 OHW MexAay uepHa yrap u
My/nyMpaHe Ha CTbpProTuHW, 1 AeH Mexay
My/nyMpaHe CbC CTBPrOTMHM U YepHO
noMeTWI1eHoBo ponmo n 3 OHU Mexay
yrap v 4yepHo nosvetuneHoso donvo. Lo
ce oOTHaca [0 y3psiBaHeTO Ha mnaoja,
HabnogaBa ce pasnvka oT 1 geH mexay
yrap v my/syvMpaHe ¢ AbPBECHN CTbProTUHU
3a  BCWYKM  eKCNepUMEHTaNHW  To4WHM.
MynumpaHeTo CbC CTBPrOTUHUM W YepHO
NnosMeTWIeHoBO (OO MOKasBa pasfvka
oT 2 aHu npe3 2012 u 2013, n 1 geH npes
2014, pokaTo pasnukara mMexay yrap wu
YyepHo nosveTuieHoso oMo e 3 [HU
npe3 2012 n 2013, n 2 gHn npes3 2014.

Mo oTHOWeHWe Ha ekcnepumeHTasl-
HUTE TroAuMHKM, 06pasyBaHeTO Ha nAoAeH
3aBpb3 Ce c/lyyBa Haii-paHo npe3 2014 1. n
Hal-KbCHO npe3 2012 r. Pasnvkata B obpa-
3yBaHeTO Ha NoJeH 3aBpb3 Mexay Haii-
paHHaTa rogMHa u Halli-kbcHaTa e 6 AHU. 3a
passiMka OT TOBa, y3psBaHETO Ha nnoja
HacTbnBa Hali-paHo npe3 2012 1 Hali-KbCHO
npes 2014, ¢ pasnmka oT 3 gHU Mexay Haii-
paHHaTa u Hail-kbcHaTa roguHa.

CobrnacHo nepuoga Ha y3spsiBaHe Ha
nnoga, M3NUTBaHUTE COPTOBE ca onpeje-
neHu B Tpu rpynu: 1. paHeH (15-20 toHu):
.tmcen”, MavyaHcka LibpHa"; 2. cpegeH (21-

The difference in berry ripening date
between Tisel' and ‘Ben Lomond’ was 10
days. The period between berry set and
berry ripening in all treatments and
experimental years was the shortest in ‘Tisel’
and ‘Ben Sarek’ (48 days on average), and
the longest in ‘Tiben’ (56 days on average).
The smallest variation across experimental
years was exhibited by Titania’ and ‘Tsema’
(1 day on average), and the largest by ‘Tisel
and ‘Cacanska Crna’ (5 days on average).

Fruit set and fruit ripening occurred
earliest in black plastic mulch treatment, and
latest under bare fallow. The difference in
berry set date in 2012 and 2013 was 1 day
between bare fallow and sawdust mulch
treatments, and between sawdust and black
plastc mulch treatments, and 2 days
between bare fallow and black plastic mulch
treatments.

In 2014, the difference was higher i.e.
2 days between bare fallow and sawdust
mulch, 1 day between sawdust mulch and
black plastic mulch, and 3 days between
bare fallow and black plastic mulch
treatments. As regards berry ripening, a 1-
day difference was observed between bare
fallow and sawdust mulch treatments in all
experimental years. Sawdust and black
plastc mulch treatments showed a
difference of 2 days in 2012 and 2013, and 1
day in 2014, whereas the difference
between bare fallow and black plastic
mulch was 3 days in 2012 and 2013, and 2
days in 2014.

In terms of experimental years,
berry set occurred earliest in 2014 and
latest in 2012. The difference in berry set
between the earliest and the latest year
was 6 days. Conversely, berry ripening
was the earliest in 2012 and the latest in
2014, with the difference of 3 days
between the earliest and the latest year.

According to berry ripening time,
the tested cultivars were designated to
three groups: 1. early (15-20 June):
Tisel', ‘Cacanska Crna’; 2. medium (21-25

180



25 toHu): ,beH Capek”, ,Lema“, ,TutaHuns",
.TN6eH"; n 3. KkbceH (26-30 tHW): ,BeH
JlomoHpg".

CpaBHEHNETO Ha HacToALMTEe AaHHK
3a nepuoja v avHamvikara Ha pas/iucTsaHe
nokassa TAXHOTO CbOTBETCTBME C pe3y/Ta-
TmTe oT Djordjevi¢ (2012), nonyyeHu npu
arpoekosiornyHuTe ycnosus Ha Cbpbus, HO
He n c Te3n Ha Georgiev et al. (2008) B
Bbarapuss, HUTO C KOHCTataumuTe Ha
Rotundo et al. (1998) B nnaHuHWTE Ha
OxHa NTanus, KbAeTo KacuchT BCTbMNBA B
pasfimcTeaHe B Kpad Ha MapT/HayasoTo Ha
anpwn. EkcnepumeHTanHWTe — pesyntatu
OTHOCHO Mepvoja Ha UbdTex 1 3peeHe Ha
coptoBe ,Tuben", ,Tucen", ,6eH JlomoHA",
.beH Capek” u ,TutaHua" He ca cpaBHMMU C
Te3n OT MHOro6poiiHM NpoyyBaHus, npoBse-
AeHu npu ycnosusaTa Ha Monwa (Pluta and
Zurawicz, (2002), faHusa (Pedersen and
Andersen, 2012), EctoHusa (Kaldmae et al.,
2013) un Wtanua (Rotundo et al., 1998).
Pasnukute ce pgbmxkaT Ha MO-CTyAeHUs
KnMMaT 1 no-ronsiMata HagMopcka BMCOYM-
Ha, KaKTO M Ha MNo-KbCHOTO BCTHLMBAHE BbB
Beretauusi U cnefoBartesiHO Ha Mo-KbCcHaTa
pekonta B Te3n wu3cnegsaHua. lNogobeH
nepuos Ha yspsiBaHe 3a Wu3cnenBaHuTe
copTtoBe ca nocoyeHn ot Djordjevi¢ (2012)
npw ycnosuaTa Ha Cbpbus, Sasnauskas et
al. (2012) B lutBa N Moyer et al. (2002) B
OperoH (CALL). MepuogbT mexay Hayaso-
TO Ha ob6pasyBaHe Ha NNoJeH 3aBpb3 U
y3psBaHETO B HACTOALOTO u3cnefBaHe e
46-55 gHW, KOETO € 3HAYUTENIHO Pas3/INYHO
OT ycTaHOBeHOTO OT Brennan (1996), MiSi¢
(2002) wn Estrella et al. (2007), kouto
cbobuasar 3a nepuog ot 70 go 100 aHuM 3a
pacTtexa 1 pasBuMTMETO Ha njoga, B 3aBu-
CMMOCT OT MEeTEOPOSIOTUYHUTE  YC/I0BUSA.
Pasnukute BbB (DEHOMOTNYHUTE eTanu
MOXe Ja Cce [Ab/hKaT Ha KaumatuyHute
hakTopu © Hagmopckata BUCOYMHA B
pas/iM4yHN eKkcrnepumeHTaIH ToAVHN.

AHaNU3bT Ha eKcnepuMeHTasiHuTe
[JaHHW 3a KnacudpmkaumaTa Ha n3cnegsaHu-
Te copToBe, Cropef nepuoga Ha pasnuct-
BaHe U nepvoga Ha ubdTex npeanonara,
Yye JaHHUTe ca 4YaCcTUYHO CPaBHMMM C Kfa-
cudmkaumaTa, npegoctaBeHa ot Laugale
(2007) » Djordjevi¢ (2012). Madry et al.
(2010) «knacudpuumpatr ,beH JloMoHA4 B
rpynata Ha KbCHO UbQTAWMUTE COPTOBE,

June): ‘Ben Sarek’, ‘Tsema, ‘Titania’,
‘Tiben’; and 3. late (26-30 June): ‘Ben
Lomond'.

Comparison of the present data on
the time and dynamics of leaf unfolding
suggests their compliance with the results
of Djordjevic (2012) obtained under the
agroenvironmental conditions of Serbia, but
not with those of Georgiev et al. (2008) in
Bulgaria, nor with the findings of Rotundo et
al. (1998) in Southern Italian mountains
where currants enter the leaf unfolding
stage at the end of March/beginning of
April. The experimental results on flowering
time and berry ripening in ‘Tiben’, ‘Tisel,
‘Ben Lomond’, ‘Ben Sarek’ and ‘Titania’ are
not comparable with those of numerous
studies conducted under the conditions of
Poland (Pluta and Zurawicz, 2002; Pluta et
al., 2008), Denmark (Pedersen and
Andersen, 2012), Estonia (Kaldmae et al.,
2013) and Italy (Rotundo et al., 1998). The
differences are due to colder climates and
higher altitudes, as well as to the later
occurrence of the growing season and,
hence, later fruit harvest in these studies.
Similar berry ripening times in the tested
cultivars were reported by Djordjevi¢ (2012)
under the conditons of  Serbia,
Sasnauskas et al. (2012) in Lithuania and
Moyer et al. (2002) in Oregon (USA). The
period between the beginning of berry set
and berry ripening in the present study was
46-55 days, which is significantly different
from the findings of Brennan (1996), MiSi¢
(2002) and Estrella et al. (2007) who
reported a length of 70 to 100 days for berry
growth and development, depending on
weather conditions. The differences in the
phenological stages may be attributed to
climatic factors and altitude in different
experimental years.

The analysis of the experimental
data on the classification of the tested
cultivars according to the time of leaf
unfolding and time of flowering suggests
that the data are partially comparable with
the classification provided by Laugale
(2007) and Djordjevi¢ (2012). Madry et al.
(2010) classified ‘Ben Lomond' into late
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,Tuben", ,Tucen" u ,TutaHma" ca CcbC
cpefeH nepuog Ha ubdTex, a ,beH Capek”
C paHeH nepuop Ha UbdTex, [oKaTo
Denisow (2004) «knacucpmympa  ,beH
NomoHa® u  ,TuTaHua" Kato COpT CbC
cpefeH nepuog Ha ubdTex. Tesn aHHW He
CbOTBETCTBAT Ha HacToswmTe faHHWU. Kna-
cudvkaumaTa Ha um3cnefBaHuTe CcopToBe
crnopep, nepvofa Ha 3peeHe Ha njiogoBeTe
06MKHOBEHO OTroBaps Ha knacudukauuaTa,
HanpaBeHa oT Laugale (2007), HO He n C
Tasu, npegoctaBeHa oT MiSi¢ (2002),
Stanisavljevié et al. (2002) u Nikoli¢ u
Milivojevi¢ (2010), kouTo Knacuduumpar
L-HauyaHcka LibpHa" KaTto copT CbC cpeneH
nepvopg Ha y3pssaHe, a ,beH JlomoHA" ©
.beH Capek” KaTo paHHO 3peeLm.
MynuvpaHeTo C YepHO nosiveTune-
HOBO (h0O/IMO B EKCMepuUMeHTa oKa3Ba rosis-
MO Bb3AeincTene BbPXYy eHodasnTe Ha
n3nuTBaHUTe copToBe. BbLB BCUMYKM eKkcne-
pUMEHTa/IHM TOAMHKU, COPTOBETE Kacwuc,
OTrNeXpaHn noj 4YepHo MosMEeTUNEHOBO
boMo nokassaT Hali-paHHO BCTbMBaHe
BbB  (peHonormyHute  etanu,  [okaTo
beHohasnTe Ha copToBeTe OTrexaaHun
BbpXY Yrap HacTbnBaTr Hai-kbCHO. [lo-
paHHOTO BCTbMBaHe BbLbB (DEHONOrMYHUTE
CcTauMM Ha CcopToBEeTE OTINEeXAaHN Mop,
YepHO MOMNETUNEHOBO (QONNO ce AbIKU
Ha no-6bLP30TO 3aTonjisiHe K No-BUCOKA
BNI2OKHOCT Ha noysara, B pamMkuMTe Ha Tasu
cuctemMa 3a noggbpXxaHe Ha noyseHarta
NMOBBLPXHOCT. YepHOTO  MOMETUNEHOBO
¢onno mma cnocobHocTTa ga abcopbupa
no-roemMn Kosmyectsa CnbHYeBa CBET/IU-
Ha, KOeTo AMPEKTHO BOAM OO NOBMLIABaHE
Ha Temneparypara B CpaBHeHMe C YyepHara
yrap. MynunpaHeTo ¢ YepHO MNoNEeTUNEHO-
BO (ponMo B OBOWHATA rpagvHa, Kakto ce
cbobuwaea ot Devi et al. (1991) n Larsson
(1997) BOAM [0 nNO-paHeH nepuos Ha
UbATEX U y3psiBaHe Ha MN0LoBeTe, KOeTo
CbOTBETCTBA Ha HacToALWMTE pe3ynTartu.
3HaunTenHn pasnvky ce Habnwaa-
BaT B nepuofa Ha eHosornyHuTe etanu
npes roguMHuTe. PasiMctBaHeTo e Hall-paHo
npe3 2013 n Hail-kbCHO npe3 2012. To
BpPEMe Ha eTana Ha pas/iMcTBaHe, Temne-
paTtypata Ha Bb3fyxa e 2.6 °C no-sucoka, a
KO/INYEeCTBOTO Ha AbXaa e 44.7 mm m™ no-
ronamo npes 2013, oTkoskoTo npes 2012. B
CpaBHeHVe C pas3/iMCTBaHeTo, fnosBara Ha

flowering cultivars, ‘Tiben’, ‘Tisel and
‘Titania’ into medium flowering cultivars, and
‘Ben Sarek’ into early flowering cultivars,
whereas Denisow (2004) grouped ‘Ben
Lomond’ and ‘Titania’ into medium early
flowering cultivars. These findings are not in
agreement with the present data. The
classification of the tested -cultivars
according to the time of fruit ripening
generally complies with the classification
made by Laugale (2007), but not with that
provided by MiSi¢ (2002), Stanisavljevi¢ et
al. (2002) and Nikoli¢ and Milivojevi¢ (2010)
who classified ‘Cacanska Crna’ into medium
early ripening cultivars, and ‘Ben Lomond’
and ‘Ben Sarek’ into early ripening.

Black plastic mulching in the
experiment had a large effect on the
phenological events in the tested cultivars.
In all experimental years, the black currant
cultivars grown under black plastic mulch
showed the earliest entry into the
phenological  stages, whereas the
phenological events in the cultivars under
bare fallow occurred at the latest dates.

The earlier entry into the phenological
stages in cultivars under black plastic
mulch treatment is due to faster soil heating
and higher soil moisture under this soil
management system.

Black plastic mulch has the capacity to
absorb higher amounts of sunlight, which
directly leads to an increase in temperature
compared to bare fallow. Black plastic
mulching in the orchard, as reported by
Devi et al. (1991) and Larsson (1997),
results in earlier dates of flowering and fruit
ripening, which is in agreement with the
present results.

Significant differences were
observed in the timing of the phenological
stages across years. Leaf unfolding was
the earliest in 2013, and latest in 2012.
During the leaf unfolding stage, air
temperature was 2.6°C higher and rainfall
amount was 44.7 mm m™ higher in 2013
than in 2012. As compared to leaf
unfolding, inflorescence emergence and
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chbuUBeTUS U LbgITexa ca Hali-paHo npes
2014 r. n Hali-kbCcHO npe3 2013 r. Temne-
patypata Ha Bb3gyxa npes3 MbpBOTO TpPU-
mMeceune Ha 2014 r. e ¢ 1.6 °C no-BUCOKa, a
KONNYECTBOTO Ha Banexute e 37.7 mm m?
no-manko ot toeBa npe3 2013 r. JaHHuUTe
CbOTBETCTBAT Ha pe3yntaTnte Ha Sonsteby
et al. (2012), konTo OTKpuMBaT, Ye CTeneH-Ta
Ha Ub(Tex ce yBesimyaBa HAKOMIKO NbTU C
nosuwaBaHe Ha TemnepaTypara. OcBeH
ToBa Nikoli¢ n Milivojevi¢ (2010) ot6enss -
BaT, 4Ye LUbMTEXbT 3aBMCM OT copTa W
MEeTeOopOsIOTUYHNTE  YCNOBUA  (HaaMopcKa
BMCOYMHA, WU3/I0XEHVWe W Temnepatypa) u
Yye KOJIKOTO NO-TOM/I0 € BpeMeTo B nepuoja
Ha UbMTEX, TONKOBA MNO-KbCa € NpoAab-
XWUTESIHOCTTa Ha UubdTexa u obpaTHo.
O6pasyBaHeTo Ha Mo4eH 3aBpPb3 HacCTbI-
Ba Mo-paHo npe3 2014 n Hali-KbCHO npes3
2012. TemnepaTypaTa Ha Bb3gyxa npes
2014 r. B nepuofa mexany ubTtex n obpa-
3yBaHe Ha 3aBpb3 e ¢ 2.8 °C no-Bucoka, a
KONNYECTBOTO Ha BasiexuTe e ¢ 54.5 mm m™
no-ronsmo, ot ToBa npe3 2012 roauvHa.
ToBa BOAM [0 paHHO dopMupaHe Ha
3aBpb3. [lnogoBeTe y3psiBaT Haii-paHO
npes 2012, a Hail-kbcHO npe3 2014. lMpes
nepuofa oOT o06pa3yBaHe Ha 3aBpb3 [0
y3psiBaHe Ha nnoga npes 2012 r. ce Habto-
JaBa nosuwaBaHe oT 4 °C B Temnepa-
Typata Ha Bb3fyxa W MoHWxaBaHe c 227
mm m? B KOMMYECTBOTO Basiexu Cnpsamo
2014 r. MNo-BucokaTa Temneparypa Ha Bb3-
Jyxa v 3Ha4MTesIHO MO-HUCKOTO KOSIMYEeCTBO
Ha Banexute npe3 2012 r. BOAAT 40 paHHO
y3psiBaHe Ha niofoBeTe Npu U3cnefsaHnTe
COPTOBE YepeH kacuc.

N3BOAN

Mo3HaBaHeTO Ha dheHoorMsATa Ha
Kacuca KaTo OBOLLEH Buf, AeMOHCTpupall
paHHO HaB/M3aHe BbB BereTalUMOHEH
nepuos n ubgTex, € oT 0CO6eHOo 3HayYeHne
npu rM3bopa Ha NOAXOASLL0 MECTOMNOoXe-
HVe, N3M0XEHMEe N cncTema 3a noaabpxaHe
Ha noyBeHaTa MOBBLPXHOCT 3a OTrNeXAaHe
Ha Kacuc, CbOTBETHO MpW HanpaBeH MoAXo-
[ALL, n36op Ha copToBe.

B paBHWHHM palioHn npu usbopa Ha
cucTeMa 3a noffgbpXxaHe Ha noyesata B
HacaxjeHuaTa OT kacuc Tpsbsa pfa ce
oTAaje NMpeAvMMCTBO Ha 4yepHata yrap, Tbil

flowering were the earliest in 2014 and the
latest in 2013. Air temperature in the first
quarter of 2014 was 1.6°C higher and
rainfall amount was 37.7 mm m? lower
than in 2013. The data are in agreement
with the reports of Sonsteby et al. (2012)
who found that the flowering rate is
increased several times with increasing
temperature.

Moreover, Nikoli¢ and Milivojevié¢ (2010)
observed that flowering is dependent on
cultivar and weather conditions (altitude,
exposition and temperature), and that the
warmer the weather during the flowering
period, the shorter the length of flowering,
and vice versa. Berry set occurred earliest
in 2014 and latest in 2012.

Air temperature in 2014 during the period
between flowering and berry set was
2.8°C higher and rainfall amount was 54.5
mm m? higher than in 2012. This gave
rise to an early berry set. Berry ripening
was the earliest in 2012 and the latest in
2014.

During the period between berry set and
berry ripening in 2012, an increase of 4°C
in air temperature and a decrease of 227
mm m? in rainfall amount were observed
relative to 2014. The higher air
temperature and the significantly lower
rainfall amount in 2012 led to early fruit
ripening in the tested black currant
cultivars.

CONCLUSIONS

Knowledge of the phenology of black
currant as a fruit species that demonstrates
an early entry into the growing season and
flowering is of particular importance when
choosing an appropriate location, exposition
and soil management system for a black
currant planting and, accordingly, when
making a proper choice of cultivars.

In lowland areas, when choosing a
soil management system for black currant
plantings, priority should be given to bare
fallow since it postpones the entry of black
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KaTo oT/lara BCTbNBAHETO Ha Kacuca BbB
BereTauMoHHUA nepuoj, ocobeHo B eTana
Ha Ub(Tex, kato No TO3M HauMH ce
npefoTBpaTsABaT BpegHWTe nocreauun ot
KbCHUTE NPONIETHM CNaHu.

KnumaTtnyHute chaktopn, 0COGEHO
TemnepaTypata Ha Bb3gyxa, okassaT rons-
MO BMsIHWE BbPXY BCTHMBAHETO BbB (PEHO-
nornyHn etanu. VscneasaHuTe copToBe ca
NnoaxoAswm 3a OTriexjaHe B arpokavMa-
TUYHUTE YycnoBusa Ha Yavak B 3anagHa
Cbpbusi, kKaTo ce uma npeasup TAXHOTO
KbCHO HaB/M3aHe B eTana Ha UbdTex,
KaKTo 1 TXHaTa BaXHa XapakTepucTvka no
OTHOLLEHME Ha npefoTBpaTaABaHETO Ha
LLeTW OT KbCHW MPONIeTHU CTY0BE.

BJTIATOAAPHOCTWU

HacTtosweTto u3cnegsaHe e yact
oT npoekt Ne 31093, dwmHaHcuMpaH oOT
MWHUCTEPCTBOTO Ha 06pasoBaHUETO,
HaykaTa U TEXHOJ/IOTMYHOTO pasBuUTME Ha
Penybnuka Cbpbus.

currant into the growing season, particularly
the stage of flowering, thus preventing
harmful effects of late spring frosts.

Climatic factors, particularly air
temperature, have a large effect on the
occurrence of phenological stages. The
tested cultivars are suitable for growing
under the agroclimatic conditions of Cacak,
Western Serbia, given their late entry into
the flowering stage as their important
characteristic in terms of preventing
damage due to late spring frosts.
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PE3IOME

CrartuaTa npefcrassa pesynratu ot
npoy4yBaHe Ha B/IMSAHUETO Ha copTa U CUC-
Temara Ha oTrnex/jaHe BbpXy BeretaTus-
HWUA U pasMHOXUTENEH NoTeHuman, eHo-
NOTVYHUTE XapaKTePUCTUKM W KayecTBO
Ha nnoja Ha paHHO 3peewyn copToBe
arogn ,Knepn* n appa“ npe3 nbpsa
roguHa Ha nsogofasaHe. 3non3saHu ca
[Ba BMOa CUCTEMU Ha OTIiexjaHe — Ha
OTKPUTO U HUCKU TYHESN.

BucourHaTa Ha poseTkara ce CTu-
My/iMpa 4pe3 B3auMOZENCTBMETO MexAay
copT/cuctema Ha oTrnexjaHe, no-crne-
uuasiHo copt ,Knepu* ce oTrnexaa Ha oT-
KpUTO. 3HAUUTEHO NO-roNsiM 6pon nucTa
Ha pacTeHne 1 6poil Na1ogoBe Ha NAoAHU
OPBXKM e ycTaHoBeHa npu copt ,Knepn®.
WN3cnepBaHeTo Ha DEHONIOTUYHUTE Xapak-
TEPUCTMKM MOKa3Ba, 4Ye Hayasnoto Ha
UbMTEX N 3peeHe Ha ABaTa copTta e Mno-
paHO Npu HUCKUTE TyHeNn B CpaBHeHWe
CbC cucTemMaTa 3a OTr/iexjaHe Ha OTKpu-
TO. AHa/IM3 BT Ha KAYeCTBOTO Ha naonose-

SUMMARY

The paper presents the results of
the research into the impact made by
cultivar and cultivation system on the
vegetative and generative potential,
phenological properties and fruit quality of
the early ripening strawberry cultivars
‘Clery’ and ‘Garda’ in the first year of
fruiting. Two types of cultivation system
were applied — the open field and low
tunnels.

Rosette height was stimulated by
interaction effect cultivar/cultivation
system, in particular ‘Clery’ grown in open
field. Significantly higher value for number
of leaves per plant and number of fruits
per fruiting stalks were determined in
‘Clery’ strawberries. The examination of
phenological properties show that the
onset of flowering and ripening in both
cultivars was earlier in low tunels
compared to open field system. The
analysis of the fruit quality showed that
the effect of cultivar and interaction was
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Te nokasea, Ye BNUAHWETO Ha copTa e no-
OTYET/INBO OTKOJIKOTO B/AUAHWETO Ha
cuctemara Ha otrnexpgaHe. Copt ,fapga“
JaBa Hail-gobpute CTOMHOCTM OTHOCHO
lWMpoyYnHa “M TBBPAOCT Ha nioga npwu
OTInexjaHe Ha OTKpUTO.

AHanu3bT Ha MPOAYKTMBHUTE Xa-
pakTepucTukn, eHonornyHuTe ocobe-
HOCTU M Ka4yecTBO Ha copTtose ,Knepn“ u
.l apoa“ npu gserte CUCTEMWU Ha OTINEX-
JaHe nokassa, 4Ye Hail-gobpata npoayk-
TMBHOCT OTHOCHO KayecTBO Ha njoja e
yCTaHOBeHa npu copT ,[apga“, Koito 6u
MOI'b/1 Ja Ce npenopbya 3a K3nosn3saHe
B paiioHWTe Ha oTrnexgaHe Ha Arogw.
Cuctemata Ha oOTIexgaHe C  HUCKA
TYHeNM noka3Ba Hai-ronsma eqekTus-
HOCT MO OTHOLUEHWE NepuoabT Ha ubg-
TeX 1 3peeHe. CneposartesiHO, cUcTeMa-
Ta Ha oTrexjaHe B HUCKU TYHenm mMoxe
Ja ce cuMTa Kato noaxoAsuia npaxtvka
3a 3awWura Ha fArogMte OT KbCHO Mpo-
NeTHO UM3Mpb3BaHe U OcurypsiBaHe Ha
paHHO Arof0BO M040MPON3BOACTBO.

KntouoBn pymu: arogun, cuctema
Ha oTrnexpjaHe, BeretaTMBeH noteHuuan,
pa3sMHOXUTENEH NOTEHLMAN, KaYeCcTBO Ha
nnoga

YBO[,

EouH oT BaxHUTE dhakTopn 3a
BMCOKO WHTEH3UBHO MPOM3BOACTBO Ha
AroaM € WHTPOAyKUMATa Ha CopToBeTe,
T.e. BbBEX[AHETO Ha HOBU oO6ellaBallim
COpTOBE C pas/inyeH Nepuog Ha 3peeHe ¢
uen no-gobpo 1 paBHOMEPHO NpeanaraHe
Ha nasapa. ACOPTMMEHTBLT OT Srogn B
CPbOCKNTE HACaXKOEHUS € XETEpPOreHeH,
KaTo Mno-cneynasHo npe3 nociegHoTo
jecetunetve B rpynata Ha fecepTHuTe
copToBeTe ce HabnwgaBa MW3BECTHa
AvHamuka. BnarogapeHve Ha paHHOTO Cu
y3psiBaHe, [obpa npucnocobumMocCT KbM
pasiMyHuTe TEXHOMOMMM 3a OTI/IeXaaHe,
[06po KayecTBO Ha NOLOBETE U BUCOKA
TONEepPaHTHOCT KbM 3abonsBaHuATa Ha
KopeHa u nuctata (Martinelli and Leis,
2012), copTsT "Knepu" e ¢ npeobnasaBa-
O 3Ha4yeHne B CpbOCKOTO MN1040NPOKn3-
BOACTBO. [lpe3 mnocnegHuTe  HSAKOMKO

more stressed than effect of cultivation
system. When interacting with open field
cultivation system, ‘Garda’ gave the
highest values in terms of fruit width and
firmness.

The analysis of the production
characteristics, phenological properties
and quality of strawberry ‘Clery’ and
‘Garda’ in two cultivation system suggests
that the best performance in terms of fruit
quality was exhibited by ‘Garda’, which
can be recommended for further
promotion and expansion in strawberry
growing regions. Low tunnel cultivation
system exhibited the highest effectiveness
in terms of the time of flowering and
ripening. Therefore, low tunnel cultivation
system can be considered an appropriate
practice to protect strawberry from late
spring frost and ensure early strawberry
fruit production.

Key words: strawberry, cultivation
system, vegetative potential, generative
potential, fruit quality

INTRODUCTION

One of significant factors of highly
intensive strawberry production is the
innovation of varieties, i.e., introduction of
new, promising varieties with different
ripening times with the aim of better and
more balanced market supply. Strawberry
assortment in Serbian plantations is
heterogeneous, whereby in particular,
over the last decade, certain dynamics
has been observed in the group of table
varieties.

Due to its earliness, good adaptability to
different growing technology, a good fruit
quality and high tolerance to root and leaf
diseases (Martinelli and Leis, 2012),
cultivar ‘Clery’ is very dominant in Serbian
plant production.

In the last few years in Italy newer
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roguHn B WTasMa ca BbBeAeHUW HOBWU
copToBe AroAu, BK/OYUTENTHO pPaHeH
arogm "lappa”, cb3gageH B pamMkuTe Ha
CRA-FRF - CbBeT 3a CesiCKOCTONaHCKu
n3cnefsaHus - OThen 3a uscnefBaHe Ha
naogosute kKyntypu, ®opnau, Utanusa. MNpu
onpefensaHe Ha npoussBoAcTBEHaTa U Lene-
Ba CTOMHOCT Ha BHECeHWTe COpTOBE, OCBEH
BNIMSTHWETO Ha reHoTuna, UrpasaT BaxkHa po-
NS M cuctemMaTa Ha pasmMHoXasaHe, CeJsiCKo-
CTONAaHCKNTE 1 NMOMO-TEXHONOTUYHN MEPKMN.

Mpun 3acaxgaHeTo Ha Arof40Bu pacTe-
HMa B Cbpbus, cbllecTBYBaT Pas/iMyHU
cucTemMn 3a oTrfiexaaHe, cpef Kouto npes
nocnegHUTe rogvHM OMUHMPA TEXHO/0TUSA-
Ta 3a oTriexgaHe BbPXY KOHCTPYKLUN,
nokpuTK ¢ nonnetuneHoso conmo (PE), cbe
3a4b/DKUTENIHA NHCTa1IaUna Ha HanouTenHa
cuctema. Bbnpeks ToBa, OCHOBaBaiiku ce
Ha NPUHUMNUTE Ha CbBPEMEHHAaTa TeXHO/O-
M 3a OTI/IexJaHe Ha OTKpWUTOo, Aroaure
3acafieHn B opaHxepuu, npegcrasnsasar
camo 5-10%. EQWH OT NO-HOBUTE Ha4YuHU 3a
WHTEH3VBHO MNPOM3BOACTBO Ha Arogn B
opaHXepuu e NocTaBAHETO Ha HUCKU TyHe-
nn. OcHoBHaTta Uefl Ha HacToALETO W3-
cnefBaHe e fa ce uscnefBa Bb3geicTBue-
TO Ha reHoTuna n cuctemMara Ha oTriexga-
He BbpXy BEretatMBHUA U PasMHOXUTENEH
noteHuman, eHoIoTNYHUTE XapakTepucTu-
KM 1 KayecCTBOTO Ha MN/I040BETE Ha paHHo-
3peeLym Arof4oBM COpTOBE.

MATEPVAT N METOOU

WN3cnegBaHeTo e NPoOBEfEHO B €KC-
nepumMeHTasIHO SArof0BO HacaxieHwe B
WN3cneposartesickm MHCTUTYT MO  OBOLiap-
cTBO B Yakak (43° 53 'N, 20° 20' E, 225 m
HagMopcka Buco4yMHa) npe3 2016 T.
3acaxgaHeTo Ha pacTeHuWs € W3BBbPLUEHO
npes asryct 2015 r,. nog dhopmara Ha
pefoBe MOKPUTU C 4YEepHO MNOMETUIEHOBO
¢honmno ¢ pascTosHMe Ha 3acaxpgaHe ot 30 X
30 cm. EKCNepuMMEeHTBT e € Bb3aencTBue Ha
ABa hakTOpa, T.e. aHanmMsMpaHum ca
reHoTna W Ky/ATMBaLMOHHATa CcucTema.
EkcnepMMeHTbT € npoBefeH BbPXy [ABa
paHHO 3peeln Arogosu copta "Knepu' wu
"lapga”, B ABe CUCTEMU Ha oTrnexjaHe
(oTKpUTO nNosie M HUCKM TyHesnm) ¢ 20
pacTeHMss BbB BCEKM BapuvaHT B 3
nostopeHus. Mo BpemMe Ha ekcnepumeHTa,

strawberry cultivars, have been
introduced, including early strawberry
cultivar 'Garda’, created under the CRA-
FRF - Agricultural Research Council -
Fruit Crop Research Unit Forli, Italy.
When defining the production and use
value of introduced varieties, apart from
the genotype influence, the system of
breeding, agricultural and pomo-technical
measures play the important role too.

In planting strawberry seedlings in
Serbia, there are different systems of
growing, among which, in recent years the
growing technology on joists covered with
a polyethylene foil (PE) is dominant, with
obligatory installation of the irrigation
system. However, apart from the plants
based on the principles of modern
growing technology in the open field,
strawberries planted in greenhouses
accounts for 5-10% only. One of the
newer ways of intensive strawberry
production in greenhouses is setting low
tunnels. The main objective of this
research was to examine the effect of
genotype and cultivation system on the
vegetative and generative potential,
phenological properties and fruit quality of
the early ripening strawberry cultivars.

MATERIAL AND METHODS

The study was performed at the
experimental strawberry plantation at the
Fruit Research Institute in Cacak (43° 53’
N, 20° 20’ E, 225 m altitude) in 2016. The
planting of frigo plants was performed in
August 2015, in the form of the banks,
covered in black polyethylene foil with a
planting distance 30 x 30 cm. The layout
of the experiment was a completely
randomized design, with the effect of two
factors, viz. genotype and cultivation
system, analyzed. The experiment was
conducted on 2 early ripening strawberry
cultivars ‘Clery’ and ‘Garda’, in 2
cultivations system (open field and low
tunnels) with 20 plants in each treatment
in 3 replications. During the experiment,
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HacaXxaeHneTto € noAdJ/IoKeHO Ha CTaH-

[JapTHW  arpoTeXHWYeckn  MeponpuaTuUs,
BK/IOUMTESIHO  CMCTEMA 3@  KankoBO
HarnosiBaHe.

OnpefenaHeTo Ha napameTpute Ha
BeretaTMBHWS MNOTEHUMan ce Wu3BbpLlUBa
ype3 cTaHJapTHU MOPAOMETPUYHU METOAM
n 6poeHe. HabnwpgaBaHu ca cnegHute
napameTpu: BMCOYMHA Ha po3eTkaTa (cm),
6poi po3eTKM 1 Bpoit N1CcTa Ha po3eTka.

PasMHOXWUTENHMAT NOTeHunan Ha
arogara BK/OYBa criegHuUTe napameTpu:
6poli acTyHN Ha pacTeHue, 6poii nnogose
Ha nactyHa, 6poii nnofoBe Ha pacTeHue u
pobvs oT pacTteHue (g). WamepBaHeTo e
M3BbPLUEHO M HabnwgasaHo upe3 np-
6posiBaHe M [o06MB OT pacTeHue, oripe-
[eneHo upe3 u3MepBaHe Ha TernoTo Ha
CbbpaHuTe NAoLOBE BbB BCAKA PekonTa U
obob6uiaBaHe Ha gobrmBa OT  BCUYKK
pekonTu.

KauyecTBOoTO Ha nnogoseTte ce onpe-
Jena oT cnefHuTe napameTpu: Tersio Ha
nnoga (g), Ab/mMKMHA Ha naoga (mm), Wupo-
ymMHa Ha nnoga (mm), MHAEKC Ha niogosara
dhopMa, TBBPAOCT U CbAbPXaHWe Ha pas-
TBOPUMKM Cyxu BewecTtBa. CnomeHatute
napameTpu ce onpefenst upes cTaH4apTHU
MOpPOMETPMYHN MeToamn Ha npoba ot 20
nnoga ot nostopeHue (ob6wo 60 nnoga ot
pekonTta, 3 nosTopeHus, 20 nsogose OT
BCSIKO) B MbJ/IHA 3pANOCT. TernoTo Ha nnoga
ce onpegens ypes3 M3MepBaHe No aHanu-
TMyHata ckana Mettler ¢ TouHocT + 0.01 g.
CToilHOCTTa Ha nokasartens 3a dopma Ha
naoga ce nosy4yasa Ypes UsyncneHune, ycra-
HOBSIBALLO CbOTHOLUEHWE MeXAy Ab/hKuHa-
Ta Ha naoga v LWMpoynHaTa, M3MepeHu C
TOYHOCT OT = 0.05 mm ¢ gurntaneH wyonep

(Carl Roth, Germany). TsebpgocTTa Ha
nnoga ce onpedens 4pes M3nosi3BaHe Ha
neHeTpoMeTbP.

deHonornyHuTe XapakTepucTUKu

BK/IlOUBAT (peHosiornyHa pasa Ha nepuoga
Ha ubdTex (Havano, Kpaih, NpogbKUTEN-
HOCT) U 3peeHe (Hayasio, Kpai, npoab/-
XuUTenHocT). Bpemeto 3a ubgTEHE Ha
Aarofara e onpefesieHo ypes oTbens3saHe
Ha HavasnHata gata (korato ca pasTBOPeHU
10% oT uBeTOBETE) M Kpas Ha LUbTex
(korato BeHuyenuctyetata Ha 90% oOT
uBetoBeTe onazgsar). PeHonornyHa gasa
Ha pacTex ce onpefgens C OTYATaHe Ha

the plantation was subjected to standard
cultural practices, including a drip-
irrigation system.

Determination of the vegetative
potential parameters was performed by
standard morphometric methods and
counting. The following parameters were
observed: rosette height (cm), the number
of crowns per rosette and the number of
leaves per rosette.

Within  generative potential  of
strawberry, the following parameters were
monitored: number of fruiting stalks per
plant, number of fruits per fruiting stalks,
number of fruits per plant and yield per
plant (g). Measuring was performed and
monitored by counting and yield per plant
determined by weight measuring of
harvested fruit in every harvest and yield
summing of all vintages.

Within fruit quality, the following
parameters were monitored: fruit weight
(9), fruit length (mm), fruit width (mm),
index of fruit shapes, firmness and soluble
solids content. The mentioned parameters
are determined by standard morphometric
methods on the sample of 20 fruit per
replication (a total of 60 fruits per a
harvest, 3 replications, 20 fruits each) in
the full maturity phase. Fruit weight is
determined by measuring on analytical
scale Mettler, with accuracy of £ 0.01 g.
The value of fruit shape index is obtained
by calculation, establishing relationship
between fruit length and fruit width,
measured by digital calliper (Carl Roth,
Germany) accuracy of £ 0.05 mm. Fruit
firmness is determined by using a
penetrometer.

Within phenological characteristics,
phenology phase of flowering time (start,
end, duration) and ripening (beginning,
end, duration) was tested. Flowering time
of strawberry was determined by
recording the start date (when open 10%
of flowers), and the end of flowering
(when 90% of flowers decline coronal
leaflets). Growth phenology phase was
determined by the recording start date
(when ripen 10%) and the end of maturity
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HavyanHaTa gata (10% ys3penu nnogose) u
Kpasa 3penoctta (nocnegHus neH  oT
npubupaHe Ha pekontata). MpogbmkuTen-
HOCTTa Ha nocoyeHuTe hasn ce n3passsa B
OHn,

[aHHuTe, nonyyeHn B nscneaBaHeTo
ca 06paboTeHn C BapuaumoHeH aHa/In3 Ha
duwep (ANOVA, F test) n ctatuctnyecknst
coptyep STATISTICA Bepcus 8.0 (StatSoft,
Inc., Tulsa, OK, CAL). AHanm3ute ca us-
BbpLUEHN B TPW MOBTOPEHUA U NOJSyYEHUTE
CTOMHOCTM Cca u3paseHn kaTo cpegHa
CTOMHOCT. V3BbpLUEHO € TecTBaHe Ha
3HAUMMOCTTa  Ha  pas/iMkite  Mexay
HauMHUTEe Ha o06paboTka ”n edekta OT
B3aMMOJelicTBMETO UM, KaTo Ce M3non3sa
LSD TecT 1 H1BO Ha 3HaumMmocT oT 0.05.

PE3YJITATU N OBCBXXOAHE

Jo6MBBLT OT SAirogun € cBbp3aH C Be-
reTaTUBHUS NpUpacT Ha pacTeHusaTa, KO-
TO Ce NocTura Ypes CbBpeEMEHHaTa TEXHO-
norns, ocurypsieawia Hani-gobpo passu-
TMe Ha usanoto pacteHne (PeSakovi¢ et
al., 2015; Tomi¢, 2016). Chercuitte et al.
(1991) nocouBaTr, 4Ye HaW-KXU3HEHUTE
pacTeHuss pgaBaT Hali-BUCOKM [06MBWN.
Tabnnua 1 nokasea B/IMSIHMETO Ha reHo-
TMNa u cuctemarta 3a OTIiexgaHe Bbpxy
napameTpuTe Ha BereTaTMBHUA MNOTEH-
unan B arogarta. 3HauWTeNHO MO-BMCOKU
CTOMHOCTM 3a 6poii NncTa Ha po3eTka ca
onpegeneHn B "Knepu" B cpaBHeHWe C
"Tapga”. CbLyo Taka, Hali-ronsima BUCo4u-
Ha Ha poseTkara € oT4yeTeHa npu copT
"Knepn" n cucrtema 3a npou3BOACTBO C
HUCKM TyHenn (dwurypa 1). Mpu copT
"Mappa" HAMa 3HauuMTesiHa pas/inka BbB
BMCOUMHATA Ha pacTeHusdATa B [ABeTe
uscnefBaHn CUCTEMM 3a OTIIEXAaHe.
lonsimaTa XM3HEHOCT, obade, He BUHAru
BOAM [0 BUCOKM [06UBM, OCOGEHO, ako
XWU3HEHMAT TEHOTUM Cce KOMOGUHMpa C
NoaXoAsilM  arpoTEXHOIOTMYHN  Mepo-
npuaTtusa (Shaw, 1993). Mo Tasu npuyunHa,
npyM MakcumanHO yBesiMyaBaHe Ha pac-
TEXHUA NOTeHuman Ha sarogute, Tpsibsa
Ja ce oObpHe cneumanHo BHUMaHWE Ha
6anaHCcMpaHOTO CbOTHOLUEHME  MEeXAy
BereTaTMBHMA pacTeXx 1 NPoAyKTUBHOCTTA
(Chercuitte et al., 1991). Bucokata cToii-

(the last day of the harvest). Duration of
the mentioned phases is expressed in
days.

The data obtained in the research
was processed applying the Fisher model
of variance analysis (ANOVA, F test) and
the statistics software package
STATISTICA version 8.0 (StatSoft, Inc.,
Tulsa, OK, USA). The analyses were
performed in three replications and the
obtained values were expressed as the
mean value. Testing the significance of
differences between the means of the
treatments and their interaction effects
was performed using the LSD test and the
significance level of 0.05.

RESULTS AND DISCUSSION

Bearing in mind that strawberry
yield positively correlates with the
development of a plant, it is very
important that by modern technology of
growing the best possible development of
each of the crown in a plant and of the
entire plant is obtained (PeSakovi¢ et al.,
2015; Tomi¢, 2016). Chercuitte et al.
(1991) point out that the most vigorous
plants give highest yields. Table 1. shows
the impact made by the genotype and
cultivation system on the parameters of
vegetative  potential in  strawberry.
Significantly higher values for number of
leaves per rosette was determined in
‘Clery’ compared to ‘Garda’. Also, the
highest rosette height was obtained
through the interaction between ‘Clery’
and low tunnels production system
(Figure 1). With cultivar ‘Garda’ there was
no significant difference in plant height in
both  cultivation system examined.
However, great vigour does not always
result in high yields, particularly if the
vigorous genotype is combined with agro-
technical practices that further favour
vigorous tillers (Shaw, 1993). For this
reason, at maximizing the growth potential
of strawberries, a particular attention
should be paid to a balanced ratio
between vegetative growth and
productivity. (Chercuitte et al., 1991). A
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HOCT Ha 6poi1 Nao4oBe Ha NacTyHa B copT
"Knepun" He BOoAn OO0 Hali-BUCOKM A06GMBU
OoT copTta. "Knepn" uma ymepeHo BUCOKa
NPOAYKTUBHOCT, KOATO € 6/n3ka [0 Tasu
Ha copt "Tappga". Cuctemarta 3a OTIex-
JaHe 1 B3avMofeicTBMe Ha NpoyyBaHuTe
pakTopn (reHOTUN 1 NPOAYKTMBHA cuUcTe-
Ma) He ca npeau3BMKasn MPOMEHN B
CTOMHOCTUTE Ha napameTpute Ha pas-
MHOXWTETHUSI MOTEHLMa Ha TeCTBaHUTE
copToBe nnogose (Tabnuua 2).

high value of the number of fruits per
fruiting stalks in cultivar ‘Clery’ did not
result in highest yields of the cultivar.
‘Clery’ had moderately high productivity,
which was close to the productivity of
‘Garda’. Cultivation system and interaction
of study factors (genotype and production
system) have not caused any changes in
parameter values of the generative
potential of the tested fruit varieties (Table
2).

Tabnuua 1. BnnsAHue Ha reHoTuna W cucTemata Ha OTr/AexgaHe Bbpxy
napameTpuTe Ha BereTaTUBHWUA NOTEHUWa Ha Arogarta
Table 1. Impact made by the genotype and cultivation system on the parameters

of vegetative potential in strawberry

BucounHa Ha

Bpoli po3eTkn Ha Bpoii nucta Ha

p03eTKr?eTia/r|]=:osette pacteHne/Number of posetka/Number of
(cr?w) crowns per rosette  leaves per rosette
Coprt/Cultivar ‘Clery’ 23.8+09a 25+£0.1a 16.8+1,3a
(A) ‘Garda’ 23.6+0.7a 23+0.1a 86+0.4b
Cmara  Haotkputo/Open 534,494 25+01a 137+24a
oTrnexaaHe/Cultivation field
system Huckn TyenmiLow 53 4 4 0 g 5 23:01a 117+15a
(B) tunnels
ANOVA
A ns ns *
B ns ns ns
AxB ns ns

Pas3nnyHuTe Masku GykBU(a) B KO/IOHATa MOKA3BaT 3HAUUTESHW Pas3/MKW CPef CPeAHWTE CTOMHOCTM mpu

P<0.05 upe3 LSD Tect

The different small letter(s) in column indicate significant differences among means at P<0.05 by LSD test

26 a
€ 25
L
g 24
2
o 23 b
o)
o 22
)
8
20

ab

ab

Low tunnels Open field Low tunnels Open field

‘Clery

‘Garda’

dur. 1. BnnaHne Ha reHoTuna U cuctemMa Ha oTrfiexgaHe BbpXy BuUcouMHaTa Ha

poseTkaTta

Fig. 1. Influence of genotype and production system on rosette height
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Tabnuua 2. BnusHMe Ha reHoTMnNna W cuUCTeMa Ha OTrexgaHe BbpXy
pPa3MHOXMUTETHNA NOTeHUMan 1 NPOAYKTUBHOCTTA Ha aroguTte

Table 2. The influence of genotype and production system on the generative
potential and productivity of strawberry

Bpoii nnogose

Bpoii nactyHn Ha o [o6us oT
Ha Bpoi nnogose Ha ;
pﬁﬂﬁﬂtﬁn\ggﬁsernacrylml Number pacteHne/Number paCTng mg/r\](;eld
or glant of fruits per  of fruits per plant P p)
perp fruiting stalks
Copt/Cultivar ‘Clery’ 28+0.1a 82+04a 224+14a 467.6+38.1la
(A) ‘Garda’ 28+0.2a 6.1£04Db 241+3.0a 5125+50.1a
C-mawa Haotkputo/Open 54,64, 71+08a 216+1.8a 486.6+5l2a
oTrnexgaHe/Culti field
vation system - Hucku yHenm/iLow 5 g, 5 5 5 72+04a 249+26a 4934+392a
(B) tunnels
ANOVA
A ns * ns ns
B ns ns ns ns
AxB ns ns ns ns

Pas3nuyHuTe Masku GykBU(a) B KO/IOHATa MOKA3BaT 3HAUMTESIHW Pa3fiMKW CPef CPeAHWTE CTOWHOCTU npu

P<0.05 upe3 LSD TecT.

The different small letter(s) in column indicate significant differences among means at P<0.05 by LSD test.

[atute 3a Havano, kpa u npo-
OB/DKUTENIHOCT Ha UbiTexa 1 3peeHeTo
ca nokasaHu B Tabnuua 3.

Tabnuya 3 BnusHme Ha reHoTmna

Dates for the beginning, end and
duration of flowering and ripening are
shown in Table 3.

n cuctemMarta Ha OoTrexgaHe BbpXy

heHON0rMYHNTE XapakTePUCTUKN Ha arogaTa
Table 3. The influence of genotype and production system on the phenological

traits of the strawberry

Ha oTtkpuTo/Open field

Huckn TyHenw/Low tunnels

LibhTex

Flowering Ha_qanp Kpai ﬂpO,q'bﬂM(MTenHOCT Ha_qanp Kpai I‘Ipo,u,bnmm_TenHOCT
Beginning End Duration Beginning End Duration
‘Clery’ 10.04. 05.05. 25 04.04. 28.04. 24
‘Garda’ 11.04. 06.05. 25 02.04.  28.04. 26
CpepHo/Average 11.04. 06.05. 25 03.04.  28.04. 25
Ha oTkputo Huckn TyHenu
Y3psBaHe Open field Low tunnels
Ripening Hauano Kpai MpogbmxuTenHocT Havyano  Kpaii [MpogbmkuTtenHocT
Beginning End Duration Beginning End Duration
‘Clery’ 11.05. 02.06. 22 01.05.  29.05. 28
‘Garda’ 10.05. 01.06. 22 02.05.  01.06. 30
CpepgHo/Average 11.05. 02.06. 22 02.05. 31.05. 29

CpefHute CTOMHOCTM nokaseat, 4e
HayasIoTo Ha UbdTeX B cuctemara C
HUCKUTE TyHe/M 1 3a f[Bata copta € B
Hayasnoto Ha anpwn (Ha 4 anpwun 3a copt
"Knepu" un Ha 2 anpun 3a "Tapga").
LibthbTexxbT B Hacax-AeHWATa Ha OTKPUTO
3arnoyHa cpegHo 8 AHM no-kbCcHo (Ha 10
anpun npu "Knepu" u Ha 11 anpwun npwu
"lapaa’), OTKOSIKOTO B HUCKATE TyHesu,
JoKaTo cpegHata Npo-Ab/DKUTENHOCT Ha
UbPTEX € efHa W cblia npu  gseTe

The average values show that the
onset of flowering in low tunnels system
for both cultivars was at the beginning of
April (on 4 April in ‘Clery’ and on 2 April in
‘Garda’). Flowering in the open field
started at an average of 8 days later (on
10 April in ‘Clery’ and on 11 April in
‘Garda’) than in the low tunnels, while the
average duration of flowering was the
same in both systems of cultivation (25
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cuctemn 3a otrnexgaHe (25 gHu). deHo-
(haszaTta Ha y3psiBaHe 3anoysa Npe3 NbpBa-
Ta [eceTAHeBKa Ha Mmali B cuctemata C
HUCKM TyHenu (1 maii npy "Knepu" n 2 mai
npv "rapga™), a npes BTOPOTO AeceTunietue
Ha Mali B OTKpuTO nosne (Ha 11 mai npwm
"Knepu" n Ha 10 mai npn "Tapga™).
CopTtoBeTe rpaguHCKy Arogy mmart
nA040Be C pasnunyeH pasmep, KOTO 3aBUCK
OT TreHOTWNa, €eKosorMyHUTEe  hakTopu,
cuctemMata Ha oTriexgaHe, Bb3pactta
BpeEMETO Ha 3peeHe. Pesyntatute oT
hm3nyecknTe XapakTepUCTUKM Ha arogute
3aBuCelUM OT reHoTuna K cuctemara Ha
oTrnexagaHe ca npegcraseHu B Tabnuua 4.

days). The ripening stage began in the
first decade of May in low tunnels system
(on 1 May in ‘Clery’ and on 2 May in
‘Garda’), and in the second decade of
May in open field (on 11 May in ‘Clery’
and on 10 May in ‘Garda’).

The cultivars of garden strawberry
have a fruit with various size, which
depending on the genotype, ecological
factors, the cultivation system, the age
and the time of ripening. The results of
physical properties of strawberries
depending on the genotype and
cultivation system are shown in Table 4.

Tabnuua 4. BnusiHMe Ha reHoTuna W cuUcTeMata Ha OTrexgaHe BbpXY
P13nNYEeCKMTE XapaKTeEPUCTUKM Ha ArogoBUTe N10A0BeE
Table 4. The influence of genotype and production system on the physical traits

of the strawberry fruit

ObmkuHa Ha  LWvpoynHa Ha

TBbPAOCT Ha

Terno Ha nnioga nnoga nnoga MHpekc Ha nnoga
Frwt(\év)aght Fruit lenght Fruit width Sﬁ): p%Mi?]sz Fruit firmness
(mm) (mm) (N)
Copr/Cultivar ‘Clery’ 20.7+14a 395+12a 331+03b 12+00b 106+06b
(A) ‘Garda’ 21.7+14a 395+08a 353+07a 11+0.0a 151+09a
C-ma Ha Ha oTkpuTto
oTrn./Cultivatio  Open field 222+12a 398+x03a 347x09a 12x00a 136x1l6a
n system Huckn TyHenn
(B) Low tunnels 20.3+06a 391+07a 33.7+03b 12+00a 121+06a
ANOVA
A ns ns * * *
B ns ns * ns ns
AxB ns ns * ns *

CToiiHOoCTUTE BbB BCAKa KO/IOHA, NocneABaHn OT efHa 1 cblua OykBa, He ce pasnnyaBaT 3Ha4YUTesHO npu
P <0.05 (LSD Tecr).

Values within each column followed by the same letter are not significantly different at the P < 0.05 (LSD
test).

Bb3 ocHoBa Ha aHa/iM3a Ha
noslydyeHnTe JaHHW MOXe fa ce oTbenexw,
ye LUMpoYMHATA, MHAEKCHT Ha copmarta u
TBbPAOCTTA Ha M/I040BETE Bapupar oA
B/IMSIHME Ha reHoTuna, M ca 6wnn Hain-
BMCOKWTE CPeHN CTOMHOCTY NO OTHOLUEHNE
Ha ropecnomeHatute napameTpun, peruc-
TpupaHu 3a copt "lapga". lWupuHata Ha
naoga sapvpa B 3aBUCMMOCT OT CUCTEMUTE
3a OTrnexgaHe M umMa 3HauyuTesIHoO Mo-
BMCOKa CTOWMHOCT B CUCTEMAaTa Ha OTrex-
JaHe Ha Aroau Ha OTKPWUTO B CpaBHEHWE C
HUCKUTE TyHesiM. B CbLOTBETCTBME CbC
3HauMTENHO MO-rfofiIAMa LWKPUHA Ha Aroau
OTINeXpaHn B Nosie Ha OTKPUTO, 3Hauu-
TENHO NO-BMCOKa CTOMHOCT Ha TO3WU napa-

Based on the analysis of the data
obtained, it can be seen that the width,
shape index and fruit firmness varied
under the influence of the genotype, and
were the highest average values in
respect of aforementioned parameters
registered in cultivar ‘Garda’. The fruit
width varied under the influence of
cultivation systems and had significantly
higher valuef recorded in the system of
cultivation strawberries in the open field
as compared to the low tunnels. In
accordance with a significantly greater
width of strawberries cultivated in an
open field, a significant higher value of
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MeTbp ce Habnwgasa npu B3auMoaeit-
CcTBMe Ha copT "Mapga” n KyntMBaunmoHHaTa
cucTemMa Ha OTKPUTO BbB BPb3Ka C BCUYKK
apyrm  B3ammopgencTteua  (durypa  2).
FeHOTMNBT OKasBa 3HaAYMTEe/IHO BAUAHWE
BbpXy TBbPAOCTTA Ha N/ofoBeTe, A0KaTo
Hali-TBbpA, € nnoga npu copt "Tapga”.
OcBeH TOBa, NpV B3aMMOAENCTBME C HUCKM
TyHenu, "Tapga” gaBa Hali-BUCOKM CTOW-
HOCTM MO OTHOLWIEHWe Ha TBbPAOCTTa Ha
nnogosete (Purypa 3).

37,0
36,0
35,0
34,0 b
33,0
32,0
31,0
30,0

Fruit width (mm)

this parameter was observed in the
interaction of cultivar ‘Garda’ and the
cultivation system in the open field in
relation to all other interaction effects
(Figure 2). Genotype had a significant
impact on fruit firmness, while the highest
fruit  firmness  was in ‘Garda’.
Furthermore, when interacting with low
tunnels,‘Garda’ gave the highest values in
terms of fruit firmness (Figure 3).

Low tunnels Open field Low tunnels Open field

‘Clery’

‘Garda’

dur. 2. BAnsiHMe Ha reHoTMna 1 cucteMaTa Ha OoTr/iexaaHe BbpXy WuprHaTa Ha

nnoga

Fig. 2. Influence of genotype and production system on fruit width

18
16
14

12 ¢ bc

Firmness of fruit (N)
(9]

oON B O

Low tunnels

‘Clery’

Open field Low tunnels

Open field
‘Garda’

dur. 3. BimaHne Ha reHoTMna 1 cmctemarta Ha oTriexgaHe BbpPXy TBbPAOCTTa

Ha njoga

Fig. 3. Influence of genotype and production system on fruit firmness
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lMprnemaHeTo Ha ArogoBuUTE NIOL0BE
OT noTpebuTenute 3aBUCU [0 rofsAMa
CTeneH OT MN0A0BMA BKYC, TACHO CBbp3aH
CbC CbAbpPXaHMETO Ha pasTBOPUMM CyXu
Bewectsa (Tulipani et al., 2008). Bb3 ocHO-
Ba Ha JaHHWTe, NpeAcTaBeHn B Tabnuua 5,
MOXEeM fAa 3aKniuMMm, 4Ye TeHOTUNBLT WU
cuctemara Ha OTriexaaHe He ca uMasu
3HauMTeNHO Bb3AeiCcTBUE BbPXY pasTBopu-
MUTE Cyxu BewecTsa B Arogute. CpegHute
CTOHOCTUN Ha CbAbPXAHMETO Ha pasTBOPU-
MU Cyxu BellecTBa BapupaT oT 10.7% pfo
11.0%. Ype3 m3yyaBaHe Ha COPTOBE/HOBU
Cesfiekuun C pas/IMyHoO Bpeme Ha y3psiBaHe,
Milivojevi€ et al. (2015) ycTaHOBABaT 3HaUM-
TEJIHN pas3inynsa rno OTHOLLEeHUE Ha CbAbp-
XaHWeTo Ha pas3TBOpMMM CyYXWU BeLecTsa
cpef v3cnegBaHUTE COPTOBE BbB BCUYKM
hasn Ha y3psABaHe, C U3KIYEHWE Ha
copToBeTe C paHHO y3psiBaHe, 6e3 ga ce
oT6enexun 3HaunTeHa pasnvka.

Consumer acceptance of
strawberry fruits depends to a great
extent on fruit flavour, closely associated
with soluble solids content (Tulipani et al.,
2008).

Based on the data presented in Table 5
we can concluded that genotype and
production system had not significant
effect on soluble solids in strawberry fuit.
Average values of soluble solids content
ranged from 10.7% to 11.0%.

By studying cultivars/new selections of
different ripening time, Milivojevi¢ et al.
(2015) founded significant variation in
respect of soluble solids content among
tested cultivars in all ripening stages,
except in varieties of early ripening time,
whith no significant difference noted.

Tabnuuya 5. BinsiHue Ha reHOTUNa CUcTeMa Ha oTrnexgaHe Bbpxy pasTBopumMuTe

CyXW BeLeCTBa Ha ArofoBus Naog,

Table 5. The influence of genotype and production system on the soluble solids

of the strawberry fruit

PastBopumun B-Ba
Soluble solids (%)

Coprt/Cultivar ‘Clery’ 10.9+0.1a
(A) ‘Garda’ 10.8+0.2a
C-ma Ha oTr./Cultivation system  Ha otkputo/Open field 10.7+0.2a
(B) Hucku TyHenw/Low tunnels 11.0+0.1a
A ns
B ns
AxB ns

CToiiHOCTUTE BBB BCSIKA KOJIOHA, MOC/IeABaHN OT efHa U Cblua GykBa, HE Ce pas3/iMyaBar 3HauUTesIHO npu

P < 0.05 (LSD Tecr).

Values within each column followed by the same letter are not significantly different at the P < 0.05 (LSD

test).

N3BOAN

KaTo ce nma npeggug, ye nnogose-
Te OT AroAu, OTrNeXaaHn B HACKW TYHENN,
y3paBaT 10 gHW Mo-paHO OTKOJIKOTO Npw
MOJICKN YCNOBWS, OTIEXAAHETO Ha AroAn
B HWUCKM TyHENM MOXe fAa ce cunTta 3a
onpaBAaHo OT [/iefHa Touka Ha nonyda-
BaHe Ha NJiofoBe 3a PaHHO MPOU3BOA-
CTBO Ha Arogu.

OcBeH ymepeHaTa MpOAYyKTUBHOCT
W paHHo y3psiBaHe, NPOMEHNTE BbB In3N-

CONCLUSIONS

Taking into consideration that
strawberry fruits grown in low tunnels
ripen 10 days earlier in relation to open
field, growing strawberry in low tunnels
can be considered justified from the
aspect of obtaining fruits for early
strawberry fruit production.

Apart from its moderate productivity
and earliness, changes occured in
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YecKuTe xapakrepuctukn Ha copt "lapaa”
(wwnpuHa, nHaekc Ha copmata U TBbP-
[0CT) nokaseaT, Ye MOXe fa ce npenopb-
Yya 3a MO-UHTEH3VBHO pasliupsiBaHe Ha
npon3BOACTBOTO.

BJTIATOAAPHOCTWU

W3cnepBaHeTo B HacToswara cra-
™ma e 4vact ot [poekt TR - 31064,
mHaHcupaH oOT  MMUHUCTEPCTBOTO Ha
06pa3oBaHMeTo, Haykata U TeXHOsormy-

physical characteristics of the fruit variety
‘Garda’ (width, shape index and firmness)
indicate that it can be recommended for
more intense expansion in the production.
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"Hapga"™ oTrnexpnaH B Tpu paioHa Ha Cbpous
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Productive traits of new cultivar ‘Nada’
grown on three localities in Serbia

NebojSa MiloSevic*, lvana GliSi¢, Branko Popovic, Olga Mitrovi¢

Fruit Research Institute, Kralja Petra 1/9, 32000 Cacak, Republic of Serbia

PE3IOME

OT ocHOBaBaHeTO Ha M3cneposartesi-
CKW WHCTWUTYT MO oOBOLWApcTBO Yauyak npes
1947 po 2012 ca cb3pgafdeHn netHageceT
copta CUHW C/AvMBU. HAKOM OT TAX, Kato
.HJayaHcka nenotuua”, ,YayaHcka pogHa" u
,HauaHcka Halibonsa" ca CBETOBHO M3BECT-
HW. Hali-HoBMAT cb3dageH copT "Haga" ce
Xapaktepusumpa C Tro/fleMl, TbMHO CUHMU
nnofose, C MHOIO [06pO KayecTBo, C
yMepeHa cuia Ha pacTexX W TOJIepaHTHOCT
KbM BMpyca Ha Wwapka. Lien Ha HacToaLoTo
n3cnefBaHe e fia ce OLUEHAT NPOAYKTUBHUTE
XapaKkTepuCcTUKN Ha TO3W COPT, OTrNexaaH B
TPU MecTopacTeHus B Hail-BaxkHUTe palioHu
3a C/MBONPOM3BOACTBOTO Ha Cbpbusa 3a
nepuoga 2014 po 2016. MbpeBuTe ABe
mMecTopacTeHus — Jllobud u bpecHuua, ca
pasnonoxeHn B obnactta Ha Yauvak, a
TpeTtoTto — CTtanap, B palioHa Ha Baneso.
MeproabT Ha Ub(TEX € efHaKbB 3a TpuTe
paiioHa ¥ roAuHW, HO uMa onpegeneHu
pasnukn B GeputbeHus nepuod. Haii-
ronemMm CTOMHOCTM 3a Terno Ha nnoga
(51.19 g), Terno Ha koctuika (1.73 @),
CbOTHOLLEHME Ha N1040BO Meco (96.61%) n
NVHeHW pasmepu Ha nnoga (BUCOUYMHA,
lwmpoynHa 1 aebenvHa) ca ycTaHOBEHU 3a
copT “"Haga", oTtrnexgaH B paiioHa Ha

SUMMARY

Since initiation of Fruit Research
Institute, Cacak in 1947 until 2012, fifteen
plum cultivars were named and released.

Some of them, such as ‘Catanska
Lepotica’, ~ ‘Cacanska  Rodna’ and
‘CaCanska Najbolja® are well known

worldvide. The latest released -cultivar
was ‘Nada’ characterized by large, dark
blue fruits of very good quality, as well as,
moderate vigour and tolerance to Sarka
virus. The aim of this study was to
evaluate productive traits of this cultivar
grown on three localities in the most
important plum growing regions in Serbia
during the period 2014-2016. The first
two localities ‘Ljubi¢’ and ‘Bresnica’ are
situated in area of Cacak, and the third
locality ‘Stapar’ was situated in area of
Valjevo. Flowering time was similar in all
localities and years, but there were some
differences in harvesting time. The largest
values of fruit weight (51.19 g), stone
weight (1.73 g), flesh percentage
(96.61%) and linear dimensions of fruit
(height, width and thickness) were found
in cultivar ‘Nada’ grown on locality ‘Ljubi¢’,
while all these traits were the smallest on
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NMobuy, [oKaTo BCUYKU TE3U XapakTepHW
6enesn ca Haii-mankm B palioHa Ha
BpecHuua. Hali-BUCOKMAT A06MB OT AbPBO
(23.61 g) 3a egnHMua naow, 1 edPEKTUBHOCT
Ha pobusa (0.12) ca HabnwopasaHu Mpu
TO3NM copT B panoHa Ha Cranap. Haii-
rofsMOTO  CbAbpXaHne Ha pasTBOpUMY
cyxum BeujectBa (15.50%), 06wy 3axapu
(11.46%) n 3axaposa (5.58%) u CTOIAHOCT
Ha pH Ha coka (4.33) ca oTueTeHu npu copT
"Haga", oTrnexaaH B paiioHa Ha bpecHuua,
[OKaTo  Hali-roNIsiMo  CcbAbpXaHWe Ha
MHBEPT-HM 3axapu (7.25%) n KonmyecTso Ha
06N KUCEe/IMHM e YCTaHOBEHO B copTa
oTrnexgaH B palioHa Ha Jliobuy.

KnwouoBn  gymn:  NpoayKTVBHM
XapakTepucTuku, "Hapa", Tpu
MeCcTOMNooXeHNsl, [OOUB, XMMUUECKN CbCTaB

YBO/,

CnvBata e Tpaguu/MOHHa OBOLHA
Kyntypa B Cbpbua u Hail-BaxHa OT rnegHa
Touka Ha obema Ha npon3BoAcTBO. Cbpbus
Ce Hapexgja Ha nMbpeBO MACTO B EBpona u
BTOPO B cBeTa, cnepj Kutail, ¢ roguwHo
npoussoActeo Ha cnuem 507.987 TOHa
(cpegHo 2010-2014 r.) ot 120000 xekTapa
3emsa (FAOSTAT, 2016). Cpb6CcKOTO Npouns-
BOACTBO Ha C/MBWM Ce Xapaktepusupa cC
€KCTEH3VBHa TEXHO/IOTVA Ha OoTriexaaHe,
HUCKN HecTabunHn fo6MBK, HUCKOKaYecTBe-
HW nnogose, npobnemu, Npean3BuUKaHN OT
BMpyCca Ha LWwapka M MHOrobpoiHOCT Ha
coptoBeTe (Nenadovi¢-Mratini¢ et al., 2007;
MiloSevi¢ et al., 2012; MiloSevié¢ et al.,
2013). Haii-uecTo cpellaHuTe copToBe ca
"YauvaHcka flenotuua”, "YauaHcka PopgHa',
"CteHneii", "YauaHcka  Haibons" nu
"YayaHcka PaHHa" (MiloSevi¢ and MiloSevig,
2012). Paunovi¢ et al. (2011) yTouHsBaT, 4e
JOMUHMpaLLla M NpakTUYeckn efuHCTBeHa
Nnoa/IoXKa, nU3non3saHa 3a npucaxgaHe Ha
cnMBa e ceMeHHa oT mkaHka (Prunus
cerasifera Ehrh.). PasButneto Ha HoBU
COpPTOBE C/IMBY C BUCOKO Ka4yecTBO, BUCOK
noteHuman 3a J0O6MB U TOMIEPAHTHOCT WK
pPe3nCTEHTHOCT KbM 60/1eCTU, 0COBEHO KbM
BMpYyCa Ha LuapKa, € MHOro BaXKEH HauvH 3a
npeogosisiBaHe Ha  HejgocTaTbuuTe B
npoussoacteoto Ha cnueu. OT 1979 po
2012 r. neTHajeceT C/MBOBM copTa ca
cb3fafeHn B M3cnepoBaTencky WHCTUTYT

locality ‘Bresnica’.

The highest yield per tree (23.61 kg) and
unit area and vyield efficiency (0.12) were
observed in this cultivar on locality
‘Stapar’. The largest soluble solids
content (15.50%), total sugars (11.46%)
and sucrose (5.85%) contents and juice
pH value (4.33) were recorded in cultivar
‘Nada’ grown on locality ‘Bresnica’, while
the highest invert sugars content (7.25%)
and amount of total acids were found in
this cultivar grown on locality ‘Ljubic’.

Key words: productive traits,
‘Nada’, three localities, yield, chemical
composition

INTRODUCTION

Plum is a traditional fruit crop in
Serbia, and the most important one in
terms of the volume of production. Serbia
was ranked first in Europe and second
worldwide after China with an annual
plum production of 507,987 t (average
2010-2014) on over 120,000 ha land
(FAOSTAT, 2016). The Serbian plum
production is characterized by extensive
growing technology, low unstable yields,
low-quality fruit, problems induced by
Sarka virus and a multitude of cultivars
(Nenadovi¢-Mratinic et al., 2007;
MiloSevi¢ et al., 2012; MiloSevi¢ et al.,
2013). The most common cultivars
include ‘Catanska Lepotica’, ‘Catanska
Rodna’, ‘Stanley’, ‘Cacanska Najbolja’
and ‘Cacanska Rana’ (Milo3evi¢ and
MiloSevi¢, 2012). Paunovi¢ et al. (2011)
specified that myrobalan  (Prunus
cerasifera Ehrh.) seedling is the dominant
and practically the only rootstock used for
plum grafting. Development of new plum
cultivars of high quality, high yielding
potential and tolerance or resistance to
diseases, particularly to Sarka virus is
very important way to overcome
disadvantages in plum production. Since
1979 to 2012 fifteen plum cultivars were
named and released at Fruit Research
Institute, Cacak. Some of these cultivars,
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no oBoLLapCTBO, Yayak. HAKon oT copToBe-
Te, kaTto "YauvaHcka Jlenotuuya", "YayaHcka
PogHa" n "UauvaHcka Haiibonsa", ce otrnex-
[aT B Hali-BaXKHWUTe CTpaHu, C/IMBONPOU3BO-
ontenn B EBpona. lpe3 nocnegHute 12
roguHy ca Ccb3fafleHn cefeM HOBM copTa,
BK/IHOUMTE/THO  Hali-HOBMAT copT “"Haga".
ToBa npoy4ysaHe e M3BbPLIEHO, 3a Oa ce
onpeaenart NPoAyKTUBHUTE XapakTepucTukn
Ha copT "Hapga", oTrnexgaH B Tpu MecCT-
HOCTW, B Hali-BaXHWTe palioHM 3a C/IMBO-
npou3BoAcTBOTO B Cbpbus, 3a fa ce npe-
nopbyar 3a oTr/exaaHe B HOBM TbProBCKM
OBOLLHW rpauHu.

MATEPVAJT U METOOU

MMoncku onuT M pacTuTesieH mare-
puan. MNposegeHn ca nscnegsaHna Ha HOB
copt "Haga", otrnexgaH B TpU MECTHOCTH,
B Hai-BaXHUTE PErvoHn 3a CAMBOMNPOU3-
BoAcTBOTO B Cbpbusa 3a nepuoga 2014-
2016 r. MNbpBUTE ABE MeCTHOCTM "/llobuy" 1
"BbpecHuua" ca pasnosiokeHn B paiioHa Ha
Yayak, a TpeTtata mecTtHocT "Cranap" e
pasnonoxeHa B paioHa Ha Baneso. Copt
"Haga" e kpbcTocka Mexgy "CrteHnen" x
,CKONyc"n kaTo HOB COpPT e 0Jo06peH u
npusHat npe3 2012 r. Kato noasnoxka ca
n3nos3BaHu cemeHayeTa OT [pKaHka. W
TpUTE OBOLLHM rpafvHM ca Cb3fafeHun npes
2004 r. no cxema Ha 3acaxfaHe 5 x 4
MeTpa C odhopMeHa nvpamujasiHa KopoHa,
npyv HenonueBHM ycnosus. MNpoyyBaHeTo ce
dhokycmpa BbpXY OLleHKaTa Ha OCHOBHWUTE
(PEHONOMMYHMN U MOMOJIOTUYHM  NPU3HALM,
XapakTepucTukMTe Ha [06MBa, KakTo U
XMMUYECKUTE CBOICTBA Ha nioga.

N3mepBaHe Ha  6GUONOMMYHM 1”1
KayecTBEHM XapakTepucTuKM Ha NIoLoBeTe.
OnpegenexHn ca cnegHutTe OEHONOMMYHM
XapakTepucTukn: Havano Ha ubdrex (5%
OT UBETOBETE ca LbJHaN), NbAeH UbdTEX
(80% oT uBeToBETE Ca UbgHaNN), Kpain Ha
uboTex (90% oT usetoBeTe ca LibgHaM 1
BEHYeTara ca 3anoyHanu ga nagar) u gata
3a npubupaHe Ha pekonTaTta (njogoseTe ca
[JoCTaTb4yHO OLBETEHM U MeKM, 3a Ja 6baar
KOHCyMupaHu). 3a nepuog OoT Tpu PEKOTHU
Cce30Ha, ca cbbpaHu 25 nnoga OT copTa
"Hapa", oT BCSIKA MECTHOCT, 3a BCHKO OT
ABeTe MOBTOPEHNsA 1 njaogosata U KOCTW/I-
KoBa mMaca (g) ca OTYETEeHM C TeXHUYECKM

such as ‘Cacanska Lepotica’, ‘Cacanska
Rodna’ and ‘Catanska Najbolja’ are
grown in most important plum growing
countries in Europe. In last 12 years,
seven new cultivars were named and
released, including the newest cultivar
‘Nada’. This study was carried out to
determine productive traits of cultivar
‘Nada’ grown on three localities in the
most important plum growing regions in
Serbia in order to recommend for growing
in new commercial orchards.

MATERIAL AND METHODS

Field trial and plant material.
Investigations were carried out on new
cultivar ‘Nada’ grown at three localities in
the most important plum growing regions
in Serbia during the period 2014-2016.
The first two localities ‘Ljubic’ and
‘Bresnica’ are situated in area of Cacak,
and the third locality ‘Stapar’ was situated
in area of Valjevo. Cultivar ‘Nada’ was
derived from cross combination ‘Stanley’
x ‘Scoldus’ and for new cultivar was
named and released in 2012. Myrobalan
seedling was used as rootstock. All three
orchards were established in 2004 with
spacing distance 5 x 4 m and trained as
pyramidal crown, under non-irrigated
cultural practices. The study focused on
estimation of basic phenological and
pomological traits, yield characteristics as
well as chemical properties of the fruit.

Biological and fruit-quality traits
measurement. The following phenological
characteristics were determined: flowering
onset (5% of flowers have bloomed), full
flowering (80% of flowers have bloomed),
end of flowering (90% of flowers have
bloomed and corollas have begun to fall
off) and harvest date (fruits are sufficiently
colored and soft to be eaten).

For a period of three harvest seasons, 25
fruits of cultivar ‘Nada’ from every locality
of each of two replicates were collected
and fruit and stone weight (g) were
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Be3Hn Ohaus Adventurer (Parsippany, NJ,
USA). Oo6usbT oT abpeo (kg) n xektap (kg
ha') e usmepeH B nepuoga 2014-2016 r.,
ype3 efiekTpoHHa Be3Ha (ACS System
Electronic Scale) (Zhejiang, China). O6u-
KosiKkata Ha cTBosia (Cm) e usmMepeHa B Kpas
Ha ce3oHa Ha pactex 20 cm Hag npu-
cajKara v e u3non3saHa 3a M3dncnsBaHe
Ha nJowTa Ha HarnpeyHoTo CceyeHue Ha
ctBona (TCSA, cm?). EdekTuBHOCTTA Ha
no6usa (kg cm™) e nsumcneHa kato CboTHO-
WeHVe Mexay [06MB OT ABbPBO M naowTa
Ha HanpeyHoTo ceyeHne Ha cTeosia (TCSA).
3a onpegensHe Ha  CbOTHOLIEHWETO
mMececTa u4acT/KoCTw/Ka, M/1040BeTe ca
Cpsi3aHN HanosI0BMHA XOPU3OHTAIHO C HOX
OT HepbXAaema CTOMaHa U KOCTU/KUTE ca
OTCTPaHeHMW 1 NpeTernexHu.

MpoueHTBT Ha MececTa 4acT Ha
nnoga (%) ce m3uncnsaea ypes usBaxgaHe
Ha TersI0To Ha KocTuiKara oT LANoTo Terno
Ha CNMBOBMSA NA0L4. 3a BCEKW CAMBOB NOA
ce onpeaenaT TpW JIMHEeAHN pa3vepwu: Abil-
XWHa, WwupoyunHa u nebenuHa, Kato e u3-
nonseaH undpoBs Wyb6nep Starrett, cepua 727
(Athol, NE, USA) c uysctButenHoct 0,01
cm. CbAbpXXaHWeTo Ha PasTBOPUMY TBBPAU
BellecTBa € onpefesieHo nocpes-CTBOM
pbyeH pecdpakTtomeTbp Milwaukee MR 200
(ATC, Rocky Mount, NC, USA) npu 20 °C
(Brix). Tutpyemute KACeNnHU, kato Abbye-
Ha (%), e onpefeneHa 4ype3 TUTPY-BaHe C
0.1 N pa3stBop Ha NaOH. KucenuH-HocTTa
pH Ha coka e u3MepeHa C nomowiTa Ha
Cyber Scan 510 pH-metbp (Nijkerk, The
Netherlands). CbabpxaHne Ha o6LLmM 3axapu U
WHBEPTHU 3axapun e onpefeneHo ¢ TPOHW
npobu no metoga Ha Luff-Schoorl, onucaH
no-paHo ot Schneider (1979). CbabpxaHneTo
Ha 3axapo3a € W34YMC/IEHO B 3aBUCUMOCT OT
cboTHoweHneTo: SU = (TS - RS) x 0,95.
Pesyntatute ca u3paseHu B % OT TernoTo
Ha cBexuTe naogoBe. Bcuukym paHHU OT
HaCTOALWOTO n3cnensaHe ca NoA/I0KeHN Ha
ancnepcnoHeH aHann3 (ANOVA) n cpegHu-
Te CTOWHOCTM ca onpejesneHn ypes TecT 3a
Han-Masika 3Haunma pasnuka (LSD test) npu
P < 0.05, n3nonssaiiku coptyepa Microsoft
Office  Excel (Microsoft Corporation,
Redmond, WA, CALL).

recorded by Ohaus Adventurer technical
scale (Parsippany, NJ, USA). Yield per
tree (kg) and hectare (kg ha™) were
measured in period 2014-2016 using an
ACS System Electronic Scale (Zhejiang,
China). Trunk circumferences (cm) were
measured at the end of growing season
20 cm above the graft union and used to
calculate the trunk cross-sectional area
TCSA, sz)_ The yield efficiency (kg cm’
) was calculated as the ratio between
yield per tree and trunk cross-sectional
area (TCSA). For determining flesh/stone
ratio fruits were cut in half horizontally
with a stainless-steel knife and the stones
were removed and weighed.

The flesh percentage (%) was
calculated by subtracting the stone weight
from the whole plum fruit weight. For each
plum fruit, three linear dimensions, length,
width and thickness were determined by
using a digital caliper Starrett, 727 Series
(Athol, NE, USA) with a sensitivity of 0.01
cm. Soluble solids content was defined by
Milwaukee MR 200 hand refractometer
(ATC, Rocky Mount, NC, USA) at 20°C
(Brix). Titratable acidity, as malic acid (%),
were determined by titration with 0.1 N
solution of NaOH. The juice pH was
assessed by a Cyber Scan 510 pH meter
(Nijkerk, The Netherlands). The total
sugars and invert sugars content were
defined on triplicate samples by the Luff-
Schoorl method previously described by
Schneider (1979). The sucrose content
was calculated according to the
relationship: SU = (TS — RS) x 0.95. The
results were expressed in % of fresh
weight. All data in the present study were
subjected by analysis of variance
(ANOVA) and means were separated by
LSD test at P < 0.05 using Microsoft
Office Excel software (Microsoft
Corporation, Redmond, WA, USA).
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PE3YJITATN N OBCBXAJAHE

®DEeHOMNOTNYHUTE XapakKTePUCTUKM Ha
copt "Hapga", otrnexgaH B TpU MECTHOCTH,
ca pageHn B Tabnuua 1. Havano Ha ubg-
TeX ce Habnwpasa B cpejara Ha anpwsi.
Hail-paHHOTO Ha4yano Ha ubdTeX e Habsto-
[aBaHo B MecTHocTTa "/ltobuy" (14 anpun),
a Hai-KbCHOTO B MecTHocTTa "Crtanap” (17
anpwn). MNbfeH UbdTex e oT4eTeH Mexay
17 anpwun (“Nrobud”) n 21 anpun ("Cranap"),
a Kpal Ha ubdTexa mexgy 23 anpwn
("Mobuy") n 27 anpun ("Cranap"). Bpemeto
3a ubgTex Ha copT "Hapga" v Ha Tpute
MecTa U roAuHW € B pamkuTe Ha [Abro-
cpoyHaTa cpefHa CTOMHOCT 3a u3cnefBaHu-
Te pernoHn (OgasSanovic et al., 2005; Glisi¢
et al., 2013; GliSi¢ et al., 2016). Cnopep,
KnacudvkaumaTa Ha nepuoga Ha LbTex
Ha eBponeiickute CcnAuBK, 3asBeHa OT
Neumdller (2010), moxe pga ce kaxe, 4ye
copt "Hapa" npuvHagnexu Kbm rpyna ot
COPTOBE C MHOI0 KbCEH NEpPUOS Ha LbqITEX.
KbCHMAT neprof Ha LubddTex Moxe fa 6bae
B&XeH, Tbil KaTo ce u36Arear KbCHUTE
NMPosieTHN CNaHn npe3  HAKOU ToAWHM.
BpemeTo 3a 3peeHe e CXOOHO M 3a TpuTe
MECTHOCTU ¥ roavHN. CpefHo Hali-paHHOTO
Bpeme 3a y3psiBaHe e OTYEeTEeHO B MECTHOCT-
Ta "itobny" (16 aBrycr), a Hai-kbCHOTO B
MecTHocTTa "Crtanap" (20 aBryct). Hai-
paHO CpOKbT Ha 3peeHe e HabnwgasaH
npes 2014 r., a Hail-kbcHO npe3 2015 .
MopobeH cpok Ha 3peeHe Ha copT "Hapa" e
yCTaHOBEH B npoy4yBaHeTo Ha GliSi¢ et al.
(2015) wn Glisi¢ et al. (2016). Tasmu
0COBEHOCT € yCTaHOBEHAa KaTo XapakTepHa
3a BCEKM TeHOTUNn W e KOJINYeCTBEHO
oHacnegeHa (Dirlewanger et al., 1999).

RESULTS AND DISCUSSION

Phenological characteristics  of
cultivar ‘Nada’ grown on three localities
are given in Table 1. Flowering onset was
recorded in mid-April. The earliest
flowering onset was observed at locality
‘Ljubi¢’ (April 14), and the latest at locality
‘Stapar’ (April 17). Full flowering was
assessed between April 17 (‘Ljubi¢’) and
April 21 (‘Stapar’), and end of flowering
between April 23 (‘Ljubi¢’) and April 27
(‘Stapar’). Flowering time of cultivar
‘Nada’ on all three localities and years
was within the long-term average for
examined regions (OgaSanovi¢ et al.,
2005; Glisi¢ et al., 2013; GliSi¢ et al.,
2016). According the classification of
flowering time of European plum cultivars,
stated by Neumdiiller (2010), it can be said
that cultivar ‘Nada’ belongs to group of
cultivars with very late flowering time.
Latter blooming period could be important
to avoid late spring frosts in some years.
Ripening time was similar on all three
localities and years. The earliest averaged
ripening time was found at locality ‘Ljubi¢’
(August 16), and the latest at locality
‘Stapar’ (August 20). The earliest ripening
time was observed in 2014, and the latest
in 2015. Similar ripening time of cultivar
‘Nada’ was found in study of Glisi¢ et al.
(2015) and GIisi¢ et al. (2016). This trait
has been established as characteristic of
each genotype, and quantitatively
inherited (Dirlewanger et al., 1999).

Tabnunua 1. OcpegHeH CpPOK Ha UbgTeX Ha copT "Hapa", oTrnexaaH B Tpu

MeCTHOCTU 3a nepmoga 2014-2016r.

Table 1. Averaged flowering time of cultivar ‘Nada’ grown on three localities in

period 2014-2016

Mepuopg Ha LbhTexX

Mepwog 3a npubupaHe

MECTHOCT Flowering time _ Ha DeKoNTaTa
Locality Hg:ggf HE}JIEIH Kéﬁj"' Har\?esting time
Nwo6uy / Ljubié 14.04. 17.04. 23.04. 16.08.
BpecHuua / Bresnica 16.04. 20.04. 26.04. 18.08.
Cranap / Stapar 17.04. 21.04. 27.04. 20.08.
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CpefHute CTOMHOCTM Ha TernoTo
Ha nnoJoBeTe M KOCTUNKATE U NPOLEHTLT
Ha nnoAoBOTO Meco, Ce pasnvyasar
3HauuTesIHO, B 3aBMCUMOCT OT U3cnefBa-
HUTE MeCTHOCTU u roguHn (Tabnuua 2).
Hail-ronAamo Terno Ha M/I040BETE M
KOCTU/IKATE, KaKTO M MPOLLEHT Ha Mecec-
Tara yact Ha nsoga Ha copt "Hapa", ce
Ha6bnwpgasaT B MecTHOcTTa "/llo6uy”,
[oKaTo Hali-masikm CTOMHOCTU ca oTyeTe-
HU B MecTHocTTa “"BpecHuua". Tesn
napameTpu Mmart Hali-BUCOKM CTOMHOCTU
npes 2016 r. Te3n pe3ynratm ca B
CbOTBETCTBME C KOHcTaTtayumte Ha GliSi¢
et al. (2015) n GIlisi¢ et al. (2016) npwn
nogo6Hn ycnosus. PaznuuuaTta mexay
MEeCTHOCTUTe MoraT fAa 6baaT 06siCHEHU
C pasMyHU  KNUMaTUYHU W MOYBEHU
ycnosus. Kato ce wma npeasup, 4e
CpefHOTO Terso Ha nnofoBeTe Ha TOo3u
COpPT OT BCUYKM MECTHOCTU e 6uio Haf
40 g, "Haga" moxe ga 6bae knacugumym-
paHa kaTo cnvBa C N/OL0BE C rosiemMu
pa3smepw, cnopep CXo4HW AaHHK, nonyye-
Hu oT Blazek n Pistékova (2009) 3a HAkou
coptoBe. Cnopep, Depypere et al. (2007)
TErsI0To Ha KoCTu/Kara ce cunta 3a cra-
6unHa creuuduyHa 3a copTa Xapakte-
puctuka. B HaweTo u3cnenBaHe e ycra-
HOBEHO MOJMIOXWUTE/THO CbOTHOLUEHUE MEeX-
Ay TernoTo Ha naoJoBeTe U KOCTUSKUTE,
KOEeTO e NOoTBBbPAEHO OT pesyntartuTe Ha
Okut and Akca (1995). MNpeanwHn nacnea-
BaHMA BbPXY CAMBara ca nokasaau, ue
MPOLEHTBLT HAa MecoTO Ha Nnaoja € MHOro
BaXHa XapaKTepucTMka Ha cnvMBaTa U
3aBucu ot copta (Nenadovi¢-Mratini¢ et al.,
2007). Mo oTHOWeHMe Ha ToBa KayecTBo,
pe3yntatuTe HW ca B CbOTBETCTBME C pe-
3yntatute, nonydexun ot Glisic¢ et al. (2015)
npy nopo6bHn ycnosusa. CopT “"Hapga",
oTrnexgaH B MecTHocTTa Jllobuy, nokassa
Hali-BMCOKN CTOMHOCTY Ha BUCOYMHA, LUNpK-
Ha u gebenvHa Ha nnoposeTe. Te3u napa-
MEeTpY ca Hali-Masikv, Korato To3u COpT ce
oTrnexaa B MecTHocTTa bpecHuua (Tabnuua
2). Pa3vepuTe Ha nnogoseTe MoraT Aa ce
u3non3ear 3a onpegensiHe pasmepa Ha
OTBOPUTE W KOMMOHEHTUTE Ha MaluvHWTE,
0COOEHO NpuM MexaHM4yHO CcbbupaHe Ha
pekonTtaTa (Jannatizadeh et al., 2008).

The average values of fruit and
stone weight and the flesh percentage
differed significantly depending on the
examined localities and years (Table 2).

The largest fruit and stone weight as well
as flesh percentage of cultivar ‘Nada’
were observed at locality ‘Ljubi¢’, while
the smallest these values were found at
locality ‘Bresnica’.

These parameters had the highest values
in 2016. These results were in
accordance with findings of GliSi¢ et al.
(2015) and GIisi¢ et al. (2016) in similar
conditions. Differences among localities
can be explained with different climatic
and soil conditions. Considering that fruits
of this cultivar had averaged fruit weight
on all localities higher than 40 g, ‘Nada’
could be classified as plum with large-
size fruits according to similar data
obtained by Blazek and Pistékova (2009)
for some cultivars.

According to Depypere et al. (2007) the
stone weight is considered to be stable
cultivar-specific characteristic. In  our
study, the positive correlation between
the fruit and the stone weight was found,
which was confirmed by results of Okut
and Akca (1995). Previous works in plum
showed that flash percentage is a very
important characteristic of plum and
depends on cultivar (Nenadovié¢-Mratini¢
et al., 2007).

Regarded to this trait, our results are in
accordance with results obtained by
Glisi¢ et al. (2015) in similar conditions.
Cultivar ‘Nada’ grown on locality ‘LjubiC’
showed the largest values of fruit height,
width and thickness. On the other hand,
these parameters were the smallest when
this cultivar was grown at locality
‘Bresnica’ (Table 2). The fruit dimensions
can be useful in determining size of
apertures and components of machines
especially for mechanical harvesting
(Jannatizadeh et al., 2008).
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Tabnuua 2. XapakTepMcTUKU Ha nnoja Ha copT "Hapa™, oTrnexgaH B TpM MECTHOCTH

B nepnona 2014-2016 .
Table 2. Fruit characteristics of cultivar
2014-2016

‘Nada’ grown on three localities in period

MpoueHT Ha
BucounHa LLnpounHa

MecTHoeT ToavHa Terno Ha TernoHa  mececTtaTa Ha nnosa Ha nnopa [eb6envna

Locality — Year . JoAa  KocTwikara act Fruit Fruit Ha nnoaa
Fruit weight Stone weight Flesh ; ) Fruit thicknes

© © percentage height Width (mm)
(%) (mm) (mm)

o6 2014 45.76+0.27c 1.74+0.05a 96.51+0.09 b 50.28+0.22 b 41.65+0.25b 40.01+0.48 a
Ljubié 2015 50.36+0.29b 1.71+0.06 b 96.33+0.12 b 53.38+0.32 a 40.86+0.28 b 39.97+0.46 a
2016 54.45+0.25a 1.74+0.05a 96.99+0.12 a 53.84+0.30 a 44.48+0.22 a 39.18+0.44 a
CpegHo / Average  51.19+0.27 A 1.73+0.06 A 96.61+0.11 A 52.50+0.28 A 42.33+0.25 A 39.72+0.46 A
Bpechuua 2014 36.26+1.00c 1.52+0.05b 96.02+0.12 b 45.10+0.49 ¢ 31.28+0.37 ¢ 34.99+0.53 b
Bresnica 2015 40.1241.01 b 1.54+0.06 a 95.90+0.12 b 47.68+0.41 b 39.84+0.41b 34.97+0.50 b
2016 42.54+0.99 a 1.56+0.05a 96.74+0.12 a 50.11+0.48 a 43.54+0.45a 39.48+0.53 a
CpeaHo / Average  39.64+1.00 C 1.5440.06 B 96.22+0.12 B 47.63+0.46 B 38.22+0.41 B 36.48+0.52 B
Cranap 2014 40.76+0.54 a 1.62+0.02 b 96.12+0.07 a 47.21+0.2b 39.18+0.30b 37.45+0.23 ¢
Stapar 2015 42.65+0.52a 1.64+0.01b 95.87+0.07 b 45.14+0.22 b 37.92+0.28 ¢ 38.54+0.21 b
2016 44.45+0.62 a 1.69:0.04 a 96.34+0.10 a 51.38+0.22 a 41.49+0.32 a 39.18+0.22 a
CpegHo / Average  42.62+0.56 B 1.65+0.02 A 96.11+0.08 B 47.91+0.22 B 39.53+0.30 B 38.39+0.22 A

PasnnuyHute 6ykBM B KOMIOHWTE NOKa3BaT 3HAYMTESIHU Pas/IUKU MexAay cpefHute cTtoiHocTu oT LSD Tecta

npu P <0.05

The different letters in columns showed significant differences among means by LSD test at P < 0.05

PactexbT Ha gbpeetata oT 2014 r.
0o 2016 r. 6aBHO ce yBesiMyaBa CbC 3HAUU-
TENHWU pasvku Mexay roguHuTe, ¢ U3KMo-
YyeHne Ha MecTHocTTa Jllobud. Pasnnuuata
MeXy BCUMYKN MECTHOCTWU Ca 3HAUYUTESTHW,
Hali-roNIIMOTO HanpeyHo ceyeHue Ha CTBO-
na (TCSA) e onpefeneHo B MeCTHOCTTa
Cranap, Hali-masikoTo B MecTHoCTTa J1tobuy
(Tabnuua 3). MogobHU pesyntatu 3a pas-
JINYHW COPTOBE CMMBU B CPLOCKM YCI0BUSA
ca nonyyeHn ot Nenadovié-Mratini¢ et al.
(2007). fJaHHuTe B Tabnuua 3 nokaseaT, ye
npu copt "Hapga" ce ycTaHOBsABaT 3Hauu-
TeNHW pa3nnuunsa 3a rogrHuTe n MecTHOCTU-
Te, NO OTHOLWeHMe Ha [06uB OT AbPBO.
Hai-ronsm gobre e oTyeTeH B MeCTHOCTTa
Crtanap, a Hali-ma/ibk B MecTHocTTa bpec-
Huua. o OTHoweHue Ha wuscnenBaHuTe
roAuHW, Hali-ronsm fo6vB e oT4YeTeH npes
2016 r. Kato ce uma npeaBug eqekTms-
HOCTTa Ha Aobusa, HAMa 3HauuTeNHu pas-
NIMKN  Mexay MEeCTHOCTUTE W roAuHUTe.
Kato usno, edpektnBHoctTa Ha fobuBa e
no-mMasika oT Tasu, nosyydeHa ot MiloSevic
et al. (2009) n MiloSevi¢ et al. (2011) 3a
pas/iMyHn CcopToBE B CPBLOCKM YCNOBUS.
ToBa BEpOATHO Ce [Ab/DKM Ha BUcOKaTta
YXM3HEHOCT 1 BUCOKMTE CTOMHOCTU Ha TCSA
B HalleTo wu3cnejBaHe, MOBANSAHU OT
CeMeHHaTa NoA/10XkKa JpKaHka.

Tree growth from 2014 to 2016
slowly increased  with  significant
differences among years except locality
‘Ljubi¢’. Differences among all localities
were significant, and the highest trunk
cross sectional area (TCSA) was
determined at locality ‘Stapar’ and the
smallest at locality ‘Ljubi¢’ (Table 3).
Similar results for different plum cultivars
in Serbian conditions were obtained by
Nenadovi¢-Mratini¢ et al. (2007). Data in
Table 3 showed that significant
differences among years and localities
are presented in cultivar ‘Nada’ regarding
to yield per tree. The largest yield was
found at locality ‘Stapar’ and the smallest
at locality  ‘Bresnica’. Regarding
examined years, the largest yield was
assessed in 2016. Considering the yield
efficiency, there were no significant
differences among localities and years.
Generally, yield efficiency was smaller
than obtained by MiloSevic¢ et al. (2009)
and MiloSevi¢ et al. (2011) for different
cultivars in Serbian conditions. This is
probably due to high vigour and high
values of TCSA in our study likely caused
by Myrobalan seedling as a rootstock.
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Tabnuua 3. NMapameTpu Ha Ao6mBa Ha copT "Haga", oTriexgaH B TPU MECTHOCTHU
3a nepuopa 2014-2016 .
Table 3. Yield parameters of cultivar ‘Nada’ grown on three localities in period

2014-2016
MeCTHQCT FognHa ,D,Q6MB OT AbpPBO TCSA EcbezToM;MHBO;T Ha
Locality Year Yield per three (cm?) Yield efficiency
(ko) (kg cm?)
o6 2014 21.72+0.27 b 201.48+7.55b 0.11+0.00 a
Ljubié 2015 21.44+0.29 b 203.42+6.88 a 0.10+0.00 a
2016 23.11+0.25 a 204.88+5.82 a 0.11+0.01 a
CpepHo / Average 22.09+0.28 B 203.2616.75 A 0.11+0.00 A
Epectuiia 2014 18.88+0.30 ¢ 187.77+4.73 b 0.10+0.00 b
Bresnica 2015 20.12+0.31 b 189.1445.41 b 0.11+0.00 b
2016 22.08+0.32 a 191.53+6.45 a 0.12+0.01 a
CpepHo / Average 20.36£0.31 C 189.48+5.53 A 0.11+0.00 A
Cranap 2014 24.44+0.26 a 196.57+8.70 ¢ 0.12+0.00 ¢
Stapar 2015 20.94+0.30 b 197.52+8.38 b 0.11+0.01 b
2016 25.45+0.31 a 199.01+9.32 a 0.13+0.01 a
CpepHo / Average 23.61+0.29 A 197.70+8.80 A 0.12+0.01 A

Pas3nuyHuTe 6yKBM B KOJIOHWUTE MOKA3BaT 3HAUUTESHW Pas3fiMKi Mexay cpefHuTe cToliHocTu oT LSD Tecta

npu P < 0.05

The different letters in columns showed significant differences among means by LSD test at P < 0.05

Data in Table 4 showed the
existence of significant variations among
fruit chemical properties of cultivar ‘Nada’
in examined localities and years.

JaHHnTe B Tabnuua 4 nokaseaT
CblUECTBYBAHETO Ha 3HAUYMTESHU NpomMe-
HM B XMMWUYECKMTE CBOICTBA Ha NaoaoBe-
Te Ha coptT "Hapga" B wu3cnensaHute
MECTHOCTU U FTOLUHU.

Tabnuua 4. XMMnyeH cbCTaB Ha copTa "Hapga", oTrnexaaH B TpU MEeCTHOCTU 3a
nepvioga 2014-2016 .

Table 4. Chemical properties of cultivar ‘Nada’ grown on three localities in period
2014-2016

PasTBOpUMMK NHBepTHM
TB'prVI O6upm 3ax§pv| 3axaposa O6ujo
MecTHoCT [oguHa 3axapu KNCenuHn
Locality Year BELECTBA ) sugars Invert Sucrose Total acids pH
Soluble _sohds (%) Sugars (%) (%)
(°Brix) (%)
o6 2014 13.74+0.06 b 9.86+0.05c 6.92+0.05b 3.2840.22b 0.33:t0.01 b 4.17+0.00 a
Ljubié 2015 14.36+0.08 b 11.71+0.04 a 6.94+0.05b 3.38+0.32a 0.36+0.01 b 3.97+0.01 a
2016 15.61+0.07a 10.74+0.05b 7.89+0.05a 3.84+0.30a 0.48+0.01a 3.38+0.01 b
CpegHo / Average 14.57+0.07 B 10.77+0.04 B 7.25+0.05 A 3.68+0.03 C 0.39+0.01 A 3.84+0.01 C
Bpechuua 2014 15.75t+0.11a 12.2840.09a 5.25+0.07b 5.10+0.49c 0.28+0.00c 4.54+0.01 a
Bresnica 2015 14.61+0.12b 11.5440.09a 5.20+0.06 b 4.68+0.41b 0.32+0.01b 3.97+0.01 b
2016 16.14+0.13a 10.56+0.10b 6.74+0.07a 5.11+0.48a 0.36+0.01a 4.48+0.01 a
CpepgHo / Average 15.50+0.13 A 11.46+0.09 A 5.73+0.07 C 5.85+0.05 A 0.32+0.01 B 4.33+0.01 A
Cranap 2014 13.17+0.11a 10.94+0.04b 6.38+t0.06 a 4.21+0.2b 0.31+0.00c 4.15+0.01 a
Stapar 2015 14.02+0.10a 10.04+0.05b 6.87+0.07a 4.14+0.22b 0.35:0.00b 3.74+0.01 b
2016 15.41+0.09a 11.694+0.04 a 6.34+0.06 a 5.3840.22 a 0.45:+0.00 a 4.02+0.02 a
CpepHo / Average 14.20+0.10 B 10.89+0.05B 6.53+0.06 B 4.21+0.03 B 0.37+0.00 A 3.97+0.01 B

PasnnuHute 6ykBM B KOMIOHWTE NOKa3BaT 3HAYMTENIHM Pas/IMKN Mexay cpefHuTe cToiiHocTn oT LSD Tecta
npu P <0.05
The different letters in columns showed significant differences among means by LSD test at P < 0.05
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Hali-BucoKo cbAbpxaHue Ha pa3TBo-
pvMu TBBPAWU BELLECTBA, 06LL0 CbAbpXa-
HVe Ha 3axapu U 3axapo3a, KakTo W CTO-
HOCT Ha pH Ha coka ca OT4YeTEHU 3a CopTa,
oTrnexgaH B mectHocTTa "bpecHuua”, no-
KaTo Hai-rossiMo KOJIM4eCTBO MHBEPTUPAHU
3axapy 1 06LWM KUCEeNNHU ca OTYETEHU B
MecTHocTTa "/Tlobmy”. Tlo OoTHOWeEHMEe Ha
n3cneaBaHuTe roavHu, Haii-BUCOKUTE CTOW-
HOCTU Ha XUMWYHUTE MoKa3aTesinm ca Mosy-
yeHu npe3 2016 r. CnvBu CbC CbAbpXaHue
Ha pasTBOpMMU TBBPAM BewecTea = 12,0%
umat ~ 75% ogobpeHue oT KoHcymartopuTe,
He3aBUCMMO OT 06LwmTe KnucenmHn (Crisosto
et al., 2004).

Pa3nnuHuTe OpraHnyHU KUCESIMHU U
TAXHOTO OTHOCUTENHO CbAbpXaHue BAUASAT
pasnMyHo, BbPXY HUBOTO Ha 3axapuTe
(Colaric et al., 2005). Hajagos et al. (2012)
Cbo6LLiaBa, 4Ye OCHOBHO HaIMyYMeTo Ha
pa3TBOpUMY TBBPAM BELLECTBA CE Ob/KU
Ha copTa, HO MOAJIOKKUTE U KIUMaTUYHUTE
YC/MOBMS CbLO MoraT da OKaXaT CUSIHO
Bb3JeiicTBME BbPXy TasW OCOBEHOCT.
Hawwvte pe3yntatm no OTHOLWIEHWe Ha
0o6LuTe 1 MHBEPTHUTE 3axapwu, 3axapo3aTa
M o6WuTe KUCEeNMMHM ca noAobHU Ha
pesyntatute oT Nenadovi¢-Mratini¢ et al.
(2007); Dinkova et al. (2007) n Druzi¢ et al.
(2007) 3a HsiKOM COpPTOBE CNMBMW, KOETO
MOXe pa 6bAe 06SCHEHO CbC CXOAHU
KAMMATUYHM U NOYBEHWN YC/IOBUS, KYNTYPHM
NpakTKK, eTan Ha 3psocT KbM Aatata Ha
npubupaHe Ha pekontaTta M usnosns3BaHaTa
NOAJ/I0XKA, KaKTo ca MoJlydyeHun npeam ToBa
n ot Crisosto et al. (2004). Cbwo Taka,
HalumTe pe3yntaTy NO OTHOLUEHUE Ha copT
"Hapga", OTHacAwmM ce 3a XUMUYEeckuTe
CBOIiCTBa Ha M/100BETE, Ca NOTBbPAEHM OT
npeguwHn pesyntatun Ha Glisi¢ et al. (2016)
B cpbOCKM ycnoBusi. CToliHOCTUTE Ha pH Ha
COKa ce pasuuyaBaT 3HauuTesHO 3a
pasnuyHUTe paoHn U roAnMHKU, NoAo6HO Ha
pe3yntaTy OTYETEHMW 3a pa3fInyHN COPTOBe,
oTrnegaHn B nogo6bHn ycnosusa (MiloSevic
and MiloSevi¢, 2011; MiloSevi¢ et al., 2012).

N3BOAN

MeprogbT Ha UbTEX Ha copT
"Hapa", otrnexgaH B TpuU pasnnuyHu MecT-
HocTu B 3anagHa Cbpbusi, e oTUeTeH B cpe-
JaTta Ha anpun, a BPeMeTo Ha 3peeHe e
CXOJHO 3a BCUYK/M MECTHOCTU U TOAWHU U €

The highest soluble solids, total
sugars and sucrose content, as well as
juice pH value were recorded in this
cultivar grown at locality ‘Bresnica’, while
the largest amount of invert sugars and
total acids were assessed at locality
‘Ljubi¢’. Regarding examined years, the
highest values of chemical properties
were obtained in 2016.

Plums with soluble solids content =
12.0% had ~75% consumer acceptance,
regardless of total acids (Crisosto et al.,
2004).

Therewith, various organic acids and their
relative contents differ in the level they
have an effect on sugars (Colari¢ et al.,
2005). Hajagos et al. (2012) reported that
basically soluble solids content is caused
by cultivar, but rootstock and climatic
conditions can also have a strong impact
on this trait.

Our results regarding to total and invert
sugars, sucrose and total acids are
similar with results of Nenadovi¢-Mratini¢
et al. (2007); Dinkova et al. (2007) and
Druzi¢ et al. (2007) for some plum
cultivars, which can be explained by
similar climatic and soil conditions,
cultural practices, maturity stage at
harvest date and rootstocks used, as
previously obtained by Crisosto et al.
(2004). Also, our results, regarding the
cultivar ‘Nada’ considered to chemical
properties of fruit was confirmed by
previous results of GIiSi¢ et al. (2016) in
Serbian conditions. The juice pH was
significantly different among localities and
years and this interval range agreed with
those reported from different cultivars
grown in similar conditions (MiloSevi¢ and
MiloSevi¢, 2011; MiloSevi¢ et al., 2012).

CONCLUSIONS

Flowering time of cultivar ‘Nada’
grown at three different localities in
western Serbia during period 2014-2016
was recorded in mid-April, whereas
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yCTaHOBEHO B cpejara Ha asryct. Hai-
BMCOKM CTOMHOCTM Ha napameTpuTe Ha
njofioBeTe ca yctaHoBeHW B copT "Hapa',
oTrnexpgaH B MecTHocTTa Jliobudy. Haii-
ronsam Aobvs OT AbPBO U ePEeKTUBHOCT Ha
[obuBa ca nonyvyeHu, korato TO3U COPT €
oTrnexgaH B MecTHocTTa Crtanap. Haii-
BMCOKW CTOMHOCTM Ha pasTBOPUMU TBBPAU
BellecTBa, 060 ChAbpXaHUe Ha 3axapu u
3axapo3a, KakTo M CTOWHOCTTa Ha pH Ha
COKa ce onpepenaT, Korato copT "Haga" ce
oTrnexaa B MectHocTTa "bpecHuua”, foka-
TO HaW-BMCOKM CTOMHOCTW Ha WHBEPTHUTE
3axapu 1 06LMTe KUCESIMHW Ce OTKPMBAT,
npy oTrnexgaHeTo My B MeCTHOCTTa
"iobuy". Kato usano Moxe ga ce kaxe, ye
copt "Haga" nokassa MHOro fo6pu pesyn-
Tatn, OTrexaaH BbB BCUYKM M3C/edBaHu
MECTHOCTU U ToAuHN N MOoXe aa 6bae MHOro
WHTEpPEeCeH KaTo COPT B HOBU TbProBCKU
OBOLLHW rpagnHm B Cbpbus.

BJTATOAAPHOCTWU

Ta3n paboTta ce nogkpens oT 6e3-
Bb3Me3HaTa nomoly, Ha MWHUCTEpPCTBOTO
Ha o6pa3oBaHMeTO M Haykata Ha
Peny6nunka Cbpb6us, npoekt TR 31064.

ripening time was similar on all localities
and years and was established in mid-
August. The highest values of fruit
parameters were found in cultivar ‘Nada’
grown at locality ‘LjubiC’. The largest yield
per tree and yield efficiency were obtained
when this cultivar was grown at locality
‘Stapar’. The highest values of soluble
solids, total sugars and sucrose content,
as well as juice pH value were determined
when cultivar ‘Nada’ was grown at locality
‘Bresnica’, while the highest values of
invert sugars and total acids were found
when this cultivar was grown at locality
‘LjubiC’. Generally, it can be said that
cultivar ‘Nada’ showed very good results
grown at all examined localities and years
and could be very interesting as a cultivar
in new commercial orchards in Serbia.
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PE3OME

Mpe3 nepuoga mexay 2008 n 2016
e npoBefeHo u3cnenBaHe Ha rnaBHUTE
XapakTepuUCTUKM Ha 28 reHoTuna opexwu,
KOUTO npean ToBa ca 6unn cenekumoHu-
paHu B pailioHa Ha M3ToyHa Cobpbusa. C
no-HaTaTbLUHO NpUcaxjiaHe, rpynupaHe un
KynTus/MpaHe npu cblWAUTE YC/I0BUA B
paiioHa Ha Yauak, ca cenekTMpaHu net
obewasauwn reHotmna. FeHotun CV/3 ce
XapaktepusMpa CbC CpefHO Tersio Ha
nnoga ot 13.6 g, C NPOLLEHTHO CbOTHOLLE-
Hue Ha fApkata ot 55.0%. TlnogbT e
oBasieH Ha dhopma, C rnagka u4epynka,
KOATO € CBeT/I0 kasBa M ce cuynsa
neko. fakata e cpefiHoO penedHa, CBET/0
KathsiBa Ha LUBAT UM C OT/IMYEH BKYC.
FeHotun CV/4 e MHOro ronsam, ¢ nNaoAHo
Terno ot 16.8 g u NpoLeHTHO CbOTHOLLe-
Hue Ha sapgkata ot 55.0%. Kpbrbn no
hopMa, C TbHKa 1 CBET/IAa Ha LBAT Yepyn-
Ka, CBET/I0 Xb/Ta f4Kka C MHOMo J06bLp
BKycC. N'eHoTmn CV/11 ce xapaktepuaupa c
ronsm nsopg, ronamo terno ot 155 g u
CbOTHOWIEHMe Ha fAgkata oT 52.2%.
MnoAbT e npoAabaroeart, NIEKO HepaBseH,

SUMMARY

In the period between 2008 and
2016, research was conducted into major
characteristics for 28 walnut genotypes,
which had previously been selected in the
region of East Serbia. By further grafting,

grouping and cultivation under same
conditions in the CaCak region, five
promising genotypes were selected.

Genotype CV/3 is characterised by an
average fruit weight of 13.6 g and kernel
ratio of 55.0%. The fruit is oval in shape,
with a smooth shell, which is coloured
light brown and breaks easily.

The kernel is medium-rough, light brown
in colour and of an excellent taste.
Genotype CV/4 is very large, with the fruit
mass of 16.8 g and kernel ratio of 55.0%.
It is round in shape, with a thin and light-
coloured shell, light-yellow kernel and a
very good taste. Genotype CV/11 is
characterised by a large fruit, having a
weight of 15.5g and kernel ratio of 52.2%.
The fruit is elongated, mildly rough, light
brown in colour. The kernel is medium-
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CBeT/10 KahsiB Ha UBAT. AakaTta e cpefHo
penedHa, ¢ gobbp BKyc. CV12 ce xapak-
Tepusupa CbC CpefHO Tersio Ha naoga oT
18 g n cbOTHOWeEHWe Ha fAgkara oT
52.0%. MnogbT e npogbarosar, cpegHo
penedHa ¢ TbHKa, CBET/1A Ha LBAT Yepyn-
Ka. flikaTa e CBEeT/10 XbJITa, JIECHO Ce OT-
[Jens oT yepynka, ¢ MHOro J06po KayecTso.
FeHoTN 2 MMa NAOAHO TEr/I0 B rpaHuLmMTe
mexay 16.5 n 22.0 g n 06uyaitHo CbHOTHO-
LweHne Ha sgkata mexay 50% un 52%. Ta e
Kpbrna no copmMa, C TbHKa Yepynka, KosTo
€ MOoYTU Hanmb/HO [flagka C TbMEH LBAT.
fApokata e cBeTno kadsBa Ha UBAT, CpefHo
peneHa ¢ MHOro go6po KavyecTBo.
KnwouoBu pgymu: opex, reHotun,
nnog, Terno, a4ka, CbOTHOLIEHVe Ha aaKaTa

YBO/,

NHAMBMAYaHUST NONOXUTENEH NMO4-
60p Ha nomynauusiTa € CBETOBEH MeTof,
u3nos3BaH NpegyMHO 3a MoslyyaBaHe Ha
HOBM TreHOTUNoBe Ha opex. W3kiwoueHue
npaBsAT Ma/TbK GPOI reHOTUNOBE, NOJTyUYEHN
ypes nnaHvpaHa xubpugusaums (CALL,
®paHums) (Mitrovic et al.,, 2007). Hosute
OpexoBM COpToBe TpAbBa Aa umaT pefoBHa
W WHTEH3VBHA NJ040BUTOCT, N/10A0BE NOA-
pefeHn B rpynu v natepanHyu nbhkui. 3Ha-
UMM Len MNpu  pasnpocTpaHeHWeTo Ha
opexuTe ca Cbll0 Taka BMCOKOTO CbOTHO-
LIEeHME Ha adKaTa M KauyecTBOTO Ha sifkara,
YCTOWUMBOCTTA KbM KbCHWN NPONETHW ClaHu
W 0BUNIEH CHSIT, KaKTO U TONEPAHTHOCT KbM
napasutute (3a npeanoynTaHe TonepaHTHU/
ycToiiumBn kbM Gnomonia leptostylai n
Xanthomonas juglandis) (Germain, 1883;
Kora¢ et al., 1990; Mitrovi¢ et al., 2005).

Mpy NPOABL/MKUTENHUTE CU U3Cnea-
BaHuA, Miletic (1994) npocnepgsasa nonyna-
umsa ot opexu B M3TouHa Cbpbus, kaTto npes
TOBa Bpeme OTAeNs M onucea ronsm 6poi
cenekyun, Mileti¢ et al. (2003). Cnep, HAKOS-
KO roguHu TecTBaHe, cbbmpaHe, Npu Chblim-
Te yc/0BusSi B paiioHa Ha Yauak, Tasu cTa-
TS NpefcTaBs Hali-BaxHWTe kayecTBa Ha
obelllaBalliy reHOTUNOBE Ha OpeX, KOUTO Aa
ce TMpUCHLEAMHAT KbM Mpoleaypata 3a
peructpauusi Ha CopToBe.

rough, with a good taste. CV/12 is
characterised by an average fruit weight
of 18 g and kernel ratio of 52.0%. The fruit
is elongated, mildly rough and of thin,
light-colour shell. The kernel is light
yellow, easily separated from the shell
and of a very good quality. Genotype 2
has a fruit weight in the range between
16.5 and 22.0 g and the usual kernel ratio
between 50% and 52.0%. It is round in
shape, with a thin, which is almost
completely smooth, and of a darker
colour. The kernel is light-brown, medium-
rough and of a very good quality.

Key words: walnut, genotype, fruit,
mass, kernel, kernel ratio

INTRODUCTION

Individual positive selection of the
population is a worldwide method mainly
used to obtain new genotypes of walnut.
Exeptions are a small number of
genotypes obtained through planned
hybridization (USA, France) (Mitrovi¢ et
al., 2007). New walnut cultivars should
have regular and vigorous birth rate,
fruitting in clusters and on latteral buds.
Significant objectives of walnut breeding
are also high kernel ratio and kernel
quality, resistance to late spring frosts and
heavy snow, as well as tolerance to
parasites (preferably tolerant/resistant to
Gnomonwua leptostylai and Xanthomonas
juglandus) (Germain, 1883; Korac¢ et al.,
1990; Mitrovi¢ et al., 2005).

In his long research, Miletic (1994)
studied a population of walnuts in Eastern
Serbia during which time he separated
and described a larger number of
selections, Miletic et al. (2003). After
several years of testing, collection, under
the same conditions in the region of
Cacak, this paper presents the most
important qualities of promising genotypes
of walnut in line to join the procedure for
the registration of varieties.
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MATEPWNAN N METO4WA

WN3cnepBaHuaTa ca M3BBPLUEHU B KO-
NEKUMOHHO HacaxieHue OT OpexoBU reHo-
TMNW, 3acafeHn B 13cnenoBartesickM NHCTU-
TYyT No osowapcteo B Yauvak npe3 2008 r.
Bcuukn 3acapgeHu reHotunose (28) npowus-
XoxgaT OT perMoHa Ha M3touHa Cbpbus.
Cnopef, BCMYKK Nokasatesin ca usbpaHu net
obellaBallM reHoTuna ¢ Ha-6naronpuUaTHMU
CBOWCTBa. 3a BCEKM reHOTUN Ha opexa B
nepuoga ot 2010 go 2016 r. ca Habnwoga-
BaHN (DEHOOTMYHN XapakTepUCTUKU, KaKTo
N YyBCTBUTENHOCT KbM 3MMHU U KbCHU NPO-
NeTHW cnaHu. OnpepgesnieHy ca rpanaBocT Ha
nnoga, NPoAHO TErno 1 NPOLEHTHO CbOTHO-
LWeHVe Ha sakata. Bcuukn xapakTepucTuku
Ha njofja u agKara ca OLEHEHW, KakTo U
nogaTnMBoCcT KbM BpeauTenu Gnomonia
leptostyla.

Bcuukm ropecnomeHaTyt xapaktepuc-
TUKM ca OLeHeHn B cboTBeTCTBME ¢ Onuca-
HMe Ha opexa (IPGRI). Pasmepute Ha
nnoga ce onpegensar ypes nsMepBaHe Ha
uncpoBus NyBall, Kputepuii ¢ gurmTaneH
wybnep ¢ pasgenurtesniHa cnocobHocT 0.01
mm, 1 Terno ¢ TexHnyecka sesHa (Mettler).

PE3SYNTATU N OBCbXOAHE

N36paHnTe OpexoBu reHoTUNoBe ce
Xapaktepusmpar C paHHO Hayaslo Ha
BereTauMoHHUA ce3oH. CpeHo nepuoabT
o6xBalla Ha4yanoTo Ha Ce30Ha, T.e. Kpas
Ha MapT (28 mapT) [0 HaYas1I0To Ha anpwui
(4 anpun). PasnpbCckBaHeTO Ha npaweua,
B 3aBMCMMOCT OT reHoTuna, ce criyysa
npe3 BTopata NOMOBMHA Ha anpwa Wnu
HayasioTo Ha Mail. CpefHOTO Bpeme Ha
LUbdI)TEX Ha XXEHCKWTE LBETOBE e TpeTara
JeceTAHeBKa Ha anpun UM HavyasioTo Ha
mMaii. Mopagu Tesn NpUYMHKU, OpexoBuTe
TeHOTUMOBE Ce XapakTepusmpar C MbXKU
LuBeToBe. W3K/IloueHne npaBu TEeHOTUM
CV/11, KoWiTo ce xapakTepuaupa C XeH-
ckn. MnogoseTte y3psaBar npe3 BTopaTta
MnosioBMHa Ha CcenTemBpu, AoKaTo naja-
HEeTO Ha nioja Wau Kpas Ha BereTauuoH-
HWA Ce30H e npe3 nbpsBara cegmuua Ha
HoemBpu (Tabnvua 1).

MATERIAL AND METHODS

Examinations were carried out in a
collection of walnut genotypes planted at
the Fruit Research Institute in Cacak in
2008. All planted genotypes (28)
originated from the region of Eastern
Serbia. According to all indicators, five
promising genotypes with the most
favourable properties were singled out.
For each walnut genotype in the period
2010 to 2016 phenological characteristics
were monitored, as well as susceptibility
to low winter and late spring frosts. Fruit
coarseness, weight and kernel ratio were
determined. All characteristics of fruit and

kernel were assessed as well as
susceptibility to  pests  Gnomonia
leptostyla.

All  the above features were

evaluated according to the Descriptors for
Walnut (IPGRI). The dimensions of the
foetus were determined by measuring the
digital floating criterion digital caliper with
a resolution of 0.01 mm, and weight with a
technical scale (Mettler).

RESULTS AND DISCUSSION

Selected walnut genotypes are
characterized by early beginning of the
growing season. The average time from
the beginning of the season is the end of
March (28th March) until the beginning of
April (4™  April). Pollen shedding,
depending on the genotype happens in
the second half of April or early May.
Average time of flowering of female
flowers is the third decade of April or early

May. For these reasons, walnut
genotypes are characterized by
protrandry type of flowering. The

exception is genotype CV/11, which is
characterized by protogyny. The fruits
ripen in the second half of September,
while shedding or the end of the growing
season is in the first week of November
(Table 1).
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Tabnuua 1. PeHON0rMYHN XapakTePUCTUKM Ha OPEXOBU FEHOTUNOBE
Table 1. Phenological characteristics of walnut genotypes

Hauasno Ha PasnpbckBaHe  LiBeToBe 3a Hayvausio Ha Magave Ha
pasnucTBaHe Ha npatel, onnoxagaxe Tun Ha uBeTa  y3psiBaHe
FeHotun ) . H opexa
Genotype Leafing PoIIe_n FIO\_N_ers_for Flowering type Ripening Shedding
onset shedding fertilization Onset
CV/3 31.03. 15.04. 20.04. Mmbxku/Protradry 25.09. 05.11.
CV/4 28.03. 25.04. 18.04. Mbxku/Protradry 22.09. 05.11.
Cv/11 04.04. 17.04. 20.04. XeHcku/Protogyny  18.09. 10.11.
CV/12 04.04. 17.04. 01.05. Mmbxku/Protradry 15.09. 08.11.
Genotype 2 28.03. 5.05. 01.05. Mbxku/Protradry 25.09. 05.11.
MnogoseTe Ha usbpaHUTe reHOTU- The fruits of the selected

noBe ca rofiemMy U MHOTO rosieMu, € Terno | genotypes are large and very large, of

13.6 g (CV/3 pgo 18.0 g (CV/12). Ternoto
Ha aakata e o1 7.5 g go 9.4 g. ETo 3awo
[OOGMBBLT BbLB BCUYKM C/ydyanm e Haj
50.0%, T.e. oT 52.0 o 55.0% (Tabnuua 2).

weight 13.6 g (CV/3 to 18.0 g (CV/12).
The kernel weight is from 7.5 g to 9.4 g.
Therefore, the yield in all cases is over
50,0%, that is from 52.0 to 55.0% (Table 2).

Tabnuuya 2. Tersio Ha nnoga
Table 2. Fruit weight

ObmxkuHa  WupounHa [debenvHa

lMnogHo Terno Terno Ha sgkata % CbOTH. Ha A4kaTa

EB(-EeHn%TtC; e Length Width Thickness Fruit weight Kernel weight Kernel content

(mm) (mm) (mm) (¢)] (@) (%)
CVI3 38.2 324 331 13.6 7.5 55.0
CVvi/4 43.2 39.4 39.5 16.8 9.2 55.0
CV/11 47.3 36.6 34.0 15.5 8.1 52.2
CV/12 49.2 36.4 39.4 18.0 9.4 52.0
fedon2 = g4 36.1 37.4 16,5 8.6 52.0
Genotype 2

Cnopes ¢haktopa Ha (popmaTta Ha
nnoga, nnojoBeTe Ha M3bpaHWTe reHOTU-
MoBe ca 3aKpbl/IeHW WAU MpoAbL/roBar.
FopHUAT WweB e cnabo m3paseH uam uspa-
3eH. YepynkaTa e rnajgka Wi NeKo Ha-
O6pbykaHa, TbHKa WU cpedHa. LIBeTbT Ha
yepynkaTa € CBeTb/l WM CBeTNO0 Kadss,
[0KaTo B reHOTUN 2 e TbMeH. YepynkaTa Ha
nnoga OBUKHOBEHO € NEeCHO fa ce cuynu
(Tabnuua 3).

According to shape factor, fruits of
selected genotypes are rounded or
elongated. The top seam is poorly
expressed or expressed. The shell is
smooth or slightly wrinkled, thin or
medium. Shell colour is bright or light
brown, while in genotype 2 dark. The
shell of the fruit is generally easy to break
(Table 3).

Tabnuuya 3. BaXXHN XapakKTepUCTUKN Ha Nf1ogoBeTe
Table 3. Important fruit characteristics

oo opwara, Topetues  Weo vemymiisel (S TGS o Lo ynereibreaking
Shape factor thickness scales strength
CV/3 Og%’;?a P%gﬁ?/oe?(;?:sss: d gg gﬁ; napka/Smooth Cpe,ﬂ,Ha/MediumC:B(I;Tr?gﬁ];1 ?:;EH JNecHo/Light
Cvi/4 I(Rp(;rr?: P%gﬁ?/oe?(;?:sss: d &23%?: %ﬂ;ﬁgy”ﬁ;;ifgg TobHKa/Thin  CBeTbn/Bright  JlecHo/Light
Cv/11 EnMgﬁi%?igmal/lspaseH/Expressed gg gﬁ; napka/Smooth CpegHa/Medium B?i;iﬁg d JNecHo/Light
CV/12 EnMgﬁi%?iﬂp'”al/lspaseH/Expressed gtv: gﬁg %ﬂ;ﬁgy”ﬁ:;ifgj TobHKa/Thin  CBeTbn/Bright  JlecHo/Light
gi:ﬂ;gfz - ggﬁﬁ; Inagka/Smooth  TbHKa/Thin TbmeH/Dark CpegHo/Medium
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fakaTa BbB BCUYKM C/lyyan e CBeT-
Nna, XbATO WM CBETNO KagsiBa, CpeaHo
UM MHOro rpanasa. Moxe necHo ga ce
oTAenn oT uyepynkaTa. HeroBoTo kayecTBo
€ OT/IMYHO, MHOro fobpo wmnu pobpo. Xa-
pakTepHa e ¢ TOBa, Ye MbpBUYHATA MEM-
6paHa e TbHKa, KOETO CbLUO B/MSE BbPXY
nekoTata npu OTCTpaHsiBaHe Ha sgkata u
no-f06pOTO MPOLEHTHO CBLOTHOLLEHUE Ha
saakata (Tabnvua 4).

Kernel is in all cases bright, yellow
or light brown, medium or coarse rough. It
can be easily separated from the shell. Its
quality is excellent, very good or good. It
is characteristic that the primary
membrane is thin which also affects the
ease of removing kernel and a better
kernel ratio (Table 4).

Tabnumuya 4. OCHOBHU XapakTEPUCTUKM Ha siaKaTa
Table 4. Main characteristics of the kernel

MbpBUYHA panasBuHa Ha
FeHoTun MemBpara/Primary LiBAT Ha agkata snkata/Kemel Ba,qu_e Ha sgkata Bkyc Ha agkata
Genotype Kernel colour Extraction of kernel Kernel taste
membrane roughness
. CaeT/10 KahsiB . OTnnyeH
CV/3 CpegHa/Medium Light brown CpegHa/Medium NecHo/Easy Excellent
Cv/4 TbHKa/Thin Xbnt/Yellow CpegHa/Medium Neco/Basy Mroro 406bp
Very good
. CaeTno kass . NecHo/Easy
Cv/11 TbHKa/Thin Light brown CpepgHa/Medium [o6bp/Good
cV/12 ToHKa/Thin CBngo KasiB Cpepma/Medium NecHo/Easy MHoro fo6bp
Light brown Very good
fenomn 2 TbHKa/Thin Xbnt/Yellow CpegHa/Medium Neco/Basy Ornmen
Genotype 2 Excellent
Hair-Bucokata niogoBMTOCT MMa The highest birth rate was

npu reHotun 2 n CV/11, masniko no-cnaba
e npu reHoTunose CV/4 n CV/12, npokato
Hali-HMCKa N1I040BUTOCT MOKasBa reHoTun
CV/3, KOWTO MO-KbCHO HaB/M3a B ne-
puoga Ha nnogoBUTOCT. W3KNKYUTENTHO
HUCKM TemnepaTtypu mexgy -20 n -25 °C
nMalle Han-sedye npes sHyapu 2012 r. un
2017 r., HO Te He MoBNUAXa 3HAYUTESTHO
BbpXy VYBpPEXAAHETO Ha nNbhkute U
HamasiiBaHeTOo Ha NJof0BUTOCTTa
KbcHUTE nponetHu CcTyaoBe Ha-
CTbNBarT Npe3 Tpy roguHn1 OT nepuoja Ha
npoy4BaHeTo, HO He OKa3BaT 3HAYUTEsSTHO
BNMSAHME BbPXY HaMasisiBaHeTO Ha M/o-
poButocT. OueBMAHO e, 4ye u3bpaHuTe
reHoTunoBe ce xapakrtepuaupar C Mo-
n3paseHa yCTOMYMBOCT Ha HWUCKM Temne-
patypun Ha BbB3gyxa. B 3aBucumoct oT
Haya/ioTO Ha Cce30Ha Ha Beretauusa u
BasIeXuUTe, reHoTunoseTe 6e3 npuiaraHe
Ha nectuuug nokassart cnaba nogarnu-
BOCT KbM Gnomonia leptostyla. Mogatnu-
BOCTTa € MHOro cnaba n cnaba, gokarto
npu reHotun CV/4, cpepgHa (Tabnuua 5).

expressed by genotype 2 and CV/11,
slightly lower by genotypes CV/4 and
CV/12 while the lowest birth rate showed
genotype CV/3, which later entered the
fertility period. Extremely low
temperatures between -20 and -25 °C
were particularly expressed in January
2012 and 2017, but did not significantly
affect bud damage and decrease in
fertility.

Late spring frosts occurred in three
years during the study period, but the
effects did not significantly affect the
decrease in fertility. It is obvious that the
selected genotypes were characterized
by more expressive resistance to low air
temperatures.  Depending on the
beginning of growing season and rainfall,
the genotypes without application of
pesticide showed a low sensitivity to
Gnomonia leptostyla. Sensitivity was very
low and low, while in the genotype CV/4,
medium (Table 5).
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Tabnuua 5. NMpoayKTUBHU 1 BUOSTOTNYHN

KayecTtBa

Tabel 5. Productive and biological properties

Huckn 3MHM TemnepaTtypu

MopatnmeocT Ha Gnomonia

Ferorvn fnoposuTocT Low winter temperatures KbCHI NpOneTHi cnann Susceptibility to Gnomonia
Genotype Birth rate (0-5) P Late spring frosts P (:)L/—Q)
CV/3 ++ 5 ++++ 3/cnaba/small/
Cv/4 +++ 4 ++++ 5/cpegHa/medium/
Cv/i1 ++++ 5 +++ 3/cnaba/small/
CV/12 +++ 5 ++++ 3/cnaba/small/
fexorun 2 ++++ 4 +++ 1/mHoro cnaba/very small/
Genotype 2

opecnomeHaTute reHoTunose Aforementioned genotypes

crnopef TAXHOTO Terao Ha agkarta u npo-
LEHTHO CbOTHOLIEHME Ha fAgkaTa ca Ha
CbLLOTO HUBO WM Maako no-go6pu ot
CTaHAapTHMA MecTeH copT “"LamnunoH",
cneunanHa cenekuyms Ha "PacHa", KoATo
onucea Korac et al. (1998). Cnopef Cb-
lWMTe KayecTBa, Te ca no-gobpu ot cop-
ToBeTe opexu oT M3ToyHa Cbpbus, onu-
caHu ot Miletic et al. (2002a; 2002b), kak-
TO 1 ot Mitrovic et al. (2007) 3a Teputo-
pusita Ha LleHTpanHa Cbpbus. Mo mHoro
XapakTepucTvku Te HagMuHaBaT COpTo-
BeTe, onmcaHu ot DZuvinov et al. (2013)
B bubarapusa. Bbnpeks TO0Ba, cnopep
Ha4yanoTo Ha BereTauusaTa u nepuvoga Ha
naZiaHe Ha njoga v ubgTex, Te ca Masiko
NO-paHHWU, OTKOJIKOTO BCUYKWM W3BECTHU U
onucaHu copToBe. BnaronpusiTHa ocoGe-
HOCT Ha njiogoBeTe U agkara, AOGUBLT W
YCTOUMBOCTTA Ha HUCKM 3UMHU Temnepa-
TYpW 1 Napasuti ca npeamMmcreaTa Ha Tesu
reHoTWrnoBe, kKorato cTaBa BbNPOC 3a
TSXHOTO ThPrOBCKO OTr/eXJaHe.

N3BOAN

FeHotun CV/3 ce xapakrepusupa c
cpenHo nsiogHo terno 13.6 g n npoueHT-
HO CbOTHOLWEHUEe Ha agkaTa 55.0%. dop-
MaTa e oBasiHa, C rnajka 4yepyrka, cBeT-
N0 KadysiB UBAT, JSIECHO YynnmBa fakarta e
cpefiHO rpanasa, CBeT/oKadsB, C OT/n-
YeH BKYC.

FeHoTun CV/4 e HancTuHa ronsm, ¢
Terno 16.8 rpama 1 MNPOLEHTHO CbLOTHO-
WweHue Ha agkata 55.0%. Kpbrina gopma,
TbHKA W Jfleka 4Jepynka, sgkara e fpKo
XBbTa, C MHOTO A06BP BKYC.

FeHotun CV/11 ce xapakTepusupa
C ronsam nnog c tersio 15.5 g u npoueHTHo

according to their size and kernel weight
and kernel ratio were at the same level or
slightly better than the standard domestic
varieties Champion, a special selection of
Rasna, which described Korac et al.
(1998). According to the same properties,
they were better than varieties of walnuts
of the Eastern Serbia described by Miletic
et al. (2002a; 2002b), as well as Mitrovic
et al. (2007) from the territory of Central
Serbia. By many characteristics, they
surpass the varieties described by
Dzuvinov et al. (2013) in Bulgaria.
However, according to the beginning of
vegetation and the time of shedding and
flowering, they were slightly earlier than
all known and described varieties. An
advantageous feature of the fruit and the
kernel, yield and resistance to low winter
temperatures and parasites were the
advantages of these genotypes when it
came to their commercial cultivation.

CONCLUSIONS

Genotype CV/3 is characterized by
the fruit of average weight of 13.6 g and
kernel ratio of 55.0%. The shape is oval,
with a smooth shell, light brown colour,
easily breakable. The kernel is medium
rough, light brown colour, of an excellent
flavour.

Genotype CV/4 is really large, with
a weight of 16.8 g and kernel ratio of
55.0%. Round in shape, thin and light
shell, kernel is bright yellow, of a very
good taste.

Genotype CV/11 is characterized
by a large fruit with the weight of 15.5 g
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CbOTHOLWEHMEe Ha agkaTta 52.2%. MNMnogbT
e npoAwv/arosar, Nieko rpanas, CBETO
KapsiB Ha UBAT. FakaTa e cpefHo rpana-
Ba, C A06DBP BKYyC.

FeHotun CV/12 ce xapakTepusmpa
C Terno ot 18 g n cbC cpesiHo MPOLEHTHO
CbOTHOLWEHNe Ha saakata 52.0%. MnogbT
€ NpoAbAroBaT, /IeKo rpanas, SpKu LBETO-
Be M TbHKa 4yepyrnka. fgkarta e CBeT/0
XbATa, CPefHO rpanasa, /IeCHO ce oThens
OT YepyrnkaTa, C MHOro 406po KayecTBo.

leHotvn 2 Texn 16.5 n 16.5 go
22.0 g. TlpoueHTHO CbOTHOLWIEHME Ha
apkara e mexay 50 n 52.0%. ®opmarta e
3aKpbl/ieHa, MoyTM rnajgka W TbHKa
yepyrnka, ¢ No-TbMHU LIBETOBE. HAkaTa e
cBeT/10 KaaBa, cpefHo rpanasa, ¢ MHOIo
[06p0o KavecTBoO.

BJTATOAAPHOCTWU

HactosweTto wu3cnegBaHe e uacT
oT npoekT Ne 31093 n Ne 46008, chmHaH-
cvpaH oT MUHMCTEPCTBOTO Ha obpa3oBa-
HMeTO, Haykata W  TEeXHOJIOTMYHOTO
pa3BuTue Ha Penybnuka Cbpbus.

and kernel ratio of 52.2%. The fruit is
elongated, slightly rough, light brown in
colour. The kernel is medium rough, of a
good taste.

Genotype CV/12 is characterized
by the weight of 18 g and an average
kernel ratio of 52.0%. The fruit is
elongated, slightly rough, bright colours
and thin shell. The kernel is light yellow,
medium rough, easily singled out from
shell, of a very good quality.

Genotype 2 weighs 16.5 and 16.5
to 22.0 g. Kernel ratio is mostly between
50 and 52.0%. The shape is rounded,
almost smooth and thin shell, darker in
colour. The kernel is light brown, medium
rough, of a very good quality.

ACKNOWLEDGEMENTS

This study is the part of the
projects No. 31093 and No. 46008,
financed by Ministry of Education,
Science and Technological development
of the Republic of Serbia.

NNTEPATYPA / REFERENCES

1. Dzuvinov, V., S. Gandev, K. Kumanov and V. Arnaudov, 2013. Walnut.
Biofrut BG-EOOD, Plovdiv (Bg).

2. Germain, E., P. Jalinat, P. Leglise, A. Masseron, C. Tronel and A. Charter,
1983. Resultas de 20 ans d’experimentation (1re partie). Le noer, 356, 55-60.

3. Korag, M., S. Cerovi¢ and B. GoloSin, 1998. Orah. Prometej, Novi Sad (Sr).
4, Kora¢, M., S. Cerovi¢, B. GoloSin and R. Mileti¢, 1990. Population of
domestic walnut and selection results. Jugoslovensko vocarstvo, 24(93), 3-10.

5. Mileti¢, R., 1994. Izu€avanje populacije oraha na podruc¢ju TimoCke krajine.
Doktorska disertacija, Poljoprivredni fakultet, Novi Sad, 1-124 (Sr).

6. Mileti¢, R., M. Kora¢ and R. Pretrovié¢, 2002a. Vaznije pomoloSko-tehnoloSke

osobine plodova sorti oraha gajenih u Timockoj krajini. Jugoslovensko vocarstvo,

36(137-138), 3-10.

7. Mileti¢, R., M. Kora¢ and R. Pretrovi¢, 2002h. BioloSke osobine i rodnost
sorti oraha u Timockoj krajini. Jugoslovensko vocarstvo, 36(139-140), 127-135.

8. Mileti¢, R., M. Zikié, N. Miti¢ and R. Nikoli¢, 2003. Biological and
pomological characteristics of superior walnut selections. Genetica, 35(2), 123-130.

9. Mitrovi¢, M., R. Mileti¢, S. Cerovi¢, J. Nini¢-Todorovi¢, B. Golosin and C.
Oparnica, 2007. Perspektivne sorte i podloge jezgrastih vrsta vocaka. Zbornik radova,
“Perspektivne sorte i podloge vocaka“, Cacak, 33-38 (Sr).

10.

Mitrovi¢, M., S. Cerovié¢, B. GoloSin, J. Ninié-Todorovi¢ and R. Miletic,

2005. Selekcija oraha i leske u Srbiji tokom poslednje dve decenije. Vocarstvo, 150,

187-195 (Sr).

214



Journal of Mountain Agriculture on the Balkans, 2017, 20 (5), 215-224
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

ISSN 1311-0489 (Print)
ISSN 2367-8364 (Online)

TexXHOMOrM4YHM U3cnenBaHUA 3a nosiydaBaHe Ha
aHToUMaHuHM OT nnoaoBe apoHusa (Aronia melanocarpa)

CeeTtna [AsHkosa*, Mapua [JoHeBa, [abprnena MapuHoBa

VHCTUTYT N0 KpMobronorms n XxpaHnTenHun TexHonoruum, 6yn.yepHu Bpbx 53,
1407 Codous, Bbnrapus

*E-mail: svetla.diankova@ikht.bg

Technological investigations for obtaining anthocyanins
from black chokeberry (Aronia melanocarpa)
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1407 Sofia, Bulgaria

PE3HOME

M1ogoBeTe Ha apoHMATa ca LieHEH
M3TOYHMK Ha OMOaKTUBHM CbeanHEHUs,
KouTo MmoraT ga 6bgar M3non3saHu B
NPOU3BOACTBOTO HA HOBW (DYHKLUMOHAHU
XpaHn 1 Hanutkn. Cumta ce, Ye COKbT OT
apoHus uma 6naronpuaTteH ecdbekT npwu
peavua 3a6onsBaHNa — XUNepToHUs, arte-
pockneposa, gnabet n ap. To3u edekT
OCHOBHO C€ AbJ/IKM Ha CbAbpXawuTte ce B
HEro  aHTOUMaHWHKW, NOMnMeHONNn 1
BUTaAMUHW.

Llenta Ha npoyyBaHeTo, € ga ce
HanpaBW CPaBHUTE/IEH aHa/IN3 Ha CbAbP-
)X@HMETO Ha aHToUMaHWHW B M/I040BU CO-
KOBE W NPecoBku OT apoHus. MNposeneHu
ca TEXHO/I0TUYHN ONUTK 3a YNTpa3ByKoBa
eKCTpakumMs ¢ BOAHO-eTaHOJ/IHW CMecu B
CbOTHOLUEHNE MaTepuasl.ekcTpareHT —
1.1 n 1:2. 3scnegBaHoO € B/IMAHWETO Ha
ABa (hakTopa — KOHLeHTpauus Ha eTaH-
ofla W NPOABL/DKMTENHOCT Ha Mpoueca
BbpXY A06MBa Ha aHTOLMAaHWHK,. YCTaHo-
BEHO €, Yye 06L0TO KOIMYECTBO N3BEYe-
HW aHTOLMAHMHK € NO-ToISIMO MPU XUApPOo-
moayn 1:2. Mpu Tesn ycnoswusi, Ha-BUCOK
[0o6VB Ha aHToOUMaHWHM ce HabngaBa 3a

SUMMARY

The fruits of chokeberry are a
valuable source of bioactive compounds
that may be used in the production of new
functional foods and beverages. It is
believed that chokeberry juice has a
beneficial effect in many diseases -
hypertension, atherosclerosis, diabetes
and the like. This effect is mainly due to
anthocyanins, polyphenols and vitamins
contained in it.

The aim of the study is to make a
comparative analysis of the content of
anthocyanins in the fruit juices and pulps
from chokeberry. Technological
researches for ultrasonic extraction were
carried out with water-ethanol mixtures at
a ratio of material:solvent — 1:1 and 1:2.
The influence of two factors was studied:
the concentration of ethanol and the
duration of the process on the extraction
of anthocyanins. It was found that the total
quantity of extracted anthocyanins is
greater in hydro modul 1:2. Under these
conditions, the highest yield of
anthocyanins was observed for the
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eKkcTpareHt 75 % etaHon. AHaNu3bT 3a
aHTMOKCUAAHTHA akTUBHOCT (pagukanyna-
BSiLAa CMOCOBGHOCT) Ha MOJyYeHUTE eKc-
TPpaKTX Nnokasa MHOro BUCOKU CTOWHOCTU —
Ao 64 882,5 mmol/l ekenBanenTn Ha Vit. C.
Knwo4yoBu AymMun: apoHus, eKcTpakuus,
aHTOUMaHUHN, aHTUOKCUJaHTHa akKTUBHOCT

yBO/[,

AHTOUMaHVHNTE Cca efHn OT Haii-
BaXXHWUTE pacTUTENIHU NUrMeHTu. Te npuHag-
nexar KbM LUMPOKO PpasnpocTpaHeH knac
(peHOMHN  CbeauHeHns —  dpaBoHOMAN.
AHTOUMEHNHUTE ca rMKO3nam Ha
NONMNXUAPOKCU- WU MOSIMMETOKCU MNPOU3-
BOAHW Ha  2-peHuneH6eH30onMpunnesmu
(cdbnaBunmneBmn) conm, KakKBMTO ca ar/IMKOHU-
Te, HapeyeHn aHTounaHuamHm (durypa 1).

solvent — 75 % ethanol. The analysis of
antioxidant activity (radical scavenging
activity) of the produced extracts showed
very high — up to 64 882,5 mmoll/l
equivalents of Vit. C.

Key words: chokeberry,
anthocyanins, antioxidant activity

extraction,

INTRODUCTION
Anthocyanins are among the most
important plant pigments. They belong to

a widespread class of phenolic
compounds called flavonoids.
Anthocyanins are glycosides of

polyhydroxy or polymethoxy, derivatives
of 2-phenylenebenzopyrylium (flavillium)
salts (Figure 1).

dur. 1. dnaBunmes KaTuoH. C Ry n R, ce o3HavasaTt H, OH nnn OCHs; R; — rnvMko3un

mwnn H; R4 — ranko3unn nnn OH

Fig. 1. The flavillium cation. R1 and R2 stand for H, OH or OCH3; R3 is glycosyl or

H; R4 is OH or glycosyl

Pasnvuknte  mexay  oTAesHute
aHTOLMaHMHM ce oTHacAT Ao 6posa Ha
XUAPOKCUNHWTE Tpynu, Bnaa n 6posi Ha
3axapuTe, NMPUKPEeneHn KbM MOJeKynara,
no3muusita Ha CBbp3BaHE Ha 3axapHute
ocTaTbuM 1 BMAa 1 6pos Ha anudpaTHUTE
WM apoMaTHU KWUCEsIMHWU, CBbP3aHn CbC
3axapute B Monekynata (Castaneda-
Ovando et al., 2009; Scotter, 2011). KbMm
JHellHa fgarta ca OTKpuTu 17 Buaa aHTo-
UMaHugnHn unam arnmkoHn mn Hag 400
aHTOLMaHWAMHOBM MKo3maun. Hai-yecto
CpellaHnTe aHTOLMaHUAMHU NPU BUCLLK-
Te pacteHua ca — nenaproHnanH (Pg),
neoHuavH (Pn), unaHunguH (Cy), mansu-
AvH (Mv), netyHuavH (Pt) n genduHnauH
(Dp). Mnuko3ngnTe Ha TpuTe HeMeTunu-

The differences between the
individual anthocyanins are based on the
number of hydroxyl groups, the type and
number of sugars, attached to the
molecule, the position of the bound of
sugar residues and the type and number
of aliphatic or aromatic acids, bound to
the sugars in the molecule (Castenada-
Ovando et al., 2009; Scotter, 2011). To
date, 17 types of anthocyanidins or
aglycons and over 400 anthocyanidin
glycosides have been detected. The most
common anthocyanidins in higher plants
are - pelargonidin (Pg), peonidin (Pn),
cyanidin (Cy), malvidin (Mv), petunidin
(Pt) and delphinidin (Dp). The glycosides
of the three non-methylated

216



paHn aHToumaHugmHu (Cy, Dp n Pg) ca
Hali-pa3npocTpaHeHn B npupogjata W
npuckctear B 80% OT NUrMeHTMpaHuTe
nucta, 69% ot nnogosete M 50% ot
yBeTtsTa (Kong et al., 2003).

Mpegnonara ce, Ye aHTOLMAHWHUTE
okasaT GnaronpuaTHO AelicTBue  npwu
3aTNbCTABaHe, AnabeT, CbpAeYHO-CbA0BU
3a60/19BaHNA 1 UMAT NOSIOXUTENEH edekT
BbpXy KorHutuBHata doyHkuusa (Tsuda,
2012). Te3u epekTn ce Ab/HKaT OCHOBHO Ha
TEXHUS BMCOK aHTMOKCUAAHTEH KanauuTerT.
KoHcymauusita Ha xpaHu, 6oratv Ha aHTo-
UMaHVHW, HaMasisiBa KpbBHOTO HasisiraHe U
WHCY/IMHOBaTa Pe3NCTEHTHOCT ¥ noBuLIaBa
YCTOWYMBOCTTA Ha KanunsipuTe.

Pogbt Aronia (cemeiictBO
Rosaceae) BkiwuBa [Ba BuAa XpacTy,
npousxoxgawy ot WM3toyHa CesepHa
Ameprka un W3TouHa KaHaga: Aronia
melanocarpa (Michx.) Ell., nssecteH kato
yepHa apoHus un Aronia arbutifolia (L.)
Pers.— yepeeHa apoHusa (Kokotkiewicz et al,
2010; Kulling and Rawel, 2008). ApoHusi
prunifolia (BMoneToBa apoHus) e Xubpup,
mexagy A. melanocarpa mn A. arbutifolia
(Kokotkiewicz et al., 2010). MNnogosete oT
Buaa A. melanocarpa ce wu3nonsear 3a
Npon3BOACTBOTO Ha COK, CUPON, KOHUTIOP
u BMHO. Te ca 6oraT M3TOYHUK Ha aHTO-
UMaHVHW, MpOoaHTOLMaHWANHN, X10POreHo-
Ba 1 HEOX/IOPOreHoBa KucenMHa 1 nokassat
BMCOKa aHTMOKCUAAHTHA aKTUBHOCT
(Braunlich et al.,2013). O6wWoT0 KONUYeEC-
TBO aHTOUMaHVWHW B MPEecHM naofoBe OT
apoHua Bapupa B guanasoHa ot 357 go
1790 mg/100 g npscHo Terno (FW). B
CpaBHeHWe C [ApyrM MI0A0Be, apoHusTa
uMa  no-egHoobpaseH aHTOLMAaHUHOB
CbCTaB — OCHOBHO [/IMKO3UAM Ha UWaHu-
AvHa (LumaHnanH-3-apabuHosng, UmaHuanH-
3-rasiakto3ng, UuaHuauH-3-roKosng U
ynaHnanH-3-kcmnosung)  (Oszmianski  un
Wojdylo, 2005).

Llenta Ha npoy4ysaHeTOo, € pga ce
HanpaBwu CpaBHUTEsNIEH aHa/IM3 Ha CbabpP-
XaHVeToO Ha aHTouMaHvHW B NNOA0BWU
COKOBE W NPecoBKM OT apoHuA U Aa ce
YCTAHOBAT TEXHOJI0OrMYHUTE napameTpu
Ha ekcTpakuusa, npy KoUTo ce nosiyyasa
Hali-BMCOK J06MB OT eAuHMua pactuTe-
NeH matepualn.

anthocyanidins (Cy, Dp and Pg) are the
most common in nature and are present
in 80% of the pigmented leaves, 69% of
the fruit and 50% of the flowers (Kong et
al., 2003).

It is believed that anthocyanins
have a beneficial effect on obesity,
diabetes, cardiovascular diseases and
also on cognitive function (Tsuda, 2012).
These effects are mainly due to their high
antioxidant capacity. Consumption of
foods rich in anthocyanins reduces blood
pressure and insulin resistance and
increases the resistance of capillaries.

The Aronia genus (Rosaceae
family) includes two species of shrubs,
originating from East North America and
eastern Canada: Aronia melanocarpa
(Michx.) Ell., known as black chokeberry
and Aronia arbutifolia (L.) Pers. - red
chokeberry (Kokotkiewicz et al., 2010;
Kulling and Rawel, 2008). Aronia
prunifolia (purple chokeberry) is a hybrid
between A. melanocarpa and A.
arbutifolia (Kokotkiewicz et al., 2010). A.
melanocarpa fruits are used to produce
juice, syrup, jam and wine. They are a
rich source of anthocyanins,
proanthocyanidins,  chlorogenic  and
neochlorogenic acids and exhibit high
antioxidant activity (Braunlich et al.,
2013). The total amount of anthocyanins
in fresh fruit of aronia, range from 357 to
1790 mg/100 g of fresh weight (FW).
Compared to other fruits, chokeberry has
a more uniform anthocyanin composition —
mainly cyanidin glycosides (cyanidin-3-
arabinoside, cyanidin-3-galactoside,
cyanidin-3-glucoside and cyanidin-3-
xyloside) (Oszmianski and Wojdylo, 2005).

The aim of the study is to make a
comparative analysis of the anthocyanin
content in fruit juices and pomace from
chokeberry and to establish the
technological extraction parameters that
result in the highest yield per unit of plant
material.
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MATEPWNAN N METO4WA

MaTepnanu:

O6ekT Ha wu3cnegBaHeTo 6Gsxa
naofoBe OT 4YepHa apoHus — Aronia
melanocarpa (Michx.) Ell., cbbpaHu ot
paiioHa Ha rp. bepkoBuua, Bbarapus
npe3 mecel, asryct 2016 r. Cneg nammsa-
He, cBeXUTe naofose 6sxa pasnpegerne-
HW B OMaKoBKW OT NOAMETUNEHOBO (DONO,
3ampaseHn npu (-20°C) n cbxpaHsiBaHu
BbB (ppM3ep 4O MOMEHTA Ha aHam3a.

MeToan:

MpobuTe OT apoHMA ce pa3mpassasa-
Xa Ha cTaliHa TemnepaTypa u npecosaxa 3a
oTAeNsAHe Ha coka OoT nynna. Ekcrtpakumsata
6e nposegeHa ¢ 10 BapuaHTa ekcTpareHTu:
BO/ZHO-€T@HO/IHM Pa3TBOPMW MPW KOHUEHTpa-
uma ot 45 o 95% 06./06. N CbOTHOLUEHNE
pacTuTeneH martepuan : ekctpareHT 1:1 u
1:2. MpobuTe ce noctaBsxa B yNTpasBykosa
BaHa (Model 7652 Ultrasonic System) u ce
obpaboTBaxa € ynTpasByk 3a 20 MUHYTW,
cfnef, KoeTo ce ocTaBsixa Ha TbMHO, Mpu
CTaliHa Temnepartypa, B NPOAb/DKEHME Ha
24 po 96 yaca. lNonyyeHuTe ekcTpakTn ce
duntpyBaxa npe3 CTbkIeH QUNTbP C
roneMuHa Ha nopute 100-160 pm.

CbAbpxaHue Ha Cyxo BelecTBO —
CbabpXaH/ETO Ha CyxXx0 BeLWecTBO B
pactuTenHata cypoBuHa 6e W3MepeHo C
BnaromMepHa Be3Ha Sartorius Thermo
Control YTC O1L.

KonmyecTBEHO  CbAbXaHue  Ha
aHTOUMaHUHN B eKCTpakTuTe

O6LWOTO CbAbPXKaHME HA MOHOMep-
HW aHTOLUMaHWHW B eKCTpakTuTe 6e onpege-
NeHo cnekTpodhoTOMeTpMyHo no pH -
andbepeHumanHua metog (Lee et al., 2005).

MpuHumMn Ha metoga: MoHomepHuTe
aHTOLMAHMHOBN MUTMEeHTU obpaTtuMo npo-
MEHAT LBeTa cu nNpu npomsHa Ha pH. Mpu
pH 1.0 Te cbuecTByBaT B OLBeTeHa
OKCcOHueBa popma, a npum pH 45 -
npeobnagasa 6e3uBeTHa XemuKeTasHa
oopma. Pasnukata B abcopbumsta Ha
nurMeHTMTe Npy 520 nm e nponopuMoHanHa
Ha KOHUeHTpauuAtTa uM. [lonvmepHuTe
aHTOLMaHUHY ca pe3nNCTEHTHN Ha
npomaHata Ha pH u He ce BkIO4YBaT B
u3MepBaHeTo.  M3uncneHussta ca  no
cnepgHara dopmyna:

MATERIAL AND METHODS

Materials:
The subject of current research was
black  chokeberry  fruit -  Aronia

melanocarpa (Michx.) Ell. The fruits were
collected from the Berkovitsa region of
Bulgaria in August 2016. After washing,
the fresh fruit was distributed in
polyethylene bags, frozen at (-20 ° C) and
kept in a freezer until the time of analysis.

Methods:

The chokeberry samples were
unfrozen at room temperature and
pressed to separate the juice from the
pulp. The extraction was carried out with
10 variants of solvents: water-ethanol
solutions at a concentration of 45 to 95%
vlv, and a plant material: solvent ratio of
1:1 and 1:2. The samples were placed in
an ultrasonic bath (Model 7652 Ultrasonic
System) and were sonicated for 20
minutes, then left in the dark at room
temperature for 24 to 96 hours. The
resulting extracts were filtered through a
glass filter with a pore size of 100-160 pm.

Dry matter content - The dry matter
content of the plant raw material was

measured with a Sartorius Thermo
Control YTC 01L balances.
Quantitative content of

anthocyanins in the extracts

The total content of monomeric
anthocyanins in the extracts was
determined spectrophotometrically by the
pH-differential method (Lee et al., 2005).

Principle of the method: Monomeric
anthocyanin pigments reversibly change
their color when changing the pH. At pH
1.0 they exist in stained oxonium form,
and at pH 4.5, a colorless hemiketal form
prevails. The difference in absorption of
pigments at 520 nm is proportional to their
concentration. Polymeric anthocyanins
are resistant to pH change and are not
included in the measurement. The
calculations are according to the following
formula:
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Anthucydanin pigment (cyd eq my /1) =

KbeTo A = (Aszonm - Azoonm) PH 1.0 - (Aszonm-
Azonm) PH 4.5, Mw 449.2 g/mol 3a

unaHnanH-3-rnokosng  (cyd-3-glu); DF -
(pakTop Ha paspexpgaHe; | = gebenunHa Ha
cnoaA B cm;, €& = 26900, M™monapeH

EeKCTUHUMOHEH KoedmumeHT 3a cyd-3-glu n
10? = chakTOp 3@ NPeMUHaBaHe oT g Ha mg.

PesynTtatute ca npeacraBeHu KaTo
eKBMBasIEHTU UnaHnanH-3-rnoko3ung (cyd
eq mg/l).

OnpefensiHe Ha TOTaNeH aHTu-
OKCUJAaHTEeH KanauuTeT

AHTMOKCHAAaHTHaTa CNoco6HoCT
(pagvkanynassua cnocobHOCT) e onpe-
JeneHa ypes crnekTpooToMeTpuyeH mMe-
To4 ¢ DPPH (2,2-diphenyl-1-picrylhydrazyl
radical) n pesynrarute ca npeacTaBeHu
KaTo ekBMBasieHT Ha BuTamuH C (mmol/l)
no KasmbpaunoHHa KpvBa 1 koedhuLneH-
Ta Ha paspexpgaHe Ha npobute (Marinova
and Batchvarov, 2011).

CTaTucTunyeckn aHanns

Cratuctnyeckata obpabotka Ha
JaHHUTe 6e u3BbPLUEHA C MoOMoLTa Ha
Microsoft Excel 2013. [aHHuTe ca
npeAcTaBeHW KaTo cpefHa CTOMHOCT =+
cTaHfapTHO OTk/oHeHMe (SD) Ha Tpu
He3aBuUCMMU eKcrnepuMeHTa. [laHHuTe 6sixa
aHanusnpaHu ypes egHopaktopeH ANOVA.
Pasnuknte ce nmpuemart 3a CTaTUCTUYECKM
3Haunmu, npu p no-masiko ot 0.01.

PE3YJITATN N OBCBXAJAHE

Cnep pasmpassiBaHe, nJofoBeTe
6sixa npecoBaHV 3a OTAefISHE Ha coka OT
nynna, KomTo 6axa TpeTupaHn oTAesHo, T.e.
6sixa m3cnenBaHn ABa BapuaHTa — COK U
nynn. AHaM3bT 3a CbAbpXaHWe Ha Cyxo
BELLeCTBO B nNpobuTe OT apoHus nokasa
cnefgHuTe pesyntatu: cok — 18,66 +1,50
g/100g; nynn — 30,70+4,56 g/100g.

Mopagun BMCOKOTO BRarocbAbpxaHue
Ha CypOBMHUTE, Haya/lHUTE OnMUMTK 3a
eKcTpakuma 6axa nposefeHn ¢ 95 %
€TaHo/l, Mpu CbOTHOLWEHME CYpPOBUHA:
ekcTpareHT — 1:1. YcTtaHOBEHOTO KOJ/iMyec-
TBO Ha MOHOMEpPHW aHTouMaHWHW B

A.Mw. DK .10°
e.1

(1)
where A = (Aszonm - Azoonm) PH 1.0 - (Aszonm -
Azonm) PH 4.5; Mw 449,2 g/mol for
cyanidin-3-glucoside (cyd-3-glu); DF -
dilution factor; | path length, cm; €
26900, molar extinction coefficient for cyd-
3-glu, and 10° = factor for conversion from g
to mg.

The results are presented as
equivalents of cyanidin-3-glucoside (cyd

eq mg/l).

Determination of total antioxidant
capacity

Antioxidant ability (radical

scavenging activity) is determined by a
DPPH (2,2-difenyl-1-picrylhydrazyl
radical) spectrophotometric method and
the results are presented as the
equivalent of vitamin C (mmol / ) by
calibration curve and the sample dilution
factor (Marinova and Batchvarov, 2011).

Statistical analysis

The statistical processing of data
was done with the help of Microsoft Excel
2013. Data represent mean * standard
deviation (SD) of three independent
experiments. The data were analyzed by
one-way ANOVA. Differences were
considered statistically significant when
the p level was less than 0.01.

RESULTS AND DISCUSSION

After unfreezing, the fruits were
pressed to separate the pulp and juice,
which were then treated separately, i. e.
two options were examined — juice and
pulp. The analysis of dry matter content in
the chokeberry samples showed the
following results: juice — 18,66 = 1,50
0/100g; pulp — 30,70 £ 4,56 g/100g.

Due to the high moisture content of
the raw materials, the initial extraction
experiments were carried out with 95%
ethanol, with a raw material: extract ratio
of 1: 1. The observed amount of
monomeric anthocyanins in fruit juice is
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nnogosusa cok e 403,83+19,64 cyd eq mg/l.
EkcTpakT1Te OT NJ040BM NPECOBKM Ca C Haf,
5 nNbTM NO-BUCOKO CbAbpXaHue Ha
aHTouMaHuHu, cboTBeTHo 2230,97+ 60,70
cyd eq mg/l. TopobHn pesynratm ca
uuTMpaHn 1 ot apyrn astopu (Oszmianski
and Lachowicz, 2016). Bb3 ocHoBa Ha
nosyyeHnTe pesyntaTu, Npu TEXHONOTNYHW-
Te eKkcnepvMeHTM 3a OnTUMM3MpaHe Ha
eKkcTpakuuaTa, 6e n3non3saH nNaogos nynn.
Ha Tabnvum 1 n 2 ca npefAcTaBeHn faHHuTe
3a CbAbpXaHue Ha 06WM MOHOMEPHM
aHTOLMaHNHY BBLB BapuaHTW eKCTPakT npu
CbOTHOLLEHME CYpPOBMHA : eKcTpareHT - 1:1
n 1:2, cboTBETHO. CTATUCTUYECKUAT aHaIn3
Ha pes3ynTtatute nokassa AOCTOBEPHM pas-
NINYMA B KONMYECTBOTO EKCTPpaxuvpaHy aHTo-
LUMaHUHM B 3aBMCUMOCT OT KOHLleHTpaumusaTa
Ha M3Mnon3BaHna eTaHos.

403,83 + 19,64 cyd eq mg/l. Fruit pulp
extracts have a more than 5 times higher
concentration of anthocyanins,
respectively 2230.97 + 60.70 cyd eq mg/l.
Similar results have been cited by other
authors (Oszmianski and Lachowicz,
2016). Based on the results, fruit pulp was
used in the experiments to optimize
extraction. Tables 1 and 2 present the
data for total monomer anthocyanin
content in extract variants with a raw
material: solvent ratio of 1:1 and 1:2,
respectively. The statistical analysis of the
results shows reliable differences in the
amount of anthocyanins extracted
depending on the concentration of the
ethanol used.

Ta6bnuua 1. O6WO CbAbpXaHNe Ha MOHOMEPHU aHTOUMaHUHU B €KCTPakTu OT
apoHVs NpM CbLOTHOLWEHME MaTepuan:pasTBoputen — 1:1. Pesyntatute ca
npeAcTaBeHU KaTo cpegHa CToOMHOCT £ SD (n = 3)

Table 1. Total content of monomeric anthocyanins in chokeberry extracts at
material:solvent ratio — 1:1. The results are presented as means + SD (n = 3)

KoHueHTpauus Ha
eTaHona (%)

CbabpxaHue Ha aHToumMaHUHN B ekcTpakTa (cyd eq mg/l)
Anthocyanins content in extracts (cyd eq mg/l)

Ethanol 24 h 48 h 72 h 95 h
concentration (%)
45 1665,1+ 165,1  1723,3+83,5 1758,3+25,0  1619,8+28,2
50 1725,2+ 205,2  1592,4+42,7 1756,5+100,0 1817,2+127,7
55 1863,7+273,7  1846,2+74,1 1847,1+26,5 1571,0+261,8
60 1852,0+252,0 1987,6+£193,2 2140,9+15,0 2404,4+251,7
65 2097,2+197,2  2274,1+73,8 2182,5+38,5  2506,1+23,4
70 2177,3+177,3 2438,0+283,9 2339,4+50,1 1386,0+136,9
75 1853,2+296,8 2680,5+229,1 2124,2+438,5  2711,8+50,1
80 2267,4+177,4  2822,1+63,5 2785,4+20,3 2888,8+226,9
85 2185,5+85,5 2705,6+154,0 2775,3£20,9 2941,9+287,0
95 2316,0+416,0 2813,8+128,6 2798,7£11,5 2474,8+125,3

*CTaTtncrTmyeckata 3HauMMocCT 6e onpegeneHa ypes egHogaktopeH ANOVA; 3Haumma pasnvka
Mexay cpegHute ctoliHocTu (p < 0.01 3a BCUMYKM BapuaHTh)
Statistical significance was determined by one-way ANOVA; significant differences between
mean values (p < 0.01 for all variants)

220



Ta6bnuua 2. O6WO cbAbpXaHNe Ha MOHOMEPHU aHTOLUMAaHUHW B €KCTPakKTu OT
apoHVA Npu CbLOTHOLWIEHMWEe MaTepuan:pasTeBoputen — 1:2. Pe3ynrtatute ca
npeAcTaBeHn KaTo cpegHa CTOMHOCT £ SD (n = 3)
Table 2. Total content of monomeric anthocyanins in chokeberry extracts at
material:solvent ratio — 1: 2. The results are presented as means = SD (n = 3)

KoHueHTpauus Ha
eTaHona (%)

CbabpxaHue Ha aHToumaHuHN B ekcTpakTa (cyd eq mg/l)
Anthocyanins content in extract (cyd eq mg/l)

Ethanol 24 h 48 h 72 h 95 h
concentration (%)
45 815,9+14,3 980,2+71,8 1245,7+66,8  1279,1+33,4
50 1266,9+36,5  1428,9+18,6 1885,2+76,9  1923,7+38,5
55 1438,8+13,2  1594,8+97,7 1842,2+60,8  1922,6+19,6
60 1068,3+141,8  1505,8+33,2 2255,2+2755 2392,9+137,7
65 1777,5£50,0  2504,4+14,4  3029,0+53,3 3155,7+126,6
70 1444,9+153,2  2087,7+64,4  2620,0£56,0 2792,0+172,0
75 1450,9+201,2 2034,1+141,7 3091,5+281,0 3232,0+140,5
80 1228,8+100,0 1847,7+1,5 2129,6+213,0  2223,1+93,5
85 1387,9+90,2  1977,0+10,7 2571,6+204,6 2673,9+102,3
95 1078,7+38,2 1931,9+342,2 1895,3+128,6  1959,6+64,3

*CTaTtucrtmyeckara 3HauMMocT 6e onpegersieHa ypes egHodaktopeH ANOVA; 3HaumMma pas/vka
mMexay cpegHuTe ctoiHocTu (p < 0.01 3a BCUYKM BapraHTK)
Statistical significance was determined by One-Way ANOVA,; significant differences between

mean values (p < 0.01 for all variants)

Ha ®urypm 2 n 3 rpacumyHo ca
nokasaHu pesynrarute 3a pfobusa Ha
aHToumaHnHn ot 100 g cBexa cypoBuHa
npyv pasfiMyHNUTE BapuaHTW Ha eKCTpak-
ums. Mpn cboTHOWeEHME 1:1 Hali-BUCOKM
CTOMHOCTM 65iXxa HabnwgaBaHW NpPU KOH-
LueHTpaunsa Ha etaHona ot 80 o 95% un
npoAb/HKUTENHOCT Ha npoueca 48 h. Mpu
xuapomogyn 1:2 Hail-gobpa ekcTpakums
Ha aHTouuaHuHWTe 6€e MnosydyeHa npu
KOHUEHTpaLma Ha eTaHoMa oT 65 0o 75%
N NPOAb/MKUTENHOCT — 72 h. Mpu Te3n
yCcnoBus O6MBBT HA aHToUMaHuHW [oc-
Tra 600 mg. CbabpXaHNeTO Ha aHTo-
LMaHWHW B eKCTpakTa ocTaBa Henpome-
HEHO npwu no-ronsmMa MnpPoLb/HKUTENTHOCT
Ha npoveca.

Figures 2 and 3 graphically show
the results for the yield of anthocyanins of
100 g of fresh raw material in the different
extraction variants. At a 1: 1 ratio, the
highest values were observed at an
ethanol concentration of 80 to 95% and a
process duration of 48 hours. At a 1: 2
ratio, the best extraction of anthocyanins
was obtained at an ethanol concentration
of 65 to 75% and a duration of 72 hours.
Under these conditions, the vyield of
anthocyanins reaches 600 mg. The
content of anthocyanins in the extract
remains unchanged for a longer duration
of the process.
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Aronia extracts (1:1)
300.0
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150.0
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0.0

24h 48h 72h 96h

yield (mg/ from 100g FW )

ethanol % (v/v)
H45 m50 m55 m60 m65 m70 m75 m80 m85 m95

dur. 2. O6w, gobmB aHToUMaHMHM OT 100 g cBeXxa CypoBMHA NpU pas3/InyHUTE
BapuaHTU Ha eKCTpakuus, CbOTHOLLEHME:CYpPOBMHA ekcTpareHT — 1:1

Fig. 2. Total yield of anthocyanins from 100 g of fresh raw material in the
different extraction variants, ratio raw material:solvent — 1:1

Aronia extracts (1:2)

700.0
600.0
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400.0
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200.0

il
0.0

24h 48h 72h 96h

yield {mg/ from 100g FW )

ethanol % (v/v)
m45 m50 w55 W60 m65 m70 m75 m80 W85 W95

dur. 3. 06w, AobuB aHTOUMaHMHM OT 100 g cBeXa CypoBUHA MNpU pasnnyHUTE
BapuaHTN Ha eKCTpaKLus, CbOTHOLLEHME:CYPOBUHA ekcTpareHT — 1:2

Fig. 3. Total yield of anthocyanins from 100 g of fresh raw material in the
different extraction variants, ratio raw material:solvent — 1:2
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EkcTpakTuTe C Hai-BUCOKO CbObp-
XaHue Ha aHToumaHuHKu 6sxa uscnensa-
HW 3a aHTUOKCUAAHTHa aKTMBHOCT MO
meToga ¢ DPPH. lNpu T103M aHanun3 ce
n3MepBa CnocobHOCTTa Ha ekcTpakTa ja
oTAaBa efiekTpoH ¥ pa ynasa DPPH
pagvkana. [lonyvyeHnsat pesyntar -
64882,5 mmol/l Vit. C ekBuBasieHTU e
rnokasaTefnieH 3a CWIHO aHTUOKCUAAHTHO
fgeilictene. Knacuueckoto onpegeneHune
3a aHTUOKCUZAHTM € AAafEHO OT aHr/vi-
ckma ydeH Barry Halliwell — BewecTsa,
KOUTO B HUCKM KOHLEHTpauuu 3abaBsaT
UNn npefoTBpaTsABarT OKWUC/IEHWETO Ha
HanuuHM okmucnsem cyoctpatu (Halliwell
et al.,, 1995). Kakro sutamuHn C un E,
MHOro hUTOXMMMKaIN, 0COBEHO nonude-
HOMW, MMaT CMoco6HOCTTa ga Y/I0BAT
cBOGOAHMTE pagukaiM npegu Te fda
aTakyBaT GMOJSIOTMYHO BaXKHUTE MOJEKYN.
Mo TO3U Ha4WH AeicTBaT U aHTUOKCUAAHT-
HWTE BellecTBa B eKCTpakTa OT apoHus
(Denev et al., 2012; Hwang et al., 2014).

n3BOAM

N3cnepsaHo e BMAHWETO Ha ABa
(hakTopa — KOHLEeHTpauusa Ha eTaHona u
NPOABL/MKUTE/THOCT Ha npoueca BbPXY
[obuBa Ha aHTouMaHWHW OT M/040Be OT
YyepHa apoHus. YCTaHOBEHO e, Ye 06L0To
KO/IMYECTBO W3B/IEYEHN aHTOUMaHUHU €
no-ronAamo npu xugpomonyn 1:2. Mpu Te-
31 YCNnoBMS, Hali-BUCOK JOGMB Ha aHTo-
LUuaHnHKM ce Hab/logaBa 3a ekcTpareHT 75
% etaHon - 600 mg/100 g cBexa
CypOBUHa.

AHanusvpaHa e pagukanynassia-
Ta CMNOCOGHOCT Ha MOy4YeHUTe BOLHO-
€TaHO/IHN EeKCTpaKTM OT apoHua un e
YCTaHOBEHO €, Ye Te MokKassarT BUCOKa
aHTMOKCUAAHTHA aKTMBHOCT, Ab/iKalla ce
He camMo Ha ro/fIIMOTO CbAbpXaHue Ha
aHTOUMaHVHM, HO M Ha CbhbTCTBALMTE
uToxmmMuKanu. Tesn pesyntatu [oKas-
BaT MNOTeHUMana Ha uscnegBaHUTE eKc-
TpakTM fda 6bAar M3non3sBaHn  Karo
N3TOYHMK Ha aHTUOKCUOAHTH.

MnogoBuAT nynn ocTtaHan cneq
NMpon3BOACTBOTO Ha COK OT apoHus, npeg-

Extracts with the highest
anthocyanin content were tested for
antioxidant activity by the DPPH method.
This analysis measures the ability of the
extract to transfer electron and to
scavenge the DPPH radical. The result
obtained - 64882.5 mmol/l Vit. C
equivalents are indicative of a strong
antioxidant action. The classic definition
of antioxidants is given by British scientist
Barry Halliwell — substances, which in low
concentrations inhibit or prevent oxidation

of available oxidizable substrates
(Halliwell et al., 1995).
Like vitamins C and E, many

phytochemicals, especially polyphenols,
have the ability to capture free radicals
before they attack biologically important
molecules.  Thus, the antioxidant
substances in the chokeberry extract act
(Denev et al., 2012; Hwang et al., 2014).

CONCLUSIONS

The influence of two factors —
ethanol concentration and duration of the
process on the yield of anthocyanins from
black chokeberry fruit - has been
investigated. It was found that the total
amount of anthocyanins extracted was
greater in the 1:2 ratio (raw
material:solvent). Under these conditions,
the highest yield of anthocyanins was
observed for 75% ethanol — 600 mg/100 g
of fresh raw material.

The radical scavenging capacity of
the aqueous-ethanolic chokeberry
extracts was analyzed and found to show
high antioxidant activity due not only to
the high content of anthocyanins but also
to the accompanying phytochemicals.
These results demonstrate the potential of
the tested extracts to be used as a source
of antioxidants.

The fruit
production  of

the
an

left after
juice is

pulp
aronia
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cTaBfisiBa €BTUH W AOCTbMNEH U3TOYHUK Ha | inexpensive and affordable source of
L&HHN B1OOTMYHOAKTMBHIM BELLECTBA. valuable biologically active substances.
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PE3IOME

Llenta Ha HacTosALWeTOo uscnensaHe
e [a ce onpegenu HaanynmeTo unm nun-
cata Ha aHTubakTepuasiHa akTUBHOCT Ha
€KCTpakT OT M/I04OBETE Ha LIECT reHoTu-
na Ha Chaenomeles sp. cpewyy natoreHu
no pgomatm u nunep — Xanthomonas
vesicatoria, Xanthomonas euvesicatoria,
Xanthomonas gardneri, Clavibacter
michiganensis subsp. michiganensis n
Pseudomonas syringae pv. tomato.
3ampaseHuTe NaohoBe OT LWeCT reHoTmna
ca ekcTpaxvpaHu ¢ MeTaHo B Npuoop Ha
CokcneT ¥ nonyvyeHUTe ekcTpaktn ca
KOHUEHTpUpaHM BbB Bakyym u3naputen.
W3cnepgBaHeTo e npoBefdeHo in vitro no
MeToga Audy3ms B arap B Tpu MNOBTO-
peHus. M3uncneHn ca cpegHus agnameTbp
Ha o6pasyBaHWTE 30HM W CTaHOAPTHOTO
OTK/IOHEHME. Bcuuku nosly4yeHn eKkCTpakTn
nokaspaTt akTMBHOCT Cpelly TecTBaHUTE Na-
TOreHu. ,U,VIaMET'bp'bT Ha CTepusiHUTEe 30HU
npu 5% BOAHM pPa3TBOPM Ha EKCTpPaKTUTE Ha

SUMMARY

The aim of this study was to test
the effect of fruit extract of six genotypes
of Chaenomeles sp. against
phytopathogenic bacteria of tomato and

pepper — Xanthomonas vesicatoria,
Xanthomonas euvesicatoria,
Xanthomonas gardneri, Clavibacter

michiganensis subsp. michiganensis and
Pseudomonas syringae pv. tomato.
Freezed fruits from six genotypes were
Sohxlet extracted with methanol and
obtained extracts were concentrated in a
vacuum vaporizer.

Study was conducted in vitro by agar
diffusion method in triplicate. Average
diameter of inhibitory zones and standard
deviation were calculated. All extracts
possessed antibacterial activity against all
tested bacteria. The diameter of sterile
zones formed by 5% water solutions of
the extracts on 24™ hour was between 10
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24-na yac ce aswxu mexay 10 n 21 mm,
KaTo Hali-uyBcTBUTENEH € Bugbt C.
michiganensis subsp. michiganensis (MHxu-
6UTOpHM 30HM 15-21 mm B AnameTbp),
cnepBaH ot P. syringae pv. tomato (30Hu
12-18 mm B gnameTbp). Hait-yctonumem ca
LwamoBseTe Ha X. euvesicatoria (30HM 11-14
mm B gnameTtsp). Mpu C. michiganensis
subsp. michiganensis ce Habnogasa OTHO-
CUTE/IHO NpeofonsiBaHe Ha aHTubakTepuas-
HUA eeKT Ha eKkCTpakTuTe [0 72-ua 4ac
(30HM npu nNnbTeH pactex — 12-14 mm).
TectBaHuTe reHoTunose Ha Chaenomeles
Sp. nokassaT pa3nuuus B aHTubakTepuasl-
HaTa CM akTMBHOCT cpelly nartoreHute. C
Hall-cnabo nspaseHa aKTMBHOCT Ce XapakTe-
pusnpaT ekcTpakTute oT reHoTunose 3p8h n
6. Hain-gobpe m3paseHn aHTMbaKTepuasiHu
CBOIiCTBa MMaT reHoTunose 22 un 29, KOUTO
ca c Haii-egpu u Texku nnogose. KoHLeH-
TpauusTa Ha ObOWIHW BellecTBa B Tesu
NN040BE € Hall-HNCcKa B CpaBHEHME C OcTa-
HanuTe, KOeTO AaBa OCHOBaHuWe Aa TBbp-
OVM, uYe YCTaHOBEHUTE aHTMbakTepuasiHu
CBOIiCTBa Ce Ab/DKAT Ha pas/MuHu OT Tesun
CbeUHEeHNs1.

KntouoBn pgymn: Chaenomeles,
aHTubGaKkTepmasiHa akTUBHOCT, EeKCTPakT,
doutonartoreHu, aomartn, nunep,
Xanthomonas, Clavibacter michiganensis,
Pseudomonas syringae pv. tomato

YBO/[,

AnoHckata pAtons  (Chaenomeles
sp. Lindl), HapuyaHa ouwe s6b1Ye KUnm
NAaHWHCKA  JIMMOH, € MHOroroAuviieH
JekopaTuBeH XxpacT OT ceM. Rosaceae.
Mponsxoxpa ot MN3touHa Asuga. B Ano-
Hus, Kopes n KuTaii ce oTrnexaga oT BeKo-
BE 3a XpaHa, Mef1LMHCKN U AeKOPaTUBHMA
uenun. Kato KynTypHO pacTeHvne e no3Harto
W B peauua CeBepHU cTpaHu, kato KaHa-
pa, Weeuwnsa, Hopserusa, Natsua, Jntea,
Benapyc, YkpaiiHa un Pycus,, HO ce OT-
rnexga colo u B Asctpasiva. B CpegHa
EBpona ce kyntusupa OT Kpasa Ha 18 Bek.
Y Hac AnoHckaTa Alonis e NpeHeceHa KaTo
nnogofasallo pacteHue npeau okono 40
r. Kato gekopaTuBHO pacTeHue e LLIMPOoKO
pasnpocTpaHeHa B Ufnata CTpaHa
3apagn kpacusute cu upetose (Mihova-

and 21 mm.

C. michiganensis subsp. michiganensis
was most sensitive with zones between
15-21 mm followed by P. syringae pv.
tomato (inhibitory zones 12-18 mm). Most
resistant were the strains of X.
euvesicatoria with zones between 11 and
14 mm. C. michiganensis relatively
overcome the antibacterial effect of the
extracts up to 72 hours after incubation
(sterile zones 12-14 mm). The tested
genotypes of Chaenomeles sp. showed
different antibacterial activity against the
pathogens. Lowest activity was observed
for genotypes 3p8h and 6. Genotypes 22
and 29, which were characterized by the
largest and heaviest fruits, showed the
highest activity. The concentration of
tanning substances in these fruits was the
lowest compared to the others which
presumes that the established
antibacterial properties were due to
different substances.

Key words: Chaenomeles,
antibacterial activity, extract,
phytopathogens, tomato, pepper,

Xanthomonas, Clavibacter michiganensis,
Pseudomonas syringae pv. tomato

INTRODUCTION

Japanese quince (Chaenomeles
sp. Lindl) is a perennial decorative shrub
from family Rosaceae. The plant
originates from Eastern Asia. In Japan,
Korea and China the plant has been
grown from centuries for food, medicinal
and ornamental purposes. As a crop
chaenomeles is known also in many
Northern countries like Canada, Sweden,
Norway, Latvia, Lithuania, Belarus,
Ukraine, and Russia but it is also grown in
Australia. In Middle-Eastern Europe the
plant was cultivated from the end of 18"
century. Japanese quince was imported in
Bulgaria as a fruit plant four decades ago.
Since then, the plant has been widely
distributed in the country as an
ornamental because of its beautiful
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Chavdarova, 2016).

BuabT e onvcaH 3a MbpBU NbT OT
Thunberg npe3 1784. lIHec Chaenomeles
sp. e pog oT noacem. Maloideae 1 e Haii-
poncteeH ¢ pogoseTe Cydonia (grons),
Malus (a6bnka) w©n Pyrus (kpywn)
(Rumpunen, 2002). Hsakon aBTOpY CUU-
TaT, Ye poAbT BKIYBA ABa nogpoga c
o6wo 4vetupu Buaa, a cnopesd Phipps et
al. (1990) kbM pofa crnajat 4YeTupu Buaa
N YeTupu mexaysuaosu xuépuga. B mo-
MeHTa HAMa J0CTaTbyHO MHopMaLus 3a
MOPCDOJIOTMYHO pasrpaHuyaBaHe Mexay
Buaosete u xubpuaute Chaenomeles,
ocobeHo 3a Chaenomeles japonica wu
Chaenomeles superba.

PacTteHusita xeHomenec dopmupart
3M1aTMCTM apomaTHu NoAoBe, KOMTO nopa-
an 6oratus cu XUMWYEH CbCTaB Hamupar
NPUIOXEHNe B MeguumHaTa 1 KynmHapusaTa
B V3TouHa Asua u [pesHa Enapa. MNnopgo-
BeTe ca cpefHoeapu cbC cpefHo Tersio 20-
50 g, npu HAKou chopmMu MoraT Aa focTurHaTt
[o 70-80 g. CbabpxaT opraHvyHu Kucesnu-
HW, (DEHOMHN CbeauHeHUs 1 NaBoHOUAM,
npoaHToLMaHNAMHOBN OSIMTOMEPU, Makpo- ¥
MVKpOeNeMeHTH, BATaMMHU OT rpynarta B.
Xapaktepusmpar ce C BUCOKO CbibpxaHue
Ha BuTammH C, HO ca HerogHuW 3a
KOHCYyMauusa B CypOBO CbCTOSiHME nopagu
MpeKkasieHo KUCenns Cu BKYC U TBbpAA
KoHcucTeHumsa (Mihova-Chavdarova, 2016).

XeHoMenechbT ce OT/IM4yaBa C MOBU-
LeHa CTy[o- U CyXOyCToinumBOCT. Pa3suBa
ce W nnopojasa [obpe BbpXy 6oratnm Ha
OpraHnyHoO BeLLecTBO, A06pe CTPYKTypupa-
HW, TJIMHECTU 1 NECHYSIMBO-T/IMHECTUN MOYBY,
HO ce npucnoco6sBa U KbM NO-KaMEHUCTUN U
yakbf1ecTu Noysu. Tesn CBOICTBA Ha pacTe-
HWETO O OMpPefenAT Karto BUA C BUCOKA
ajanTyBHa CMocobHOCT B YCnoBuATa Ha
NMPOMEHSALWMAT Ce KIMMaT U C NnoTeHuman 3a
paswupsiBaHe Ha HacaxpgeHuaTta (Mihova-
Chavdarova, 2016).

Mpe3 nocnegHute 20 roavHn ca
n3yyaBaHn XMMUYHUAT CbCTaB u hapma-
KosiormyHata akTVBHOCT Ha pacTeHuATa
XeHoMesnec, OCHOBHO B Kutail. YacTtuuHo
€ NPoy4yBaH M NOTEHUNaTBT 3a K/TMHUYHA
npunoxenns (Mihova-Chavdarova, 2016).
YcTtaHoBeHa e aHTubakTepuasiHa axkTuB-

flowers (Mihova-Chavdarova, 2016).

The plant was described for the first
time  from Thunberg in 1784.
Chaenomeles sp. is from subfamily
Maloideae and is most related to Cydonia
(quince), Malus (apple) and Pyrus (pear)
(Rumpunen, 2002). According to some
authors the genus includes two
subgenera with overall four species but
Phipps et al. (1990) refers four species
and four interspecies hybrids to genus
Chaenomeles. There is no enough
information about the morphological
differences among the species and
hybrids especially between Chaenomeles
japonica and Chaenomeles superba.

Chaenomeles plants form golden in
color aromatic fruits which due to their rich
chemical composition have been used in
medicine and gastronomy in Eastern Asia
and Ancient Greece. The fruits are
middle-sized with average weight of 20-50
g but some varieties can reach 70-80 g.
The fruits contain organic acids, phenols,
flavonoids, proanthocyanic oligomers,
macro- and micro-elements, vitamins from
B-group. Vitamin C is of notably high
concentration but the fruits are not eatable
due to the too acidic taste and hard
texture.

Chaenomeles plants are
characterized by resistance to drought
and cold. They grow well on rich of
organic matter, well structured, clay and
clay-sandy soils. However, the plants can
adapt to more rocky and gravel soils.
These features describe chaenomeles as
adaptive species in the changing soil-
climatic conditions and with potential for
widening of their distribution (Mihova-
Chavdarova, 2016).

The chemical composition and
pharmacological activity of the fruits have
been studied in the past two decades,
mainly in China. The potential for clinical
applications was partly investigated
(Mihova-Chavdarova, 2016). The
antibacterial properties of essential oil

227



HOCT Ha eTepuyHo Mac/io OT CYLUeHU
nnogose Ha Chaenomeles speciosa cpe-
wy Staphylococcus sp., Escherichia coli,
Pseudomonas aeruginosa, Enterococcus
faecalis, Enterobacter cloacae, Proteus
mirabilis n Klebsiella pneumoniae (Xie et
al., 2007). Bbnpeks TOBa AaHHWUTE 3a
aHTUMMKPOOGHA aKTMBHOCT Ca OCKbAHWU,
T.K. MOHACTOSLLEM  pacTeHneTo ce
oTriexga [NnaBHO 3a UeauTe  Ha
XpaHWUTeHO-BKycOBaTa NPOMULLIEHOCT.

Llenta Ha HacTosLeTO n3cnegsaHe
e [a ce yCTaHOBAT aHTubakTepuanHuTe
CBOICTBA Ha EeKCTpaKkTu OT pas/inyHu
reHotunose Ha Chaenomeles sp. cpely
doutonaToreHHN GakTepun No gomarture u
nunepa.

MATEPVAJT N METOOU

PactuteneH wmarepuan: CsexuTe
nnogose Chaenomeles ca cbb6bpaHu oOT
yeTUpM OMNUTHW MoneTa Ha TepuTopuATa
Ha WIMK3, TposH, Bvarapua (Mihova-
Chavdarova, 2016). MNnoposete ca 3a-
MpaseHn npu -10°C npegun ekcTpakumns. B
n3cnenBaHeTo ca BK/IHOYEHU LUECT reHo-
Tna xeHomesiec. OCHOBHUTE XxapakTe-
pucTuky (OTpbHABaHe, Ters10 Ha noLoBe-
Te, CyX0 BeLecTBO, CbAbpXaHne Ha 06-
LK 3axapu, NEKTUH, OPraHNYHN KNCEsSINHN,
ButamMmH C M AbOWIHM BellecTBa) ca
onpeneneHn Kakto e onucaHo ot Mihova
et al. (2012).

BaktepuanHn wamoBe: AHTubakTe-
pUasTHUAT edIEKT Ha eKCTpakTuTe e TecTBaH
cpewy Xanthomonas gardneri (2 wama,
nsonupaHn ot gomaru), Xanthomonas
vesicatoria (4 wama, n3onmpaHn oT gomaTu
n 6 wWama, wu30AMpaHn OT  nunep),
Xanthomonas euvesicatoria (3 wama oT
nunep), Pseudomonas syringae pv. tomato
(3 wama) wn Clavibacter michiganensis
subsp. michiganensis (1 wam) oT konekumaTa
Ha npod. acH H. Borauescka, WMNA3P H.
Mywkapos”.

EkcTpakTu: lMnoposete ca
eKkcTpaxvmpaHu ¢ MeTaHon B npubop Ha
Cokcniet npu 80 °C 3a 5 4yaca n pas-
TBOPUTENAT € cenapupaH BbB Bakyym u3-
naputen npu 55°C, 300 mbar. MonyyeHu-

from dry fruits of Chaenomeles speciosa
against Staphylococcus sp., Escherichia
coli, Pseudomonas aeruginosa,
Enterococcus  faecalis,  Enterobacter
cloacae, Proteus mirabilis, and Klebsiella
pneumoniae has been established (Xie et
al., 2007). However, the data of
chaenomeles’ antibacterial properties are
only partially known as the plants have
been grown mainly for the purposes of
food industry.

The aim of this study was to test
the effect of fruit extract of different
genotypes of Chaenomeles sp. against
phytopathogenic bacteria of tomato and

pepper.

MATERIAL AND METHODS

Plant material: Fresh fruits were
collected from four fields on the territory of
Research Institute of Mountain
Stockbreeding and Agriculture, Troyan,
Bulgaria  (Mihova-Chavdarova, 2016).
Plant materials were used freezed at -10
°C before extraction. Six genotypes of
Chaenomeles were used in this study.
Major characteristics were determined as
described by Mihova et al. (2012):
presence/lack of thorns, weight of fruits,
dry matter, concentration of total
carbohydrates, pectins, organic acids,
vitamin C, and tanning substances.

Bacterial strains: Test bacteria were
Xanthomonas gardneri (2 strains, isolated
from tomato), Xanthomonas vesicatoria (4
strains, isolated from tomato n 6 strains,
isolated from pepper), Xanthomonas
euvesicatoria (3 strains from pepper),
Pseudomonas syringae pv. tomato (3
strains), and Clavibacter michiganensis
subsp. michiganensis (1 strain) from the
collection of Prof. DSci N. Bogatzevska,
ISSAPP "N. Pushkarov”.

Extractions: Extractions were
prepared with methanol in Soxhlet
extractor at 80°C for 5 hours and solvent
was separated in vacuum vaporizer at
55°C, 300 mbar. Extracts were further
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Te eKCTpakTu ca KOHUEHTpUpaHn npu
HamansBawo HandaraHe Ao 72 mbar,
70°C. EKCTpakTUTe ca CbXpaHABaHW npu
18°C B TbMHU WNLLIETA N pa3TBapPAHU BbB
Boga (%, w/v) 1 yac npeau n3cneaBaHeTo.

TecT 3a aHTUbakTepuasiHa aKTuB-
HOCT: W3nuTBaHeTo 3a aHTubakTepuasiHa
aKTVBHOCT € NnpoBefeHo in vitro no meToga
Andy3na B arap BbpXy XpaHuTesieH arap ¢
0.2% rnoko3a B TpU NOBTOPeHUs. VIHOKyny-
MbT € Mof hopma Ha bakTepuasiHn CycCreH-
3umn ot no 100 pl, 1.5x107 cfu/ml, npuroTee-
HW OT 24-4yacoBu KynTypu. EKcTpaktute ca
TecTBaHu B KosmyecTso 50 pl pastBop/amka.
TecT-neTputarta ca oCctaBeHu 3a 2 yaca npu
CcTailHa Temnepatypa 3a AudyHAupaHe Ha
pasTBopuTe npegu UHKy6aums npu 28°C 3a
24-48 h. Pesyntatnte ca OT4YEeTEHW KaTo
JvameTbp Ha CTepu/iHMTE 30HM B MM Ha
24-ua, 72-na n 120-na vac. M3umncnenm ca
cpefHva AmameTbp Ha obpasyBaHWUTE 30HM
W CTaHAAPTHOTO OTK/IOHEHNE.

PE3SYNTATU N OBCBbXOAHE
M3nepBaHnTte reHoTunose
Chaenomeles sp. ce pasnnyasar no oTpb-
HsABaHe, Ters10 Ha N0L0BETE, ChAbpXaHue
Ha 3axapu, OpPraHnyYHN KUCesNVHWU, AbOUIHN

BellecTBa, NekTUH 1 ButamuH C (Tabnuua 1).

concentrated at decreasing pressure to
70°C, 72 mbar. The extracts were stored
at 18°C in air tight brown bottles. Water
solutions (%, w/v) were freshly prepared 1
h before the assay.

Antibacterial assay: The in vitro test
for antibacterial activity was completed by
the agar diffusion method on Nutrient agar
with 0.2% glucose. Bacterial suspensions
of 100 ul, 1.5x10" cfu/ml from 24-hour
bacterial cultures were used for
inoculums. The wells were filled with 50 pl
of each substance and left for 2 h prior to
incubation. Incubation was held at 28°C
for 48 h. The antibacterial activity was
assessed by measuring the inhibition
zones in millimetre (diameter) on the 24",
72" and 120™ hour. The experiments
were performed in triplicate and the
standard deviation was calculated.

RESULTS AND DISCUSSION
The genotypes of Chaenomeles sp.
differ in presence or lack of thorns, fruit
weight and concentration of total
carbohydrates, organic acids, tanning
substances, pectin, and vitamin C (Table 1).

Tabnuua 1. l'eHoTMnoBe Chaenomeles sp., BK/1lOYEHN B U3cneaBaHETo

Table 1. Tested genotypes of Chaenomeles sp.

Characteristics @ . g3
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Genotype T © o) g0 x & | £9

reHOTUNOBE e S o
3psh 2 + 139,00 11,50 4,85 0,890 | 2,51 | 73,92 | 0,810
Tch 3 + 4913 | 10,00 3,70 0,280 | 2,45 |100,32| 0,582
6’ 1 37,90 | 11,50 2,40 0,430 | 2,27 |149,60| 0,763
22 4 62,60 | 13,00 2,25 1,580 | 2,54 | 96,80 | 0,580
27 2 + | 5808 | 1500 6,85 1,360 | 2,36 |136,40| 1,073
29 2 + 6023 | 12,00 2,10 0,990 | 2,74 |140,80| 0,392
Bcuukm nosiy4yeHn eKCTpaKTu All tested extracts have
nokaseaT aKTMBHOCT cpelly TecTBaHuTe | antibacterial activity  against  the

natoreHn. [uameTbpbT Ha CTEPWHWUTE

pathogens of tomato and pepper. The
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30Hn npn 5% BOAHW pas3TBOPM Ha
eKkCTpakTuTe cnef 24 vaca ce [OBWXKK
Mexagy 10 n 21 mm.

Hali-ronemm MHXnMomMTopHM 30HM Ha
24-na vac ca oryeteHu npu Buga C.
michiganensis subsp. michiganensis —
Mexay 15 1 21 mm B AnameTbp, creg-
BaH OT P. syringae pv. tomato (30HM MeXx-
ay 12 n 18 mm) (Tabnuua 2). Haii-ycToii-
yMBM ca LLlamMoBeTe Ha X. euvesicatoria ¢
UHXMBUTOPHM 30HU Mexay 11 n 14 mm B
anameTtbp. VIHXMBUTOpHMTE 30HWM Mpu
BuposeTe X. vesicatoria, X. gardneri n P.
syringae pv. tomato ca C OTHOCUTE/IHO
6/11M3KN cTOMHOCTM Mexay 14 u 17 mm
(Tabnuua 2).

diameter of sterile zones formed by 5%
water solutions of the extracts on 24th
hour was between 10 and 21 mm.

The C. michiganensis subsp.
michiganensis was most sensitive with
zones between 15-21 mm (Table 2)
followed by P. syringae pv. tomato
(inhibitory zones 12-18 mm). Most resistant
were the strains of X. euvesicatoria with
zones between 11 and 14 mm. C.
michiganensis relatively overcome the
antibacterial effect of the extracts up to 72
hours after incubation (sterile zones 12-14
mm). The inhibitory zones of X. vesicatoria,
X. gardneri, and P. syringae pv. tomato are
relatively close in size between 14 and 17
mm (Table 2).

Tabnuua 2. AHTMOakTepuasiHa akTMBHOCT Ha €eKCTPakTM OT MJ040Be Ha
Chaenomeles sp. cpelly natoreHn ot pog Xanthomonas no gomatu 1 nunep, P.
syringae pv. tomato m C. michiganensis subsp. michiganensis no pgomartu
(MHXNBUTOPHU 30HN B MM * CTaHOAPTHO OTK/IOHEHUE)
Table 2. Antibacterial activity of extracts from Chaenomeles sp. against
pathogens from genus Xanthomonas of tomato and pepper, P. syringae pv.
tomato and C. michiganensis subsp. michiganensis of tomato (mean values of

the inhibitory zones in mm * standard deviation)

Genotype| Tch 3p8h 6 22 27 29

Strain
X. gardneri 66t 13.67 £0.58 12.33+0.58 12.67 +1.15 14.33+1.53] 12.67 +0.58 16.67 + 0.58|
X. gardneri 73t 14.33+0.58 12.67 £0.58 12.67 +1.15 15.00+1.00] 13.33+1.53 16.33 + 0.58
X. vesicatoria 31t 14.00 £ 0.00 13.00 + 0.00] 13.67 +1.15 15.00 £ 1.00] 14.33+0.58 17.67 +0.58|
X. vesicatoria 39t 12.67 £0.58 12.00 £0.00 12.00 + 0.00] 13.67 £0.58] 11.67 £0.58 14.33 +1.15
X. vesicatoria 53t 13.00+1.00 11.33+0.58 11.67 +0.58 14.33+0.58 12.67 +1.15 16.67 + 0.58|
X. vesicatoria 58t 14.33+1.53 12.33+1.15 13.00+1.00] 14.33+1.53 16.33+1.53 17.67 +1.53
X. vesicatoria 16 16.00 +1.00] 13.33+1.15 15.67+2.08 17.33+0.58 14.00+1.73 17.33 +1.53
X. vesicatoria 86 14.33+1.53 12.00+0.00 13.00 +1.00] 15.67 +£0.58 12.33+0.58 16.67 +0.58|
X. vesicatoria 146 16.00 £ 0.00 13.33+0.58 13.67 +0.58 17.00+1.00] 15.00+ 1.00 18.33 + 0.58
X. vesicatoria 196 12.67+1.53 11.33+1.15 12.33+1.15 14.33+0.58 13.00+0.00 16.00 + 1.00,
X. vesicatoria 536 14.33+0.58 13.00£0.000 13.33+0.58 15.33+1.15 13.33+0.58 17.00 +1.00
X. vesicatoria 44M 14.67 £1.15 13.00£0.00 14.00 + 0.00] 15.67 +1.53] 13.33+0.58 17.33 + 0.58
X. euvesicatoria 56 11.00 £ 0.00 10.33+1.53 12.67 +1.53] 14.33+1.15 12.00 + 0.00, 13.00 + 0.00,
X. euvesicatoria 106 |11.33+1.15 11.00+1.00 11.33+0.58 13.33+1.53 11.33+2.52 14.33 £+ 0.58|
X. euvesicatoria 61M | 12.67 +0.58 12.00 +1.00 11.67 +£2.08 15.00 + 1.00] 12.00 +1.00] 14.33 + 0.58
P.syringae pv. tomato
RO -1 15.33+0.58 12.00+0.00 13.57+0.58 16.33+0.58 14.00+1.00] 17.00+1.00
P.syringae pv. tomato
RO - 2 15.33+0.58 12.33+0.58] 13.33+0.58 16.67+1.15 14.33+0.58 17.33+0.58
P.syringae pv. tomato

15.67+0.58 13.00+1.00] 14.33+0.58 16.33+1.15 15.00+0.00] 17.67+0.58
C. michiganensis
subsp. michiganensis
(24" hour/24 uyac) 18.67+0.58 15.00+1.00, 15.33+2.08) 21.33+1.15 17.33+#0.58 19.67+1.53
C. michiganensis
subsp. michiganensis
(72" hour/72 yac) 14.00+1.00 13.00+0.00] 12.33+0.58 14.00+0.00] 13.00+0.00 14.00+0.00
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[o 72 yac He ce oTyuTaT NPOMEHU B
pasMepa Ha CTepunHuUTe 30HU Mpu LWamo-
BeTe oT X. vesicatoria, X. euvesicatoria, X.
gardneri n P. syringae pv. tomato. MNMpu C.
michiganensis subsp. michiganensis ce
HabngaBa OTHOCUTESIHO MpeofosisiBaHe
Ha aHTubakTepuasiHMA eqdeKkT Ha eKcTpak-
TuTe. CTepunHUTe 30HW MpU NAObTEH pac-
TEX Ha natoreHa npu pasnyHuTe reHOTU-
noBe xeHomesnec Bapupar mexay 12 un 19
mm (Tabnuua 2).

AHTMGaKTepranHuAT  ediekT  Ha
MeTaHO/IOBUTE EeKCTPaKTU OT M/I0A0Be Ha
XeHoMesiec CnpsMO naToreHuTe no Aomatu
W MUMNep e KakTo cneasa:

P. syringae pv. tomato > X
vesicatoria > X. gardneri > C.
michiganensis subsp. michiganensis > X.
euvesicatoria, Kb4eTo Hali-cuneH ecekT ce
oTumTa npu P. syringae pv. tomato, a Hai-
cnab — npu X. euvesicatoria.

TecTBaHuTe reHoTunose Ha
Chaenomeles sp. nokasBaT pasnuuusa B
aHTMbaKTepuanHata CuM akTUBHOCT cpeLly
naroreHute (durypa 1 un 2).

Up to 72™ hour changes in the
sizes of inhibitory zones of X. vesicatoria,
X. euvesicatoria, X. gardneri, and P.
syringae pv. tomato were not observed.
C. michiganensis subsp. michiganensis
relatively overcame the antibacterial
activity of the extracts. The sterile zones
at full growth of the pathogen varied
between 12 and 19 mm (Table 2).

The antibacterial activity of
methanol extracts of chaenomeles fruits
against the pathogens of tomato and
pepper was as follows:

P. syringae pv. tomato > X.
vesicatoria > X. gardneri > C.
michiganensis subsp. michiganensis > X.
euvesicatoria where the best activity was
observed against P. syringae pv. tomato
and lowest against X. euvesicatoria.

The tested genotypes of
Chaenomeles sp. showed different
antibacterial activity against the pathogens
(Figure 1 and 2).
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Inhibitory zone (mm in diameter)
WUHXM6uTOpHa 30Ha (Mm B AnameTbp)

11.00

10.00 T

Teh 3p8h 6'5%

Chaenomeles genotypes
leHoTunose

22 27 29

dur. 1. CpegHN CTOMHOCTU Ha WHXMOUTOPHM 30HM (MM B AnameTbp) npu
pas3niMyHnuTE BMAOBE NaTOreHW, QOPMUPaAHM OT EKCTPAKTUTE OT pPas/INUHK
reHotmnoee Chaenomeles sp.

Fig. 1. Average values of inhibitory zones (mm in diameter) of different
pathogenic species formed by the extracts from different genotypes

231



17.00

15.00

13.00

11.00

9.00

7.00

Inhibitory zone (mm in diameter)
MHxnbuTopHa 30Ha (mm 8 guameTbp)

5.00 T

Tch 3p8h

6' 5% 22 27 29

Chaenomeles genotypes

[eHOTUNOBE

dur.

2. CpefH/N CTOMHOCTM Ha WHXUBUTOPHM 30HM (MM B AMaMeTbp) Npu

eKCTpakTuTe OT pas3nuyHm reHotTunose Chaenomeles sp.
Fig. 2. Average values of inhibitory zones (mm in diameter) of the extracts from

different genotypes Chaenomeles sp.

C Haii-cnabo u3paseHa aKTUBHOCT
Ce xapakTtepusupaT eKCTpakTuTe OT reHo-
Tunose 3p8h n 6’. Hail-gobpe n3paseHu
aHTUbakTepuanHu cBolicTBa nmart
reHoTunose 22 u 29, KOMTO ca C Hai-
efpun 1 TeXKn nnogose. KoHUeHTpaumaTa
Ha ObOWIHK BellecTBa B Te3u NIoL0BE e
Hall-HMCka B CpaBHEHWEe C OCTaHasuTe,
KOeTo fJaBa OCHOBaHMe fAa TBbPAUM, 4e
YCTaHOBEHUTE aHTMbakTepuasiH1M CBOI-
CTBa Ce [AbshKaT Ha pas/MyHN OT Tesu
cbeaunHeHnsa. OcTaHasMTe nokasarenu
KaTo CyxO BeLecTBO, 3axapwu, MeKTUH K
BuTamMuH C HAMAT OTHOLWIEHUE KbM
aHTMbaKkTepuanHata  aKkTUBHOCT,  T.K.
Morat ga 6bAaTr XpaHuUTesnHW cybcTpatu
3a naTtoreHure.

MMpe3 nocnegHUTe rognHu e ycta-
HOBEHa aHTMMWKpOOHAaTa aKTMBHOCT Ha
OPraHNYHUTE KNCENVHMN N MaUTKN MOJIEKY-
nn cpewy Escherichia coli, Salmonella

Lowest activity was observed for
genotypes 3p8h and 6. Genotypes 22
and 29, which were characterized by the
largest and heaviest fruits, showed the
highest activity. The concentration of
tanning substances in these fruits was
the lowest compared to the others which

presumes that the established
antibacterial properties were due to
different substances. The rest fruit

features like dry matter, concentration of
total carbohydrates, pectin, and vitamin C
do not have relation to the antibacterial
activity as these can be themselves
nutrition substrates for the pathogenic
bacteria.

In the past years antimicrobial
effects were established for organic acids
and small molecules against Escherichia
coli, Salmonella  sp, Clostridium
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sp, Clostridium  perfringens, Listeria
monocytogenes, Campylobacter sp. (Brul
and Coote, 1999) — cbefUHEHUSA, KOUTO ce
CbAbpXaT B NJOLOBETE Ha XeHOMeseca.
Ankanongm ot Chaenomeles speciosa no-
KasBaT akTMBHOCT cpeuly Bacillus subtilis,
Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli n Salmonella
typhi (Gan et al., 2015). ETepuyHOTO Macsno
OT N/IofoBe NoKasBa akTMBHOCT cpelly 10
MWKPOOPraHm3ma kato no-4yBCTBUTE/HM ca
pam-oTpuuyatenHute bakrtepun (Xie et al.,
2007). Mopagy Te3n CBOICTBa, MMa OTKPUT
naTeHT 3a ynotpeba Ha N1oAOBETE OT Xe-
HOMesfieC B yCTOMNYMBU Ha NAECeH Maswku
3a ctpoutenctesoto (CN 1261085 AGoogle
Patents).

Bugosete ot pog Chaenomeles ce
Xapaktepusupar C BMCOKa afanTUBHOCT W
CNoCOGHOCT Aa 6bAar oTrnexaaHn npu
pasnuyHN NOYBEHO-KNMMATUYHU  YC/I0BUS.
Hsikon chopmu 1 xmbpuam ce oTmMyaear c
Bucoka pogosuTocT (Rumpunen, 2002;
Mezhenskyj, 2004). PacTeHusitTa He M3uC-
KBaT CneuvanHu rpuxm, nopagm Koeto umat
noTeHuman 3a oTriexaaHe B NPOMULLIEHN
yCnoBusl.

CobLlieBpeMeHHO, 13Mnos3BaHnTe 1o
MOMEHTa CpeAcTBa 3@ KOHTPO/N Ha
duTonaTtoreHHNTe GakTepunm OT poa
Xanthomonas n P. syringae pv. tomato
no gomMatu v nunep ca MefHu npenapartu
B  KOMOMHaUuMa C  arpoTexHuyecku
MeponpuaTua. 3a CchXasieHue, nopaauv
MacoBOTO UM W3MNoJsi3BaHe, cpen MHOro
OT NaTtoreHHuTe LamMoBe ce Habnwgasa
pa3BuUTME Ha PE3UCTEHTHOCT KbM MeaHU-
Te katnoHu (Vancheva et al., 2014). [o
cera He ca OTKPUTU NOAXOAALM cpef-
cTBa 3a 6opba c C. michiganensis subsp.
michiganensis no gomartu.

MopdhonoruyHmte u  GMOAOTNYHN
XapakTepucTuKK, BUCOKATa eKosIorMyHa
NNacTUYHOCT Ha BUAOBETE XeHOMesiec U
YCTaHOBEHUTE B HACTOSALLETO M3cnensa-
He aHTMbaKTepuasiHM CBOWCTBa Ha nJo-
[oBeTe cpely WKOHOMUYECKA BaKHUTe
doutonaToreHn no gomartu u nunep pas-
KpuBaT f06puM nepcnekTuemn 3a pa3paboT-
BaHe Ha cpefcTBa 3a 6opba, 6a3vpaHn Ha
€KCTPakTK OT M/I0A0BETE HAa pacTeHusTa.

perfringens, Listeria monocytogenes,
Campylobacter sp. (Brul and Coote,
1999) — all of which are present in the
fruits of chaenomeles. Alkaloids from
Chaenomeles speciosa showed activity
against Bacillus subtilis, Staphylococcus
aureus, Pseudomonas aeruginosa,
Escherichia coli, and Salmonella typhi
(Gan et al.,, 2015). The essential oil of
fruits had activity against 10 micro-
organisms, the Gram-negative bacteria
being more sensitive (Xie et al.,, 2007).
These characteristics of chaenomeles fruits
made possible the construction of
antimicrobial mold putty powder used in
building (CN 1261085 AGoogle Patents).

Chaenomeles sp. are
characterized with high adaptability and
ability to be grown at different soil-climatic
conditions. Some varieties and hybrids
show high fruit yield (Rumpunen, 2002;
Mezhenskyj, 2004). The plants do not
require special cares which makes them
suitable for industrial cultivation.

At the same time, the means of
control of the plant pathogenic bacteria of
tomato and pepper from genus
Xanthomonas and P. syringae pv. tomato
that are used now are copper-based
products in combination with
agrotechnical measures. Unfortunately,
because of their extensive use many of
the pathogenic strains have developed
resistance to copper ions (Vancheva et
al., 2014). Up to now, there are no known
means of control of C. michiganensis
subsp. michiganensis of tomato.

The morphological and biological
characteristics, the high ecological
plasticity of the Chaenomeles sp. and the
established in this study antibacterial
properties of the fruits against the
economically important phytopathogens
of tomatoes and pepper reveal good
perspectives for the development of
means of control based on plant fruit
extracts.
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n3BOAN

MeTaHONOBUTE EKCTPaKTK OT 3ampa-
3€HM MN/I0J0BE Ha LUEeCT reHoTuna XeHome-
nec nokassaTt aHTubakTepuasHa akTMBHOCT
cpeLLly NKOHOMUYECKW BaXKHUTE naToreHu no
fgomatmh wu  nunep —  Xanthomonas
vesicatoria, Xanthomonas euvesicatoria,
Xanthomonas  gardneri, Pseudomonas
syringae pv. tomato wu Clavibacter
michiganensis subsp. michiganensis. C Haii-
Jobpa aKTMBHOCT Cce  xapakTepusupar
EeKCTpakTuTe oT reHoTunose 22 1 29.

BJTIATOAAPHOCTWU

ToBa wu3cnefBaHe Oelwe OCb-
LecTBeHo ¢ nomouwta Ha ®oHfa ,HayuHn
nscnegsanus”, gor. APHUN 502/4.

CONCLUSIONS

The methanol extracts from freezed
fruits of six genotypes chaenomeles
possess antibacterial activity against the
pathogens of tomato and pepper -
Xanthomonas vesicatoria, Xanthomonas
euvesicatoria, Xanthomonas gardneri,
Pseudomonas syringae pv. tomato, and
Clavibacter michiganensis subsp.
michiganensis. Best activity possess the
extracts from genotypes 22 and 29.
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