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PE3HOME

OBolWHUTE HacaxaeHus B Peny6-
nnka Cbpbusa obxsawar 170 426 ha, ot
Kouto okono 20% ca ceMKOBW BUOBE.
[enbT Ha cemkoBuTe, B 06WOTO Npous-
BOLCTBO Ha nnogose B Peny6nuvka Cbp-
6usa gHec e okono 25% u ce o4akea yBe-
NMyaBaHe, nopagu ronsamara Heobxoau-
MOCT OT TAX, 0cobeHO sbbnkata. T4
[OMVHUpa B rpynaTta Ha CEMKOBWUTE U ce
Xapaktepusmpa € NPOMEH/IMBU acopTu-
MEHT U TexHoNormn., CbBPEMEHHUTE TEH-
OEHUMN B TEXHOMOTUNTE Ha SA6BIKOBOTO
NMpPOM3BOACTBO Ca CBbp3aHW CbC CrbCTH-
BaHe Cxemara Ha 3acaxpjaHe, BK/IO4YBa-
HEe Ha HOBWM COpPTOBE, OTroBapsWM Ha
nasapHuTe MW3WCKBaHWA W npegnoynTa-
HUATa Ha noTpebuTtenuTte, n3rpaxgaHe Ha
MpexXxy NpoTUB rpagyllka 1 HanouTesHu
cuctemun. ToHacTosAWeM  Hail-BaxkHUTE
nasapHu coptoBe ca: ‘Golden Delicious
Reinders®’, ‘Granny Smith Challenger®’,
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SUMMARY

Fruit plantations in the Republic of
Serbia cover 170,426 ha, of which about
20% is occupied by pome fruit species.
The share of pome fruits in the total fruit
production in the Republic of Serbia is
nowadays about 25% and further
progress is expected due to larger
demands for these fruits, especially apple.
The pome group is dominated by apple,
which is characterized by frequent
changes in the assortment and growing
technology. Current trends in apple
production are related to establishing
high-density  plantings with modern
cultivars according to market demands
and consumer preferences, which also
include anti-hail nets and irrigation
systems. The following commercial
cultivars are currently the most important:
‘Golden Delicious Reinders®, ‘Granny
Smith Challenger®, ‘Superchief Spur Red
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‘Superchief Spur Red Delicious®’, ‘Red
Delicious Jeromine’, ‘Gala Buckeye’,
‘Gala Fendeca’, ‘Fudzi Kiku 8’, ‘Braeburn
Mariri Red®’, ‘Evelina®’ u ‘Pink Lady®'.
Pasrnexpgame cbwo u nogobpeHuaTa B
TEXHOOrMMTE 3a CbXPaHeHue.

Mpe3 nocnegHNTe rOAMHU ca Cb3g-
afeHN HOBU HacaxXAeHus OT Kpywa Wu
AK0Ns Ha No-rofieMy Moy, HO B cpas-
HeHne ¢ Abbsikata npu TAX HAMa CbBpe-
MEHEH acOpPTUMEHT W MpuaaraHe Ha
WHTEH3VBHA TEXHOMOMMA 3a OTI/IeXAaHe.
B cTpykTyparta Ha copToBeTe KpyLiu npe-
obnapgasat netHu ("Bunsamosa macnoBka"
"CaHTa Mapus" n "KapmeH") u 3UMHU
coptoBe ("Abat deTten” n "Moncka"), Hal-
B&XHUTE COPTOBE B acopTMMeHTa Ha
aona  ca "JleckoBayka', "BpaHcka" w
"lamnunoH". OcHoBHUTE npobnemu npwu
NMpOM3BOACTBOTO Ha KpywuM W AoAn ca
n360pbT Ha MNOAXOAALM MOLNOXKKA U
YyBCTBUTE/IHOCTTA KbM OFHEH MpuUrop
[Erwinia amylovora (Burnill)].

OcHoBaHTa LUen Ha Hacrtosuwara
cTaTna e Aa Hanpasu npernef Ha ceraw-
HUSA acopTUMEHT © TexHonormMTe 3a
oTrniexgaHe npu MNpouM3BOACTBOTO Ha
A0BbMKKN, Kpywn wu Aronm B Peny6nuka
Cbpbus. MNpensug cutyaumsTa B CBETa,
npegctaBsMe MNepcrnekTMBuTe 3a  Mo-
HaTaTbWHO nogobpsiBaHe Ha MPOU3BOA-
CTBOTO Ha CEMKOBW N040BE.

KntoyoBn  gymn:  acopTUMEHT,
TexHonorvAaTa 3a oTrnexaaHe, s0b/Ka,
Kpywa, Arns

yBO/[,

Mopagn 6GnaronpusaTHWTE  arpo-
€KOJIOrMYHN YC/0BMA 3a OTIIeXAaHe Ha
nnogose B ymepeHus nosic, Penybnuka
Cbpbus uma gbaroroguiiHa Tpaguuus B
Npov3BOACTBOTO U NpepaboTkarta Ha Te3n
BugoBe. Hawarta cTpaHa e BogeLy
npovn3BOAMTEN Ha NNOLOBE B pervoHa, a
M0 OTHOLUEHWE Ha HSAKOW OBOLLHW BUAOBE
€ BOJELL, eBPONenickn 1 CBETOBEH MPOon3-
Boguten. Cnopef, AaHHW Ha Penybnvkan-
CKOTO cTaTuctuyecko 6topo, Cbpbus
(2017), obwaTta nnowl, 3aeTa OT OBOLLHU
rpaguHyn Bb3Nm3a Ha 170,426 ha (cpegHo

Delicious®, ‘Red Delicious Jeromine’,
‘Gala Buckeye’, ‘Gala Fendeca’, ‘Fui Kiku
8%, ‘Braeburn Mariri Red®, ‘Evelina® and
‘Pink  Lady®™. In  additon, the
improvements in storage technology were
discussed.

In recent years, new pear and
quince plantations have been established
on larger areas, but in comparison to
apple, they are not followed by a modern
assortment and the application of
intensive growing technology. The pear
cultivar structure is dominated by summer
(‘William’s Bon Chrétien’, ‘Santa Maria’
and ‘Carmen’) and winter cultivars (‘Abate
Fetel’ and ‘Cure’), whereas ‘Leskovacka’,
‘Vranjska’ and ‘Champion’ are the most
important cultivars within the quince
assortment. The main problems in pear
and quince production are the choice of
the appropriate rootstocks and the cultivar
sensitivity to the fireblight [Erwinia
amylovora (Burnill)].

This paper was undertaken
primarily to give an overview of the
current assortment and growing
technology in the apple, pear and quince
production in the Republic of Serbia.
Considering the situation in the world, the
prospects for further improvement in the
pome fruits production were presented.

Key words: apple, pear, quince,
cultivar, orchard management

INTRODUCTION

Due to the favourable agro-
ecological  conditions  for  growing
temperate zone fruit species, the Republic
of Serbia has a long tradition of
production and processing of these
species. Our country is also the leading
fruit producer in the region, and with
regard to certain fruit species, the leading
European and world producer. According
to the data of the Republic Bureau of
Statistics, Serbia (2017), the total area
occupied by orchards amounts to 170,426
ha (average for the period 2013/2017),
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3a nepuoga 2013-2017), koeTo nokpusa 4.8
% oT obuwarta 3emegencka nsow,. [po-
M3BOACTBOTO Ha N/sofoBe npeacrasngsa 11
% OT 06LOTO Ce/CKOCTOMaHCKO NPou3BOA-
CTBO, KOETO 3aefHO C MN10[0BUTE NPOAYKTU
uma 17 % pan B CTpykKTypara Ha u3Hoca Ha
CeJICKOCTOMaHCKN NpoayKTu.

B cTpykTtypara Ha 0BOLWApPCTBOTO B
Penybnuka Cbpbusa, cemKoBUTe BuUAOBE
npencrtasnssaT 19,25 %, AokaTto B CTPYKTY-
parta Ha o6bL0TO NPOM3BOACTBO Ha NI040BE
Te npepactasnsBat 25 % (Peny6ankaHcko
ctatuctuyecko 6topo, Cobpbusa, 2017).
AGBAKMTE, KpYLUNTE N AK0SIUTE Ca U3BECTHU
Karo MHOro B3uCKaTe/IHW BUAOBE MO OTHO-
LLeHMe Ha TEeXHO/orMATa Ha oTrnexaaHe, Ho
N MHOIO peHTabunHu, crnefoBaTesiHo cpep
npou3BOANTENNTE CbLUECTBYBA MHTepec. B
Hawara paboTa ca aHanM3mpaHu TEKYLUNAT
aCOpPTUMEHT K TEXHOsIorMATa Ha OTI/ex-
[JaHe Ha cemkosuTe nnofgose B Peny6svka
Cbpbusa. C npernes Ha CBETOBHUTE TEHAEH-
UMM ca JafeHv npepioxeHns 3a Heobxo-
AvMuTe Mepku 3a nogobpsiBaHe Ha npowvs-
BO/ZICTBOTO Ha Te3u nsjogose.

TeHgeHUMUTe B NPON3BOACTBOTO

Haii-BaXHWAT BUA, OT CEMKOBUTE B
Penybnuka Cbpbus e sbbnkata, cnepg-
BaHa OT Kpyluarta u Alof1saTa, KOATo e Hali-
MasIKo pasnpocTpaHeHa. lMnowmTe 3aeTu
OT A6B/IKV 1 0NN Ce yBennyasar, a Te3u
Ha kpywn HamanssaT (Purypa 1). Mpes
2017 r., B cpaBHeHue ¢ 2013 r. niowmre ¢
OBOLLHU TpaguHn OT A6BAKA U AN ce
yBenuuuxa ¢ 1745 ha u 200 ha, cboT-
BeTHO. O6paTHO Ha ToBa, nJjowuTe C
OBOLLHM TpagvHN OT KPYLIM Hamansxa c
noytn 1000 ha, a npuumHaTa 3a ToBa €
HeajekBaTHMAT un36op Ha MecTa 3a
3acaxgaHe 1 BUOOBE MOAJIOKKM, KAKTO U
nosBata Ha 6GakTepuasieH OrHeH npurop
[Erwinia amylovora (Burnill)] u nuctHa
6bnxa no kpywara [Cacopsilla piry (L.)]
(Keserovi¢ et al., 2014). Crnopeg cbwute
aBToOpM Mpe3 nocnegHuTe TOAMHU uma
MOBULUEH MHTEPEC KbM OTI/NIeXAaHeTo Ha
aronu, Taka ye Penybnuka Cbpous moxe
Ja cTaHe eauH OT BoJewyTe NpPOU3BO-
AnTenn Ha To3u Bug,.

which covers 4.8% of the total agricultural
land area. Fruit production accounts for
11% of the total agricultural production
value and, together with fruit products,
have a 17% share of the agricultural
product export structure.

In the structure of fruit growing area
in the Republic of Serbia, pome fruit
species account for 19.25%, while in the
structure of total fruit production they
represent 25% (Republic Bureau of
Statistics, Serbia, 2017). Apple, pear and
quince are known as very demanding fruit
species in terms of growing technology,
but highly profitable as well, therefore, the
interest of growers is present. In our work,
current assortment and growing
technology of pome fruit species in the
Republic of Serbia were analysed. With a
review of world trends, suggestions of the
necessary measures for further
improvement of these fruit species
production were given.

Production trends

The most important pome fruit in
the Republic of Serbia is apple, followed
by pear, whereas quince is the least
prevalent. The areas of apple and quince
orchards are being increased, while the
pear growing areas are being reduced
(Figure 1). In 2017, compared to 2013,
the areas under apple and quince
orchards were larger by 1,745 ha and 200
ha, respectively. In contrast, the areas
under pear orchards decreased by almost
1,000 ha, caused by an inadequate
choice of planting sites and rootstock, as
well as the occurrence of bacterial
fireblight [Erwinia amylovora (Burnill)] and
pear psyllid [Cacopsilla piry (L.)]
(Keserovic et al, 2014). The same
authors stated that in the last years there
has been a great interest in growing
quince, so that the Republic of Serbia
might become one of the world’'s leading
producers of this fruit species.
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Fig. 1. Growing area of apple, pear and quince in the Republic of Serbia
(2013/2017)
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Fig. 2. Production of apple, pear and quince in the Republic of Serbia (2013/2017)

148



CpefHoTO roAMLWHO NPOU3BOACTBO
Ha S6bAkM B Penybnvka Cbpbus npes
nepnoga 2013/2017 r. e 426 2446 t
(durypa 2), knacmpalo cTpaHata HU Ha
ceMO MACTO cpej, nNpousBoauTenute ot
eBponelickute cTpaHu. [lpe3 cbwus
nepuog CpegHOTO TOAMLLIHO MPOU3BOA-
CTBO Ha Kpywn e 543,8 t, KOeTo Hapexaa
CTpaHaTa HM Ha fABaHafeceTo MSCTO B
Espona (WAPA, 2016; Penyb6aukaHCKo
crtarmctmyecko 6opo, Covpbus, 2017). Mo
OTHOLUEHME Ha CPeAHO FOAMLIHOTO Mpo-
M3BOACTBOTO Ha pgtonn 135324 t pronn,
Penybnuka Cbpbua npeacrasnsiBa BO-
feuw, esponeiickn npoussoguten (FAO,
2018, Penyb6nnkaHCKO CTaTUCTUYECKO
6topo, Cbpbus, 2017). Ho peaneH nHam-
Katop 3a cuTyaumara npuv CemKoBUTe
nnogose e gobmebT. Cnopep daHHW Ha
Peny6/1MkaHCKOTO cTaTucTMyecko 61po
Cobpbusa (2017), cpepgHute pobueu oOT
onpefesnieHn BnaoBe CEMKOBM M/I040BE B
nepuoga Ha oueHka ca: 16,75 t ha™
A6bAKM; 10,94 t ha™ kpyww u 7,58 t ha™
aronn (durypa 3). B cpaBHeHMe ¢ gobusa
Ha SA0bAKA W Kpywn Ha BofeluTte
eBponeiickn gbpxaeu, 4O6MBUTE OT Te3un

The average annual apple
production in the Republic of Serbia in
the period 2013/2017 was 426,244.6 tons
(Figure 2), ranking our country as the
seventh producer among European
countries (WAPA, 2016; Republic Bureau
of Statistics, Serbia, 2017). In the same
period, the average annual pear
production was 67,543.8 tons, which
ranked our country on twelfth place in
Europe (WAPA, 2016; Republic Bureau
of Statistics, Serbia, 2017). Regarding the
average annual production of 13,532.4
tons of quince, the Republic of Serbia
represents a leading European producer
(FAO, 2018, Republic Bureau of
Statistics, Serbia, 2017). However, the
real indicator of the situation in pome
fruits production is yield. According to the
data of the Republic Bureau of Statistics,
Serbia (2017), average yields of certain
pome fruit species in the assessed period
are: apple — 16.75 t ha™; pear — 10.94 t
ha™ and quince — 7.58 t ha™* (Figure 3).
Compared to the yield of apple and pear
of leading European countries, yields of
these fruit species in the Republic of

nnopgose B Penybnuka Cbpbus ca | Serbia are several times lower (FAO,
HSAKO/IKO MbTW No-Huckn (FAO, 2018). 2018).
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Fig. 3. Average yield of apple, pear and quince in the Republic of Serbia
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JobuBbT N konebaHusATa B cpeg-
HOTO rOAWLIHO NPOM3BOACTBO Ha CEMKO-
BUTE BUAOBE, 3aBUCAT OT TeMnepaTypHu-
Te ycnoBus npes nepmoga Ha 3uMHUA no-
KOl, WeTuTe OT NPOJIETHU Mpas3oBe, Cy-
Wwa, rpagyLukun, NOBbPXHOCTHU BOAN W an-
TepHaTMBHOTO nsiogogasaHe. Tesun ycro-
BV OTpeXAaT Hai-ronsiMm Asn Ha eKCTeH-
3UBHUTE OBOLUHW rpaavHu. Hanocnegbk
ca Cb3afeHN UHTEH3VBHUN A6B/IKOBM Ha-
CaX[eHus, KOeTo Lie NOB/vsie yBenuya-
BaHeTO Ha 06WO0TO NPOM3BOACTBO M O0-
6uBa oT eamHuua nnowy (Keserovic et al.,
2013). JobuBute oT A6bAKM B TE3U Ha-
caxgenus ca ot 80 go 100 t ha, ¢ Hag
90 % nsiogoBe Knac ekcTpa U NbpBoKiac-
HW. CpegHuTe p[06MBM Ha SOBLAKA B
HSKOM pernoHn Ha Peny6nvka Cbpbusa ot
M/IagUTE Y BUCOKO MHTEH3MBHMN Hacaxae-
HUA ca 26425,6 t ha™ (PenybnukaHcko
craructmyecko 6wopo, Cbpbusa, 2017).
OcBeH TOBa, Ce Cb3gaBaT HOBM Hacax-
OEHNSA OT KpyLWW 1 AN, BBIAPEKM Ye Te
He ca CbMNpOBOAEHU C TexHosormn 3a
WHTEH3VBHO OTrNexaaHe, kaTo a6bKuTe.

N360p Ha copToBe U MO I0XKM

M360pbT Ha SA6BL/IKOBM COPTOBE WU
NOAJ/IOKKN N TAXHOTO B3aUMHO KOMOWHU-
paHe e Hall-BaXHOTO 3a Cb3/JaBaHeTo Ha
HOBW MPOU3BOACTBEHN HacaxaeHus. Mpu
n3bopa Ha copT, € HeobxoAMMO fa ce
umart npeasui BUCOKUTE CcTaHZapTy 3a
KayecTBO Ha nsjofoseTe, cneuudPuyHnTe
W3UCKBAHMA Ha NoTpebutenmTe Ha uene-
BMA nasap W CcuaHaTa KOHKYpPeHUus.
OcBeH ToBa TpsibBa fga 6baaT B3eTU Noj
BHMMaHWe arpo-eKosIorMyH1TE YC/10BUA
Ha mMecTaTa, B KOUTO Ce M/jaHnpa Ccb3fja-
BaHETO Ha HOBW OBOLLHM rpaguHu. B no-
cTapuTe AGBLMKOBM OBOLWHW TPajuHu B
Peny6nuka Cbpbus Hai-pa3npocTpaHeH
e copT "Aigapeps’, cnegBaH OT COpPTOBE
OT rpynata "3natHa npeBb3xogHa",
"I'peHn Cmut", "MxoHarong" n "YepseHa
MpeBb3xogHa" (Nikolic et al., 2012). OT
WHTpOAYLMpaHUTE COPTOBE B CbBpPEMeEH-
HUTE HacaxAeHus, 3HaunTesieH Osana npu-
Hagsiexun Ha coptoBe ‘Golden Delicious

The vyield and oscillations of the
average annual production of pome fruit
species have occurred as consequences
of temperature changes during the period
of dormancy, as well as the spring frost
damage, drought, hail, surface water and
alternate bearing. All of the above is an
indicator that the largest number of
orchards is extensive. In recent times,
highly intensive apple plantations have
been established, which will also affect
the increase in total production and yield
per unit area (Keserovi¢ et al., 2013).
Apple yields in these plantations range
from 80 to 100 t ha™, with over 90% of
extra and first-class fruits. Regarding this,
average apple yields in some regions of
the Republic of Serbia with a larger share
of young and highl}/ intensive plantations
are 26,425.6 t ha™ (Republic Bureau of
Statistics, Serbia, 2017). Furthermore,
new plantations of pear and quince are
being established, although they are not
accompanied by intensive growing
technology, as is the case of apple.

Choice of cultivars and rootstocks

Choice of apple -cultivars and
rootstocks and their mutual combinations
is the most important for establishing new
commercial orchard. When choosing a
cultivar, it is necessary to take into
account high standards of fruit quality,
specificity of the consumers’ demands on
target market and strong competition.
Furthermore, the agro-ecological
conditions of the sites in which the
planting of new orchard is planned should
be taken into account. In older apple
orchards in the Republic of Serbia, the
cultivar ‘ldared’ is most prevalent,
followed by the cultivars from the group
‘Golden  Delicious’, ‘Granny  Smith’,
‘Jonagold’ and ‘Red Delicious’ (Nikoli¢ et
al., 2012). Among newly-introduced
cultivars in modern plantations, a
significant share belongs to the cultivars
‘Golden Delicious Reinders’, ‘Granny
Smith Challenger’, ‘Superchief Spur Red
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Reinders’, ‘Granny Smith Challenger’,
‘Superchief Spur Red Delicious’, ‘Red
Delicious Jeromine’, ‘Gala Buckeye’,
‘Gala Fendeca’,Fuji Kiku 8%, ‘Braeburn
Mariri Red®, ‘Evelina® u ‘Pink Lady®
(Luki¢ et al., 2016a).

CopToBeTe 0T rpynara Ha "3nartHa
MpeBb3xogHa", ¢ aan ot 21 %, ca BoAe-
WM B NPou3BOACTBOTO 3a EBponeiickus
cbto3 npes3 2016 r., (WAPA, 2016). Cne-
ABart copTtoseTe OT rpyna "lrana" c gan or
okono 11 %, a "Aligapen" ce Hapexja Ha
TPeTo MACTO, ¢ Asan oT okono 9 %. lo
JaHHN OT CblUMA U3TOYHMK, OEeNbT Ha
"Aipapes" B Npon3BOACTBOTO Ha S0B/KK
B EBponelickus cbio3 ce e yaBows npes
nocnegHuTe geceT roguHu, KOeTo € BbB
BPb3ka C M3UCKBaHWATa Ha noTpebute-
nTe oT pyckusi nasap. CblUo Taka HAKoU
aHa/In3M 1 OLLEHKM MOKa3BaT, Ye BbNpeku
roniemust 6poin HoBY COPTOBE, OT AeceTu-
netma B cBeTa ce Hanaratr "3nartHa
npesb3xogHa", "YepseHa npesb3xogHa",
"Tana", "oymkun", "Algapen”, "TpaHu
Cmut" 1 "bpebbpH" (Guerra, 2016.). Bb3
OCHOBa Ha Te3n aHa/IM3n u npegsua
arpo-ekonorMyHNTE ycnoBus Ha Penyo6-
nvka Cbpbus, 3a cb3gaBaHe Ha WHTEH-
3UBHUN A6DBKOBM HacaxeHus ce npeno-
pbuBar cnegHute copToBe: ‘Golden
Delicious’ — ‘Reinders™; ‘Granny Smith’ —
‘Challenger®’; oT rpynata Red Delicious’
™n cnbp ‘Superchief®Sandige’,
‘Redchief®@Camspur’, ‘Scarlet
Spur®Evasni’ un ‘Red Cap Valdor®’;
rpynata ‘Red Delicious’ ctaHgapTHu -—
‘Red  Delicious Redvelox®', ‘Red
Delicious Jeromine’ n ‘King® Roat Red
Delicious’; rpynata ‘Fuji’ — ‘Fui Kiku 8®’ 1
‘Fubrax®’; rpynata ‘Jonagold’ ‘Red
Jonaprince®’; rpynata Ha ‘Gala’ — ‘Gala
Schnitzer Schinga®’, ‘Brookfield®Baigent
Gala’, ‘Buckeye Gala®Simmons’, ‘Galaxy

Selecta® wn ‘Devil Gala’; rpynata
‘Braeburn’ ‘Hillwell® Hidala’ »n ‘Mariri
Red®'.

Hali-pasnpocTpaHeHaTta s6bKOBa
noj/i0kKa B CBETa U B HaluaTa CcTpaHa e
M9. B cBeToBeH Mmauwiab ce usnonsear
pasnINYHM KJIOHOBWM MNOASIOXKM, XapakTe-

‘Red Delicious Jeromine’,
‘Gala Buckeye’, ‘Gala Fendeca’, ‘Fuji
Kiku 8%, ‘Braeburn Mariri Red®™,
‘Evelina® and ‘Pink Lady®™ (Luki¢ et al.,
2016a).

The leading apple cultivars in the
European Union in 2016 (WAPA, 2016)
were those from the ‘Golden Delicious’
group, with a production share of about
21%. Cultivars from the group ‘Gala’
follow with a share of about 11%,
whereas the ‘ldared’ ranks third with a
share of about 9%. According to the data
from the same source, the share of the
‘Idared’ in the European Union's apple
production has doubled in the last ten
years, which can be associated with the
demands of the Russian consumer
market. Also, some analyses and
estimations showed that, despite a large
number of newly released apple cultivars,
for ten years now the world's leading
cultivars will still be ‘Golden Delicious’,
‘Red Delicious’, ‘Gala’, ‘Fuji’, ‘ldared’,
‘Granny Smith’ and ‘Braeburn’ (Guerra,
2016). Based on these analyses and
considering the agro-ecological
conditions of the Republic of Serbia for
the establishment of intensive apple
plantations, the following cultivars are
recommended: ‘Golden Delicious’ -
‘Reinders™; ‘Granny Smith’ -
‘Challenger®’; ‘Red Delicious’ spur type
group - ‘Superchief®8andige’,
‘Redchief®Camspur’, ‘Scarlet
Spur®Evasni’ and ‘Red Cap Valdor®;
‘Red Delicious’ standard types group —
‘Red Delicious Redvelox®, ‘Red Delicious
Jeromine’ and ‘King® Roat Red
Delicious’; ‘Fuji’ group — ‘Fui Kiku 8® and
‘Fubrax®™; ‘Jonagold’ group — ‘Red
Jonaprince®’; ‘Gala’ group - ‘Gala
Schnitzer Schinga®’, ‘Brookfield®Baigent
Gala’, ‘Buckeye Gala®Simmons’, ‘Galaxy

Delicious’,

Selecta”’ and ‘Devil Gala’; ‘Braeburn’
group — ‘Hillwell® Hidala® and ‘Mariri
Red™.

The most prevalent apple rootstock
in the world and in our country is M 9.
Worldwide, different clones of the
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pusnpawm ce ¢ No-4o6po BKOpEHsBaHe.
Haii-eaxkHata ot T1ax e T337 NAKB.
Opyrv noanoxkn, nogobHn Ha M9, cbuo
Ce M3Mon3Bar no uesust CBAT U BBbNPEKU
ye Te nokassar No-gobpu pesynrtartu no
OTHOLLEHWE Ha YCTONYMBOCT KbM OrHEH
npurop, NNCTHa Bblka Mo A6bAkaTa K
HUCKMN TeMMepaTypu, HUTO efiHa OT TAX He
e BbBefeHa B Penybnuka Cbpbus.
BogeLn noanoxkm B MOAEPHUTE CrbCTe-
HU, A6BKOBN HACAXAEHWUS, C UHTEH3WB-
Ha arpoTexHuka, Tpsbsa ga 6baaTr M 9 u
knoH NAKB (T) 337. Te ce npenopbuyBar
3a YMEPEHO M CWIHO pacTALM COPTOBE.

Mognoxkute MM106 m M 26 ce
npenopbyBar 3a COPTOBETE OT CNbLPOB
™Mn, kato “"YepsBeHa npeBb3XogHa",

oTrnexaaHn npu HeNnoJinBHN yCcnoBuA.

Hair-ctabuneH B EBpona e acopTtu-
MEeHTBT Ha Kpylwarta. MNpon3BoAcTBOTO Ha
Kpywn B CBeTa M B HawaTa CcTpaHa e
JOMVHUPAHO OT COpPTOBETE, YTBbPAEHU
npes 1811 1 1911 Bek (Milatovié, 2009). B
Penybnuka Cbpbus e npeactaBeH oOT
NeTHWUTe COpPTOBE, OT KOWUTO Hali-pasnpo-
CTpaHeHn ca "BwunsamoBa macsioska" u
"CaHTa Mapua", a npe3 nocnegHute
TOAVHK, KaTo COPT C MNO-rofIAMO 3Ha4YeHve
ce e Hanoxun "KapmeH". Cpef 3umMHuUTE
COpPTOBE KpYLUM Hali-4ecTo OTrexaaH e
copTbT "Abar Peten'. B mHoro crapu
OBOLUHM TpajuHM ChblLyecTByBa COPTHLT
"Moncka Kpywa", KOMNTO He ce npeno-
pbyBa 3a Cb3[aBaHETO Ha HOBU Hacax-
[JEeHns, nopaauM HUCKOTO KayeCTBOTO Ha
nnogosete. Crnopef paHHM Ha WAPA
(2016) B EBponeiickusa cblo3 npeocbnaga-
BaT kpywoBuTe copTtoBe "KOHGBbpPHBHC"
(42,3 %), “"Abar deten' (13,4 %) wu
"BunsamoBa Macnoska" (11.6 %). [pe-
OVLLHW oNuTK Nokasaxa, Ye "KoHbpbHC"
He e nogxogdw, 3a oOTriexgaHe npu
eKkosiormyHutTe  ycnosua Ha  Cobpbus,
nopaau nosiBaTa Ha npuropu no nucrara.

Mpy n3bopa Ha KpPyLUOBWM COPTOBE
3a CTpyKTypata Ha KOMEepCUasiHOTO
npon3BoACTBO, TpsibBa pga  Obae
OTYETEHa /Mncata Ha paHo M cpegHo-

aforementioned rootstock, characterized
by better rooting are used. The most
important of them is T337 NAKB clone.
Other rootstocks that are similar to M 9
are also used worldwide, although they
show better results in terms of resistance
to fireblight, wooly apple aphid and low
temperatures, but none of them has been
introduced in the Republic of Serbia.
Leading rootstocks in modern high-
density apple plantations, where intensive
agro and pomo-technical measures are
applied, should be M 9 and the clone
NAKB (T) 337. They are recommended
for moderately vigorous and vigorous
cultivars. Rootstocks MM106 and M26
are recommended for grafting of spur
types of ‘Red Delicious’ grown under non-
irrigated conditions.

The European pear has the most
stable assortment of cultivars among fruit
species. The production of pear both in
the world and in our country is dominated
by the cultivars released in 18" and 19"
century (Milatovi¢, 2009). The pear
assortment in the Republic of Serbia is
dominated by summer cultivars of which
most prevalent are ‘Willam's Bon
Chrétien’ and ‘Santa Maria’, while in
recent years, the ‘Carmen’ has become
more important cultivar. Among winter
pear cultivars, the most commonly grown
is ‘Abate Fetel'. In very old orchards, the
cultivar ‘Cure’ is present, which is not
recommended for the establishment of
new plantations due to the poor fruit
quality. According to the WAPA data
(2016), the following pear cultivars are
prevalent in the territories of the
European Union: ‘Conference’ (42.3%),
‘Abate Fetel’ (13.4%) and ‘William’'s Bon
Chrétien’ (11.6%). Previous experience
showed that the ‘Conference’ was not
suitable for growing under Serbian
ecological conditions, due to the
occurrence of burns on leaves.

When choosing a pear -cultivar
structure for commercial production, the
lack of early and medium-early ripening
cultivars on the market should be taken
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paHHO 3peewyn copTtoBe (Nikoli¢ and
Mitrovi¢, 2009). OT no-paHO 3peeLwnTe
COpTOBE Ce NpenopbyBaT 3a oTrexaaHe
"XybaBa toHcka", "[xynmnaHa', "Kocs
Mpekoye", "bytupa lNNpekoye MypeTuHKN"
n "TypaHgot". OTuuTaiikm dhakta, u4e
COpTOBETE C JIEKO YepBeHa Uan 13usano
yepBeHa KOXMUa ca TbPCEHN Ha CBETOB-
HWS Nasap, HO 3aemMaT MOo-Maslkv MNJIOLLMK,
CpefHOo-paHo 3peeLwmnar copt "AHoxe-
A" cblO npeacTaBnsiBa MHTepec. Toi
€ HOB copT OT V3cnegoBaTencknsi MHCTU-
TYT No oBowapctso Yauak, ¢ wu3LAN0
TbMHO 4epBeHa koxuua (Luki¢ et al.,
2016b). Mexay eceHHUTE U 3UMHUTE Cop-
TOBe, OCBeH "Abart deTten”, ce npenopby-
BaT coptose "Bockoricka Macnoska" u
"MakbMmC Tpruymd".

Mpon3BoACTBOTO Ha KpyLIM ce Xa-
pakTepuaupa c simnca Ha nosiMBasieHTHa
noasioxka, KOATO ga ce agantupa KbMm
pas/iMyHM MOYBEHM YCIOBMA M da 6bae
CbBMECTMMA C OTI/IEXAAHNTE COPTOBE.
OcBeH TOBa, Npu 136opa Ha NoasoxXKa 3a
Kpywn, TpsbBa Qda wumame npeasug
Bb3MOXHOCTMTE 3a HanosieaHe 1 uenta
Ha nNpou3BOACTBOTO. Hali-uecto w3non-
3BaHUTe Noanoxkum B EBpona ca Bere-
TatuBHY, patonesn (Cydonia oblonga L.),
KOMTO OrpaHuyaBaT pacTexa u yckopsiat
BCTbMNBaHETO B mMiogogaBaHe. OCHOB-
HUAT HeAoCTaTbK Ha Te3n MOAJOXKKM €
cnabaTa CbBMECTMMOCT C HSIKOW KPYLLO-
BM copToBe. OCBEH TSX Ce M3Mo/s3Bar
CblWO K noanoxkm oT kpywa (Pyrus
comunis L.). B CbeagnHeHUTe aMepuKaH-
CKW LaTty ce u3nonssar Hai-sedye noj-
noxku Pyrus communis L. (OH x F). Te
ce agantupaT Hail-gobpe KbM MOYBEHO-
KIMMaTU4HUTE YCNOBUA Ha Tasu cTpaHa u
ca YCTONYMBM Ha OTHEH NPUrop u NUCTHa
BblUKa. V3nonssaHWTe MOAJIOXKKM 3a
kpywu B Peny6nvka Cbpbus ca ceMeHHM
OT AMBa Kpylla 1 BeretatvBHU OH0/IEBN.

3a Hanpeq 13non3BaHeTo Ha auBa
Kpylla, KaTo MOASIOKKA, MOxe [Ja ce
npenopbya camo B c/ly4yali Ha cb3aaBaHe
Ha  HemnonMBHW  HacaxaeHuus.  3a
WHTEH3VBHW HaCaX[AeHUs OT Kpywu ce

into account (Nikoli¢ and Mitrovi¢, 2009).
Of the earlier ripening cultivars, ‘Bella di
Giugno’, ‘Juliana’, ‘Coscia Precoce’,
‘Butirre Precoce Morettini’ and ‘Turandot’
are recommended for growing.
Considering the fact that pear cultivars
with a red blushed or completely red fruit
skin are required on the world market for
growing on smaller areas, the mid-early
ripening cultivar ‘Andelija’ may be
interesting too. ‘Andelija’ is a newly
released, completely dark red skinned
cultivar from the Fruit Reserch Institute,
Cacak (Luki¢ et al., 2016b). Among
autumn and winter cultivars, besides the
‘Abate Fetel', the cultivars ‘Beurre Bosc'’
and ‘Packham’'s Triumph' are also
recommended.

Pear production is characterized by
the absence of a polyvalent rootstock that
would be adapted to different soil
conditions and be compatible with the
grown cultivars. Apart from that, when
choosing a pear rootstock, we should
bear in mind the possibility of irrigation
and the purpose of the production. The
most commonly used rootstocks in
Europe are the vegetative ones
originating from quince (Cydonia oblonga
L.), which reduce the vigour and affect
earlier productivity of grafted pear
cultivars. The main disadvantage of these
rootstocks is poor compatibility with
certain pear cultivars. Beside them, the
pear-derived rootstocks (Pyrus comunis
L.) are also used. In the United States,
clonal Pyrus communis L. (OH x F)
rootstocks are mostly used. They are
best adapted to the climatic conditions
and soils of this country, and are resistant
to fireblight and wooly apple aphid. Pear
rootstocks used in the Republic of Serbia
are the seedlings of wild pears and
vegetative rootstocks originating from
quince.

In the forthcoming period, the use
of wild pear seedling as a rootstock can
be recommended only in the case of
establishing plantations under conditions
without irrigation. In high-density pear
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npenopbusart: atona ADAMS, giona MA,
atons Ba 29 u giona SYDO. MN3non3saHe
Ha aronsa MC He ce npenopbyBa, nopaau
YyyBCTBUTENHOCTTA U KbM EKCTPEMHM
3MMHU CTyf0BE.

B cBeTOBHOTO NPOM3BOACTBO Ha
Ao uma okoso 100 copTa, HO nuncsea
pomuHupaw, copt (Nikoli¢, 2009), ToecT
copToBeTe ca crneuuduyHu 3a onpeje-
nen pervoH (Nikoli¢ et al.,, 2012). B
Hawarta cTpaHa ce oTrexgaT [/1aBHO
cTapute MecTHU copToBe 'fleckoBayka' u
'BpaHucka’, a 6barapckuaT copT “"Lam-
NUOH" NpUCHCTBA B MO-Masika cTeneH. 3a
oboraTtsAiBaHe Ha COPTMMEHTa ce npeno-
pbyBa copT "Mopasa", cesiekunoHpaH B
N3cnepgoBaTenckusa WMHCTUTYT NO  OBO-
WwapcTBo Yayak, Kakto U UHTpoAyumpa-
HuTe copTtoBe “"AceHuua”, "Tpuymd" u
"Xemyc".

Mpu NpoM3BOACTBOTO Ha AN B
Peny6nuka Cbpbusi ce nsnonsear Arose-
BM NOONIOXKKW. Ha npakTuka Hai-yecto
nu3nonssaHara nognoxka e pawona MA,
nopaan HeliHaTa go6pa CbBMECTUMOCT C
BCWYKM COPTOBE, HO TpsibBa fa ce fJaje
npuoputeTr Ha pAiona Ba 29, 3apaau
3gpaBaTa KOpeHOBa cuctema w Tofe-
pPaHTHOCT KbM BapoBuTK nousu. lMpeno-
pbyBa Ce CblUO M3MO/M3BAHETO Ha AN
SYDO.

TexHoNornsa Ha oTrnexaaHe

MNocagbyeH maTepuas. YcnewHo-
TO NJI04OMPOU3BOACTBO HE MOXeE Aa ce
nocTurHe 6e3 BUCOKO KayecTBO Ha noca-
AbyHMA maTtepuan. [obpe pasBuTUTE U
34paBu  ApbBYeTa OCUrypsiBaT paHHa
pekonTa 1 no-6bp3a Bb3BPbLLLAEMOCT Ha
UHBECTULUMMTE. 3a Cb3aBaHe Ha BUCOKO
WHTEH3VBHW A6BJIKOBU U KPYLLOBU rpagu-
HW, e Jobpe nocagbyHMAT MaTepuan ga
umMa dopmMMpaHn goctatbyeH OpoiA,
[o6pe pasBuUTU CTPaHWYHWN PasK/IOHEHUS,
B 30HaTa Ha Obgewiara kopoHa. Taka
HapeuyeHuTe ‘knip’ gbpBeTa, ocurypsisat
paHHO BCTbMBaHe B NJ0A0AaBaHE N KOH-

plantations, the leading rootstock in the
upcoming period should be: quince
ADAMS, quince MA, quince Ba 29 and
quince SYDO. Use of the quince MC is
not recommended due to the
susceptibility to severe winter frosts.

In the world’s production of quince
there are about 100 cultivars with no
cultivar dominating the production
(Nikoli¢, 2009), namely some cultivars
are specific to certain region (Nikoli¢ et
al., 2012). In our country, the old
indigenous cultivars ‘Leskovacka’ and
‘Vranjska’ are mainly grown, while the
Bulgarian cultivar ‘Champion’ is present
to a lesser degree. In order to intensify
the quince production, apart from
‘Leskovacka’ and ‘Champion’, a domestic
cultivar ‘Morava’, derived from planned
hybridization at the Fruit Research
Institute, Cacak, as well as introduced
cultivars  ‘Asenica’,  ‘Triumph’ and
‘Hemus'are also recommended.

In the production of quince in the
Republic of Serbia, vegetative rootstocks
originating from quince have been used.
In practice, the most commonly used
rootstock is quince MA due to its good
compatibility with all cultivars, but the
priority should be given to the quince Ba
29 due to its stronger root and tolerance
to higher lime content in the soil. The use
of quince SYDO is recommended as well.

Growing technology

Planting material. Successful fruit
production cannot be achieved without
high quality nursery trees. Well-
developed and healthy nursery trees
allow early cropping and faster return of
investments. For establishing highly
intensive apple and pear orchards,
nursery trees with adequate number of
well-developed premature branches are
deployed in the formation zone of the
future crown. These are so-called ‘knip

nursery trees that provide early
productivity (Hrotko et al., 2000;
Wertheim et al.,, 2000), thereby
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Tpon Ha BeretTatmBHus pacTtex (Hrotko et
al., 2000; Wertheim et al., 2000). OcBeH
TOBa, B MbpBUTE FOAUHW Cref, 3acaxia-
He, ca MOo-NleCHW 3a  MaHunynupaHe
(Palmer and Warrington, 2000) no-npo-
OYKTUBHU ca M M3UCKBAT MO-Masiko TP/, B
npoueca Ha dhopMMpaHe Ha KopoHaTa U
rpwkute (Van der Berg, 2003). [Mpe3
nocnegH1Te roAMHN HAKOM pascagHuum B
Peny6nvka Cbpbusi 3anoyHxa npov3Bog-
CTBO Ha TakMBa fAbpBeTa, HO TO He
3a40Bo/1ABa HyXAUTe Ha npomssoauTennTe
Nno OTHOLWEeHNe Ha aCopTMMEHTa OT CopTOoBe
1 KauecTBO Ha MaTepuana u crefoBaTesiHo
rosleM1 KonnmyectBa OT SAOBAKOBUTE W
KpYLUOBUTE ApbBYETA CE BHACAT.

MogobHa e cuTyaumsita u npu
nocagbyHusa matepuan ot gionu. MNpob-
NleM B MPOU3BOACTBOTO Ha AN € 4yB-
CTBMTENHOCT KbM OrHeH npurop [Erwinia
amylovora (Burnill)]. OcHoBeH HauuH 3a
npeogonsiBaHe Ha TO3U npobnem e
M3MOM3BAHETO Ha cepTudmumpaHn Wam
CTaHAApPTHU KasileMun OT usbpaHu, 3apasy,
maTtouHu gbpeeTa (Nikoli¢, 2009). Ha To-
31 eTan B Hawara cTpaHa HAMa JjocTa-
TbYHO MaTOYHU AbpBeTa 3a Kanemu u
HSKOW KayeCTBEHW COPTOBE He ca BK/0-
YeHn B 0hULMaTHUA HaLMOHAIEH CNUCHK
Ha copToBeTe. JlunceaT M KavyecTBEHM
MaTOYHMLM 3a MOAJIOXKN.

Cb3faBaHe Ha HacaxpgeHus. 3Hae
ce, Ye MPOAYKTMBHOCTTA Ha CEMKOBUTE
OBOLUHM BMAOBE ce 00ycnaBs OT afek-
BaTHMA Nogbop M KOMOUHaUMs OT CbB-
MECTUMWU COPTOBE, KakTo M peja MM Ha
3acaxgaHe. MNpu cb3gaBaHeTo Ha A0BLN-
KOBU N KPYLWOBWU HacaxgeHuss B Peny6-
nnka Cbpbust Ao CKopo, Hali-4yecto Wu3-
nossBaHa 6e koMOMHaumsTa OT COpPTOBE
B [ABONHM pepoBe. OCHOBHUMAT COPT €
npeAcTaBeH B LWECT UM YeTupu pega, a
copToBeTe onpawuTenu B ABa Win 4etu-
pv pega. Tasn KOHUeNuuMs e 3anaseHa B
HacaxdeHusATa OT Kpywu OO0 TO3u
MOMEHT, [0KaTO Mpu A0bKMTE, AHEC ce
13Mon3Ba KoHUenumuaTa MOHOCOPT, KOETO
O3HayaBa, 4Ye BCAKO 20TO AbpBO B eAuH
pes e copTbT onpawwuten. o To3m

controlling the vegetative growth of trees
as well. Apart from that, in the first years
after planting, manipulation with trees is
easier (Palmer and Warrington, 2000),
and during exploitation such trees are
more productive and require less labor in
the process of crown formation and care
(Van der Berg, 2003). In the last few
years, some nurseries in the Republic of
Serbia started producing these trees,
though such production does not meet
the needs of growers in terms of cultivar
assortment and quality of material and
therefore the large quantities of apple and
pear nursery trees are imported.

Similar situation is with nursery
trees for the new quince orchards. The
main problem in quince production is
sensitivity to the fireblight [Erwinia
amylovora (Burnill)], and one of the basic
ways to overcome this problem is the use
of one-year certified or standard nursery
trees that come from selective and
healthy mother trees (Nikoli¢, 2009). At
this moment in our country, there are not
enough mother trees for grafting, and
some of the quality cultivars are not
included in the official national list of
cultivars. There is also a lack of quality
mother planted rootstocks.

Plantation establishment.
Productivity of pome fruit species is
known to be conditioned by an adequate
selection and a combination of
compatible cultivars, as well as their
planting order. When establishing apple
and pear plantations in the Republic of
Serbia in the previous period, the most
commonly used was the combination of
cultivars in double rows. The main
cultivar was represented with six or four
rows and pollinizer cultivars with two or
four rows. This concept has been
retained in pear plantations to date, while
in apple the concept of monocultivar
orchards is used today, which means that
a pollinizer cultivar is planted as every
20" tree in a row, thus achieving a share
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HaunMH ce noctura Aan ot okosno 3 %
onpauuTesnin B e4HO HacaxaeHue.

[JekopaTtuBHu Brugose (crabapples)
kato ‘Professor Springer’, ‘Golden Gem’,
‘Crimson Gold’, ‘Everest’, ‘Red Santinel’ n
‘Hillary’ ce nsnonseat Kato onpawuuTenu,
3aWoTo Te 0O6MKHOBEHO UMAT Masiko no-
paHeH 1 No-AbAbl UbITEX OT OCHOBHUTE
COpTOBE U HAMA 0ObpPKBAHE WM CMec-
BaHe Ha nsiofoBeTe nNpu npubupaHeTto. B
TO3W BU[, HacaxneHus ce ocurypsisa no-
NecHa 3aWmta cpewy 6onectn u Bpe-
OVUTenn, ynecHsasa ce npopexpaHeTo u
npubnpaHeTo Ha pekonTata (Keserovi¢ et
al., 2017).

B CbBpPEMEHHUTE A6BKOBU
HacaxaeHusa, crTaHjapTHaTa cxema e
3.20 m pgo 3.60 m mexay peposeTe ”
0.60-0,65 m B pepa npu cnbpoBuUTE "
0,75-0,80 m npwu cTaH4apTHUTE COPTOBE.
BposAT Ha pacTeHusiTa Ha XekTap Bapupa
oT1 3900 go 5200.

WHTeH3nrkauuaTa Ha nponssoa-
CTBOTO Ha KpyLUIM 1 AN € orpaHuyeHa
OT n3bopa Ha nognoxka. B 3aBucumoct
OT uM3non3saHarta MNOAJI0XKa, NPOCTpaH-
CTBOTO B HacaX[eHWA Ha Kpywun Bapupa
oT 4.5-5 m x 2.5-3.5 m npu npucageHute
BbpXy Amea kpywa, go 3.2-3,5 m x 0,8-
1,0 m BbpXY Atonesute noanoxkn ADAMS
mnn MA. Cb3gaBaHeTo Ha UHTEH3NBHU Ha-
caxieHuns He ce npenopbysa B Peny6nu-
kKa Cbpbus, Tbil KaTo Te BK/IYBaT rose-
MW WMHBECTULUW C HECWUTYpeH pesynrar,
rNaBHO nopagu TPYAHUA KOHTPON Haj, or-
HeHusa npurop [Erwinia amylovora (Burnill)] 1
KpywoBa nuctHa 6bnxa [Cacopsilla piry
(L.)], KaKTO 1 KOHTPON Ha pacTexa U He-
[OCTaTbYyHOTO NO3HABaHe Ha crneuudkara
Ha  TexHonormaTa  Ha  OTIexgaHe
(Radivojevi¢ et al., 2017a). [llo-HoBuTE
OBOLLUHW TPaguHM OT Atonn ce 6asupaT Ha
no-rofleMn pasCTosiHAA Ha 3acaxjaHe, B
CpaBHeHMe C A6BMKOBUTE U KPYLIOBUTE.
Pa3cTtosiHmeto mexay pefoseTe e 5-6 m,
pascTosiHMeTO B peaa e 3-4 m.

CucTema 3a dopmupaHe. [lpu
n3bopa Ha hopMMpOBKa B CbBPEMEHHUTE
HacaxeHus, TeHAeHuusaTa e mnagute
ApbBYETa Aa BCTLMAT paHO B naofgoja-

of about 3% of pollinizers in the
plantation.

The flowering crabapples, such as
‘Professor Springer’, ‘Golden Gem’,

‘Crimson Gold’, ‘Everest’, ‘Red Santinel’
and ‘Hillary’ are used as pollinizers,
because they generally have slightly
earlier and longer flowering time than
main cultivars, and also there is no
confusion about what to pick at harvest.
This orchard design provides easier
protection against diseases and pests, as
well as thinning and fruit harvesting
(Keserovi¢ et al., 2017).

In recent apple plantations, the
planting has been standardized with
planting space 3.20 m to 3.60 m between
rows, and 0.60-0.65 m in-row spacing for
spur types and 0.75-0.80 m for standard
cultivars. The number of plants per
hectare varies from 3,900 to 5,200.

Intensification of pear and quince
production is limited by the rootstock
selection. Depending on the rootstock
used, the space in pear plantations varies
from 4.5-5 m x 2.5-3.5 m in case of wild
pear seedling, up to 3.2-3.5 m x 0.8-1.0
m if the ADAMS or MA quince is used as
the rootstock. Establishing of high-density
plantings is not recommended in the
Republic of Serbia, because they involve
high investments with uncertain outcome,
primarily due to difficult control of the
fireblight [Erwinia amylovora (Burnill)] and
pear psyllid [Cacopsilla piry (L.)], as well
as vigour control and insufficient
knowledge of specific growing technology
(Radivojevic et al., 2017a). Newer
orchards of quince are based on a
somewhat larger planting space in
relation to apple and pear. The distance
between rows is 5-6 m, while in-row
spacing is 3-4 m.

Training system. When choosing a
training system in modern plantations,
there is a tendency to bring young trees
into production early, actually to develop
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BaHe ¥ [a pasBUAT CUIHA KOPOHA, KOATO
Ja uv3gbpxu nnogosus ToBap. Hali-
pasnpocTtpaHeHaTa cuctemaTta 3a ¢op-
MUpaHe nNpuv WHTEH3MBHUTE SAOBJIKOBK
HacaxgeHusa B Penybnvka Cbpbus e
BpeTEeHOBMAHATA W HAKOW HEWHU moau-
dovkauum, JoKaTto npu no-ctapute OBOLL-
HU TPaaVHN NPUCHCTBAT BPETEHOBMAHA-
Ta, NUpamuMgasiHa U OTBOpeHa Basa. B
CbBPEMEHHWUTE  KPYLIOBU T[paguHu B
Hawara cTpaHa, nNpu npucaxgaHe BLpPXY
no-crnabo  pacTaAwM  MNOAJIOXKA  ce
13Mnon3Ba BpeTeHoBUAHaTa popMmpoBKa.

3a coprtoBe, npucageHn BbBPXY
CeMeHHa MNOoA/IoXKKa [AMBa Kpylla, KaTo
cucteMn 3a popmupaHe ce wmsnonssart
BpeTeHOBMAHA, NMpamugasiHa KopoHa K
nanMmeTun. Hai-yecto nsnonssaHara cuc-
Tema 3a thopmupaHe npv ArnmTe e 0TBO-
peH Bas3a, BbLMPEKM Ye ONUTHLT MOoKa3sa,
ye ce nocTurat obpw pesyntatn U npw
nupamMmugasniHa KopoHa.

YnpasneHue (perynupaHe) Ha
nnogoaasaHeTo. CeMKOBUTE BMAOBE ca
M3BECTHM KaTO MHOr0 B3uUCKaTeNHu Mo
OTHOLUEHME Ha TEXHOJIOTNATA Ha OTI/IeX-
faHe. CTaHOapTbT B NPOM3BOACTBOTO Ha
A6baKn B Penybnvka Cbpbusi e 3acax-
JaHe ¢ rofisiMa rbcToTa, C MPEXu NpoT1B
rpagylika u HanowuTesiHM cUcTemu, narpa-
[EHN eOHOBPEMEHHO CbC Cb3AaBaHETO
Ha HacaxgeHusaTa. Hakbae ce npunarart
U cucTtemMy 3a 3awmra OT cnaHu. Tosa
HamasnisiBa pucka OT oTpuuaTesiHu Bb3aei-
CTBUS Ha onpefAeneHy MeTeopOosIorMYHM
ycnoeus Bbpxy pekontata (VeliCkovi¢ and
Golijan, 2015). M3nonssaHeTo Ha Mpexu
NpoTUB rpagyllka W MOHTUPaAHETO Ha
HaMoUTE/IHN CUCTEMM B HacaxgeHusaTa
OT Kpywwu ¥ AK0SM B Hawara cTpaHa ca
PSAKO cpellaHn. 3a NocTMraHeTo Ha no-
CTOSIHHW N BUCOKM [06MBKW, NMPUAPYXKEHU
OT CbOTBETHOTO Ka4yecTBO Ha NJoA0BETE
€ HeobXxoAMMO pefoBHO U CBOEBPEMEHHO
npunaraHe Ha CbOTBETHUTE arpoTexHu-
YeckM MepKM KaTo: 3MMHa U naTHa
pe3nTba, HanosiBaHe, TOpeHe, 3awmTa oT
rpagyllka, 3awura OT W3Mpb3BaHe,
XMMUYECKO npopexzaaHe n ap.

a strong tree architecture that can
support crop loads. The  most
represented training system in intensive
apple plantations in the Republic of
Serbia is spindle and some of its
modifications, while in older orchards
there is a presence of spindle bush,
pyramidal crown and open vase crown. In
recent pear orchards in our country in the
case of grafting of cultivars on the
rootstocks of poorer vigor, the spindle
has been used.

Spindle bush, pyramidal crown and
palmetto are used as a training system, if
rootstock is the seedling of a wild pear.
The most commonly used training system
for quince is open vase crown, although
experience has shown that good results
are achieved in case of the use of
pyramidal crown as well.

Crop load management. Pome fruit
species are known as very demanding in
terms of growing technology. The
standard in apple production in the
Republic of Serbia is a high-density
planting with anti-hail nets and irrigation
systems simultaneously set up with the
plantation establishment. Anti-frost
systems have been sporadically installed
too. These reduce the risk of negative
impacts of certain meteorological
circumstances on yield (Velickovi¢ and
Golijan, 2015). The use of anti-hail nets
and installation of irrigation systems in
pear and quince plantations in our
country is a rare case. In order to achieve
regular and high yields accompanied by
appropriate fruit quality, regular and
timely application of appropriate agro-
and pomo-technical measures s
necessary such as: winter and summer
pruning, irrigation, fertilization, anti-hail
protection, frost protection, chemical
thinning, etc.
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Pe3utbata cbC CUTYpPHOCT e efHOo
OT Hall-BaXXHWTE MeponpusaTus, npuiara-
HW B HacaxieHusaTa. Llenta e npaswuiHO
hopmmpaHe v nogabpxaHe Ha KopoHaTa,
naoJOpOANETO N perynvpaHe Ha pacTe-
Xa, BMCOKO KayecTBO Ha M/0f0BETE WU
ObNbr XMBOT Ha [AbpBeTara. [Hec B
A6BbIKOBUTE HacaxneHns B Cbpbus, Kb-
carta pe3uTba’ ce 3ameHs OT Taka Hape-
YyeHata Abfra pesuTba, KbAeTo [ABYro-
OVIWWHWTE KNOHW He ce pexar. Mo To3u
HauMH Hamansasa pacTexHaTa cuia Ha
OBOLWHWUTE [AbpBeTa, CTUMynupa ce
06pa3yBaHeTO Ha LBETHU NMbMNKKM, Y/1ECHA-
Ba Ce XMMMWYECKOTO npopexpaHe, B pe-
3y/iTar Ha ToBa MnofoBeTe ce ouseTsasar
no-gobpe n ce HamansBa npegsapuTen-
HOTO onafgaHe. BbBexgaHeTo Ha CbBpe-
MEHHM CUCTEMW 3a oTrnexjaHe, goseje
[0 HensbexHoTo npunaraHe Ha 3e/ieHa
pesuTba. [lBa ca K1o4oBUTE MOMEHTU Ha
pe3nTouTe npes BereTaumoHHUSA nepuoa.
MbpBUAT, MO BpemMe Ha WHTEH3UBHUA
pactex Ha netopactute u opmupaHe
BMAA Ha KopoHaTa, NocpeAcTBOM usbopa
Ha HeobxogumuTe M NpemMaxBaHeTo Ha
HEHY)XXHUTE U KOHKYPEHTHW JfieTopacTu.
BTopusaT MOMEHT e cnej npuKItoYBaHeTo
Ha VHTEH3MBHMA pacTex, C [onbf-
HUTENIHW Kopurmpawy aeincteus 3a dop-
MuUpaHe, ga ce CcTuMmynaupa audepeH-
unauma Ha UBeTHWTEe MbMNKW 3a crefjBa-
warta roguHa, CTUMy/siMpaHe Ha pas3Bu-
TMeTO Ha nioja W ouBeTABaHeTo, y/ec-
HsABaHe Ha pacTuTesniHaTa 3awuTa.

BbnpocsuT 3a peryivpaHe cunarta
Ha pacTex Ha AbpBeTara CTOM OCHOBHO
npu HacaxgeHuata oOT kpywwu. [lpe3
nepvoga Ha MOKOW, OCBEH HamasisBaHe
Ha XpaHeHeTo U HanosiBaHeTo, ce npu-
nara nogpsissaHe Ha KopeHoBarta cucrte-
Ma. Bb3mMOXHO e wu3non3saHe Ha pac-
TEXHW perynaropu, kaTo B Hallara cTpa-
Ha 3a Ta3n uen e peructpupaH "Pera-
nic", npepcrasnifiBall, NpPOXeKcagnoH-
kanumin® (Radivojevic et al., 2017b).

OcBeH 3a perynmpaHe Ha pacrexa,
B CbBpPEMEHHWUTE HacaXfeHWss OT CeMm-
KOBW OBOLLIHM BUOBE Ce U3MoN3BaT pery-
natopwv 3a npopexgaHe Ha LiBETOBETE U

Pruning is certainly one of the most
important  pomo-technical measures
applied in plantations. It aims at proper
formation and maintenance of the crown,
productivity and vigour regulation, high
quality of fruits and a long life of trees.
Nowadays, in apple plantations in Serbia,
short pruning’ is being replaced by the
so-called ‘long pruning’, where two-year
branches are not shortened. In this way,
the vigor of fruit trees is decreased, the
formation of flower buds is stimulated,
and thus chemical thinning of fruits
facilitated, resulting in better coloration of
fruits and a decrease in their fall-off.

Introduction of modern growing systems
brought the inevitability of using green
pruning. During vegetation period, within
pruning, the two key terms are
distinguished. The first, at the time of the
intense growth of the shoots and is
directed towards the formation of a type
of crown by selecting the necessary and
removing unnecessary and competitive
shoots. The second term is after the
intensive growth of shoots has been
completed and, in addition to some
corrective actions directed towards the
formation of the crown form, it mainly
refers to the stimulation of differentiation
of flower buds for the next vyear,
stimulation of the fruit development and
coloring, contributing to better protection
against diseases and pests.

The issue of regulating the vigour
of trees is especially evident in pear
plantations. Apart from the reduction of
nutrition and irrigation, cutting of the root
system is also applied during the period
of dormancy. Application of growth
regulators is possible as well, and in our

country, ‘Regalis’, which represents
prohexadione-calcium®, has been
registered for these purposes

(Radivojevi¢ et al., 2017h).

Besides regulation of tree vigour,
some growth regulators have been used
in modern plantations of pome fruit
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nnogoBseTte, 3a npegoTeparaBaHe aude-
peHuMpaHeTo Ha NOAHU MbMNKW, 3a CTU-
MynMpaHe pasBMTMETO Ha MapTeHo-
KaprnHu (6e3ceMeHHKn) NnoaoBe 1 3a npe-
JoTBpaTsABaHe npexneBpemMeHHO okansa-
He Ha nsiogoseTe. OT cnomeHaTuTe pery-
natopu, npy A6bLAKOBUTE HacaXOeHUs B
Penybnuka Cbpbusa ce manonssar pery-
naTtopu Ha pactexa, 3a npopexjiaHe Ha
uBeTtoBeTe W nnofosete. Ha 6asarta Ha
WHTEH3VBHWN uU3CnefBaHns, NpoBejeHn B
HalaTa CTpaHa, XUMMWUYECKOTO MNpPOopex-
JaHe e BbBEJEHO B pefioBHATa NpakTukKa
(Keserovi¢ et al., 2009; Luki¢ et al.,
2012a, 2012b; Luki¢ and Mari¢, 2013),.
MpopexaaHeTo Ha LiBETOBETE Ce OCHOBA-
Ba MpeaMMHO Ha aMOHWeB Tuocyndar
(ATS), koinTo ce cmATa 3a 6e3onaceH 3a,
oKkosHaTa cpega u notpebutenute (Mili¢
et al., 2011). 3a npopexpaaHe Ha nnono-
BeTe ce u3nonseatr HadranvH auetamug,
(NAD), o-HabTMnaueTuioBa KucesvHa
(NAA) n 6-6eH3unageHuH (BA).
lMpopexpaHeTo Ha LUBeTOBETE U
nnofoBeTe Ha Kpywarta u AlnsaTa He e
obunyaiiHa NpakTuKa B pa3BUTUTE CTPaHW.
TpeTtupaHe ¢ rneepenutn (Az nnm GAs.7)
ce npenopbyBa € uen opmupaHe Ha
napTeHoKaprHu NoA0Be Npu KpyLunTe.
Hsakon copToBe SA0DBAKW, LUMPOKO
pasnpocTpaHeHW KM B Hawarta CcTpaHa,
kato "Aigapepn”, "[IxoHarong" v rpynute
Ha "UepseHa NpeBb3xogHa" 1 40 N3BECT-
Ha CcTeneH copToBeTe OT rpynara Ha
"3naTHa npeBb3XoAHA", Ce xapakrepusu-
pat c oTAensHe Ha ronsAMo KOMM4yecTBO
€TU/IeH U CKNOHHOCT 3a npefBaputeniHo
onagjaHe npeau npubupaHeTo Ha pekon-
Tata (Radivojevi¢ et al., 2017b). TakuBa
nnogoBe HAMAT ONTUM&asIEH UBAT, 3ps-
NOCT 1 pa3Mep 1 3aToBa He morart fja ce
u3nonseaTt. 3a Aa ce npenoTBpaTAT TE3n
3HauuTesHM 3aryéu B 16 bJ/IKOBOTO MPOU3-
BOACTBO, Ce npenopbyBa ynoTpebara Ha
NAA, AVG (aMUHO eTOKCW BUHWJT FNIALLNH)
n MCP (MeTunumkIonporeH) camocTos-
TesHO nnn B KoMbrHauma AVG + NAA, nnm
MCP n AVG + NAA (Yuan and Li, 2008).
EgHa oOT Hai-BakHWTE arpoTex-
HUYECKN MEPKM B CbBPEMEHHUTE Hacax-

species for flowers and fruits thinning, to
prevent the differentiation of generative
buds, to stimulate germination of
partenocarp fruits and to prevent the fruit
drop before harvest. From the
aforementioned, in apple plantations in
the Republic of Serbia, plant growth
regulators are used for thinning of flowers
and fruits. Based on intensive research
conducted in our country (Keserovi¢ et
al., 2009; Luki¢ et al.,, 2012a, 2012b;
Luki¢ and Mari¢, 2013), chemical thinning
has been introduced into regular practice.
Flower thinners are mostly based on
ammonium thiosulphate (ATS), which is

considered user, environment and
consumer safe (Mili¢ et al., 2011).
Naphthalene acetamide (NAD)

preparations, a-naphthylacetic acid (NAA)
and 6-benzyladenine (BA) are used for
fruit thinning.

Pear and quince flower and fruit
thinning is not common in developed
countries. Treatment with gibberellins (As
or GAs7) is recommended for the
purpose of forming partenocarp fruits in
pears.

Some apple cultivars, which are at
the same time most represented in our
country, such as ‘ldared’, ‘Jonagold’ and
‘Red Delicious’ groups, and to some
degree the cultivars from the ‘Golden
Delicious’ group, are characterized by
high ethylene production and tendency to
pre-harvest fruit drop (Radivojevi¢ et al.,
2017b). Such fruits have no optimal
colour, maturity and size and cannot be
used accordingly. In order to prevent
these significant losses in apple orchards,
NAA, AVG (amino ethoxy vinyl glycine)
and MCP (methylcyclopropene) are
recommended to be used alone or in
combination AVG + NAA, or MCP and
AVG+NAA (Yuan and Li, 2008).

One of the most important agro-
technical measures in modern plantations
of pome fruit species is fertilization.
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[eHuns e TopeHeTo. Ypes Hero ce KoMneH-
cupa niuncara Ha onpegesieHn xpaHuTen-
HW BellecTBa B 30HaTa Ha KopeHoBarta
cuctemMa, HeobxoauMMu 3a  HOpMasiHUS
XW3HEH UMKbA. KonmyecTBata Ha HSAKOW
efleMeHTu, KouTo TpsibBa ga 6bAaT BNO-
XEHU B Mo4yBaTa, ce onpegensart Ha 6asa
ycTaHOBeHaTa 3anaceHocT (Ankerman
and Large, 1977). [locTaBAT ce XpaHu-
TENIHN eNeMeHTU, HeobxoaMMu 3a Bere-
TaTMBHUSA pacTex un gobusa (MiSi¢, 1994).
XpaHUTENHUAT cTatyc u cneunduyHute
HYXOW 3a onpejenieHn XpaHUTesHu ene-
MEHTM MOXe [a Cce onpefenst ¢ NUCTHa
AnarHocTvka, HoO ToBa He ce NpakTukKyBa
yecTto B Hawara ctpaHa (MiloSevi¢ and
MiloSevi¢, 2015). B Peny6nvnka Cbpbus,
ce npwiarat pasfiMyHM  cucTemMu  3a
TopeHe (C rpaHynapeH Top WM u4pes
KankoBu emuTepw).

B CcbBpeMeEHHUTE HacaxaeHus ce
npuaara CbWO M JIMCTHO MOAXpaHBaHe,
3a KOMMEHCMpaHe Ha 3Ha4YUTesHO Mo-
MasIKO JIMNCBAaLLy XpaHuTeNHN BellecTBa
B /iMcTarta u nnogosete. Buabt n gosarta
XpaHUTesIHW BelecTBa ce onpefensat
crnopef No4BeHO-KIMMaTUYHNTE YCI0BUS,
CTaguAT Ha pasBuUTMEe, HaudnMHUTE Ha
nogabpxaHe, T.e. HanoseaHe (Jivan and
Sala, 2014).

B gbpxaBute c Haii-pa3BuTo M/io-
[0Npon3BOACTBO, NMPaKTUYECKN € 3acTb-
neHa KoHuenuusTa 3a MIHTerpmpaHo npo-
M3BOACTBO Ha nnogose Ao 90 n noeeue
npoueHta ot nnowmte (Nikoli¢ et al.,
2012). Cnopepf, HEr0 BCUYKN arpo-TEXHU-
Yeckn Mepku ce u3BbpLIBaT Mo onpeje-
NleHn npaswna (3awmura, TopeHe, Hanos-
BaHe, npopexpgaHe, nogapxaHe Ha noy-
BaTa, CbbupaHe Ha pekonTaTa, CbXxpa-
HeHve 1 T.H.). CneynanHo BHUMaHMe ce
oTAens Ha n3bopa Ha cpefcTBata 3a
3awmTa cpewy 6onectn u BpeguTenu,
KapaHTMHHUS nepuog M MeToauTe 3a
npwiaraHe, Ccnopes Bb3MOXHUTE CTpa-
HUYHWN echekTn, NpPeBaHTVBHU U 6GUOSO-
TMYHW Mepku. Tasnm KoHuenuus npegno-
nara nojasaHe Ha 3asiBKa 3a BK/l0YBaHe
B pexum 3a VIHTerpmpaHo npou3BoACTBO,
npuemaHe Ha 3afb/DKEHMETO 3a cnas-

Fertilization provides compensation of
certain nutrients in the root system zone
of plants enabling their normal life cycle.
The quantities of certain elements that
need to be put into the soil are specified
according to the determined fertility of the
soil (Ankerman and Large, 1977) and
delivering nutritional elements necessary
for vegetative growth and fruiting of the
trees (MiSi¢, 1994). Fruit nutritional state
and determination of the specific needs
for certain nutritive elements is most likely
to be defined by leaf analyzing (MiloSevié¢
and MiloSevi¢, 2015), which is not a
common practice in our country. Different
systems of fertilization in the orchards of
pome fruit species (soil application of
granular fertilizers or fertigation through
drip emitters) in the Republic of Serbia
are applied.

In modern plantations, foliar
nutrition is applied too, compensating that
way less lacking quantities of nutrients in
leaves and fruits. The type and rate of the
applied nutritives is defined according to
soil and climatic conditions, vegetation
stage, orchard management practices,
i.e. irrigation (Jivan and Sala, 2014).

In the most developed fruit growing
countries, the concept of Integrated fruit
production has been applied in practice to
90% and more of the surface (Nikoli¢ et
al., 2012). In this production concept, the
regulations prescribe all agro-technical
measures (protection, fertilization,
irrigation, thinning, land maintenance,
harvesting, storing, etc.). According to the
respective  programme, a  special
attention is given to the choice of means
for protection against diseases and pests,
with  holding period and application
methods according to possible side
effects, preventive and  biological
measures. This concept implies filing for
inclusion in the integrated production
mode, acceptance of the obligation to
comply with the prescribed technology
and its control from the competent
service and finally, marketing that
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BaHe Ha npejnvcaHaTa TEXHOOMUSI U KOH-
TPO/1 OT CTpaHa Ha KOMMETEHTHUTE CYX6U
N Hakpasi, MapKeTUHr, KOITO ocurypsiea no-
6naronpuaTHa nasapHa nosuvuus. Bb3
ocHoBa Ha "AGRIOS” mogenst o1 HOxeH
Trpon, B HAKOW A6BIKOBU HacaXAeHWs BbB
BoiiBognHa e 3anoyHano pas3sButMe Mo
MoJena Ha MHTerpMpaHoTo NPOU3BOACTBO B
Peny6nuka Copbus (Keserovi¢ et al., 2007,
2012) n B npepacTosilMa nepuog € Heob-
XOAMMO [a ce Hanpasu NpexoabT OT Tpa-
OVUMOHHO KbM MHTErpMpaHo npou3BoACcTBO
Ha nnoJoBe MpW MoAepHUTe S6BIKOBM
rpaamumn (Keserovi€ et al., 2017).

CbbupaHe ¥” CbXpaHeHue Ha
nnogose. OcCHOBHa npejnocTaska 3a
yCcrnelwleH MapKeTUHr € KayecTBOTO Ha
naogoseTe, 3Ha4YMTENIHO 06YC/IOBEHO OT
Cpoka 3a npubupaHe Ha pekonTara u
yCNoBusAiTa Ha CbxpaHeHneto U. Hali-
ronsm Hanpegbk B Peny6nivka Cbpous e
NMOCTUTHAT B CbBPEMEHHUTE TEXHOMOrnu
3a CbxpaHeHue npu A6bakuTe. Bce no-
ronisiM 6poii NpousBoguTENNTE Ha A6DBI-
KM, C Uen npasBwuiHO onpenensHe Bpe-
MeTo 3a npubupaHe Ha pekositaTa, Bce
noseye wu3Nos3BaT MeToAM KaTto TecTa
noa-HUWecTe, TBBLPAOCT Ha NI0L0BETE U
CbAbpXaHWe Ha pasTBOpPUMU TBBLPAU
BELLecTBa, a No-mMasiko pasumTar Ha onu-
Ta N cybGeKkTMBHWUTE OLEHKW, KaTo ouge-
TABaHeTO Ha nnogoseTe. Creasaliku
YyBE/IMYEHNETO Ha A6BKOBOTO NPOU3BO/-
CTBO, 6POAT 1 KanauuTeTbT Ha CK1aJoBe-
Te C MoJepHa KoOHTponupaHa atmocdepa
(CA), cbuwo HapacTBa. Haii-yecto Tesm
cknafoBe/XpaHunuiia nMat Bb3MOXHOCT
3a HamMasisiBaHe Ha HMBaTa Ha kucsopoja
n BbrnepoaHusa guokeug nog 1 % ((ULO),
a TexHonorvaTta 3a JuHamuyHO KOHTPO-
nnpaHa atmoccpepa (DCA), nossonsiea
CbXpaHABaHETO Ha NNoJ0oBE NpPU MHOro
HUCKWN KOHLLEHTpaLUumM Ha KUCNopos, KOeTo
Cbl0 Ce W3MO0/M3Ba B HAKOWM CKNajose.
CYHTETMYHO Npou3BefeHnTe nogobpute-
NN Ha KayecTBOTO Ha A6bKUTE, BKIIIO-
ynTesIHO TakmBa Kato “"SmartFresh®" u
"Fitomag", kouto cbvabpxar 1-MCP ca
pernctpupaHu B Penybnuka Cbpbus,
cbotBeTHO 2011 r. u 2016 r. Tesn

provides a more favorable market
position. Based on the “AGRIOS” model
from South Tyrol, in some apple
plantations in Vojvodina, development of
the Integrated Production Model in the
Republic of Serbia has begun (Keserovi¢
et al.,, 2007; 2012) and in the upcoming
period, the transition of conventional to
integrated fruit production is necessary to
be done in modern apple orchards
(Keserovic et al., 2017).

Harvesting and storing fruits. The
quality of fruits is a basic precondition for
successful marketing largely conditioned
by the harvest time and storage
conditions. The greatest progress in the
Republic of Serbia has been made in the
modern apple storage technologies.

An ever-increasing number of apple
growers, with the aim of properly
determining the harvest time have been
increasingly using methods such as
iodine-starch test, firmness of fruit and
soluble solids content, while being
decreasingly reliant on experience and
subjective evaluations such as fruit
coloration.

Following the increase of apple
production, the number and capacity of
modern controlled atmosphere (CA)
storages has also been increasing. Most
commonly, these storages have the
possibility of reducing oxygen and carbon
dioxide levels below 1% (ULO), while
Dynamic Controlled Atmosphere (DCA)
technology, which allows the keeping of
fruits at very low oxygen concentrations,
has also been used in some storages.

Synthetically produced quality enhancers
of apple fruit, such as ‘SmartFresh®’ and
‘Fitomag’, which contain 1-MCP, have
been registered in the Republic of Serbia
since 2011 and 2016, respectively.

These quality enhancers are capable of
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nofo6putenn Ha KayecTBOTO ca B
CbCTOSIHME [Aa noTUCHAT EeTU/IEHOBOTO
JelictBre M ga NoB/UAAT MOMOXUTESTHO
Ha TBbPAOCTTa U COYHOCTTA Ha M/040Be,
Nno-AbJITOTO 3anasBaHe Ha 3eNeHus UBAT
Ha KoXuuata W npepoTBpaTaBaHe
nosieata Ha neTHa Npu YyBCTBUTESIHUTE
coptoBe (Magazin et al., 2010; 2017).

C uen pgonb/HUTESHO nofobpsiBa-
He Ha TexHOosorMsaTa Ha CbXpaHeHue Ha
A6bKuTE, TPA6BA Aa ce 06bpHE noseye
BHMMaHVe 3a aflekBaTHO npunaraHe Ha
arpoTexHNYecknTe MEPONPUATIA B OBOLL-
HaTa rpaZvMHa, KOeTo ce oTHacs npeaum-
HO [0 MPaBUIHOTO TOPEHe, HarnosiBaHe U’
npunaraHeTo Ha 6uoperynatopu u
kanuuin (Magazin and Burovi¢, 2017).

OT gpyra cTpaHa npuv nNpou3BoA-
CTBOTO Ha KpyLuu, no-ronsiMara 4acT ce
npepaboTtea, a no-MasbkK Aan e npeg-
Ha3HayeH 3a AMpeKTHa KoHcyMaums, cne-
[oBaTesIHO NO-Ab/rOTO CbXpaHeHWe Ha
nnofoBeTe e psAako cpelaHo. Bb3 ocHoBa
Ha onuTa OT ApYrM pasBWTU CTpaHM, MJ/Io-
[oBeTe Ha "BunamoBa macnoska“, kakto u
NNoAOBETE HA ApYrM €CEeHHW ”  3UMHU
COpTOBE KpyLUM, MoraT ycnewHo pfa ce
CbXpaHsiBaT B cknagoBe ¢ KoHTponvpaHa
Atmocpepa (CA) 3a no-gbnabwl nepvog ot
Bpeme. lpenopbyBa ce TpeTupaHe c 1-
MCP-6a3vpaHn nofobputenn Ha Kavec-
TBOTO. OCBEH TOBA, KAYECTBOTO MpY KIacu-
dmumpaHeTo M OMakoBaHeTO Ha KpyLin
TpsibBa fga 6bAe 3HaAUMTENHO MNOA0GPEHO,
KOETO e OCHOBHa NpeAnocTaBka 3a TAXHOTO
npusHaBaHe Ha MeXAyHapoaHus nasap.
Tbil KaTO AlonuTe Kato naog ca npefHa-
3HaueHn 3a npepaboTka, CbXpaHsBaHETO
Ha nnogosetTe B TUNUYHW OXNaAMTENHU
CKNafioBe e camo BpeMeHHa Msipka, npuna-
raHa B HSIKOW Cnyyaw.

N3BOAN

Mpe3 nocnegHUTe HAKOSIKO FOAMHU
ca HanpaBeHM C/iefHNTe OCHOBHMW NpoMe-
H/ B MPOU3BOACTBOTO Ha CEMKOBW M/O-
pose B Penybnuka Cbpbusa (ocobeHo npu
SA0B/IKUTE): HOBW COPTOBE U K/IOHOBE Ha
CTapu TakuBa, Kakto U HOBUW MOASIOXKKN C
no-cnab pacTex; No-BUCOKO KayecTBO Ha
nocagbyHus MaTepuas; TeXHooraTa Ha

inhibiting ethylene action and positively
affect the firmness and juiciness of fruits,
longer retention of the skin green colour
preventing the occurrence of scalds in
susceptible cultivars (Magazin et al.,
2010; 2017).

In order to further intensify the
storage technology of apple fruits, more
attention should be paid to adequate
application of agro- and pomo-technical
measures in the orchard, which primarily
refers to proper nutrition, irrigation and
application of bioregulators and calcium
(Magazin and Burovi¢, 2017).

On the other hand, most of the
pear production is being processed and
smaller share is intended for table
consumption, therefore the longer storing
of fruits is rare. Based on the experience
from other developed countries, the fruits
of ‘William’s Bon Chrétien’, as well as the
fruits of other autumn and winter pear
cultivars, can be successfully kept in CA
storages over a longer time period.

Treatment with 1-MCP-based quality
enhancers is recommended. Apart from
that, the quality of classification and
packaging of pear fruits must be
significantly improved which are basic
preconditions for their recognition in the
international market. Since the fruit of
quince is planned for processing, keeping
the fruit in regular cold storages is just a
temporary measure applied in some
cases.

CONCLUSIONS

During the last few years, the
following major changes in the production
of pome fruit species in the Republic of
Serbia (especially apple) have been
made: new cultivars and clones of old
ones, as well as new rootstocks of poorer
vigour, are being introduced in modern
plantations; high quality nursery trees are
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oTrnexgaHe ce WHTeH3uduumpa, upes:
yBe/niMyaBaHe 6Opos Ha pacTeHusATa Ha
efvHuLa noul, BbBEXAaHe Ha MHOro
HOBW arpoTeXHUYECKM MeponpuaTusa u
yBe/iMyaBaHe Ha niowute ¢ MHCTasmpa-
HY HaMouTeIHN CUCTEMU Y MPEXN MPOTUB
rpagylika; TexHOMorns € KOHTponupaHa
atMocdhepa, 3a AbATOCPOYHO CbXpaHe-
HVe, C Uuen noaabpxaHe Ha [06poTO
KauecTBO Ha NnofgoBeTe W yAb/xaBaHe
CpOKa Ha roHOCT Ha NpecHUTe N040Be.

JonbnHuTenHute aerHocTn, uens-
w1 da nopobpAT npou3BOACTBOTO Ha
A0BMKKN, Kpywn 1 Alam ce 6asupar Ha
ropecriomeHaTute Mepku. BaxHa e u
nogkpenara Ha [AbpxaBaTa B MOAEpHU-
3aumsAta Ha Npou3BOACTBOTO, upe3 Gna-
rONpuATHU 3aeMu 1 cybenanpaHe 3a Cb3-
JaBaHe Ha Hacax[eHwus, ocurypsisaHe Ha
NOAXOAALLM HAMOUTESTHN CUCTEMMU, 3aLLM-
Ta cpeLlyy rpagylika u cnaHa, 3akynyBaHe
Ha CefiCKOCTONaHCKa TeXHUKa W WU3rpax-
JaHe Ha nnoJo-xpaHwamLia.

3a fga ce nocturHat MexayHapog-
HWTe CcTaHJapTV 3a KayecTBO UM fJa ce
MOBULUM  KOHKYPEHTOCNOCOBHOCTTa  Ha
nasapa, € Heo6xoAMMo acouuaumaTa Ha
Npovn3BOAMTENUTE [a U3NCKBA NO-HATaTbK
Ja ce NocTurHe 3HauuTenIHoO nofobpexve
BbB BOAEHETO, NoJkpenara, KoopanHupa-
HeTO, pasnpoCTPaHeHMeTo U Hacbpyasa-
HEeTO Ha nNpOU3BOACTBOTO Ha CEMKOBU
nnogose B Peny6sivka Cbpbus.
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used for planting; growing technology is
intensified by: increasing the number of
plants per unit area, introducing many
new agro- and pomo-technical measures,
and increasing area with installed
irrigation systems and anti-hail nets;
controlled atmosphere storage technology
is being used for long-term storage in
order to maintain good fruit quality and
extend shelf life of fresh fruits.

Further activities aiming to intensify
apple, pear and quince production are
based on the aforementioned measures.
In addition, it is also important to
emphasize the support of the state in
production modernization through
enabling favorable loans and subsidizing
establishment of plantations, procurement
of appropriate irrigation systems, anti-hail
and anti-frost protection, procurement of
agricultural machinery, and building of
storage capacities.

In order to achieve international
standards in terms of fruit quality and to
increase competitiveness in the market,
further association of growers is required
to bring substantial improvement in
leading, supporting, coordinating,
representing and promoting the pome
fruits production in the Republic of Serbia.
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PE3IOME

Hali-BaxXHMAT acnekt npu in vitro
pasMHOXaBaHeTO e fa Ce NpoBepu reHe-
TUYHATa CUTYPHOCT Ha TbKaHHWUTE KYNTypW.
B HacToAWwoTO M3cneaBaHe ca W3nosi3BaHu
TPU TEXHUKM 3a OueHKa Ha reHeTuMyHarta
€[HaKBOCT Ha pacTeHWs MnoJlyyeHun upes3
MUKpPOPa3MHOXEHMe OT MOAJ/I0XKKa 3a KpyLua
Pyrodwarf (Pyrus communis L.). In vitro ne-
TOpacTuTe ca NnosyyYeHn ot AudepeHumpaHm
Mepuctemn (C akcwuiapeH npousxon) u
JINCTHU eKcnnaHTu (aABeHTMBHA M34bHKOBA
pereHepauus). HanpaseHuAT aHan3, 3a
OLleHKa HMBOTO Ha nnougHocT Ha JHK, upes
noToYyHa LUMTOMETPUA, HE NOKasBa 3HauMMu
pas/iMkm B CbAbpXaHWETO Ha sapeHaTa
OHK, mexay netopact OT afBeHTMBHa
n34bHKOBA pereHepauus, in vitro netopactu
OT akcunapeH npousxogq W in vivo
KOHTPO/IHN  pacTeHus, OTrIexpaHu Ha
OTKpuTO. [lpebposiBaHETO Ha XPOMO30MM
BbB BpPbXHA KOpeHoBa MepucTtema CbLo
rnokassa HopmasieH 6poil AMNNOUAHU XPO-
Mo30MM (2n = 2x = 34) 1 npu gBaTa Buga in

Accepted: 19.11.2018

Published: 12.12.2018

SUMMARY

The most important aspect of in vitro
propagation technology is to verify genetic
fidelity of tissue culture-raised plants. In the
present study, three techniques were
employed to assess genetic integrity of
micropropagated shoots of Pyrodwarf
(Pyrus communis L.) pear rootstock. In
vitro shoots derived either from organized
meristems (axillary origin) or from leaf
explants  (adventitious  origin). Flow
cytometry analysis deployed to estimate
the DNA ploidy level revealed no
significant differences in nuclear DNA
content among adventitious regeneration-
derived shoots, in vitro shoots of axillary
origin and in vivo control plants from open
field. Chromosome counting in root tip
meristems also showed a normal diploid
chromosome number (2n = 2x = 34) in
both type of in vitro shoots.
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vitro neTopactu. Bbnpekn ToBa, enekTpo-
oopesata C noAvakpunammgeH ren  Ha
nepokcmgasa (POX), OT fiMcTHaTa TbKaH,
paskpuBa cbwute POX mogenu, kato npwu
MauMHW  pacTeHus  OTrNexaaHu Ha
OTKpUTO 1 in vitro netopactuTe OT akcu-
napeH npousxof, [oKato fnetopacture C
aflBEHTVMBHA W34bHKOBA pereHepauusi no-
Kassar akcunapeH nonumopgusbm B POX
npodunuTte, B 3aBMCMMOCT OT cneuudmy-
HaTa UWUTOKMHUH/ayKCMHOBA KOMOMHaUWS,
n3nos3BaHa 3a afBEeHTUBHA M34bHKOBa pe-
reHepauus. MonydyeHute pesyntatu nokas-
BaT, 4Ye BLMPEKN Ye TbKaHHUTE KyNTypu
nogabpxar obwa reHetnyHa crabuaHoCcT
Ha UUTOrEHETUYHO HUBO, € HeobXxoAMMO
[ONB/IHUTENTHO u3cneaBaHe ¢ mowHuU AHK

Mapkepu, o0co6eHo npu fietTopactu  c
afIBEHTMBHA U34bHKOBA pereHepauysi.
KntouoBu aymu: akcunapHo

pas3k/ioHABaHe, aABEHTUMBEH OpPraHoOreHes,

LUTOKUHWHY, ayKCUHW, noToyHa
uutTomeTpus, 6poii XPOMO30MMU,
n3onepokcraasa

yBO/[,

PacTuTenHata TbkKaHHa Kyntypa ce
npeBbpHa B OCHOBEH WHCTPYMEHT 3a pas-
MHOXaBaHe Ha MHOro pacTtuTesiHM BUAOBE,
0CO6€EeHO 3a MOAJ/IOXKKM Ha OBOLLHM AbpBeTa.
TpaaMuMOHHUTE MeToAM 3a pa3MHOXaBaHe
n noaAbpxaHe Ha 06e3BUPYCEHN MOANOXKKN
B pascagHuumMTe ca U3KIUYUTENHO NPoLb/I-
XUTesHn n Tpygoemkn (Bommineni et al.,
2001). Pa3paboTBaHETO Ha TEXHOMOTUN 3a
TbKaHHW Ky/ITYpu, Nponpasun NbTa 3a 6bp30
pasMHOXaBaHe W 3anasBaHe reHnjiasmara
Ha eNUTHU MOAOJ/I0XKKU, OCOBEHO Korato ce
M3MCKBaA KayeCTBO Ha MNocagbyHua mare-
pvan B ronsm mauab n 3a KpaTko Bpeme.
CblUo Taka, in vitro TexHonornsaTa, B cbye-
TaHue c pekombuHaHTHa OHK TexHonorus,
ce wu3non3sBar B MOMEHTa KaTo MOLLEH
WHCTPYMEHT 3a nofobpsiBaHe Ha CbLyecTBY-
Balllata reHeTMyHa njiasma n passuTne Ha
TpaHCreHHV pacTeHus.

B kpas Ha 70-Te roguHun Ha 20-Tn BeK
ca ny6nukyBaHu Joknagu 3a MUKpopas-
MHOXaBaHe, ype3 nposmgepauma Ha axkcu-
napHu neTopactu Ha noseuye OT ABajeceT
KpyLIOBM COpTa, BK/IOYUTENIHO OCHOBHUTE
coptoBe Pyrus communis (Bell and Reed,

However, polyacrylamide gel electro-
phoresis of peroxidases (POX) extracted
from the leaf tissue revealed the same
POX banding patterns in open field mother
plants and in vitro shoots of axillary origin,
while adventitious-derived in vitro shoots
exhibited polymorphism in POX profiles
depending on the specific cytokinin/auxin
combination used for  adventitious
regeneration. The obtained results indicate

that although tissue culture plants
maintained gross genetic stability at
cytogenetic level, further investigation

using powerful DNA markers is required,
especially in adventitious regeneration-
derived shoots.

Key words: axillary branching,
adventitious organogenesis, cytokinins,
auxins, flow cytometry, chromosome
number, isoperoxidase

INTRODUCTION

Plant tissue culture has become a
major propagation tool for many plant
species, especially for fruit tree
rootstocks. Namely, the traditional
methods of propagation and maintenance
of disease free rootstocks in nursery
facilities are extremely time- and labor-
consuming processes (Bommineni et al.,
2001). Development of tissue culture
techniques has paved the way for rapid
propagation and conservation of elite
rootstock germplasm, especially when the
quality of planting material is required on
a large scale and for a short time. Also, in
vitro culture technigques in combination
with recombinant DNA technology are
currently being used as a powerful tool for
improvement of existing germplasm and
development of transgenic plants.

Since the late 1970s,
micropropagation protocols by axillary
shoot proliferation have been published
for over twenty cultivars of pear, including
the major Pyrus communis cultivars (Bell
and Reed, 2002). In vitro propagation has
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2002). In vitro pa3amHOXaBaHeTO ce npunara
NPV HAKOW KPYLLOBWU MOAJ/IOXKKM KaTo Hanpu-
mMep Pyrus pyrifolia (Burm F.) (Thakur and
Kanwar, 2008), P betulaefolia L. (Yeo and
Reed, 1995; Hassanen and Gabr, 2012), P.
pashia (Rehman et al., 2014), P. calleryana
(Yeo and Reed, 1995; Antunes de et al.,
2004), KaKTO U pas3nNUYHM MOAIOXKM OT P.
communis (Yeo and Reed, 1995; Mehri-
Kamoun et al., 2004; Rahman et al. al.,
2007; Ruzi¢ et al.,, 2011; Wang, 2015;
Dimitrova et al., 2016). Mnkpopa3MHOXaBa-
HEeTO ype3 afBeHTUBHA W34 bHKOBA pereHe-
paums OT IMCTHU eKCMnaHTn CbLyo e ycTa-
HOBEHO TMpW KPYLIOBU MNOAJIOKKW, KaTo
OHF333 1 BP10030 (Zhu and Welander,
2000; Nacheva et al, 2009), Fox1ll wu
Pyrodwarf (Martinelli et al., 2009; Vujovi¢ et
al., 2014). NoseyeTo M3cnenBaHMsa ca CbC-
pefoToYeHU BbpXY BAUSHWETO Ha pacTex-
Hute perynatopn (PGRS), MuHepanHus
CbCTaB Ha XpaHuTenHaTa cpejara, Bb3pacT
W BUL Ha eKCnjiaHTuUTe, NMPOou3Xo[ Ha ekc-
nnaHTuTe, YCnoBMs Ha WHKybauumsata (npo-
OBb/DKUTESTHOCT Ha cybkynTypaTa, doTone-
pvoj, UHTEH3UTET Ha CBeT/IMHaTa, TeMmnepa-
Typa) pereHepupaiiara CrnocobHOCT Ha in
vitro netopact. Ho no Bpeme Ha TbKaHHOTO
KyNTUBMpaHE MOXe [a ce reHepupa reHe-
TMYHA W3MEHYMBOCT, HapeyeHa COMak/1o-
HanHo BapupaHe, (Larkin and Scowcroft,
1981). CneposaTeniHO, k/loHOBaTa yucToTa
€ OT TroNsMO 3HayeHue [Mpu  MUKPO-
pasMHOXaBaHeTO Ha OBOLWHM [AbpBETa,
KOWTO MMaT AbNbr NPOM3BOACTBEH NEPUOL.

MuKpopa3MHOXaBaHeTO 4ype3 akcu-
NapHOTO pask/oHsiBaHe, ce cuuTa 3a noj-
XOAALWO 3a OCUrypsiBaHe Ha reHeTuyHa
€[HaKBOCT N HaAEeXAHOCT Ha in vitro pacTe-
HWATA, HO pacTexHUTe perynaropu, ocobe-
HO CUHTETUYHWUTE, npuiaraHu Ha cy6- u
cynep-onTumMasiHA HUBA, MokKasgart, 4ye ca
CBbp3aHM CbC COMak/ioHanHaTa M3MeHYU-
BocT (Martin et al., 2006). OT gpyra cTpaHa,
cnyvariHaTa nponudepaluss Ha neTtopactu
B pacTUTe/NIHa KNeTb4yHa 1 TbKaHHa KynTypa,
0CO6EeHO ako ce ocbluecTBABa UHAUPEKTHO
npe3 mexavHHata asa Ha KanycupaHe,
4ecTo BOAM [0 COMak/oOHa/Ha W3MEHYM-
BOCT, KOETO npasuW Tas3u cTparerus no-
MaJIKO XeflaHa 3a KJ10HOBO pa3MHOXaBaHe
B roniam Mawab (Thorpe, 1994).

3a OoTKpuBaHe Ha CcOMak/oHasHaTa

also been reported in several pear
rootstocks like Pyrus pyrifolia (Burm F.)
(Thakur and Kanwar, 2008), P

betulaefolia L. (Yeo and Reed, 1995;
Hassanen and Gabr, 2012), P. pashia
(Rehman et al., 2014), P. calleryana (Yeo
and Reed, 1995; Antunes de et al., 2004)
as well as different P. communis
rootstocks (Yeo and Reed, 1995; Mehri-
Kamoun et al, 2004; Rahman et al., 2007;
Ruzi¢ et al., 2011; Wang, 2015; Dimitrova
et al, 2016). Micropropagation via
adventitious shoot regeneration from leaf
explants has also been established for
dwarfing pear rootstocks, such as
OHF333 and BP10030 (Zhu and
Welander, 2000; Nacheva et al., 2009),
Fox11 and Pyrodwarf (Martinelli et al.,
2009; Vujovi¢ et al., 2014). Most of these
studies have concentrated on the
influence of plant growth regulators
(PGRs), mineral composition of medium,
age and type of explants, origin of
explants, incubation conditions (duration
of subculture, photoperiod, light intensity,
temperature), on shoot regeneration
capacity in vitro. However, genetic
variability, termed somaclonal variation, can
be generated during tissue culture (Larkin
and Scowcroft, 1981). Therefore, clonal
fidelity is of major importance in
micropropagation of fruit tree species
having long generation time.

Micropropagation based on axillary
branching is considered adequate in
providing genetic uniformity and true-to-
typeness of in vitro plants, but plant
growth regulators especially synthetic
ones applied at sub- and super-optimal
levels have been shown to be associated
with somaclonal variation (Martin et al.,
2006). On the other side adventitious shoot
proliferation in plant cell and tissue culture,
especially if it occurs indirectly via an
intermediate callus phase, often results in
somaclonal variation, making this strategy
less desirable for large scale clonal
multiplication (Thorpe, 1994).

Various methods can be used for
the detection of somaclonal variation in
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U3MEHUYMBOCT B TbKaHHWUTE KyNTypu, morat
Ja 6bJaT U3Nos3BaHW pas/IMYHU METOAN..
Te ca LIMPOKO KaTeropusvMpaHu Kato mop-
PoNornYHKN,  PU3NOAOTNUYHO/BUOXUMUYHN,
umTonornyHn 1 AHK monekynspHu TeXHUKN.
Bcsika OT TX MMa CBOWTE CU/THU CTpaHu U
orpaHunyeHus (Bairu et al., 2011) n 3atoBa
0OVKHOBEHO Ce M3UCKBAT pas/IMyHu Monaxo-
OV 3a MpaBWIHa OUeHKa Ha TOo3U C/IoXeH
oeHomeH (Jin et al., 2008).

B HacTosWOTO wu3cnenBaHe ca
U3MOM3BaHN TPU TEXHUKM 3a OLEeHKa Ha
reHeTMyHaTa CTabUNHOCT Ha in vitro fieTo-
pacTu oT kpywoBa nogsoxka 'Pyrodwarf’
(Pyrus communis L.) (n3uucnasaHe Ha
XPOMO30OMeEH Opoil, NOTOYEH LUTOMET-
puyeH aHann3 Ha OTHOCUTESIHOTO CbAbp-
XaHue Ha agpeHata OHK n n3onepokcu-
AaseH aHanms). In vitro netopactute ca
MUKPOPa3MHOXeHN 4pe3 nponudepauus
Ha akcunapHu neTopacTm UK ypes
pereHepupaHu aZlBEHTUBHU nleTopacty, B
CbOTBETCTBME C AoknaguTe Ha Vujovié et
al. (2014).

MATEPWNAN N METO4WA

In vitro kynTypaTa e cb3gageHa ot
anvkasiHu 1M CTPaHWYHW NBbMAKKW, Ha Abp-
BeTa OT kpywosa nognoxka 'Pyrodwarf’
(Pyrus communis L.). Tasn nognoxka e
annnongHa (2n = 2x = 34) u e n3bpaHa
Kato knoH BU 5-18 ot 800 cemeHauyeTa,
noslydeHn OT KpbCTOoCKa Ha "Old Home" x
"Bonne Luise d’Avranches", B /13cnegoBa-
TENCKNA UHCTUTYT, Fa3eHxaim, FfrepmaHus
(Jacob, 2002).

CtepunHata KynTypa Ha TO3u
reHOTUN € yCTaHOBEeHa CbINacHoO npoLec,
onucaH ot Vujovi¢ et al. (2014). Mwukpo-
pasMHOXaBaHETO Ype3 YCU/IEHO akcuiap-
HO pasK/IoHsIBaHe Ce M3BbpLUBA B XpaHu-
TenHata cpepa Murashige wn  Skoog
(1962) (MS), gonbnHeHa ¢ 1 mg I BA,
0,1 mg " NAA 1 0,1 mg I'* GA;. Perene-
pypaHeTo Ha afBEHTUBHM /leTopactu ce
M3BbPLUBA, KaTto Cce Wu3nos3saT Maagw,
HaMmb/IHO pPa3BUTK /IMCTA, B3ETK OT in vitro
nponmdepmpann akcunapHu netopactu.
LApbXknTe ce wn3psAsBar, uctara ce
pexart Tpy NbTU HanpeyHo npes cpegHarta

tissue culture-raised plants. They are
broadly categorized as morphological,
physiological/biochemical, cytological and
DNA-based molecular techniques. Each
of these techniques has their particular
strengths and limitations (Bairu et al.,
2011) and therefore different approaches
are usually required for a correct
evaluation of this complex phenomenon
(Jin et al., 2008).

In  the
techniques

present study, three
(chromosomal number
counting, flow cytometric analysis of
relative nuclear DNA content and
isoperoxidase analysis) were employed to
assess genetic integrity of in vitro shoots
of Pyrodwarf (Pyrus communis L.) pear
rootstock. In  vitro  shoots  were
micropropagated either by axillary shoot
proliferation or by adventitious shoot
regeneration according to the protocols
previously described by Vujovi¢ et al.
(2014).

MATERIAL AND METHODS

In vitro stock culture was
established from apical and lateral buds
taken from mature trees of pear rootstock
Pyrodwarf (Pyrus communis L.). This
rootstock is diploid (2n = 2x = 34) and it
was singled out as clone BU 5-18 among
800 seedlings obtained from crossings of
‘Old Home’ x ‘Bonne Luise d’Avranches’,
undertaken at the Geisenheim Research
Institute, Germany (Jacob, 2002).

Aseptic culture of this genotype
was established according to the
procedure previously described by Vujovi¢
et al. (2014). Micropropagation through
enhanced axillary  branching  was
performed on Murashige and Skoog
(1962) medium (MS) supplemented with 1
mg I" BA, 0,1 mg I NAA and 0.1 mg "
GAs. Regeneration of adventitious shoots
was carried out using young fully
expanded leaves sampled from in vitro
proliferating axillary shoots. Petioles were
excised, leaves were cut three times
transversely across the mid-vein, placed
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XUMKa, KaTo afjaKkcuasHarta MoBbpPXHOCT
[lOKOCBa pereHepvpaiwiara XxpaHuTesnHa
cpefia v ca Ky/ITUBMPaHN B NPOAbI/KEHNE
Ha 6 cegmuum npu 23 = 1 °C n 16-4yacos
otonepmog. OcHoBHaTa cpefa 3a
pereHepauus e MS xpaHuTenHarta cpeaa,
JOMb/IHEHA C 4YeTUpM KOMOMHaumMn ¢
pactexHn perynatopu PGR: TDZ npu 1
mg 2 mg I, Bceku KOMOUHUpaH nnn ¢
2 mg I" IBA wwm 2 mg I NAA (2
noBTopeHns x 3 netpuesu 6noga x 10
ekcnnaHTa 3a BcsAka KombuHauus ot
pacTtexHun perynatopu (PGR)). KombuHa-
umuTe oT pacTtexHu perynatopu (PGR) ca
n3bpaHn Bb3 OCHOBAa Ha pesynTtatute oT
npeavwHn eKCrneprMeHTU 3a pereHepa-
umsa (Vujovic et al., 2014).

ALBEHTVBHUTE W34BHKMA NOSYyYEHU
OT BCWYKM BapuaHtu, ce wusonupart
nooTAesiHoO, HOMepupaHu KaTo OTAe HU
JNIMHWUW 1 cfief ToBa Ce NPexBbPASAT BbpXy
MS  MynTUNAMKaUMOHHA  XpaHuTenHa
cpefa, cbabpxawa 1 mg I" BA, 0.1 mg It
NAA n 0.1 mg " GA.. Cnep ycnewHarta
nponudiepauys, KakTo akcmnapHuTe, Taka
N afiBEHTUBHWUTE M3AbHKN Ca BKOPEHU B
MS xpaHuTenHarta cpefa C MUHepasiHu
conu, pegyuvpanu go 1/2, opraHuuyeH
KOMMiekc HenpomeHeH U 1 mg I IBA u
0.1 mg I'* GA;. EKCnepumeHTUTE BK/THOY-
BaT HabNoAeHNe Ha Pas/IMYHN MyNnTu-
NAVKaLVOHHY MoKasaTtenu v nokasarenu
3a BKopeHsBaHe (Tabnuua 1). JaHHuUTe
ca aHa/msnpaHn 4pe3 ANOVA TecT,
nocrnegBaH oT TecTa Ha Duncan 3a
MHOrokpartHo pasgensHe (P<0.05). MNpean
aHanm3a, faHHuTe nog dopmaTa Ha
MPOLLEHTN ca MOAJIOKEHN Ha arcsine
TpaHcdopmaLms.

NuctHy npo6bm oT 21 AeH Ha in vitro
aKCUIapHU U aiBEHTUBHU U3L4BHKK, NPO-
N3XoXAaly oT pas/IMyHN pereHepaumoH-
H/ cpegM ca M3Mo/a3BaHMW 3a MNOTOYeH
UMTOMETPUYEH aHa/M3 Ha HMBOTO Ha
nnongHoct Ha [AHK. In vivo pacTeHus
OTIIeXAaHN Ha OTKPWUTO ca W3MO0/3BaHu
KaTo KOHTpo/sia 3a CpaBHEHME Ha
nnongute. TOTOYHUAT  UUTOMETPUYEH
aHanm3 e usBbplueH ot Gerard Geenen,
Plant Cytometry Services (Schijndel,

with adaxial surface touching regeneration
medium and cultured for 6 weeks at
23 + 1 °C and 16-h photoperiod.

The basal medium for regeneration was
MS medium supplemented with four PGR
combinations: TDZ at 1 mg " and 2 mg It
each combined with either 2 mg I IBA or
2 mg I NAA (2 repetitions x 3 petri dishes
x 10 explants per each PGR
combination).

These PGR combinations were selected
based on the results of previous
regeneration experiments (Vujovi¢ et al.,
2014).

Adventitious shoots obtained from
all treatments were isolated separately,
numbered as individual lines and
subsequently transferred on MS
multiplication medium containing 1 mg I
BA, 0.1 mg I NAA and 0.1 mg I" GA..
After successful proliferation, both axillary
and adventitious shoots were rooted on
MS medium with mineral salts reduced to
1/2, organic complex unchanged, and 1
mg I IBA and 0.1 mg I GA..

Experiments included monitoring  of
different  multiplication and  rooting
parameters (Table 1). Data were analyzed
by ANOVA followed by Duncan’s Multiple
Range Test for mean separation
(P<0.05).

Before the analysis, data presented in the
form of percentage were subjected to
arcsine transformation.

Leaf samples collected from 21-
day-old in vitro axillary and adventitious
shoots originating from different
regeneration media were used for flow
cytometric analysis of DNA ploidy level. In
vivo plants from the open field were used
as control plants for ploidy comparison.

Flow cytometric analysis was performed
by Gerard Geenen, Plant Cytometry
Services (Schijndel, The Netherlands).
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XonaHaus). MNpUroTBAHETO Ha CycneHsun
OT USAIOCTHN Afpa ce U3BbpLuBa Nno me-
Toga Ha Arumuganathan & Earle (1991).
3aefHo c Bcska nMcTtHa npoba e BKIIo-
yeH 1 BbTpelweH ctaHgapT (llex crenata
"Fastigiata” nucTHa TbkaH, 2C = 2,16 pg)
n HeroBuAaT Go/G; nuk (2C) e kopurnpaH
[0 okono kaHan 300, 3agafeH B IMHENHa
Ckasla Ha WHTEeH3uUTeTa Ha (hnyopecueH-
umata FL2-DAPI). AHK cboTHOLWeHuATa
ca nMnojlyyeHuM 4ype3 pasfjensHe Ha
cpepHata CTOMHOCT Ha rocnoacTBalus
(Go/G1) nmMk Ha BCSlka npoba, CbC
cpegHata CTOMHOCT Ha Go/G; nuka Ha
BbTPELIHNA CTaH4apT.

3a pga ce onpegenn 6poAT Ha
XpomMo3oMUTE B in Vitro M34bHKUTE ca
cbOpaHu MeT KOpPeHOoBU Bpbx4yeTa OT in
Vitro BKOPEHEHW akcunapHu netopacTtu u
a/IBEHTVBHU JleTopacTu, Npou3xoxaallim
OT pasnunyHu cpeaun. AKTUBHO HapacTBa-
lMTe BBPXOBE Ha KopeHyeTarta ca
TpeTupaHn npeaBapuTenHo Ha TbMHO 3a
48 vaca npu 4 °C ¢ 2 pM oGeTta-
xngpokcnxmHon (Ruzié¢ et al., 1991) u
cnen ToBa (huKcuMpaHu 3a 24 vaca B
oueTeH a/lkoxo/sl Ha TbMHO npu +4 °C
Xngponusata otHema 12 mMuHytM B 5 N
HCI, npu ctaiiHa TemnepaTypa. KopeHo-
BUTE BpbXyeTa ce M3TernatT no meroja
Ha Feulgen n ce cnarat B Kanka aueTto-
KapmuH. MeTadasHuTe XpoMo3oMu ce npe-
6posiBaT B 2-4 KNeTKM OT BCsika npoba.

EkcTpakuusaTa Ha NpoTenHu OT NINCT-
HUTE NpPo6u ce M3BBLPLUBA CbIIACHO METO-
fa Ha Boskovi¢ (1998). lNpoTenHoBU eKc-
TPakTW ce NpUroTBAT OT M1aAM IncTa, TOKy
LLIO pas/IMCTeHU OT in Vivo pacTeHus, in vitro
U34BHKM OT aKCcuUiapeH Npou3xXog U npous-
BOJIHO MOJIy4eHHU in vitro netopacTtu, Npouns-
XOXAaLly OT pas/IyHM TPeTUpaHusl C pac-
TeXHu perynatopu. Hai-manko gse Hesa-
BMCUMU MNpPO6M OT BCEKM BUA, TEHETUYEH
Matepuasl ca M3Mofi3BaHW 3a eKCTpakums
Ha npoTeuH. Enektpochopesata ¢ nonu-
akpunammgeH ren (PAGE) Ha wu3odhep-
MEeHTU e u3BbplleHa npu 5-12.5% nnabT-
HOCT Ha MonuvakpunamugHuTe resioBe,
cbabpxawm TBE 6ydep pH 8.3 (0.09 M
Tris - 6opHa kucennHa wn 0.0024 M
Na,EDTA). Enektpodopesata ce nposex-

Preparation of suspensions of intact nuclei
was performed following the method of
Arumuganathan and Earle (1991).
Together with each leaf sample an internal
standard (llex crenata ‘Fastigiata’ leaf
tissue, 2C = 2.16 pg) was also included,
and its Gy/G; peak (2C) was adjusted to
around channel 300 set on a linear scale
of fluorescence intensity (FL2-DAPI). DNA
ratios were obtained by dividing the mean
of the dominant (Gy/G;) peak of each
sample by the mean of the Gy/G; peak of
internal standard.

To determine the chromosome
number of in vitro shoots, five root apices of
in vitro rooted axillary and adventitious
shoots originated from different
regeneration media were randomly
collected. Actively growing root tips were
pre-treated in the dark for 48 h at 4 °C with
2 UM beta-hydroxyquinolene (Ruzi¢ et al.,
1991) and subsequently fixed for 24 h in
acetic alcohol in the dark at +4 °C.
Hydrolysis took 12 min in 5 N HCI, at room
temperature. Root tips were strained using
the Feulgen procedure and squashed in a
drop of acetocarmine.  Metaphase
chromosomes were counted in 2—4 cells
from each sample.

The extraction of native proteins
from leaf samples was performed
according to the method described by
Boskovi¢ (1998). Protein extracts were
prepared from young, recently expanded
leaves of in vivo plants, in vitro shoots of
axillary origin and adventitious-derived in
vitro shoots originating from different
PGR treatments. A minimum of two
independent samples from each type of
genetic material were used for protein
extraction. Polyacrylamide gel
electrophoresis (PAGE) of isozymes was
performed on 5-12.5% density gradient
polyacrylamide gels containing TBE
buffer pH 8.3 (0.09 M Tris-boric acid and
0.0024 M Na,EDTA). The electrophoresis
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ja 3a 1l u 3 yaca npu 100 n 300 V, cboT-
BeTHO, npu 4 °C, kato ce u3nonssa TBE
6ydhep kaTo pesepsoap. enosete ce ouge-
TABAT 3a akTMBHOCT Ha nepokcupasara
(POX) kato ce u3nonsea 3,3, 5,5-TeTpa-
MeTunéeHsnamnH (TMBZ) (50 ml 1 M HaTpu-
eB auertarteH 6ydep pH 4,7, 50 ml meTa-
Hon, 50 mg TMBZ n 2 ml H202 npu 25 °C
Ha TbMHO).

PE3YJITATN N OBCBXAJAHE

Cnep wecTt cegMuum Ha oTrexaaHe,
NPOLEHTBLT Ha pereHepupaHnTe aiBEHTUBHU
netopactu B MS XxpaHuTenHarta cpepja,
Jonb/iHEHa € pasnnyHa KoM6uHauus ot
pactexHn perynatopy (PGR) Bapupa
mexay 15-20%. PereHepupaHeTo e Henpsko
n ce dopmupar KIbCTEPU OT MaJIKu
U34bHKM BbpPXy abakcunapHaTa cTpaHa Ha
nnctata (durypa 1 a-d).

was carried out for 1 and 3 h at 100 and
300 V, respectively, at 4 °C, using TBE as
a tank buffer. Gels were stained for
peroxidase (POX) activity using 3,3',5,5'-
tetramethylbenzidine (TMBZ) (50 ml 1 M
sodium acetate buffer pH 4.7, 50 ml
methanol, 50 mg TMBZ and 2 ml H,0,, at
25 °C, in the dark).

RESULTS AND DISCUSSION

After six weeks of culture, rate of
adventitious shoot regeneration on MS
media supplemented with different PGR
combination ranged between 15-20%.
Regeneration was indirect and clusters
of small shoots were formed on the
abaxial side of leaves (Figure 1 a—d).

dur.l AABEHTUBHM U3ABHKM OT KpylloBa nognoxka ‘Pyrodwarf’ nonydeHn Ha
MS xp. cpefa, AoNb/IHEHA C Pa3/IMYHU KOMOUHALUMN Ha pacTeXHU EjerynaTopvl:
TDZ 1 unIBA 2 mg " (a); TDZ 1 n NAA 2 mg " (b); TDZ2iIBA2mg |l  (c); TDZ 2 i

NAA 2 mg I'* (d)

Fig. 1. Adventitious shoots of Pyrodwarf pear rootstock regenerated on MS
medium supplemented with different PGR combinations: TDZ 1 and IBA 2 mg I"
(a); TDZ 1 and NAA 2 mg I'* (b); TDZ 2 i IBA2mg I (c); TDZ 2 i NAA 2 mg I™* (d)
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IMo-BMCOKM CTOMHOCTM Ha pereHe-
pauus Ha usgbHkuTe (20%) ca nonydeHu
B MS xpaHuTenHara cpefa, AoMb/IHEHA C
IBA, B cCpaBHeHue C Te3un, AONbJSIHEHU C
NAA (15%). NonyyeHnTe pesyntatn ca B
CbOTBETCTBME C MpefuLllHn eKkcnepu-
MEHTWN 3a pereHepauus Ha TO3U reHoTun
(Vujovic et al., 2014), BbhApekn ue
NPOLLEHTBLT Ha pereHepaunsa e mMasko no-
BMCOK OT MbpPBOHAYa/THO NOJTyYEHUTE.

Cnep pereHepupaHeTo, ajBEHTUB-
HATE W3OBHKM Ca YCMELHO pPa3MHOXEHU
Bbpxy MS xpaHuTenHarta cpeja, CbabpKa-
walmg1'BAP, 0.1 mg1*NAA® 0.1 mg
" GA.. Cnep 5 cegMmuum KyntusmpaHe ce
u3MepBaT napamMeTpuTe Ha MynTUNAMUMpa-
He 1 ce cpaBHABAaT C Te3u Ha akcunapHuTe
netopactn (Tabnuvua 1). Kbm kpas Ha
nepuofa Ha BKOpeHsiBaHe (4 ceamuum),
nokasarenMTe 3a BKOPEHSIBaHE CbLO ce
cpaBHsBaT no BapuaHtu (Tabnuua 1). lNo-
NyyeHUTe pe3ynTatu He rnokassaT 3Hauu-
TefHW pas3Nvky 3a NnoBevyeTo OT M3Mepe-
HUTEe nokasatenu Mexay U3obHKUTE C pas-
nuuyeH npousxop,. Lo ce oTHacsa o 6pos Ha
KOpPEHUTEe Ha BKOPEHEHO pacTeHue U
Ob/KMHATa Ha KOpeHa, 3HauyuTenHo no-
BMCOKMN CTOMHOCTU ce nosiyyaBat npu neTo-
pactTy OT afBeHTMBEH Npousxod, [OoKaTo
Ob/DKMHATA Ha CTPAHUYHUTE U3 BHKM € no-
BMCOKa NpW Te3n C aKkcunapeH npousxom.
He ca 3abenssaHn pasnmunsa B Mopdoo-
norvaTa Mexay in Vvitro usgbHKuTe OoT
pasnuyeH Npomsxoa,.

Higher values of shoot
regeneration (20%) were obtained on
MS media supplemented with IBA in
comparison with those supplemented
with NAA (15%). Obtained results are in
accordance with previous regeneration
experiments in this genotype (Vujovi¢ et
al., 2014), although the regeneration
rates are slightly higher than those
obtained initially.

Following regeneration,
adventitious shoots were successfully
multiplied on MS medium containing 1
mg I'* BAP, 0.1 mg I'* NAA and 0.1 mg I
GAs. Upon 5 weeks of cultivation,
parameters of multiplication  were
measured and compared with those of
axillary shoots (Table 1). In the rooting
stage, towards the end of the rooting
period (4 weeks), the rooting parameters
were also compared between shoots of
different origin (Table 1). The results
obtained revealed no  significant
differences for most of the measured
parameters between shoots of different
origin. As regards the number of roots per
rooted shoot and root length, significantly
higher values were obtained in shoots of
adventitious origin, while the length of
lateral shoots was higher in those of
axillary origin. No differences in
morphology were noticed between the in
vitro shoots of different origin.

Tabnuua 1. CpaBHeHME Ha nokasaTenn 3a MyATUNMUMpPaHe U BKOpeHsiBaHe
Mexay nsabHKM oT ,Pyrodwarf’ c akcunapeH 1 agBeHTUBEH MPOU3X0[,

Table 1. Comparison of multiplication and

rooting parameters between

Pyrodwarf shoots of axillary and adventitious origin

ObmkuHa | ObmknHa ObmknHa
MNHaekc Ha akcMasiHu | akcunapHu Ha Ab/xvHa Ha
Mpounsxon Ha BKOPEHEHMU
MyNTUNAKaUMS | neTopacTu | netopacTtu [BkopaHsiBaHe Bp. kopeHu | kopeHute
ineTopactu Lo ing (%) INo. of root Root neTtopactu
Origin of shoots Mult_lpllcatlon L_ength of | Length of | Rooting (%) |No. of roots 00 Rooted shoot
index axial shoots lateral length length (mm)
(mm) shoots (mm) (mm) 9
IAKCUapHN .
Axillary shoots 2.28a 20.0a 135a 90.0 a 4.4b 20.8b 189a
AL BEHTUBHU
IAdventitious 215a 19.2a 12.0b 80.0a 6.6 a 30.0a 16.8 a
shoots

* CpefHu CTOMHOCTYM 3a BCEKW MoKasaTesn CrefBaHu OT cbliaTa 6ykBa HAMAT 3HAUYMMU PA3/INKKA CMOPeS,

TecTa Ha [bHka (P<0.05)

“Mean values for each parameter followed by the same letter are not significantly different according to

Duncan’s Multiple Range Test (P<0.05)
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HecboTBeTCTBUSITA B XPOMO30MMU-
Te BK/IKYBAT YMC/IEHU (aHeynougus,
noaMnaonans) U CTpykTypHu (3asimyaBa-
HWUs, AybnvpaHe, VHBEPCUMM) MPOMEHMN,
KOUTO Ca MHOIO0 YecTo S£ABfleHMe B
TbKaHHaTa Kyntypa, OCO6EeHO korarto
pasMHOXUTEeIHaTa TEXHOJI0MMA BK/OYBA
pereHepaums ypes obpasyBaHe Ha kanyc.
CnepoBartesiHo, UUTONOTMYHUTE uUscnen-
BaHUs, BK/IIOYBALLM XPOMO3OMEH aHanns,
ce cuyuTaTt 3a MNoJsie3HN Npu oueHKaTa Ha
reHeTuyHata BSPHOCT Ha pacTeHuATa,
OTrNeX4aHn KaTo TbKaHHa KynTypa
(Chittora and Sukhwal, 2016). Xpomo-
30MHMTE Bapuaumu 4YecTo ce cpewiart B
pacTeHUsl, pereHepypaHn OT  K/IEeTbYHM
cycneHsun n kanycHu kyntypu (Al-Zahim
et al., 1999; Tremblay et al., 1999, Jin et
al., 2008). Bbnpekn ToBa MMa [AOKIaau
3a UMUTOMIOTMYHU Bapuauuu npu in vitro
U34bHKW, MOJSydeHn OT AndpepeHumpaHm
MEpPUCTEMU U MUKPOpa3MHOXaBaHe ype3
akcunapHu paskioHsisaHe (Radic¢ et al.,
2005; Devi et al., 2015). 3a cpaBHeHNe,
pesyntatute 0T aHa/M3a Ha MI0MAHOTO
HMBO, M3BBLPLLEHN B HALIETO M3C/1e[BaHe
C nomowTa Ha fjBa pgonbiBawy ce
noaxofda, npegnonarar, 4e He ce Habo-
JaBat NpoMeHW B MNJIOMAHOTO HUBO Ha
netopactn Ha 'Pyrodwarf, npousxoxga-
WM OT AudpepeHurpaHn MepucTemm
(akcnnapeH npousxod) WAM OT JINCTHU
eKcnnaHTu (aABEHTUBEH NPOU3X0L).

HMBOTO Ha NIOMAHOCT Ha in vitro
oTrniefaHuTe M3LbHKU Ce OLUEHsiBA 4pes
MOTOYEH LMTOMETPUYEH aHaIM3 Ha
MaJikv napyeHua IMCTHU Npobu, B3eTn OT
netopactm C pas/iM4eH Mnpousxon,.
durypa 2a-c nokasea npeacTaBUTESTHM
OHK xuctorpamm Ha KOHTPOJIHM pacTe-
HWS, OTIIeXAaHN Ha OTKPUTO, MUKpOpas-
MHOXEHW C akcunapeH W afBeHTMBEH
npousxon, pereHepvpaHn BbPXY MS
XpaHuTenHara cpeaa, chabpxala 1 mg
" TDZun2mgl~ IBA.

Chromosome instability including
numerical (aneuploidy, polyploidy) and
structural (deletions, duplications,

inversions) chromosome changes is a
very common phenomenon in tissue
culture especially when propagation
technique involves regeneration via callus
formation. Therefore, cytological
investigations  involving  chromosome
analysis have been considered useful for
the evaluation of genetic fidelity of tissue
culture-raised plants  (Chittora  and
Sukhwal, 2016).

Chromosomal variations were frequently
found in plants regenerated from cell
suspensions and callus cultures (Al-Zahim
et al.,, 1999; Tremblay et al., 1999; Jin et
al., 2008). However there are reports of
cytological variation in in vitro shoots
derived from organized meristems and
micropropagated through axillary
branching (Radi¢ et al., 2005; Devi et al.,
2015).

In contrast, results on ploidy level analysis
performed in our study by using two
complementary approaches suggest that,
no changes in ploidy level occurred in
Pyrodwarf shoots derived either from
organized meristems (axillary origin) or
from leaf explants (adventitious origin).

The ploidy level of in vitro raised
shoots was estimated by flow cytometric
analysis of small pieces of leaves
sampled from the shoots of different
origin. Figure 2a—c shows representative
DNA histograms of control plants from
open field, micropropagated shoots of
axillary origin and adventitious shoots
regenerated on MS medium containing 1
mg I TDZ and 2 mg I"* IBA.
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He ce HabnwogaBat 3HauuTeNHU
pasnukn B oTHocuTenHUA aan Ha OHK npu
M30bHKN OT afBeHTMBeH npousxos (0.56-
0.57), M3O0bHKM OT akcunapeH npousxonq,
(0.57) 1 in vivO KOHTPO/IHWUTE pacTeHus
(0.57) (Tabnuuya 2). MUKLT Ha no3nUMA
Go/G; (okono 170) n o6LmAT 6poli Ha NUKO-
BeTe (1), 3aegHO C NOAO6HO CbAbPXaAHUE
Ha appeHata OHK Ha in vitro M3gbHKM OT
akcunapeH npousxof u neTopactu OT aj-
BEHTVBHa W3[4bHKOBa pereHepauus, CbOT-
BETCTBA Ha Te3u Ha in Vivo pacTeHus1, B3eTu
Kato gunnoungHa KoHtposa (2n = 2x = 34).
Bbnpekn ye nuHeliHute FL2-DAPI xucto-
rpamMmyM Ha OTHOcuTenHoto AppeHo [AHK
CbAbpXaHue Ha uctaTa OT BCUYKM BUAOBE
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dur. 2. MOTOYHO-UMTOMETPUYHMN
xuctorpamm o1 DAPI o6GarpeHn sapa
M30/1MpaHn OT JIMCTHA ThKaH Ha KpyLloBa
nognoxka ‘Pyrodwarf ¢  pasnuyeH
npousxon: (a) KOHTposia Ha oTkpuTo, (b)
MUKPOPa3MHOXeHa M3 bHKa C akcuiapeH
npousxogd, (C) aaBEHTUBHO Bb3HMKHa/IN
netopactn. 1 - Go/Gy NuK Ha npobuTe; 2 —
Go/G1 NWK Ha BbTPELUHWS CTaHA4apT

Fig. 2. Representative flow-cytometric
histograms of DAPI stained nuclei
isolated from leaf tissue of Pyrodwarf pear
rootstock plants of different origin: (a)
control plant from the open field, (b)
micropropagated shoot of axillary origin,
(c) adventitious regeneration-derived
shoot. 1 - Go/G; peak of samples; 2 —
Go/G; peak of an internal standard
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No significant differences in
relative DNA ratios were observed among
adventitious regeneration-derived shoots
(0.56-0.57), micropropagated shoots of
axillary origin (0.57) and in vivo control
plants (0.57) (Table 2). Channel position
(around 170) of the Gy/G; peak and the
total number of peaks (1), along with
similar nuclear DNA content of in vitro
shoots of axillary origin and adventitious
regeneration-derived shoots,
corresponded to those of in vivo plants
taken as diploid control (2n = 2x = 34).
Although linear FL2-DAPI histograms of
relative nuclear DNA content of leaves of
all types of in vitro shoots showed single
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in vitro neTopacTy nokaseaT oTAeNMHN Gy/G,
nnkoBe, KoeduumeHTuTe Ha Bapuayms (CV)
Ha Te3n NMKOoBe ca BUCOKM 1 Bapupar oT 8.2
[0 10.9%. Bucokn CV CTOIMHOCTK CbLLO ca
OTYeTEeHN npu [pyrv ObPBECHM BUAOBE
kato Eucalyptus spp. (Grattapaglia and
Bradshaw, 1994), Prunus spp. (Vujovi¢ et
al., 2012), Rubus sp. (Vujovic¢ et al., 2010).

Cnopeg Loureiro et al. (2007), obp-
BECHUTEe pacTuTeNHW BUAOBE CbAbpXar
WEHONHN CbEAMHEHUSA, KOUTO Ce OTAenAT
Nno BpemMe Ha ekcTpakuusita M Morat ga
NOBMNAAT Ha OOCTBLMNHOCTTA Ha Mapkepa Ao
aapeHata JHK. Tbil KaTo eKCTpakUMOHHNAT
6ydpep MOXe 3HauuTesIHO fga cBefe o
MUHVMYM OTpuLaTenHuTe epekTn Ha HAKON
LUMTO30/IHN CbefuHEHUs, BbpPXY OLBeTABa-
HeTo Ha [OHK, TpsibBa ga ce u3nosnsea
eKcTpakumoHeH O6ydhep, npenopbyaH oOT
Loureiro et al. (2007) 3a nonyyaBaHe Ha
XUCTorpaMmn C  MO-BMUCOKa  pPe3osiiouus.
Brucokute CTOMHOCTM Ha BapvauvoHHUSA
KoeduumneHT (CV) buxa mornu ga mackmpar
Bb3MOXHOTO Bb3HMKBAHE Ha aHeynnouaus,
KOeTo npegnonara Heo6XxogMmoCT  OT
npoBexaaHe Ha HAKOU  [AOMbAHUTENHU
n3cneasaHus, Kato HanpuMep 6poeHe Ha
XpOMO30MM 3a OUeHKa Ha nA04UMAHOTO
HuBo (Loureiro et al., 2005).

Tabnuua 2. OTHocuTeneH gsan Ha OHK
‘Pyrodwarf’'c pasnmyeH nponsxos,

distinct Gy/G; peaks, -coefficients of
variation (CV) of these peaks were high
and varied from 8.2 to 10.9%. High CV
values were also recorded in other woody
species such as Eucalyptus spp.
(Grattapaglia and Bradshaw, 1994),
Prunus spp. (Vujovi¢€ et al., 2012), Rubus
sp. (Vujovi¢ et al., 2010).

According to Loureiro et al. (2007)
woody plant species contain phenolic
compounds that are released during the
nuclear isolation and may affect the
accessibility of the dye to nuclear DNA.
As nuclear isolation buffer can
significantly minimize negative effects of
some cytosolic compounds on DNA
staining, the isolation buffer
recommended by Loureiro et al. (2007)
should be used to obtain histograms of
higher resolution. High CV values could
mask the possible occurrence of
aneuploidy, which implies the necessity
to conduct some complementary studies,
such as chromosome counting for
evaluation of ploidy level (Loureiro et al.,
2005).

B J/IMCTHU NPO6M Ha KPYLIOBU MOAOJTOXKKM

Table 2. Relative DNA ratio in leaf samples of Pyrodwarf pear rootstock plants of

different origin

Mpoun3sxop Ha pacTeHuATa/Origin of plant OTHOCUTENEH AAN Ha MaonaHo HMBO Ha
OHK OHK

Relative DNA ratio” DNA ploidy level

KoHTpona oT oTKpuTo nose (in vivo) he

ContPol plants fro?n open field (in vivo control) 0.57 2n =2x=34

AkcunapHa nsgbHka/Axillary shoot 0,57 2n=2x=34

A[BEeHTUBHA U3 bHKa nosyyeHa Ha MS xp. cpega

Adventitious shoot regenerated on MS medium containing 0.56 2n=2x=34

1mg " TDZ and 2 mg I IBA

A[BEHTUBHa M3[bHKa MoslydeHa Ha MS xp. cpepa

Adventitious shoot regenerated on MS medium containing 0.57 2n=2x=34

1mg " TDZ and 2 mg I NAA

A[BEeHTUBHA U3 bHKa nosyyeHa Ha MS xp. cpega

Adventitious shoot regenerated on MS medium containing 0,57 2n=2x=34

2mgI* TDZ and 2 mg I'* IBA

A[BEHTUBHa U3[bHKa MoslydeHa Ha MS xp. cpega

Adventitious shoot regenerated on MS medium containing 0.56 2n=2x=34

2mg " TDZ and 2 mg I'* NAA

“llex crenata ‘Fastigiata’ was internal standard for determination of relative DNA ratios. Relative DNA ratios are
mean values of 3 independent measurements per each type of plant material
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Mpv n3cnegBaHe uypes3 CBET/IMHHA
MWKPOCKOMUS, OTKPUXME K/IETKN C HOp-
MasiHa MopddosIorMa N eavHUYHO AP0 B
KOPEHOBUTE MepucTeMu Npu AsaTta Buaa
in vitro wmn3abHKU. [MpebposiBaHeTO Ha
XpPOMO30OMUTE B aKTUBHO AeNAwuTe ce
MEPUCTEMW Ha akCuNapHUTe W34bHKW,
KaKkTo M Ha feTopacT¥ OT ajBeHTVBHA
U34bHKOBA pereHepawusi, He ca OTKpUTK
HATO NOAWNAOWAHW, HUTO aHeynJougHM
kneTkn. BposT Ha xpomo3omuTe nokassa
HopMmasieH 6poil AuNIonAHN XPOMO30MM
(2n = 2x = 34) (durypa 3).

g

By light microscopy examination,
we detected cells of normal morphology
and single nucleus in the root meristems
in both types of in vitro shoots. The
chromosome counting in actively-dividing
meristems of axillary shoots as well as of
adventitious regeneration-derived shoots
revealed neither polyploid nor aneuploid
cells. The chromosome number
determination showed a normal diploid
chromosome number (2n = 2x = 34)
(Figure 3).

dur. 3 MeTahasHn XpOMO30MM B MEPUCTEMHU K/IETKM HA KOPEHOBU BpbX4yeTa Ha
aABEHTUBHW JieTopacTu Ha KpyLuoBa noasioxka ot ‘Pyrodwarf’ (2n = 2x = 34)

Fig. 3. Metaphase chromosomes in root tip meristem cells of adventitious shoots
of pear rootstock Pyrodwarf (2n = 2x = 34)

XapaktepusmpaHeTo Ha in vitro
neTopactute OT pas3iMyeH Mpou3Xos
CbLLO Ce M3BbpLUBA Ype3 enekTpodope-
3a C nonuakpuiamuieH res Ha wusone-
pokcupaasn, fgokasaHa Karo nosesed
6MoXMMUYeH Mapkep 3a OTKpuBaHe Ha
COMak/IoHasHa BapuabunHocTt
(Elmaghrabi and Ochatt, 2006). ®urypa 4
nokassa npeacTaBUTENHU enekTpodope-
TUYHWU npodoman, NOJIyYeHn 4ypes3 oLBe-
TaBaHe ¢ TMB3 3a nepokcugasun, ussre-
YeHu OT NI1CTa Ha pacTeHuss ¢ pasfnyeH
npousxof. Bcsaka uBuUa e MapkupaHa
CbC CbKpalleHve 3a nepokcugasa cC
rnasHu 6yksn (POX), nocnegsaHo OT
HOMep, [ABWXelW, ce B pen OT Hai-
faBHaTa [0 Ha-6bLP30 MuUrpupawiata
cdhopma. MbpBUAT X04 OT NIABO Ha AACHO

Characterisation of in vitro shoots of
different origin was also performed by
polyacrylamide gel electrophoresis of

isoperoxidases proven to be useful
biochemical markers for detecting
somaclonal variability (Elmaghrabi and
Ochatt, 2006).

Figure 4 shows representative
electrophoretic  profiles obtained by

staining with TMBZ for peroxidases
extracted from leaves of plants of different
origin. Each band was marked with an
abbreviation for peroxidase in capital
letters (POX), followed by a number run in
order from the slowest- to fastest-
migrating form. The first run from left to
right is a control plant from the open field,
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€ KOHTPOJIHO pacTeHue OTrNefaHo Ha
OTKPUTO, BTOPUAT € U34bHKA OT aKkcu-
napeH npousxof, a TpeTara [0 LecTa
cepusi ce OTHacAT A0 aflBEHTUBHU N34 bH-
K/, NPOM3XOXJaly OT Pas/iMyHU XpaHu-
TeNHN cpegn. AHau3bT Ha rena ce
OCHOBaBa Ha Ha/IM4YMeTOo WM uncata Ha
MBMUM, J0OKATO Pas/iMKNTE B MHTEH3MTETA
Ha uBMUATa He ce cudTaT 3a OT/IMYU-
TenHa yepTta. lMeT noAMMopgHKM MBULM
ca oTkpuTn B POX npochusivte Ha BCUYKK
aHanm3mpaHu npobu, Hes3aBUCUMO OT
npomsxoga Ha pacteHusita (durypa 4).
NeHTn onpegenerHn kato POX2 n POX 5
(Rm =0.12 1 Rm = 0.42, cbOTBETHO) ce
Habnogasatr HaBcskbae. Enekrtpodope-
TUYHUTE NPOUAN Ha in VIVO KOHTPOHU
pacTeHuss OTrAexgaHn Ha OTKPUTO M in
Vitro U3gbHKN OT akcunapeH npousxos ca
WOEHTUYHM M MMaT  AOMbJHUTENHA
nonumopdgHa usnua POX4 (Rm = 0.25).
Tasu nBuULa, HO C MO-HUCHK UHTEH3UTET,
CblO € npeacTaBeHa B afBEHTUBHUTE
U3LbHKA MOJMIyYeHM OT XpaHuTesHarta
cpega, cbabpxawa 2 mg I TDZ n 2 mg
I IBA wnm NAA. HesaBucumo OT
npousxoga, BCUYKW a[BEHTUBHM JIETO-
pactu umaT nonumopdHa meuua POX3
(Rm = 0.14), kosaTo He e foKa3aHa npu in
ViVO KOHTPOJIHWM pacTeHUs Ha OTKPUTO U
in vitro M3ALHKN C akCuapeH Mpou3xoA.
B pgonbsiHeHwe, efHa Haili-6aBHa uBuMLA
(POX1, Rm = 0,09) npucbcTBa camo npu
afBEHTUBHU W34bHKW, MOSyY4EHN OT
XPAHUTE/HY CPeau, ChAbPXaLy 1 mg -
TDZ v 2 mg I IBA nnn NAA. Pesyn-
TaTUTe MoKas3BaT, 4Ye afBEHTUBHUTE in
Vitro n3gbHKMTE NposiBSABaT NOMMOPHU-
3bMm B POX npodmnute, B 3aBUCMMOCT OT

cneymdguyHaTta LUMTOKMHMH/ayKCMHOBA
KOMOGUHaUWs, 13non3BaHa 3a afiBEHTUBHO
pereHepupaHe. [lo nogoGeH HauuH,

HSKOW ApYyrv AOK1aav nokaseaT, 4ye npu
cneuMuyHM  Kom6buHauum u  CbOTHO-
LWEHUSI Ha UUTOKUHWH/ayKCUH, afBEHTNB-
HaTa pereHepauuoHHa cuctemMa Moxe ga
npeamnssmka mameHumsocTt (Nehra et al.,
1992; Vujovic¢ et al., 2010).

the second one is a shoot of axillary origin
and the third to the sixth runs relate to
adventitious shoots originating from
different regeneration media.

The gel analysis was based on the
presence or absence of bands, while
differences in band intensity were not
considered as a distinctive character. Five
polymorphic bands were detected in POX
profiles of all analysed samples,
regardless of the origin of the plants
(Figure 4). Bands designated as POX2
and POX 5 (Rm = 0.12 and Rm = 0.42,
respectively) was evidenced everywhere.
Electrophoretic profiles of in vivo control
plants from open field and in vitro shoots
of axillary origin were identical and they
had additional polimorphic band POX4
(Rm =0.25).

That band, but of lower intensity, was also
presented in the adventitious shoots
originated from media containing 2 mg I
TDZ and 2 mg I IBA or NAA. Regardless
of the origin, all adventitious shoots had
polimorphic band POX3 (Rm = 0.14),
which was not evidenced in in vivo control
plants from open field and in vitro shoots
of axillary origin.

In addition, one slowest band (POX1,
Rm = 0.09) was present only in
adventitious shoots originated from media
containing 1 mg I* TDZ and 2 mg I IBA or
NAA. Results obtained indicate that
adventitious-derived in  vitro  shoots
exhibited polymorphism in POX profiles
depending on the specific cytokinin/auxin
combination used for adventitious
regeneration.

Similarly, some other reports suggested
that at specific cytokinin/auxin
combinations and ratios, adventitious
regeneration system can induce variability
(Nehra et al., 1992; Vujovic¢ et al., 2010).
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dur. 4. N3onepokcnaasHn Mogenim Ha NMCTHU npobu Ha ‘Pyrodwarf’ nonydeHn c
6arpyno TMBZ. KOHTPO/HU pacTeHns Ha OTKpuTo (1), m3gbHKa C akcuiapeH
npounsxos, (2), afBEHTUBHU W3O bHKM MOJSIyYeHU Ha Xp. cpega MS ¢ pas/imyHu
KOMBUHaLMK OT pacTexHu perynatopu (PGR): 1 mg 1" TDZ + 2 mg ' IBA (3),1 mg I
TDZ +2mg I NAA (4),2mg 1" TDZ + 2 mg I IBA (5), 2 mg I TDZ + 2 mg I NAA (6)

Fig. 4. Isoperoxidase patterns of Pyrodwarf leaf samples obtained by staining with
TMBZ. Control plants from open field (1), shoot of axillary origin (2), adventitious
shoots regenerated on MS medium with different PGR combinations: 1 mg I TDZ +
2mg " IBA(3), 1 mg ' TDZ + 2 mg I'* NAA (4), 2 mg I TDZ + 2 mg I'* IBA (5), 2

mg I TDZ + 2 mg I'* NAA (6)

N3BOAN

MonyyeHnTe pesynTatyM nokaseart,
ye BBLMAPEKN Ye TbKaHHUTE KyATypw
noaabpxart o6Lia reHeTudHa cTabunHocT
Ha UUTOreHeTMYHO HMBO, € HeobxoAnmo
AONb/IHWTENHO M3cniegBaHe, 0CO6eHo npu
netopactu OT afBEHTUMBHA W34bHKOBA
pereHepaums. Comak/ioHanHata W3MeH-
YMBOCT € C/I0XeH (PeHOMEH, KOITO 0OuK-
HOBEHO M3MCKBA pPas3IMYHN NoaXoan 3a
ajilekBatHa oLeHka. KapnonormyHuat aHa-
M3 He MOXe [Ja paskpue pepyBaHe B
cneuynudunyHn reHn WA Maslku  XpOMO-
30MHV npeHapexgaHusa. CrnegoBartesiHo,
B O6bgewn wuscnenBaHus, TpsaAbea [Aa
6bAaT BK/HOYEHM MOSIEKYNISIPHO-6a3mpaHn
mMapkepu. Lo ce oTHacs A0 nepokcu-
[as3Hus nonAMMopgu3bLM, YCTaHOBEH Mpu
afBEHTUBHN  U3ObHKW,  OOMbAHUTESTHU
uscnenBaHns Tpsabea fa ce CcbCpesoTo-
yar BbpXy cpaBHeHMeTo Ha POX

CONCLUSIONS

The obtained results indicate that
although tissue culture plants maintained
gross genetic stability at cytogenetic level,
further investigation is required, especially
in  adventitious  regeneration-derived
shoots. Somaclonal variation is a complex

phenomenon that usually demands
different approaches for adequate
evaluation.

Karyological analysis cannot reveal

alternation in specific genes or small
chromosomal rearrangements. Therefore,
molecular-based markers should also be
included in any further study.

As regards peroxidase polymorphism
detected in adventitious shoots, additional
research should focus on comparing of
POX profiles among ex vitro adapted
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npocunnte npu ex vitro agantupaHu | plants of adventitious, axillary origin and
pacTeHMss C afBEHTMBEH, akcunapeH | in vivo control plants.
Npomn3xo4 v in Vivo KOHTPOJTHN PacTeHUS.
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PE3IOME

VIKOHOMMYECKOTO 3Ha4yeHue Ha eB-
ponelickata kbnnHa (Rubus subg. Rubus
Watson) A npespblia BbB BaHa Arofo-
nnogHa kyntypa B Cbpbus, Henocpeg-
CTBEHO cnej ManuHute n arogute. Mpes
nocnegHuTe rogmHn  (2012-2016 r.),
crnopef AaHHM OT [bpxaBHWA CTaTUCTU-
Yyeckun oTaenN, NPOU3BOACTBOTO Ha KbMUHU
B Peny6nunka Cbpbusa e 3Ha4UUTEe/THO Npo-
MeHNMBO. M3cnegBaHeTo e NpoBedeHo B
KbMMHOBM HacaxaeHus oT copT ,Yauan-
Cka 6ecTpHa“, Ype3 UHTEH3MBHA TEXHO/O-
TSl Ha OTIIeXAaHe, T.e. 3alMTHO MOKpW-
Tne. Ctatusita npefcraBs pesynratun oT
TpurogmwHo npoyuysaHe (2012-2014) ot
Bb34ECTBMETO Ha 3awWuTHa cuctema
BbPXY PasMHOXWUTESHUS MNOTeHuMas Ha
KbnuHuTe. MNoBevyeTo uscnenBaHn napa-
MeTpU ca MNOB/IUAHM OT TeXHOoMorMATa Ha
oTrfiexgaHe M ycnoBusATa Ha OKosHaTa
cpepa B nepuvoga Ha nscsieBaHe, Kakto U
OT B3aMMOZENCTBMETO M. MpoayKTUBHU-
Te nokasartenu, 6poil Ha nnogogdasalim
KnoHkn (14.05 + 0.38), cbuBeTUA
(123.59), nnopose (323.72) n go6bus ot
netopact (3,395.81 g) ca no-BMCOKM Mpu
KbNVHW OTINIEXAaHW nof nokputue, B
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SUMMARY

The economic significance of the
European blackberry (Rubus subg. Rubus
Watson) makes it an important berry fruit
in Serbia, where it is positioned
immediately  after raspberry  and
strawberry. In recent years (2012-2016),
according to the data from the Republic
Statictic Department, blackberry
production in the Republic of Serbia
significantly oscillated. The investigation
was conducted in ‘Cadanska Bestrna’
blackberry plantings using the intensive
cultivation technology, i.e. rain-shield. The
paper presents results of a three-year
study (2012-2014) into the impact made
by rain-shield cultivation system on
blackberry generative potential. It was
observed that most of the tested
parameters were affected by cultivation
technology and environmental conditions
during the investigation, as well as by
their interaction. In terms of the generative
potential parameters, number of fruiting
branches (14.05+0.38), inflorescence
(123.59), fruits (323.72), and yield per
cane (3,395.81 ¢g) were higher in
blackberries under rain shields than
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CpaBHEHMEe CbC CTaHfapTHaTa cucrtema
3a oTrnexaaHe (OTKPUTO nosne).

KnouoBu aymu: KbnvHa, 3aliuTHN
cuctemn, obus, Cbpbus

yBO/[,

B rpynata Ha arogonnogHute Kys-
TYpW, KbMUHUTE Ca C MKOHOMMUYECKO BaX-
HO 3HauyeHune 3a Peny6nmka Cbpbus, Beq-
Hara cnep ManuHuTte u arogute (Nikolic
and Milivojevic, 2010), Bbnpeku Ye Npons-
BOACTBOTO VM Ce Xapakrepusunpa C He-
npekbCHaATO HamasiBaHe, KoeTo ce obyc-
naBs OT HUCKaTa LeHa Ha nnojoseTe.
Cnopef, faHHUTE OT [bpXaBHMA cTaTuc-
Tnueckn otgen npes 2012 r, nopagn us-
KIOUYUTESTHO CTYAEHUS Nepuog U KpaiiHu-
Te 3acyllaBaHus, JOOUBBLT € 3HAYUTESTHO
noHmxeH (15000 t), cnegBaH oT cnabo
yBefiMyeHne Ha npou3BOACTBOTO Mpes3
2016 r. (17991 t) (ObpxaBeH cTaTUCTK-
yeckn otgen, 2013). 3a ga ce NOCTUTHE U
nogabpXa npoaykuMsatTa Ha onTMMasiHO
HMBO 3a Penybnuka Covbpbus (25-30.000
t), KakTo 1 fa ce perynupart npomMmeHuTe B
[obuBa, Ka4ecTBOTO Ha NoJoBeTe, LeHa-
Ta N TbPCEHETO Ha nasapa, € Heobxoan-
MO [ia ce npunara cCbBpeMeHHa TEXHO/O0-
rmsa 3a oTrnexgaHe n npepaboTka, KakTto
W YacTMyHa MNpPoOMSAHa Ha acopTUMeHTa
(Karaklaji¢-Staji¢, 2016). CopToBarta CTpYyK-
Typa e efjHa OT MpUYMHUTE 3a 3abaBSHETO
Ha NycKaHeTo Ha KbNMHWUTE Ha Nasapa, HO ”
(pakTbT, Ye Penybnuka Cbpbusa rybu ro-
AnwHo noseye ot 20% oT ob6wma aobus ot
KbMUHW, MOpagu HebnaronpusiTHOTO BAWS-
HMe Ha abunoTuyHu chakTopu (M3Mpb3BaHe,
AbX4, cywa, rpagyuwka). Tanovic et al.
(2009) nocouBat, 4e (puTONATOrEHUTE
Botrytis cinerea Pers. npuunHsiBaT NoHWxa-
BaHe Ha fo6uBa OT KbMMHM € 0Ko1o 30%.

CbBpeMeHHOTO MpPOU3BOACTBO Ha
KbMUHN Ce XapakTtepusmpa C BUCOKa
peHTabuNHOCT, ObABI eKcrsoaTauMoHeH
nepvof, BUCOK A06GMB U [O6GPO KayecTBO
Ha nnogoseTe (MiSi€¢ and Nikoli¢, 2003).
Ho (1992) 3asaBsBa, Ye JOOGUBBLT ce onpe-
Aens oT B3aMMOOENCTBMETO Ha YC/1I0BUSI-
Ta Ha oTrexgaHe, (OU3noNormyHuTe U
MOPJIONOTMYHMTE OCOBEHOCTH.

standard cultivation system (open-field
cultivation).

Key words:
shields, yield, Serbia

blackberry, rain

INTRODUCTION

In the group of berries, blackberry
is, by economic importance for the
Republic of Serbia, positioned next to
raspberry and strawberry (Nikolic and
Milivojevic, 2010), though its production is
characterized by a continuous reduction,
which is conditioned by the low price of
the fruits. According to the data from the
Republic Statistic Department, in 2012,
due to the extremely cold period and
extreme droughts, the vyield was
significantly reduced (15,000 t), followed
by a slight increase in the production in
2016 (17,991 t) (Republic Statistic
Department, 2013). In order to achieve
and maintain production at the optimal
level for the Republic of Serbia (25—
30,000 t), as well as to eliminate the
variation of yield, fruit quality, price and
demand on the market, it is necessary to
apply newer cultivation technologies and
technological processing methods as well
as to partially change the assortment
(Karaklaji¢-Staji¢, 2016). Cultivar structure
is one of the reasons for the delay in
blackberries placement on the market, but
also the fact that the Republic of Serbia
loses more than 20% of total blackberry
yield annually due to the harmful effects of
abiotic factors (frost, rain, drought, hail).
Tanovi¢ et al. (2009) point out that
phytopathogenic fungi Botrytis cinerea
Pers. causes a decrease in blackberry
yield of about 30%.

Modern blackberry production is
characterized by high profitability, long
exploitation period, high yields and good
quality of fruits (MiSi¢ and Nikoli¢, 2003).
Ho (1992) states that the fruit yield is
determined by the interaction of cultivation
conditions, physiological and
morphological traits.

184



PenpoaykTMBHUTE nokasatenu npu
KbNUHUTE ca: 6poli nnogodaBalin KoH-
KW, CbLBETUS U JO6MB OT NeTopacT T.e.
nokasarenu 3a npoussoguTenHoct. Cno-
peg Strik (2012) andepeHUMpaHeTo Ha
NAOAHW MbMKX NPU ATOAMN, MaJIMHU, KbMK-
HU 1 GOPOBUHKM € NO-CU/THO 0BYC/I0BEHO
OT CBET/IMHHMSA PexuM, TemnepaTypHuTe
yC/I0BMA 1 M3MNon3BaHarta cuctema Ha oT-
rnexpaHe. Mopagn ToBa, WHTEH3UGUKA-
uMsTa B TEXHOJOTUATA 3a OTINexgaHe Ha
KbMUHK TpsibBa Aa 6bAe HacovyeHa KbM
nogobpsiBaHe KayecTBOTO Ha njogoBeTe
N ocurypsiBaHe npuvbupaHeTo Ha peKos-
Tata W focTtaBsiHe Ha nniogose. Cnopepg
BMAA Ha KOHCTPYKUMATA, OTr/eXgaHeTo
Ha KbNVHW B 3aTBOPEHW W NOJY3aTBOPEHN
NPOCTPaHCTBa MOXe Ja Ce M3BbpLIM MO
pas3nINYHM HauMHW. 3almUTHaTa cuctTema e
no-y/JleCHeHa W MHOI0O nevyenuBlIa B
nosly3aTBOPEHN NPOCTPaHCTBA.

Llenta Ha u3cneaBaHeTo € ga ce
YCTaHOBW, HENpsKo, Bb3AelCTBMETO Ha
3awmUTHaTa cuctema Bbpxy penposyKTuB-
HAS  noTeHUMas Ha  KbNuMHa  COPT
,HayaHcka 6ecTpHa"“.

MATEPWNAN N METO4WA

Cxema Ha onuTa

W3cnepBaHeTo e NpoBefeHo 3a Tpn
roguHun (2012-2014.) B eKcnepuMeHTasIHO
KbNMHOBO HacaxieHue oT copT ,YauyaH-
Cka b6ecTpHa“, cb3gageHo npe3 2006 r.,
pas3nosioXeHo B . FopHa MoBepHuua (43 °©
53N, 20 ° 20 ' E gb/mkuHa, 290 m Haga-
MOpCKa BMCO4YMHA) B 6MM30CT A0 rpag
Uauvak, 3anagHa Cbpbus. ToeBa e npe-
OVIMHO M/JIaHUHCKA MECTHOCT CbC CpefHa
HaZMopcka BMCOYMHA o0OKono 290 m,
Xapaktepusmpauia ce C YMEpPEH KOHTU-
HeHTaneH knumart. KbnuHuTe ca 3acaga-
HEHM NpU MEeXAypenoBO pasCcTosHue OT
3,0 m n BbTpPepenoso otr 1,5 m, Ha Tpu-
pefoBa TefieHa KOHCTpyKuus. B KbnuHo-
BUTE HacaxieHWs ca MnocTaBeHW niacT-
MacoBM apku BbpXy u3rpageHara KoH-
CTPYKLMS, NOKPUTK OT dhoNIno ¢ aebenmHa
150 py, koeTo ochopms yaabp (3awmTHa
cuctema). OnuTbT € MpoBedeH upes
paHaoMu3npaH 6/10KOB METof, C 4YeTupu

Number of fruiting branches,
inflorescence and yield per cane are the
parameters of the generative potential of
blackberries, i.e. indicators of productivity.
According to  Strik  (2012), the
differentiation of generative buds in
strawberry, raspberry, blackberry and
blueberry is largerly conditioned by light
regime, temperature conditions and
cultivation system applied. In this regard,
intensification of blackberry cultivation
technology should be directed towards
improving fruit quality and ensuring
harvest and delivery of fruits. Depending
on the construction type, the cultivation of
blackberries in closed and semi-closed
area can be realized in different ways.
Rain-shields represent simpler and
extremely profitable cultivation systems in
semi-closed area.

The objective of the investigation is
to indirectly examine the impact of the
rain-shield cultivation on the generative
potential of  blackberry ‘Cacanska
Bestrna’'.

MATERIAL AND METHODS

Experimental design

The investigation was conducted
over a three-year period (2012-2014) in
the experimental trial of blackberry cultivar
‘Catanska Bestrna’, which was
established in 2006 and is located at
Gornja Gorevnica (43° 53'N latitude, 20°
20" E longitude, 290 m altitude) near
Cacak city, Western Serbia. This is mainly
an upland area, with an average altitude
of about 290 m, characterised by the
temperate  continental climate. The
blackberries were planted in rows spaced
3.0 m apart with plants set at 1.5 m apart
in the row, and trained as a three-wire
trellis. Plastic arches were placed on the
existing trellis structure in the blackberry
plantings. The arches were covered using
150 u thick foil, forming the shape of an
umbrella (Rain-shield cultivation). The trial
was conducted using a randomised block
design and it included four replications of
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NOBTOPEHMs,, NPV BCEKW BapuaHT. 3a
nepuoaa Ha uscfefBaHeTo ca npuniaraHu
CTaHJapTHUTE 3a pailoHa TopeHe U
HanosiBaHe.

MocagbyeH maTepuan

KbnnHoBuaT copt L~HavaHcka
6ecTpHa“ e cb3gageH npe3 1984 ot
KpbCTOCBaHe Ha "[upkceH TopHnec" x
"Bnek catnH" B V13c/iefoBaTesiCkn UHCTUTYT
no osowapcTteo, Yayak. CopTbT € CWIHO
pacTtaw, ¢ 4-5 3apaBu, U3BUTK NO cpepaTa
CcTbbNa, C KbCU MEeXAyBb3/IMs, CbC CPeSHO
KbCeH nepuof Ha ubdTex. Camoonpallsa
ce 1 faBa M306MIHA pekonTa. YCTOWYMB e
Ha HWUCKM 3MMHK Temnepatypu. CpegHo
ycTonumB Ha Xbnata pbxga (Kuehneola
uredinis (Link)) n nogatnvme Ha centopuosa
(Septocyta ruborum (Lib.) Petrark). Vma
CpefiHO paHeH nepuos Ha y3psBaHe B
Ha4yas10To Ha TPETOTO AeCeTAHEBUE HA HO/N.
Mnoposete ca egpun. CpefHOTO Tersio Ha
nnoga e okono 9.3 g (TernoTo Ha OTAE/HU
nnogose Bb3NM3a Ha 15 g). lMputexasa
npoAbAroBaTo-UUANHAPUYHa hopMa, Jibe-
KaB YepeH UBAT, CNafbk, JIEKO K1cen BKyC 1
nogyeprtaH apomar. EAuMH nnoh cbObpxa
cpenHo 89 cbcTaBHM niogdeta. ,YavaHcka
6ecTpHa“ e noaxoAsLl, 3a MpsiCHa KOHCY-
Mauus, 3a 3ampassiBaHe, Kakto W 3a pas-
nnyHn copmn Ha npepaboTka. CopTbT ce
npeacrasa OT/IMYHO NPW pas3INYHU  arpo-
€KOJIOTUYHN YCJI0BUS MO OTHOLWIEHME Ha
pekonTta, YCTOWYMBOCT KbM 6onectn wu
HUCKN 3VMHM TeMnepaTypu.

OnpegensHe Ha penpoaykKTuB-
HUA NoTeHuman

PenpogyKTMBHUAT noTeHuman Ha
u3cnefBaHnsa KbNMHOB COPT ce onpegens
no 6pos Ha mnIogoAaBalluTe  KMOHKW,
cbuBeTus, nnogose wn pobums (g) oT
n3gbHKa. PenpofykTMBHWUTE mnokasarenu
ce wu3uucnsaear upes npebposisaHe U
n3MepBaHe Ha nnogojasalnte U3LbLHKM.
[o6MBBT OT u3abHKa ce onpenens ypes
n3MepBaHe Ha TernoTo Ha nnofgoBeTe OT
BCAKa peKonTa, uYpe3 enekTpoHHa ckana
ACS System Electronic Ascale (Zhejiang,
Kutai).

each treatment. Fertilization and irrigation
practices standard for the region were

provided during  the period of
investigation.
Plant material 5
Blackberry  cultivar  ‘CaCanska

Bestrna’ made in 1984 from the cross
‘Dirksen Thornless’ x ‘Black Satin’ in Fruit
Research Institute, Cacak. It is highly
vigorous cultivar, produces 4-5 strong, in
mid-section bent canes, with short
internodes. The flowering season is mid-
late. It is self-fertile, abundant cropper.
Resistant to low winter temperatures. It is
medium resistant to yellow rust (Kuehneola
uredinis (Link)) and susceptibile to purple
blotch of blackberry (Septocyta ruborum
(Lib.) Petrark). Ripening season is mid-
early, in the beginning of the third decade
of July.The fruit is large. Average fruit
weight is around 9.3 g (fruit weight of
individual fruits amount to 15 g). It is
elongated-cylindrical, glossy black, with
sweet-subacid taste and pronounced
aroma. It contains 89 drupelets on
average. ‘Cacanska Bestrna’ is suitable
for both fresh use and freezing and for
various forms of processing as well. In
different agroecological conditions this
cultivar has displayed excellent
performance in respect of cropping and
resistance to diseases and low winter
temperatures.

Determination  of
potential

Determination of the generative
potential of the examined blackberry
cultivar was performed by establishing the
number of number of fruiting branches,
inflorescence, fruits, and vyield (g) per
cane. Examinations of the generative
potential parameters are performed by
counting and measuring at fruiting canes.
Yield per cane is determined by
measuring of the picked fruit weight from
each harvest using electronic scale ACS
System Electronic Ascale (Zhejiang, China).

generative
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CraTucTUyecKkn aHaIn3

Pe3syntatnte ca npeAcTaBeHW KaTo
cpefHa * cTaHAapTHa rpellka Ha cpefHata
(SE). Pasnukute mexay cpegHute CTOMHOC-
TV ca cpaBHeHu 4ype3 LSD TecT ¢ aBydhak-
TOopeH pAucnepcnoHeH aHam3 (ANOVA),
U3Non3Bavikym CTaTUCTUYECKN KOMMIOTbPEH
naket MSTAT-C (Michigan State University,
East Lansing, MI, CALl). Pasnukute ¢ p
cToliHoctm < 0.05 ce cuutar 3a
He3HaUUTESTHW.

PE3YJITATU N OBCBXXOAHE
OT penpoaykTUBHUTE MoKasaTenu,
O6poAT Ha nofofaBalMTe IeTopacTy,
cbuBeTus, nnogose (Tabnuua 1) u o6us
OT m3abHka (Tabnuua 2) ca nokasaHu B
3aBMCMMOCT OT TEXHUKUTE Ha OTreXaaHe
3a TPUroguLEH Nepuoga.

Statistical analysis

The results are presented as mean +
standard error of mean (SE). Differences
between mean values were compared by
LSD test in two-way analysis of variance

(ANOVA) wusing MSTAT-C statistical
computer package (Michigan State
University, East Lansing, MI, USA).

Differences with p values of < 0.05 were
considered insignificant.

RESULTS AND DISCUSSION

Within the generative parameters of
the studied blackberry, the results of
examining number of fruiting braches,
inflorescence, fruits (Table 1), and yield
per cane (Table 2) are shown in the
function of the cultivation techniques over
the three-year period.

Tabnuua 1. BAnsHue Ha TeXHOMOrnsTa Ha OTr/exgaHe Bbpxy rnokasatenmre Ha
penpoayKTUBHUS NOTEHUMaT HA KbMMHOB COPT ,,YUayaHcka 6ecTpHa“
Table 1. Effect of cultivation techniques on parameters of generative potential of

blackberry ‘Cacanska Bestrna’

Bp. nnogoaasam
K/IOHKW Ha fieTopacT
Number of fruiting
branches per cane

BapwaHTt/Treatment

Bp. cbuBeTuA Ha Bp. nnogose ot

netopact/Number of netopact
inflorescence Number of fruits per
per cane cane

TexHosnornsa Ha oTrnexaaHe / Cultivation techniques (A)

Moga nokputne 1460+0.51a 123.59+2.90a 323.72+10.34 a
Rain shield

CraHpapTHa 14.05+0.38 a 112.61+4.50b 285.90 +13.34 b
Standard

Year (B)

2012 16.28 +0.26 a 99.65+2.49 ¢ 362.99 + 13,67 a
2013 13.89+0.38b 131.31+3.29a 281.74+8.88b
2014 12.81+0.57 ¢ 123.35+4.32b 269.70+ 10.86 b

TexHosiorus Ha otrnexaaHe X F'oguHa / Cultivation techniques x Year (A x B)

2011. 16.24 + 0.46 a 98.25+391c 364.32+21.33a
Mog nokpuTHe 2012. 12.91+0.49 ¢ 143.16 +4.92 b 304.33+13.27 b
Rain shield 2013, 14670460 129037 +2%a  30250+839b
2011. 1633+ 0.26 a 101.04 +326 ¢ 36166 + 1858 a
(S:g:n”aq;f’;”a 2012. 14.87+0.33 b 119.46 +3.42 b 259.15 + 4.02 ¢
2013, 10.95 + 0.44 d 117.32 +557b 246.90 +11.32 d
ANOVA
A nz * *
B * * *
AxB * * *

CToiiHOCTUTE BBB BCSKa KOJSIOHA cneaBaHn OT CbhllaTta Masika 6yKBa nMaT HesHauduTesiHa pasnvka npu

p<0.05 cnopeg, LSD TecT; NS — 3HAYMTE/THN pasnKu

Values within each column followed by the same small letter are insignificantly different at the p<0.05 by LSD

test; ns - non significant differences

[JMCNEePCUOHHMAT aHasIM3 NocoYBa,
ye cucTemMaTa Ha OTrfiexaaHe u rogm-

Analysis of variance determined

that the cultivation system and year of
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HaTta Ha wu3cnejBaHe, KakTo U B3auMO-
[OelicTBMEeTO UM, NOBMMABAT 3HAYUTESTHO
6pos Ha cbuBeTMATa M NnogoseTe OT
netopact. [Jokato 6poAT Ha nnogoga-
BallM KIOHKM OT efHa W3AbHKa e
NnoBMUSAH OT rogMHaTa W B3auMOLeWn-
CTBMETO MeXAy cuctemMara Ha OTrnex-
JaHe n roguHata. CpefHute CTOHOCTU
3a 6poA Ha nsofofaBalunTe  K/IOHKM,
cbuBETUS U M0JO0BE OT U3A4bHKa Bapu-
paTt B vHTepBasia ot 12.81 go 16.33, ot
98.25 o 143.16 u cbOTBETHO OT 246.90
0o 364.32.

MpunaraHeTo Ha 3awWuTHa cucte-
Ma Mo Bpeme Ha TPUToAMLIHUA eKcne-
pUMeHTaNIeH nepuoj 3HauuTesnHo no-
B/SIBA Hali-BaXHWTE nokasaTtenu Ha
penpoayKTUBHUA MOTEHUWan Ha KbnuHa-
Ta. 3HauuTeNIHO YyBeJIMYeHVe B Cpas-
HeHMe CcbC CTaHZapTHaTa cuctema Ha
oTrnex/jaHe ce ycTaHoBsiBa B 6pos Ha
cbuBeTUSATa M NoAOBETE OT U3AbHKA,
jokato B 6posa Ha nnogogasalwiute
KNOHKM ca  YCTaHOBEHW  MO-BUCOKMU
He3HaumTenHu croliHocTn. OCBEeH TOBa,
3HaYnUTesIHO NO-ronisiM 6poli CbLUBETUS U
nnogoBe OT W3AbHKA Ca OTYETEHU B
3awmMTHaTa cuctema, KOeTo BEeposiTHO e
cneacTeme OT 3HAUUTENHO Mo-ronAmara
ObmKMHa Ha um3gbHkmnTe. GliSic (2004)
nocouysa, 4ye 6poAT Ha nnogofasallmTe
KNOHKM OT U3gbHKa € [0 rosisiMa creneH
06yCcnoBeH OT AbJ/IKMHATA Ha M3gbHKaTa,
6poAT M Ab/DKMHATA Ha CTpaHu4yHUTEe
KNOHKM crief, nogpssBaHe Ha KbnuHata.
3HaunTenHn pasnmkn B 6poA  Ha
nnogojasallimMte KNOHKM U CbUBETUA Ha
M3obHKa CbLO Ca YCTAaHOBEHW B roAu-
HUTE Ha NpPOoy4YBaHeTO, A0KaTO 3HaYUTeN-
HM pasnvkn B 6posA Ha nnogose OT
nU3gbHKA Cca perucTtpupaHym camo BbB
Bpb3ka C nNbpBata roguHa. Haii-
BEpOATHO, pasmumsata B 6Opoa  Ha
nnogofasalliute KIOHKW U CbLUBETUA OT
U3obHKA Bb3HWKBAT B pe3ysirar Ha
pasnuyHuTe KAUMATUYHM  YCNOBUSA B
nepuoga Ha obpasyBaHe Ha UBETHUTE
MbMKK, Tbi KATO KbNMHATa € BUJ C KbCEH
nepuog Ha oQopMsiHE Ha LIBETHW MbMKN.
LiBeTHMTe nbNkM ce obpasyBaT B

study, as well as their interaction effect,
statistically significantly influenced the
number of inflorescences and fruits per
cane, while the number of fruiting
branches per cane in blackberry was
significantly influenced by year and
interaction of the cultivation system/year
was determined. Average values of the
number of fruiting branches,
inflorescence and fruits per cane ranged
in the interval from 12.81 to 16.33, from
98.25 to 143.16 and from 246.90 to
364.32, respectively.

The application of the rain-shield
cultivation system during the three-year
experiment period significantly influenced

the most important parameters of the
blackberry  generative potential. A
significant increase compared to the

standard cultivation system was found in
the number of inflorescence and fruits per
cane, whereas for the fruiting branches
number, higher values were also noted, but
with no significance. Moreover, significantly
higher number of inflorescence and fruits
per cane has been recorded in the rain-
shield system, which is probably the
consequence of the significantly higher
length of the canes determined in the
mentioned cultivation system. GliSi¢
(2004) states that number of fruiting
branches per cane is largely conditioned
by the cane length, number and the
length of lateral branches after pruning of
blackberry. Significant differences in the
number of fruiting branches and
inflorescence per cane were also found
between the years of study, while in
terms of number of fruits per cane, the
significance of differences was recorded
only in relation to the first year. These
differences in the number of fruiting
branches and inflorescence per cane
between the years of study occurred
most likely as an outcome of different
climatic conditions in the period of flower
bud differentiation, since blackberry
belongs to the Ilate flower bud
differentiation cultivar group. (Namely,
flower buds differ in one-year cane
leaves’ armpit, from the second half of
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NMcTHaTa nasBa Ha efHOroAmvLHuA
netopact, BbB BTOpaTa MOJIOBMHA Ha
cenTemMBpu A0 HA4Yasl0TO Ha OKTOMBpPM, B
roguHata npegun ubgrexa (Glisi¢, 2004;
VeliGkovi¢, 2004). bpoaT Ha nnogoaaBa-
LMTEe K/IOHKM NoKasBa, Ye CTOMHOCTTa Ha
pPenpoayKTMBHUA NOTEHUWasn e pesyntar
OT B3auMOAENCTBME MeXAy cucTemarta
Ha OTrnexgaHe u ycnoeusita npe3
roavHmuTe Ha wuscnegBaHeto. Cnopeg
Strik (2012), ob6bpa3yBaHeTO Ha LBETHU
MbNKA MPU KbMAWHW, MasvHU, Aroan u
GOpPOBMHKN € 06YCMOBEHO B 3HauuUTes/HA
CTeneH OT CNoXHaTa akTUBHOCT Ha
abnoTuyHMTe dhakTopu, cpep Kouto ca
TemnepaTypHuTe YCNOBUSA, CBET/IMHHUSA
pexuM, noyBeHaTa Bfnara, Kakto MU
cuctemata Ha otrnexgaHe. Velickovié
(2004) cbwo nocouBa, 4Ye MpPeBBL3XOA-
CTBOTO Ha Bbrexmgpatute (QPOTOCKH-
TE3HW MNPOAYKTN) MO OTHOLIEHNE Ha
HaTpynaHus asor (MpoaykT Ha
aKTMBHOCTTa Ha KOpeHoBaTa cuctema) B
TbKaHUTe, BOAW OO YMEPEH pacTex Wt
N306M1NHO OhOpPMSIHE Ha LUBETHM MbIKK.

September until beginning of October, in
a year prior to flowering (GliSi¢, 2004;
Veli¢kovié, 2004). If we observe the result
tendency related to the number of fruiting
branches for each cultivation system in
each year of the study, we will notice
number of fruiting branches, which indicates
that the value of the mentioned generative
potential parameter was the result of the
interaction effect between cultivation
system and cultivation conditions in certain
years. According to Strik (2012), the
differentiation of flower buds in blackberries,
raspberries, strawberries and blueberries is
conditioned to a considerable extent by the
complex activity of abiotic factors, among
which temperature conditions, light regime,
soil moisture, and also the applied
cultivation technology should be
highlighted. Also, Velickovi¢ (2004 ) states
that the dominance of carbohydrates
(photosynthesis products) in relation to
accumulated nitrogen (the product of the
root system activity) in tissues, leads to a
moderate growth and an abundant flower
bud differentiation.

Tabnuua 2. BanaHue Ha TexXHONOrnATa Ha oTrnexgaHe Bbpxy nokasartenurte Ha
penpoayKTMBHUA NOTEHLUMAa Ha KbMMHOB CopT ,,YayaHcka 6ecTpHa
Table 2. Effect of cultivation techniques on parameters of generative potential of

blackberry ‘Cacanska Bestrna’

BapunaHT/TpeTupaHe

Yield per cane (g)/Jo6uB oT netopact

TexHosiornsa Ha oTriexgaHe/Cultivation techniques (A)

Moga nokputre/Rain shield
CraHgapTHa/Standard

3,395.81 +45.84 a
2,843.45+46.35Db

FopuHa/Year (B)

2012
2013
2014

3,199.06 + 58.29 a
3,109.20 + 66.64 a
3,072.85+79.35a

TexHosiorus Ha otrnexaaHe X f'oguHa/Cultivation techniques x Year (A x B)

2012 3,543.37 £ 70.48 a
Mopa nokputre/Rain shield 2013 3,351.11+61.20 a
2014 3,292.93+56.33 a
2012 2,805.56 £ 80.45 a
CraHgapTHa/Standard 2013 2,867.29+51.33a
2014 2,852.78 £ 50.84 a
ANOVA
A *
B ns
AXB ns

CToiiHoCTUTE BBB BCAKa KOMOHA cnefgaHu OT cbliaTta Masika OykBa MMaT Hes3HauuTenHa pasnnka npu

p<0.05 cnopepg LSD TecT; NS — 3Ha4YnUTe/THN pasnkn

Values within each column followed by the same small letter are insignificantly different at the p<0.05 by LSD

test; ns - non significant differences
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[Jo6buBbT nposBaABa  3HAUUTENHU
pasimumsa mMexay pasfiMyHuTe CUCTeEMU 3a
oTrnexaaHe Ha KbMNWHKW, cnopef uscneg-
BaHMATa Ha Bal and Meesters (1995),
Eyduran et al. (2008) u Hanson et al.
(2011). AncnepcuoHHMAT aHann3 nokasea,
Yye AO6GMBBT OT M34bHKA NpPU U3cnensaHns
KbMVHOB COPT € CTaTUCTMYECKU 3HAYMMO
MOBMIMAH OT CUCTEMaTa Ha OTrexgaHe.
CpegHnte CcTOMHOCTM Ha pgobuBa oOT
n3gbHKka Bapwupar ot 2,805.56 go 3,395.81
g. 3HauuTesIHO MNO-BUCOKM CTOMHOCTM Ha
JobuBa OT u3AbHKA  ca OTKPUTM MpK
oTrNexjaHe Ha KbnuHata B Nosy3aTBOpeHN
ycnosus.  M3cnegsaHusita,  NPOBeAEHU
BbpPXy PEMOHTAHTHMUTE COPTOBE Ma/IMHU
(Privé and Allain, 2000; Burkhart and White,
2003) cblo noTBbLPXKAABAT NOKaYyBaHETO B
JobuBa npu OTrexgaHe B 3aTBOPEHU
npoctpaHcTBa. Gaskell (2004) nocousa, ye
OTrIeX4aHeTo Ha Ma/lMHW B 3aTBOPEHU
NPOCTPAHCTBA € LUMPOKO pasnpocTpaHeHo B
CALL. To e npefHasHa4yeHo rnasHo 3a npo-
M3BOACTBOTO Ha NI0AOBE 3a NPsSCHa KOHCY-
Maumsi, Thil KATO CMeKYaBaHeTo U npemax-
BaHEeTO Ha BpefHWTe B/MSAHMA OT abuoTny-
HUTe thakTopw, Hali-Beve Banexute, nogo6-
psiBa ka4ecTBOTO Ha N/10A0BETeE, a OT Apyra
cTpaHa, yab/kasa nepuoga 3a npuovpaHe
Ha pekontarta. B3eTn 3aegHo, yBenuyasart
peHTabuHOCTTa Ha NPOM3BOACTBOTO.

N3BOAN

Mpe3 TPUTFOAMILHUA nepuog Ha
n3cnefBaHeTo, 3alluTHaTa cucTemMa oka-
3a MOJIOXUTENHO Bb3JeiNCcTBME BbPXY pe-
NPOAYKTMBHMS MOTEHUMan Ha KbhuHata.
BbB Bpb3ka C TOBa, NO NpeaBapuTenHuTe
pe3ynTatu OT Npoy4yBaHMsATa BbPXY MNO-
CbBpeMeHHaTa cuctema 3a OoTrexgaHe
nog, nokpuT1e, MOXe [a ce npenopbya Ha
NpoV3BOAMTENNTE, KATO Ce AafaT HacoKu
3a TexHonorusita Ha oTriexjaHe Ha
KbMUHKU, KOSITO MMa BB3MOXHOCT Aa
MOBULLN PEHTABUHOCTTA.

BJTIATOAAPHOCTWU

HactoswoTo wn3cnegBaHe e uacT
oT npoekt Ne 31 093, dmHaHcupaH OT
MUWHUCTEPCTBOTO Ha 06pa3oBaHMETO,
HaykaTa MU TEXHOIOIMYHOTO pasBUTME Ha

As an important agronomic feature,
yield exhibited significant variation among
different blackberry cultivation systems,
as highlighted in the works of Bal and
Meesters (1995), Eyduran et al. (2008)
and Hanson et al. (2011). Analysis of
variance determined that yield per cane
of the examined blackberry cultivar was
statistically significantly influenced by
cultivation system. Average yield values
per cane ranged from 2,805.56 to
3,395.81 g. Significantly higher values of
yield per cane were found in semi-closed
conditions of blackberry cultivation
system. Research carried out on the
remontant raspberry cultivars (Privé and
Allain, 2000; Burkhart and White, 2003)
also confirmed the increase of yields by
cultivation in closed area. Gaskell (2004)
states that the cultivation of raspberries in
closed area is widespread in the US and
is primarily intended for the production of
fruits for fresh consumption, since
modification and elimination of harmful
effects of abiotic factors, primarily
precipitation, enables better fruit quality
and, on the other hand, extends the
harvest period, which all together
increases production profitability.

CONCLUSIONS

During the three years of study, the
rain-shield cultivation system made a
positive impact on the generative potential
of Dblackberry. Regarding this, the
preliminary results of studies into the
more recent cultivation system, i.e.
implementation of the rain-shield system
in blackberry production, growers can be
advised and given guidelines in the
blackberry growing technology with a
potential to advance the profitability.
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