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PE3IOME

OnpepensHeTo Ha S-asiefiHN KOH-
CTUTYUUN Ha CTapu reHoTUNOBE YepeLun e
BaXHa CTbMNKa B MOMEKyspHaTa xapakre-
pucTMKa, a CbLLO U OT OFPOMHO 3HaYeHune
3a NPoU3BOAUTENNTE U CENEKLMOHepuTe,
Tbil KaTO Yepellata nposiBABa rameTto-
(hTHA CamMOCBHBMECTUMOCT, KOHTpOnpa-
Ha OT MHOroanesnHua S-n0Kyc, KoMTo npe-
JoTBpaTtsBa camoonpalwBaHeTo. LlenTta
Ha HacTosAWOTO W3c/edBaHe e fda ce
0606LWWAT M3BECTHUTE U fa Ce pasKpuAT
HOBW [aHHW 3a S-anenute B CcTapu
reHOTUNoBe C Mpousxoq oT BaskaHCkuTe
cTpaHn - Penybnuka Cobpbua (15
reHoTmna), Peny6nvka CeBepHa
MakegoHus (8 reHotuna) u Penybnuka

SUMMARY

Determination of S-allelic
constitutions of autochthonous sweet
cherry genotypes is an important step in
molecular characterization of this material
and also of enormous significance for
growers and breeders, since this fruit
species exhibits a gametophytic self-
incompatibility, controlled by the multi-
allelic S-locus which prevents self-
fertilisation. The aim of this work was to
summarize known and to reveal new data
of the S-alleles in autochthonous
genotypes originated in the Balkan
countries — Republic of Serbia (15
genotypes), Republic of North Macedonia
(8 genotypes) and Republic of Bulgaria (2

168



Bbnarapua (2 reHotuna). Ypes nonuvme-
pasHa BepmxkHa peakumns (PCR) C KOHCEH-
CyCHW npalimMepu 3a BTOPUSA WHTPOH
(PaConsll-F/R) Ha S-RNase 1 cneuunduny-
HW 3a anena npaviMepun ce paskprxa ocem
anena, reHepupawy cregHutTe S-anesiHu
KOHCTUTYUMN: S1S, (eanH reHoTtmn), S;Ss
(eanH reHoTun), S,S; (NeT reHoTuna),
S,S, (egnH reHoTtun), SsS, (OABa reHoTu-
na), Ss:Se¢ (ABa reHotuna), Ss;Sy (aBa
reHotmna), SsSi» (WeCT reHoTuna), SgSe
(oBa reHoTtuna), S;S, (gBa reHotvna) wu
SsSy (eguH reHoTwn). Haii-yuectute S-
anenHn 1 anesiHn KOHCTUTYUUN B HaCTOS-
LLOTO npoyyBaHe ca Sz U S3S;, (38.6% un
24%, CbOTBETHO). Bb3 ocHOBa Ha nony-
yeHuTe pesyntatu uicnefBaHuTe reHoTu-
ny ca pasnpegeneHv B AeBET HECbBMEC-
TMMK Tpynu. HacToswoTo npoyyBaHe
npeacTasfsiBa NbPBUSIT OCHOBEH eTan Ha
XapakTepuspaHe Ha aBTOXTOHHW FeHOTU-
Ny OT Yepeww, MPOU3XOXZaly OT rope-
cromMeHaTuTe CTpaHu, KOWTO TpsibBa Aa
6bAe paslnpeH Yypes BKIOYBAHE Ha HOBY
MECTHV COpPTOBE.

Kntouosn aymu: Prunus avium L.,
MECTEH FeHOTWN, S-asniesilHa KOHCTUTYLUUS,
rametTouTHa CaMOHEeCbBMECTUMOCT,
BasikaHCKM noa1yocTpoBs

YBO/[,

Uepewata (Prunus avium L.) e
WKOHOMWYECKN BaXeH OBOLWEH BUL B
CTpaHuTe Ha baskaHCkuMA NoayoCTpPOB.
Cnopep, OpraHunsauusata no npexpaHa u
3emegenve Ha OpraHusauusta Ha obeau-
HEHWTE HaLuMK, CPeAHOTO roAMLIHO NPOn3-
BOACTBO Ha uepewn (2014-2018) e 44
983 t, 22 044 t 1 5 606 t CLbOTBETHO B
Penybnuka Bwnrapus, Penybnvka Cbpbus
n Penybnuka CeBepHa MakegoHUs.
Webster (1996) n Quero-Garcia et al.
(2019) nocouBar, 4ye TO3M BUA MOXe Aa e
Bb3HMKHAN B PErvoH 0KOMo Kacnuiicko u
UepHO MOpe, KakTo 1 Ye peanua MeCcTHM
reHOTUNW, afdanTupaHn KbM KOHKpPETHU
arpoekosIorMyHmM ycroBus, ca pesyaraT oT
pasnpoctpaHeHneTo My B EBpona. CbLuo
Taka, Faust and Suranyi (1997) nocousar,
ye 4yepelwaTa Ce cpelja ecTecTBEHO B

genotypes). The use of the polymerase
chain reaction (PCR) with consensus
primers for the second intron (PaConsll-

F/IR) of S-RNase and allele-specific
primers revealed eight alleles that
generated the following S-allelic

constitutions: S;S, (one genotype), S:Ss
(one genotype), S,S; (five genotypes),
S,S, (one genotype), Ss3S; (two
genotypes), S3Se (two genotypes), S3Sg
(two genotypes), S3Si, (Six genotypes),

SeSe  (two genotypes), S;Sx (two
genotypes) and SsSy (one genotype). The
most frequent S-allele and allelic

constitution in this work were S; and S3S;,
(38.6% and 24%, resp.). Based on the
obtained results, the assessed genotypes
have been assigned to nine
incompatibility  groups. This  study
represents the first fundamental stage of
characterization of autochthonous sweet
cherry  genotypes originating  from
aforementioned countries, which needs to
be enlarged through inclusion of new
landraces.

Key words: Prunus avium L.,
indigenous genotype, S-allelic constitution,
gametophytic  self-incompatibility, Balkan
Peninsula

INTRODUCTION

Sweet cherry (Prunus avium L.) is
an economically important fruit species in
the countries of the Balkan Peninsula.
According to Food and Agriculture
Organization of the United Nations, the
average annual sweet cherry production
(2014-2018) was 44,983 t, 22,044 t and
5,606 t in the Republic of Bulgaria,
Republic of Serbia and Republic of North
Macedonia, respectively. Webster (1996)
and Quero-Garcia et al. (2019) reported
that this fruit species may have originated
within a region around the Caspian (Sea)
and the Black Sea, as well as that a
number of local genotypes, adapted to
particular  agro-ecological  conditions,
resulted from its spreading across
Europe. Also, Faust and Suranyi (1997)
pointed out that sweet cherry occurs
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EBpona u paioHnTe Ha CeBepHa Adipuka.
Tbli Kato NPoM3Xo4bT Ha CTapuTe reHo-
TUNW € HeU3BECTEH U MorarT Aa Bb3HUKHAT
cnyyan Ha OMOHUMMW WU CUHOHUMU, €
HEeobXxoAMMO HadeXAHO WAeHTUdUUmMpa-
He. ToBa CblUO NpeacTasnsBa NnosTapsLLy,
ce npobnem npu cbbUpaHeTo U onasBa-
HeTO Ha aBTOXTOHHW reHOTUNK YepeLun no
Lesnimsa CBAT.

Uepeluosarta 3apoguiiHa nnasma B
B6asikaHCKUTE CTpaHW e ajanTupaHa KbM
pas3NnyHM 1 HenoaxoasAlm cpean; NoTex-
unasnHo e cHabeHa c nosnesHa reHeTuyHa
NPOMEHNNBOCT (T.e. Ka4yecTBO Ha NIofo-
BETE, YCTOMYMBOCT), Hanp. Oxpuackata
06n1acT e TUNUYHa 30Ha 3a oTrNexgaHe
Ha yepeLuun, YNATO aCOPTUMEHT Ce OCHO-
BaBa npegMMHO Ha aBTOXTOHHUTE reHOTU-
Ny Ha BUCOKOKAYeCTBEHU M/040Be, [/1aB-
Ho ,Oxpuacka gonra Wnwka” (Gjamovski
et al., 2016). B gonbnHeHve, HacTosALaTa
cTarmsa ¢ NonesHUTe CU XapakTepucTuKn
MOXe Aa paswmpu cnucbka ¢ noTeHumnan-
HW pogUTENICKM COpPTOBe, KoUTo aa 6baat
N3M0/3BaHN B CENEKLMOHHUTE Nnporpamu,
a CblLo Taka MOxe fa 6bAe OCHOBHUAT
(hakTop 3a CbXMBSIBAHE Ha OCHOBHUTE
MakeZlOHCK/ palioHn 3a oTriexpgaHe Ha
uepewwn. Fotiri€-Ak3i¢ 1 ap. (2016) ot6e-
Nna3BaT, 4Ye TOKY-L0 MYyCHATUAT CPbOCKU
copT 4Yepewwn ,KaHeToBa" npomsxoxga oT
ecTtecTBeHa nonynauud. ,PaHHa YepHa“ e
€4VH OT Hali-pa3npocTpaHeHuTe paHo 3pee-
LM MecTHM copToBe Yepeln B Penybnvka
Bbnrapusa, gocta 4ecto M3MO/3BaH Kato
poouTen B paMkuTe Ha pas3BbAHUTE Npo-
rpamu (Malchev, 2016). MbpBUAT copT Ye-
pelwm, cb3gazeH B IHCTUTYT no osoLap-
cTBO, MnoBaue, Penybnvka Bbnarapus, e
.Kocapa®, nosiydeH OT KPBLCTOCKM Ha
.PaHHa YepHa" x ,burapo bypna“ (Malchev
and Zhivondov, 2016; Mari¢ et al., 2018).

Mpu yepeLwinte, ¢ MHOTO MaJsikKo U3-
KNIOYEHUA, NOBEYETO reHOTUMNN Ca HECHB-
MECTUMW N HAKOM [BOWKM reHoTunu ca
HECBHBMECTUMU 3a KpbCTOCBaHe (peuun-
POYHO WU efHOCTpaHHO). Ta3n rameTo-
(huTHa HECbBMECTMMOCT Ce KOHTposimpa
OT My/iTUasiesiHn [Ba CBbp3aHW reHa oT
S-nokyc — S-RNase reHn (BoSkovi¢ and

naturally in Europe and areas of northern
Africa. Since the origin of these old
genotypes is mostly undocumented, and
cases of homonyms or synonyms might
occur, a reliable identification is required.
This also represents a recurrent problem
in the collection and conservation of
autochthonous sweet cherry genotypes
worldwide.

Cherry germplasm in the Balkan
countries is adapted to different and
inappropriate environments; it is
potentially provided with useful genetic
variability (i.e. fruit quality, resistance),
e.g. the Ohrid region is a typical area for
sweet cherry growing whose assortment
is primarily based on the autochthonous
genotypes of high quality fruits, mainly
‘Ohridska Dolga Siska’ (Gjamovski et al.,
2016). In addition, this material with useful
traits can extend the list of potential
parental cultivars to be used in breeding
programmes and can also be the main
factor for revitalizing major Macedonian
sweet cherry growing regions.

Fotiri¢-AkSi¢ et al. (2016) reported that
newly released Serbian sweet cherry
cultivar ‘Canetova’ originated from natural
population. ‘Ranna Tcherna’ is one of the
most widespread early ripening local
sweet cherry cultivar in the Republic
Bulgaria, quite often used as parent within
breeding programmes (Malchev, 2016).

The first sweet cherry cultivar released at
Fruit Growing Institute (FGI), Plovdiv,
Republic of Bulgaria was ‘Kossara’, which
was derived from the cross ‘Ranna
Tcherna’ x ‘Bigareau Burlat’ (Malchev and
Zhivondov, 2016; Mari¢ et al., 2018).

In sweet cherry, apart from very few
exceptions, most genotypes are self-
incompatible and certain pairs of geno-
types are cross-incompatible (reciprocally
or unilaterally). This gametophytic self-
incompatibility mechanism is controlled by
the multiallelic two linked genes of S-locus —
S-RNase (BoSkovi¢ and Tobutt, 1996)
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Tobutt, 1996) n SFB (Yamane et al., 2003),
n3paseHyn CbOTBETHO B CTbLAOYETO U TU-
YyMHKOBUSA npawedl,. MpoayKTbT Ha CTb/6-
yeTo (S-RNase) B3aumogeiictea no anen-
HO cneundUYeH HauyvH ¢ NONEHOBUS MPO-
AykT (SFB), 3a ga uHxmbupa pacrexa Ha
npawHuKoBaTa Tpbbuyka B CTbN6YETO O,
CbAbpXalla naeHTnyeH S-xannotun. Kbm
JHelwHa fgaTta ca noco4veHu 25 S-anena
npu vepewata (Vaughan et al., 2008).
AHann3bT Ha o6wo 1300 copTta yepeLun
pas3kpu nonnmopcursbm (18 pasmuHm S -
anena: S; 0057, S9,S10,5S12,00S1,S
16,S18 S 19, S2, S22 1S ), KOETO
no3BosisiBa naeHtnduymnpaHe Ha 60 rpynu
3a HecbBMmecTumocT (CH), rpyna ot 'O’
YHUKa/IHW S-TeHOTUNM 1 rpyna oT camo-
cbBmecTumun (CC) copta (Schuster, 2017).
Vaughan et al. (2008) cbo6wasar 3a
wecTt S-anena, ugeHtTMduuMpaHn camo
npu gveaTta 4yepelwa B 3anagHa EBpona,
KOUTO ca npununucaHn Ha S,7 Ha Sz, anenu.
B ponbrHeHwe, HOB anen Sz; U BULWIHA
Sas-anen ca vgeHTuduLMpaHn npu Typc-
KATE Yepelun U reHoTunu, n3bpaHun ot gu-
BM Monynauuv B paioHa Ha YepHo mope
(Szikriszt et al., 2013 ). Nopaan npunara-
HeTo anen-cneynguuHn PCR-6a3mpaHn
MEeToAM W MOCTUrHATUSA BWUCOK MOSIUMOP-
mM3bM, S-NOKYCbT Ce U3M0M3Ba CbLo
KaTo reHeTMYeH mMapkep 3a reHoTunupaHe
N naeHTnuKaLmsa Ha MecTHM N dyxaec-
TpaHHM copToBe 4epewn B M3cneposa-
TeNckn MHCTUTY no osowapcteo (FRI),
Uavak, Peny6nuka Cbp6ua (Maric and
Radicevi¢, 2014; Radicevi¢ et al., 2015).
OcBeH TOBa, S-reHOTMNMpaHeTo ce e npe-
BbPHa/I0 B NOSIE3EH NHCTPYMEHT 3a OLEeH-
Ka Ha pa3Hoo6pasveTo B MecTHarta 3apo-
OVlHa vepelwloBa nnasmva B Pas/iMyHu
cTpaHun Ha EBpona n CesepHa 1 3anagHa
A3us, KOeTO paskpvBa BWCOKO HMBO Ha
reHeTUYHO pasHoobpasme cpen MecTHuTe
coptoBe (Ilpek et al., 2011; Ercisli et al.,
2012; Cachi and Winsch, 2014a; Lisek et
al., 2015; Schuster, 2017; Marchese et
al., 2017).

Mariette et al. (2010) cvob6uiasar
3a HaMa/isiBaHe Ha TEeHETMYHOTO pasHo-
obpasue oT guBaTa npumpoga 40 MeCTHU-

and SFB (Yamane et al., 2003) genes,
expressed in the style and the pollen,
respectively. The stylar product (S-RNase)
interacts in an allele specific manner with
the pollen product (SFB) to inhibit pollen
tube growth in the styles containing an
identical S-haplotype.

To date, 25 S-alleles have been reported
in sweet cherry (Vaughan et al.,, 2008).
The analysis of in total 1,300 sweet cherry
cultivars revealed a polymorphism (18
different S-alleles: S; to S7, S, S19, S12 tO
Si4, Si6, Si1s, S19, S21, S22 and Syy) that
allowed identification of 60 incompatibility
groups (IGs), a group of ‘0’ of unique S-
genotypes and a group of self-compatible
(SC) cultivars (Schuster, 2017). Vaughan
et al. (2008) reported six S-alleles
identified only in wild cherry of Western
Europe, which were attributed to S,; to
S;, alleles. In addition, a new Sg; allele
and the sour cherry Ssys-allele were
identified in  Turkish sweet cherry
landraces and genotypes selected from
populations growing wild in the Black Sea
area (Szikriszt et al., 2013).

Due to the application of consensus/allele-
specific PCR-based methods and obtain-
ed high polymorphism, the S-locus has
also been used as a genetic marker for
genotyping and identification of domestic
and foreign sweet cherry cultivars at Fruit
Research Institute (FRI), Cacak, Republic
of Serbia (Mari¢ and Radicevi¢, 2014;
Radicevi¢ et al., 2015). Additionally, S-
genotyping has become a useful tool for
diversity assessment in local sweet cherry
germplasm in different countries of
Europe and northern and western Asia,
which revealed high levels of genetic
diversity among landraces (Ipek et al.,
2011; Ercisli et al., 2012; Cachi and
Winsch, 2014a; Lisek et al, 2015;
Schuster, 2017; Marchese et al., 2017).

However, Mariette et al. (2010)
reported a reduction in genetic diversity
from wild to landrace to modern sweet
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Teé N CbBPEMEHHWTE COpPTOBE YepeLuu,
KaKTo 1 Ye Ky/ITMBMPAaHETO U cenekumata
UMaT [Be OCHOBHW Bb3[ENCTBUSA BbpXY
HamansiBaHeTo Ha pa3Hoobpa3neTo. Mec-
THUTE COPTOBE Yepelun Kato Hanpumep
utannaHckata ,KpoHno* n wncnaHckute
-KpuctobanuHa“ n ,Taneran AxuH" ca us-
TOYHMK HaA CaMOCBLBMECTUMOCT, 3a KOATO
cbwo ca paspaboteHn [AHK mapkepwu
(Marchese et al, 2007; Cachi and
Winsch, 2014b ).

Hanocneabk MHTEPECHT KbM CboU-
paHeTo W OLeHKaTa Ha aBTOXTOHHW TeHo-
TUMW Ha 4yepewn c¢ JO06pPU arpoOHOMUYHU
cBolicTBa B bankaHCKUsi pernoH u morse-
KynsipHa XapakTepuctuka Ha To3u mare-
puan ca 3acuneHu B MIHCTUTYTa B Yauak,
B CbTPYAHWYECTBO C ArpapeH WHCTUTYT
"CB. cB. Knpun n MeTtoguit”, Ckonue wu
Wuctutyta B MNnosame (Mari¢ et al., 2018,
2019a, 2019b; Radicevic et al., 2019).

Llenta Ha HacToOALOTO MpoyyBaHe
6e ga ce 0606WAT BCUYKM W3BECTHU
JaHHW 3a S-anenurte nNpu aBTOXTOHHUTE
reHOTUMM Ha YyepeLun B ropecnomeHaTuTe
6asIKaHCKV CTpaHu U fJa ce oTyeTaT HOBU
JaHHW 3a reHoTMna, KOMTO He ca nyo6nu-
KyBaHW npegu tosa. onyyeHute pesyn-
Tatu wWe 6baaT nosie3HN KakTo 3a cesiek-
LuoHepuTe, Taka ¥ 3a NpPou3BOAUTENUTE,
3a Ja ynpasnssart no-gobpe T03u LeHeH
aBTOXTOHEH YepeLLoB Martepua.

MATEPVAJT N METOOU

PactuteneH marepvan v M3BAU-
yaHe Ha AHK

B HacTosAL0TO npoyyBaHe ca W3nos-
3BaHW fBafeceT U NeT aBTOXTOHHU eHO-
Tvna Ha vepewa (Tabnuuya 1). npobn ot
Te3n reHoTMnoBe, CbOTBETCTBALLM HA MeCT-
H/W PasHOBWAHOCTM WM COPTOBE C Hews-
BECTEH NPOM3X0[ Ca B3ETU OT OBOLUHM
rpagyHn Ha OTAenHW npoussoauTeny B
Penybnuka Cbpbus (pervoHn Yauaxk u
Benrpap) n Penybnuka CesepHa Makeno-
Hua (Oxpuacka 06nacT), KakTo U oT yepe-
woBsa Konekums Ha MHuctutyta B MNnosams
(Penybnuka Bbnrapus). Mnagute csexmu
mcTa OT reHoTunuTe ca cbbpaHu npes
nposieTTa, 3ampas3eHun ca B TeyeH as3oT ”

cherry cultivars, as well as that
domestication and breeding had two
major impacts on a decrease of diversity.
Sweet cherry landraces such as the
Italian  ‘Kronioc® and the Spanish
‘Cristobalina’ and ‘Talegal Ahin’ are the
source of self-compatibility, for which DNA
markers have also been developed
(Marchese et al, 2007; Cachi and
Winsch, 2014b).

Recently, the interest in collection
and evaluation of autochthonous sweet
cherry genotypes with good agronomic
properties in the Balkan region and
molecular characterization of this material
have been increased at the FRI, Cacak, in
collaboration with University ‘Ss. Cyril and
Methodius’, Institute of Agriculture, Skopje
and FGI, Plovdiv (Maric et al.,, 2018,
2019a, 2019b; Radicevic et al., 2019).

The aim of this study was to
summarize all known data on the S-alleles
in autochthonous sweet cherry genotypes
in the aforementioned Balkan countries
and to report new genotype data which
have not been previously published.
Obtained results will be useful to both
breeders and growers to better manage
this  valuable autochthonous cherry
material.

MATERIAL AND METHODS

Plant material and DNA extraction

Twenty-five autochthonous sweet
cherry genotypes (Table 1) were used in
this study. These genotypes,
corresponding to landraces or cultivars of
unknown origin, were sampled in orchards
of individual growers in the Republic of
Serbia (the regions of Cacak and
Belgrade) and the Republic of North
Macedonia (the Ohrid region), as well as
in the sweet cherry collection of FGI,
Plovdiv (Republic of Bulgaria).

Young fresh leaves of the genotypes were
collected in the spring, frozen in liquid
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ca cbxpaHeHnm npu -80°C. leHOomHaTa
OHK e u3onupaHa ot nuctata cbrnacHo
mMeToga Ha Doyle and Doyle (1987). ExkcTpa-
xupaHata AHK e pastBopeHa B TE 6ydoep,
Tpetupa ce ¢ RNase A (Invitrogen,
Groningen, XonaHausa) N e AbpxaHa npu
—20°C, pokaTto e u3nosizeaHa 3a PCR.

PCR aHanu3 3a reHOTUNMpaHe Ha
S-RNase

NaoeHTndumumpaHeto Ha anenure
S-RNase B aBTOXTOHHM reHOTUNU Ha 4e-
peLun ce ocHoBaBa Ha MeTo/, NOCOYEH OT
Sonneveld et al. (2001, 2003). PCR ce
M3BBbPLUBAT Ype3 M3M0/s3BaHe Ha KOHCEH-
CYCHW npaimMepHn ABOWKK, cneundunyHn
3a BTOpUTE WHTPOHM Ha S-RNase
(PaConsll-F / R, Sonneveld et al., 2003) n
cneymMduyHMTe 3a anena npaiMmepu 3a S;
0O Sg , K&KTO M 3a Sg U S;p anemm
(Sonneveld et al., 2001, 2003). Temnepa-
TypuTe 3a HarpsiBaHe 3a ropecrnomeHaTute
S-anenu ca [oknagBaHu B MpoyyBaHusiTa
Ha Mari¢ and RadiCevi¢ (2014) n Mari¢ et al.
(2015, 2018). Kato eTanoOHHWM reHoTUNK ca
M3M0M13BaHN COPTOBE 4Yepelunt OT M3BECTHM
S-anenw.

OTKkpuBaHe N BU3yasnsauns Ha
OHK chparmeHTn

PCR npogyktute, Nofy4eHu C KOH-
CEeHCyCHM npalimepun, ce 13nonssar ¢ 2%
araposeH ren (70 V/icm 3a 4 h), gokato npo-
AyKTUTe Ha cneuundmyHu 3a anena PCR ¢
1.5% araposeH ren (70 V/icm 3a 2-3 u).
Busyanusauymata Ha [AHK neHtute e
M3BbPLLUEHA 4Ype3 oLBeTABaHe C eTuaneB
6pomua 1 nog ynTpaBmonieToBa CBeTNNHA
Ha cucTema 3a nsobpaxeHms BIO-PRINT-
1500/26M (Vilber Lourmat, Collégien, ®paH-
uus). 3a opasmepsiBaHe Ha parmeHTu OT
[HK ce n3nonsea 1 Kb nnaoc HK cTbn6uy-
ka (Invitrogen, Groningen, XonaHaus).

PE3YJITATU N OBCBXXOAHE
HacTtoAwoTo npoyysaHe npeacTa-
B 00U, npernej Ha naeHTUUUUPaHeTo
Ha S-RNase anenn B 25 aBTOXTOHHU re-
HOTMMa OT OCHOBHMTE paioHu 3a oTrnexaja-
He Ha yepewwn B Penybnuka Cbpbus, Pe-
ny6nuvka CesepHa MakefoHus n Peny6nvka

nitrogen and stored at —80°C. Genomic
DNA was isolated from leaves according
to the method of Doyle and Doyle (1987).
Extracted DNA was dissolved in TE
buffer, treated with RNase A (Invitrogen,
Groningen, the Netherlands) and kept at
—20°C until used for PCRs.

PCR
genotyping

Identification of the S-RNase alleles
in autochthonous sweet cherry genotypes
was based on the method reported by
Sonneveld et al. (2001, 2003). The PCRs
were performed by using the consensus
primer pairs specific for the second
introns of the S-RNase (PaConsll-F/R,
Sonneveld et al., 2003) and the allele-
specific primers for S; to Se, as well as for
Sy and Sj; alleles (Sonneveld et al., 2001,
2003). Annealing temperatures for
aforementioned S-alleles were reported in
the studies by Mari¢ and Radicevi¢ (2014)
and Mari¢ et al. (2015, 2018). Sweet
cherry cultivars of known S-alleles were
used as reference genotypes.

analysis for S-RNase

Detection and visualization of the
DNA fragments

PCR products obtained with the
consensus primers were run on a 2%
agarose gel (70 Vicm for 4 h), whereas
products of allele-specific PCRs on a
1.5% agarose gel (70 V/cm for 2-3 h).
Visualization of DNA bands was
performed by ethidium bromide staining
and under ultraviolet light of BIO-PRINT-
1500/26M imaging system (Vilber Lourmat,
Collégien, French Republic). For sizing of
DNA fragments, 1 Kb plus DNA ladder
(Invitrogen, Groningen, the Netherlands)
was used.

RESULTS AND DISCUSSION
This study presents an overview of S-
RNase alleles identification in 25
autochthonous genotypes from the main
sweet cherry growing regions of the
Republic of Serbia, Republic of North
Macedonia and Republic of Bulgaria (Table
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Bvarapusa (Tabnuua 1). S-anenHata KOH-
CTUTYLIMS Ha BCEKM TeHOoTun ce onpenens
cnef KombuHupaHe Ha pesynrtartute, no-
nyyenn npun PCR amnandmkaums ¢ KoH-
CEHCYCHM npalriMepn 3a BTOPUS MHTPOH Ha
S-RNase (PaConsll-F/R) n npaiimepuTe,
cneunduyHm 3a anenm S, Sy, Si, Sy, Ss,
Se, Sg U Sip. Cpef OUEeHeHUTe reHoTUNn
ca onpeferieHn cnegHuTe S-anefniHn KoH-
cutyumn:  S;S, (PaHHa ubpHaA'), S;Ss
(‘GT-1), S,S; (‘GT-7', ‘GT-14, '‘GT-15,
‘GT-16" and ‘KykneHcka 6envua’), S,S,
(‘OCK-1), S3S4 (‘'GT-10' n ‘GT-12"), S3Ss
(‘GT-4 un ‘GT-13), S3Sy (‘GT-8 and
‘Oxpufcka 6bp3a’), S;S;, (‘GT-5, ‘GT-6,
‘ODS-01’, ‘ODS-02', ‘ODS-S1’ n ‘ODS-
S27), S¢Sy (‘(GT-2'1 'GT-11"), S4Sx (‘OCK-
2' n ‘Ohridska Crna’) n SsSy (‘GT-9'). S-
reHoTun Ha Ob/-rapckns aBTOXTOHEH
copT ,KykneHcka 6envua“ e nyénnkysaH B
TO3K MaTepuan 3a Mbpsu MbT.

Kato ce umaTt npeasug nonyvyeHuTe
pe3ynTaTn, aBTOXTOHHUTE T[eHOTUNU ca
npenucaHu Ha CbOTBETHUTE UM TPynu Mo
HECbBMECTUMOCT, My6/nKyBaHMW MNO-paHo
oT Schuster (2012, 2017). CnepgoBaTefniHO
Hue onpegenuxme crnefHUTe AeBeT rpynu
no HecwvBmectumocT: |, HI, IV, VI, X, XIII,
XIV, XVI n XXII (Tabnuua 1); pesynrartu-
Te OT HACTOSLLOTO NPoy4YBaHe Lie pasLun-
PAT Te3u rpynu, kaTo BK/IKOYBAT aBTOXTOH-
HW GankaHcku reHotunu. Mpyna XXII e
Hali-pa3npocTpaHeHaTa H, Bka4vBalla
nouTn efiHa 4eTBbLPT (24%) OT oueHeHuTe
reHotunu. Tpu reHoTuna He ca npenuca-
HW KbM NpeaBapuTesiHo uaeHTuduumpa-
HUTe H, Tbli KaTo BTOPUAT asnen 3a
'OCK-2’, ‘Oxpuacka ubpHa' n' GT-9' He e
onpepeneH. EgnHnyHata neHTa 3a Te3n
reHOoTUNM BBbPXY araposHus ren (B
nosnumaTa, CbOoTBeTCTBalla Ha anen S,
3a OCK-2' n 'Oxpuacka LbpHa’', Kakto u
anen Ss 3a GGT-9') Moxe ga O3HayaBa
Wnn 4ye N gparta S-anesia MMaTt MHTPOHMU
CbC CbLUMSA pa3mMep Wau npaiiMepute He
CbOTBETCTBAT Ha nocsefoBaTesiHOCTTa
Ha BTopusi anen (Mari¢ et al., 2019a,
2019b). CnepoBaTteniHo, AOMb/HUTENHUSAT
aHanu3 e ce CbCPefoToUn BbPXy Bb3MOX-
HOTO MaeHTUdMLMpaHe Ha BTopus S-anen

1). The S-allelic constitution of each
genotype was determined after combining
the results obtained upon PCR
amplification with the consensus primers
for the second intron of S-RNase
(PaConsll-F/R) and the primers specific to
alleles Si, S, S3, S4, Ss, S, So and Sio.
Among the assessed genotypes, the
following S-allelic constitutions were
determined: S;S, (‘Ranna Tcherna’), S;Ss
(GT-1), S,S; (‘GT-7', ‘GT-14', ‘GT-15,
‘GT-16" and ‘Kuklenska Belica’), S,S,
(‘OCK-1'), S3S; (‘GT-10' and ‘GT-12)),
S3Sg (‘GT-4 and ‘GT-13), S3S¢ (‘GT-8
and ‘Ohridska Brza’), S;S;, (‘GT-5', ‘GT-
6', ‘ODS-01’, ‘ODS-02', ‘ODS-S1’ and
‘ODS-S2"), S¢Se (‘GT-2' and ‘GT-11),
S4Sx (‘OCK-2" and ‘Ohridska Crna’) and
SsS, (‘GT-9"). The S-genotype for Bulgarian
autochthonous cultivar ‘Kuklenska Belica’ is
published in this paper for the first time.

Considering the obtained results,
the autochthonous genotypes were
assigned to their corresponding IGs,
previously published by Schuster (2012,
2017). Therefore, we determined the
following nine IGs: I, I, 1V, VI, X, XIlI,
XIV, XVI and XXII (Table 1); the results of
our study will extended these groups by
including autochthonous Balkan
genotypes. Group XXII was the most
common |G, comprising nearly a quarter
(24%) of the assessed genotypes. Three
genotypes were not assigned to
previously identified IGs, since the second
allele for ‘OCK-2’, ‘Ohridska Crna’ and
‘GT-9° was not determined. The single
band for these genotypes on the agarose
gel (on the position corresponding to
allele S, for OCK-2'" and ‘Ohridska Crna’,
as well as allele Ss for ‘GT-9") could mean
either that two S-alleles have the introns
of the same size, or the primers do not
match the sequence of the second allele
(Mari¢ et al., 2019a, 2019b).

Therefore, the additional analysis will
focus on possible identification of the
second S-allele of these genotypes
through cloning and sequencing of the
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OT Te3N TeHOTUMNOBE 4Ype3 K/IoHMpaHe W
cekBeHupaHe Ha [HK dparmeHTuTe.

DNA fragments.

Tabnuua 1. S-reHoTUNN U rPYNn No HECHBMECTUMOCT Ha aBTOXTOHHW COPTOBE

YyepeLun
Table 1. S-genotypes and incompatibility groups of autochthonous sweet
cherries
Mpownsxopn FeHoTun S-reHoTwun ! CnpaBka 3a S-reHoTumn
Origin® Name of genotype  S-genotype IG Reference for S-genotype
______ RS G-y SSs_ XV Maricetal (20192)
______ RS . GT-2  SeSe X _______Maricetal (20192)
______ RS GTA4  SSe_ VI Maricetal (20192)
______ RS . GT5 . SsSip XXIL______ MariCetal (20192)
______ RS . GT6 . SsSip_ ____ XXIl_______ Maricetal (20192)
______ RS GT-7 . SSs_ WV Maricetal (20192)
______ RS . GT-8 . SSe XVl ______MariCetal (20192)
______ RS . GT9 oSSl Marietal (2019a)
______ RS . GTA0"  SgSa M MariCetal (20192)
______ RS . GTAL SeSe X ________Maricetal (20192)
______ RS . GT12  SSa M MariCetal (20192)
______ RS . GTA3 SSe VI Maricetal (20192)
______ RS . GTM4  SSs_ WV ______ Maricetal (20192)
______ RS . GTA5  SSs IV _______Maricetal (20192)
______ RS . GT-16 SSs IV ______ Maricetal (20192)
______ MK ... )ODS:OL' ___ __ SsSip ____ XXI______ Mari¢etal (2019b)
______ MK____...'ODS:02' ___  SsSip ____ XXIl______ Mari¢etal (2019b)
______ MK . 'ODS:SY SsSip ____ XXIl______ Mari¢etal (2019b)
______ MK . 'ODS-S2' SgSip ___ XXI______ Mari¢etal (2019b)
______ MK JOCK-I' SeSa _____ XW______ Mari¢etal (2019b)
______ MK . JOCK-2  SaS [ Marietal (2019b)
______ MK _________OhridskaBrza’ __ SsS¢ XVl _______ Marietal (2019b)
______ MK_________‘OhridskaCrna’ __ SsS, /[ MariCetal (2019b)
. . HacTtosueTo
e Kuklenska Belica® % V  npoyseanelTnis study
BG ‘Ranna Tcherna’ S:S, | Maric et al. (2018)

*[Ibp)aBa cropepg crnmcobk ¢ kogose 1ISO 3166

*Country according ISO 3166 code list.

B HacToAILLLOTO NpoyyBaHe ca onpe-
JeneHn o6Lo oceMm pas/iMyHu S-anena:
Sl, 52, 83, 54, 55, Se, Sg n 812 B 25
MECTHM CPbOCKM, MakKeAOHCKN 1 Gbrrap-
CKM reHoTUnu OT yepelun. bpoaT Ha naex-
TUpuuyupaHnTe n yectota Ha S-RNase
anenute B uM3cfnejBaHaTa 3apojuilHa
nnasma oT YepeLwn e nokasaH B Tabnuua
2 (Cc u3KIYeHWe Ha Tpu reHotuna, 3a
KOUTO BTOPUAT asnien He € onpefesiex).
CnepoBartesiHo, Hai-4ecTo cpeLlaHus

In this study, a total of eight
different S-alleles: S;, S,, Ss, S4, Ss, S,
Sy and S;, in 25 local Serbian,
Macedonian and Bulgarian sweet cherry
genotypes were determined. The number
of times identified and frequency of the S-
RNase alleles in the assessed cherry
germplasm is shown in Table 2 (excluding
three genotypes for which the second
allele was not determined). Therefore, the
most frequent allele in this material was
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anen B TO3M maTepuan e Sz (38.6%) u
CpaBHMTENIHO MO-BUCOKA YecToTa Ha
cpewaHe (>10%) e HabnwgaBaHa 3a
anenn S; U Sp, (cbotBeTHO 15,9% u
13,6%). Cbuio Taka, Ercisli et al. (2012)
OTKpMBaT OCEM FOpPenocoYeHn S-anena B
37 XbpBaTCKU reHoTMNa Ha YepeLmn u Cb-
obwasar Nogo6HN 4ecToTM 3a anenn Ss
(39%) n Si, (19%). MeorpacckoTo pas-
npocTpaHeHne Ha S-anenute Moxe pJa
nokasesa 06l MPOM3X0A[ WM TFeHeTMYHa
Bpb3ka Ha rEHOTUMW, Pa3NpOCTPaHEHN B
no-6/1M3KN paiioHn, AN Bb3MOXHa BPb3-
Ka Ha HSKkoW S-asiesin ¢ aganTyBHU Xapak-
TEPUCTVKN, CBBbP3aHN C KIUMATUYHUTE
YCM0BUS B pasnnyHu paiioln (Cachi and
Winsch, 2014a).

S; (38.6%) and a relatively higher
frequency of occurrence (> 10%) was
observed for alleles S, and S;; (15.9%
and 13.6%, resp.). Also, Ercisli et al.
(2012) found eight aforementioned S-
alleles in 37 Croatian sweet cherry
genotypes and reported similar
frequencies for alleles S; (39%) and S;,
(19%). The geographical distribution of S-
alleles may indicate a common origin or
genetic relationship of genotypes spread
in closer areas or a possible association
of certain S-alleles with adaptive traits
correlated to climatic conditions in
different areas (Cachi and Wainsch,
2014a).

Ta6bnuua 2. Bpon ngeHTudnympann yectota Ha S-RNase anenu npu reHnaasma
Ha aBTOXTOHHM COPTOBE YepeLun nNpeacrtaseHn B Tabnnuya 1

Table 2. Number of times identified and frequency of the S-RNase alleles in the
sweet cherry autochthonous germplasm presented in Table 1

S-RNase anen
S-RNase allele”

Bpoi naeHtTuguumpaHm
Number of times indentified

UecToTa Ha S-RNase anen (%)
S-RNase allele frequency (%)

,,,,,,,,,, S 2 ... 46
,,,,,,,,,, S 7 e
,,,,,,,,,, S ... 386
,,,,,,,,,, S .38 ... 68
,,,,,,,,,, S . 23
,,,,,,,,,, Sﬁ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,4,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,9:1,,,,,,,,,,,,,,,,,,,
,,,,,,,,,, 5,9,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,4,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,9:1,,,,,,,,,,,,,,,,,,,
S e 36
Total: 44 100.0

*Tpu reHoTunun ca uskntodenn (‘GT-9’, ‘OCK-2’ n ‘Oxpuacka bpHa')
*Three genotypes were excluded (‘GT-9’, ‘OCK-2’ and ‘Ohridska Crna’)

Sz € Haii-4yecTo cpeLLlaHuaT anen
Ha yepewa B Typuusa (29,6%; Ipek et al.,
2011), Yexwns (34,4%; Lisek et al., 2015),
Utanua (25%; Marchese et al.,, 2017),
WcnaHma (38%; Cachi and Woinsch,
2014a). Cbwo Taka, Cachi and Winsch
(2014a) nocousar, 4e cpef 545 eBponeii-
CKV copTa yepelun, AoknafBaHu u cbbpa-
HM oT Schuster (2012) n 64 MeCTHU
MCMaHCKN copTa, aHaIn3npaHn B TAxHaTa
paboTa, Hali-4ecTo cpellaHnaT anen e S;
(NnpnbnnsuTenHo 28%). TbKMO 06paTHO-
TO, asien S;, € MHOro pAAbK npu eBpo-

S; was the most frequent sweet
cherry allele in Turkey (29.6%; Ipek et al.,
2011), Czechia (34.4%; Lisek et al.,
2015), Italy (25%; Marchese et al., 2017),
Spain (38%; Cachi and Winsch, 2014a).
Also, Cachi and Winsch (2014a) stated
that among 545 European sweet cherry
cultivars reported and compiled by
Schuster (2012) and 64 local Spanish
cultivars analyzed in their work, the most
frequent allele was S; (approximately
28%). Contrary, S;, allele was very rare in
the European cultivars (Cachi and
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nelickute copTtoBe (Cachi n Wainsch,
2014a), HO € 4ecTo cpellaH Npu TYPCKN n
xbpBatckn reHotunu (Ipek et al.,, 2011;
Ercisli et al.,, 2012). Vimaiikn npegsug Ha-
LNTe pe3ynTaTu, CPaBHNUTE/THO NO-BMCOKaTA
yecTtoTa Ha anen S;, B 6basikaHCkMTe cTpa-
HMN MOXe fda 6bhe cBbp3aHa C TAXHata
Abnra obwa uctopus. S, nosiea B HaLWETO
nscnegsaHe (15,9%) e nogo6HO Ha CbHOO6-
LLIEHOTO B TypckaTa 3apogulHa nnasma
(14,8%) ot Ipek et al. (2011), pokato
yectoTata Ha TO3M asienl B XbpBaTCKuTe
eHAeMUYHN pacTeHus e 6una 8% (Ercisli
et al, 2012). Marchese et al. (2017)
cboOLWaBaTr 3a pAAKOCT Ha S;, S, U Sy
anenn B 186 mecTHM 4yepewmn o1 12
uTannaHckn pervoHa. Couo Taka, Cachi
and Winsch (2014a) ycrtaHoBssBat, ue
anen S, e no-paabk B 3anagHa VcnaHus
(1%) n He e OTKPUT B reHoTUnu, NpPou3s-
XOXAally OT M3To4HaTa 1 ceBepHaTa yacT
Ha cTpaHara.

Anenn Sg n Sy, cpeLyallm ce ¢ yec-
ToTa 9,1% B HaCTOAWOTO u3CneaBaHe,
CblLO Ce cpewar YecTo B XbpBaTCKu
(Hamupa ce B 8%; Ercisli et al., 2012) n
Typckn (Se — 11,1%, Sg — 7,5%; Ipek et al.,
2011) reHoTMnNM Ha Yepelwa. Marchese et
al. (2017) cbobwaBa, Ye S € efuH OT
Hali-4ecTo cpellaHuTe S-anena B uTa-
NnaHckata 3apoguwHa nnasma (19%),
Jokato Sg e no-psaabk (4%). Mopo6Hu
pesyntatun ca nyénukysaHu ot Cachi n
Winsch (2014a), kouto oTunTaTt yectoTta
0T 26% 3a anen Sg NPU UCMaHCKN MECTHU
COpTOBE 1 NO-HMCKa YyecToTa 3a Sy (8% B
ceBepHara 4act 1 no-manko ot 3% B 3a-
nagHaTa u n3toyHata 4acT Ha cTpaHarta).
CpaBHUTENHO BUCOKa YecToTa Ha asnien Sy
(20.4%) e HabnogaBaHa Npv reHoTUNM ¢
nponsxopq oT YkpaiHa (Lisek et al., 2015).
OTHOCHO S, , cpeual ce c 4yecTtoTa OT
6,8% B HacTOAWOTO nNpoy4yBaHe, TO3U
anen e N3KNIYMTESNHO PALBK B UTanaH-
ckute (1%) n xbvpBatckute (2,5%) MecTHM
coptose (Ercisli et al., 2012; Marchese et
al., 2017). Mo-BMcOKa 4ecToTa 3a S; €
OTKpuTa B ucnaHcku (OT CeBepHa 4acT),
YewKN WU TYPCKM TFeHOTUNM (CbOTBETHO
23%, 21,9% un 13,6%; Cachi and Wunsch,

Winsch, 2014a), but is commonly found
in Turkish and Croatian genotypes (Ipek
et al., 2011; Ercisli et al, 2012).
Considering our results, a relatively higher
frequency of S;, allele in the Balkan
countries may be associated with their
long common history. S, occurrence in
our study (15.9%) was similar to that
reported in Turkish germplasm (14.8%) by
Ipek et al. (2011), while the frequency of
this allele in Croatian landraces was 8%
(Ercisli et al., 2012).

Marchese et al. (2017) stated the rarity of
S;, S, and S, alleles in 186 local sweet
cherry accessions from 12 Italian regions.
Also, Cachi and Winsch (2014a) found
that S, allele was less frequent in the
Western Spain (1%) and was not found in
the genotypes originated from the eastern
and northern parts of this country.

The alleles Sg and Sg, occurring at
a frequency of 9.1% in our study, were
also common in Croatian (being found in
8%; Ercisli et al., 2012) and Turkish (Sg —
11.1%, Sg — 7.5%; Ipek et al., 2011) sweet
cherry genotypes. Marchese et al. (2017)
reported that Sg was one of the most
frequent S-allele in the Italian germplasm
(19%), while Sg was less frequent (4%).
Similar results were published by Cachi
and Winsch (2014a), who reported the
frequency of 26% for allele Sg in Spanish
landraces, and lower frequency for Sg (8%
in northern part, and less than 3% in the
western and eastern parts of the country).
A relatively high occurrence of the allele
Sy (20.4%) was observed in genotypes
originated from Ukraine (Lisek et al.,
2015). Regarding S4;, occurring at a
frequency of 6.8% in our study, this allele
was extremely rare in the Italian (1%) and
Croatian (2.5%) landraces (Ercisli et al.,
2012; Marchese et al., 2017).

A higher frequency for S, was found in
Spanish (from northern part), Czech and
Turkish genotypes (23%, 21.9% and
13.6%, resp.; Cachi and Wiinsch, 2014a;
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2014a; Lisek et al.,, 2015; Ipek et al.,
2011), HabnwogaBaHO € CblIO Taka, 4de
anenn S;, Sz, S, N Sg ce cpewat MHOro
yecto npu coptoBe oT CeBepHa #
LleHTpanHa EBpona, gokato anenn Ss,Sg
n S,, B HOxHa Espona (Cachi and
Winsch, 2014a). MNMosBata Ha S; (4,6%) e
MaJ/iKo Mo-4yecTa B CpaBHEHME C Tesw,
NMOCOYEHM B TYPCKU U XbPBATCKM FEHOTUNN
(2,5%) ot Ipek et al. (2011) n Ercisli et al.
(2012) cbOTBETHO, KaKTO U B UTa/IMaHCKa-
Ta 3apoguiiHa nnasma (3%), nocoyeHa ot
Marchese et al. (2017). Mo-ronsamoTo pas-
npocTpaHeHme Ha S; e HabnwogasaHoO B
reHoTmnu, npomsxoxagawm ot Yexus (25%)
n CesepHa WcnaHusa (12%) (Cachi and
Winsch, 2014a; Lisek et al, 2015).
HacTtosweTo um3cneaBaHe paskpy HUCKa
yectota Ha anen Ss (2,3%), koATo €
MaJ/IKO MO-HUCKa B CpaBHEHMEe C rnosiata
Ha cblma anen B Typckn (5%) n xbpeaT-
ckn (7%) 3apoamwHn nnasmu (Ipek et al.,
2011; Ercisli et al., 2012). S5 e n3kIOUK-
Te/IHO PALKO CpelaH B wuTannaHckute
MecTHM copToBe (1%; Marchese et al.,
2017), KakTO 1 B UCMAHCKN reHOTUMNu, npo-
usxoxjalun OoT 3anajiHaTa 4yacT Ha cTpa-
Hata (1%), JokaTo He 6e OTKpUT N B
ceBepHaTta u mn3toyHara yact (Cachi and
Winsch, 2014a). Lisek et al. (2015)
cbobOLWaBaT 3a BUCOKA YecToTa Ha Ss B
yKpauHckata 3apoguiHa nnasMa (20.4%),
KOEeTO 3HauuTesIHO OT/IMyaBa Te3n copTo-
Be OT COPTOBETE C Npoum3xond OT Apyru
pernoHu Ha EBpona.

HacTtosawwoTo uscnessaHe n npoyy-
BaHeTo Ha Ercisli et al. (2012) pa3kpusart
ocemMm S-anena: Sy, S,, Ss, S4, Ss, Sg, Sg U
Si,. Ipek et al. (2011) B gonb/HEHNE KbM
n3bpoeHnTe oceM OTKpuBaT AeceT pas-
NNYHKM anena, S; 1 Sip. CbLUO Taka, ocem
anena ca pgoknageBaHu oT Lisek et al.
(2015), HO S;3 € ycTaHOBEH BMECTO Si,.
Anen S ;; CblWO He e OTKPUT B uCMNaH-
ckaTa 3apoauvwHa nnasma, a Cachi and
Winsch (2014a) nocouyBaT geceT UaoeHTU-
uuupaHn anena, a UMEHHO Sis, Sie U
S,» B AOMbJ/IHEHUE KbM CMUCHKA Ha rope-
crnomeHaTuTe anenu. Hai-BUCOKMAT nonu-
MOpPIM3bM Ha S N10KyC e HabnogasaH B

Lisek et al., 2015; Ipek et al., 2011), and it
was also observed that alleles S;, S;, S,
and Sg were highly frequent in cultivars
from northern and central Europe, while
alleles Sz, Sg and S,, in southern Europe
(Cachi and Wiinsch, 2014a).

S; occurrence (4.6%) was a little bit
higher compare to those reported in
Turkish and Croatian genotypes (2.5%) by
Ipek et al. (2011) and Ercisli et al. (2012)
respectively, as well as in Italian
germplasm (3%) reported by Marchese et
al. (2017). The higher occurrence of S;
was observed in genotypes originated
from Czechia (25%) and northern Spain
(12%) (Cachi and Wiuinsch, 2014a; Lisek
et al.,, 2015). Our study revealed a low
frequency of allele Sg (2.3%), which was
slightly lower in comparison with the
occurrence of this allele in Turkish (5%)
and Croatian (7%) germplasms (Ipek et
al., 2011; Ercisli et al.,, 2012). S5 was
extremely rare in the ltalian landraces
(1%; Marchese et al., 2017), as well as in
Spanish genotypes originated from the
western part of the country (1%), while it
was not found in the northern and eastern
parts (Cachi and Wiinsch, 2014a). Lisek
et al. (2015) reported the high frequency
of Ss in the Ukrainian germplasm (20.4%),
which greatly differentiates these cultivars
from the -cultivars originating in other
regions of Europe.

Our research and study of Ercisli et
al. (2012) revealed eight S-alleles: S;, S,,
S3, S4 Ss, Se, Sg and Si,. Ipek et al.
(2011) found ten different alleles, S; and
Sio in addition to the eight listed. Also,
eight alleles were reported by Lisek et al.
(2015), but S;; was detected instead of
Si,. The allele S;, was not found in the
Spanish germplasm either, and Cachi and
Winsch (2014a) stated ten identified
alleles, namely Si3, S;6 and S,, in addition
to the list of aforementioned alleles.

The highest polymorphism of S-loci was
observed in ltalian landraces; Marchese
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UTaNIMaHckuTe MecTHM copToBe; Marchese
et al. (2017) cbobwasart 3a 17 anenu, Sg’,
S7, Si0, S13, Si14, Si16y S17, S19 U Sz B
JOMb/IHEHME KbM CNUCbka C OcemTe
anena. Bce owe HaAMa OTroBop 3aLlo
HAKOM asieqnin ca YecTo cpeLlaHn B HAKOU
3apogulHMA NNasmMu Ha 4vepelun, AoKaTo
Apyrn ca pegku; obade, Marchese et al.
(2017) pa3ucksaT, Ye HSIKOM anenu mMoraT Aa
6baaT CBbp3aHM C XapakTepucTUKM Ha
afanTvpaHe KbM KOHKPETHWM arpoekosioruy-
HW yCnoBus Wau morat ga 6baat pesynrar
OT edpekTa Ha HabnwgaTena u Ccenek-
unoHHuTe cboutnsa (Kato and Mukai, 2004).

N3BOAN

MperneabT, NpeAcTaBeH B HACTOSA-
WOTO wu3cnefBaHe, € NbpBMAT OCHOBEH
eTan Ha XxapakTtepu3upaHe Ha aBTOXTOH-
HUA MaTepuan u Tpa6ea pa 6Gbae
nogobpeH C HAKOM HOBM JaHHW 3a S-
anenu Ha Yepelwn 3a palioHa Ha banka-
HuTe. 3a ga ce u3berHe 3arybara Ha
HacToALMA marepuan e OT CbLIECTBEHO
3HayeHWe pa ce cbbupat u wuscnegsart
MocoYeHnTe reHoTunK, 3a fa ce nossosu
TAXHOTO 3anasBaHe B KoJeKuumTe OT
yepelun. B gonbnHeHue, uanaTa HoBa WH-
chopmaumsa € MHOrO BaxXHa 3a CesieKLNOH-
HWUTE n3cneaBaHns 1 3a NoAxoasL n3bop
Ha onpawmuTesnM B OBOLWHWTE rpaguHn C
uen egekTMBHO MPOM3BOACTBO Ha uepe-
LLIOBM M/1040BE.

BNATO4APHOCTU

HacTosweTo mn3cneasaHe e npose-
[JeHo ¢ nogkpenaTta Ha MUHUCTEPCTBOTO Ha
06pas3oBaHNeTo, HaykaTa W TexHOoNorny-
HOTO passBuTne Ha Penybnvka Cbpbus,
porosop No. 451-03-68/2020-14/200215
(BknuioBawy, npoekt Ne 31064, o3arnaseH
.PasButne ” 3anasBaHe Ha reHeTUYHUSA
noteHumMan Ha nNnoJOBeTe B YyMepeHa
KiMMaTuyHa 30Ha".

et al. (2017) reported 17 alleles, S5, S,
Si0, Si3, Sia Si6, Si7, Si9 @and Sy in
addition to the list of eight alleles.

There is no answer yet why some alleles
are frequent in certain sweet cherry germ-
plasms whilst other are rare; however,
Marchese et al. (2017) speculated that
some alleles may be linked with traits of
adaptation to particular agro-ecological
conditions or could be the result of a
founder effect and selection events (Kato
and Mukai, 2004).

CONCLUSIONS

The overview presented in this
study is the first fundamental stage of
characterization of autochthonous
material and needs to be further improved
with some new S-alleles data on sweet
cherries in the Balkan region.

To avoid the loss of this material, it is
essential to collect and evaluate these
genotypes to allow their conservation in
sweet cherry collections.

In addition, all new information is very
important for the breeding research and
for appropriate choice of pollenizers in the
orchard aiming to the efficient production
of sweet cherry fruits.
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PE3OME

Hactoswarta cratmsa npeacrass
apyroguwiHn  pesyntartm (2018-2019) ot
B/ISHWETO Ha NUCTeH Top ,Stopit* BbpXy
NPOAYKTUBHOCTTA M OBOLUHUTE XapakTepuc-
TUKWN Ha NET UHTPOAYLMpaH/ copTa S0bKK
(‘Gloster 69’, ‘Golden Reinders’, ‘Granny
Smith’, ‘Morrens Jonagored’, and ‘Red
Chief). TpeTupaHusita ca W3BbLPLLEHU
4yeTupu NbTK NO BPEME Ha BeretauuaTa, oT
HayanoTo Ha HHW [0 cpefaTta Ha aBryct
Ha Bcekn 21 aeH. B nepmoga Ha npuou-
paHe Ha pekonTara ca onpefesieHn
MOPOMETPUYHUTE XapPaKTEPUCTUKU, TBBHP-
[OCT 1 cbAbpXaHne Ha RSM B nnopo-
BETe, KaKTo 1 fobuB OT eAnHULA noL. Mo
BpeMe Ha eKcrnepuMeHTa ca OTKpUTW 3Ha-
YUTENHU pa3IMung Mexay uscnefsaHuTe
copTtoBe. Hait-BMCOKO cpegHO  Terno,
pasmep Ha Niofo0BeTE U CbAbPXaHWE Ha
RSM ca yctaHoBeHM npu copT ‘Morrens
Jonagored’, [AOKaTO Hai-BUCOK O06VB OT
eMHMLa nnoLW, e YyCTaHOBEeH npu copT

SUMMARY

This paper presents the two-year
results of research into the foliar fertilizer
‘Stopit’ on productivity and pomological
properties of five introduced apple cultivars
(‘Gloster 69’, ‘Golden Reinders’, ‘Granny
Smith’, ‘Morrens Jonagored’ and ‘Red
Chief’). Treatments were performed four
times during vegetation, from the beginning
of June until the mid of August, each 21
day. In harvest period of the investigated
cultivars, morphometric properties,
firmness and RSM content of fruit, as well
as yield per unit area were determined.
During the  experiment,  significant
discrepancies between the investigated
cultivars were found.

The highest average weight, fruit
dimension and the SSC were found in the
cultivar ‘Morrens Jonagored’, whereas the
highest yield per unit area was found in the
cultivar ‘Red Chief'. Regarding the years of
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‘Red Chief'. lMpe3 nbpeaTa roguHa Ha
npoy4yBaHe ca perucTpmpaHn 3HauymTesHO
No-BUCOKU CpPefHW CTOMHOCTW Ha TernoTo
Ha nnoga v [06MB Ha efuHWLa Mo,
KakTo M CcbAbpxaHneto Ha RSM.
MpunaraHeTo Ha ,Stopit’, KONTO CbabpXa
kasuuii (Ca) nop chopmata Ha Kanuues
xnopug (CaCl,) (B HeroBust XumMuyeH
CbCTaB), MoKa3a 3HAYUTE/THO BMSHME
BbpXy TBbPAOCTTA Ha M/0A0BETE MpU
BCMYKU M3C/ieBaHn copToBe. Hali-Bucoku
CTOMHOCTM Ha TBBbPAOCTTA Ha N0JOBETE
ca peructpupaxu npu copta I peHn Cmut*
1 3a ABeTe roAvHu Ha uscneggaHe. Jlnct-
HUAT Top ,Stopit" ce npenopbyBa 3a A6bL/1-
KOBW rpaguHn nopagmn CTMMynpaLloto My
Bb3AelCTBME BbPXY NPOAYKTMBHOCTTA U MO-
MOJIOTUYHUTE XapakKTEPUCTUKN Ha AOBIKUTE.

KntovoBn pgymu: s6bfka, CcopT,
Stopit, Ka4ecTBO Ha njogoBeTe

YBO/,

A6bnkaTa N0 06eM Ha MNpPoM3BOA-
CTBO € Hali-BaXXHUAT OBOLLEH BUJ, B CBETA
B yMepeHaTa KIMMaruyHa 30Ha, KOWTO
3aeMa 4YeTBbPTO MSACTO BefHara cnep
uuTpycoBuTEe  NJ04OBE, PO34ETO U
6aHaHWTe, KaTo 06LLO0TO NPOM3BOACTBO €
86.142.197 t. B Penybnvka Cbpbus,
A6bIKaTa € Hali-BaXKHUSAT CEMKOB OBOLLIEH
BWA, KOMTO ce oTrnexga Ha naow, ot
25.917 ha, ¢ 06uwo nponssoacTeo 460.404 t
(Faostat, 2018). B cTpykTypaTa Ha nnono-
npon3BoACTBOTO B Cbpbus, sAbbnkata e
Ha BTOPO MACTO, TOYHO C/lef, CUHSTA C/IMBa.

A6bKoBUTE N1040BE MoraT ga ce
KOHCymMMpaT NPecHW BefHara cnep npu-
6upaHe Ha pekonTarta Wimn cref cbxpaHe-
Hue (Folta and Gardiner, 2009). Jo6poTo
npegnaraHe Ha nasapa Ha pasHoob6pasue
OT A6NKOBM M/I0A0BE M3KCKBA OT NMPOU3-
BOAUTENUTE Aa npejsnaraT Takusa c BUCO-
Ko kadectBo (O'Rourke, 2003). Sams et
al. (2008) nocousaT, 4e MHOro oT (pu3mno-
NIOTVYHUTE W NATOIOTUYHNTE HapyLLeHus
B A6BMKOBMTE NIOLOBE Ca CBbP3aHW CbC
ChAbPXAHMETO Ha kanuuii (Ca®") B nno-
[0BOTO Meco. KoHueHTpauusTa Ha Kas-
UuiA B pacTutesiHata TbkaH uma U3K/Ium-
Te/IHO LeHHa pofs 3a nogabpxaHe Ha

study, by analyzing the results obtained,
significantly higher average values of fruit
weight and vyield per unit area were
recorded in the first year of study
compared to the second experimental
year, and as for the content of RSM,
Identical trend was recorded. Application of
‘Stopit’, which contains calcium in the form
of calcium chloride (in its chemical
composition), has shown a significant
impact on the firmness of fruit in all
investigated cultivars. The highest values
of the fruit firmness were recorded in the
cultivar ‘Granny Smith’ in both years of
study. Foliar fertilizer ‘Stopit can be
recommended in apple orchards due to its
stimulative impact on productive and
pomological apple properties.

Key words: apple, cultivar, Stopit,
fruit quality

INTRODUCTION

By the volume of production, apple
is the world’s most important temperate
fruit species taking fourth place right after
citrus fruits, grapes and bananas, with the
total production of 86.142.197 t. In the
Republic of Serbia, apple is the most
important pome fruit species which is
grown under area of 25.917 ha, with the
total production of 460.404 t (Faostat,
2018). In the structure of fruit production
in our country, apple is second, right
behind plum.

Apple fruits can be consumed fresh
immediately after harvest or after storage
(Folta and Gardiner, 2009).

Good market supply with most diverse
apple fruits demands a manufacturer’s
offer of high external and internal quality
(O'Rourke, 2003). Sams et al. (2008)
state that many physiological and patho-
logical disturbances of apple fruits are
related to the content of calcium (Ca®") in
the fruit tissue.

Concentration of calcium in plant tissue
has an extremely valuable role in maintain-
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KayecTBOTO Ha MnofoBeTe crep npuou-
paHe Ha pekonTaTta.

MHoro6poiiHn aBtopu (Pervaiz et
al., 2002; Hossain et al., 2005; Abdi et al.,
2006; Misra and Gupta, 2006; Naeem et
al., 2009) nogvepTtaBart, 4e npuaaraHeTo
Ha mpenapaTy Ha OCHOBA Ha Kasuuin umat
NosIOXMTENIHO Bb3AENCTBME 3a YKpenBaHe
Ha KneTbyHata MembpaHa u 3abass
cTapeeHeTo. Toil mogabpxa TBbpAOCTTa
Ha naoJoBeTe M HamassBa fnosiBata Ha
BbTpewHo rHueHe B Tax (Raese and
Drake, 2002; Dierend and Rieken, 2007).
Mpu nunca Ha Kanumii BCUYKK npoLecu Ha
cTapeeHe B N/ofoBeTe NpoTUyaT MHOMO
no-6LP30 M MMaT No-manbkK Nepuos Ha
CbXpaHeHue Ha nasapa vMa MHOXeCTBO
npenapaTtu, CbAbpXaliy Kasuuin, KouTo
Morat Aa ce M3non3sar npegu u cnep
npnbrpaHe Ha pekonTaTa, 3abaBsiiku cTa-
peeHeTo Ha niogoBeTe 6e3 BpegHO Bb3-
gelictBne BbpXy notpebutennte (Lester
and Grusak, 1999). EdpekTuBHOCTTa Ha
NPUIOXKEHNETO Ha Kanuuii ce obycnaes
OT nepuoja Ha npunaraHe, Taka 4ye paH-
HOTO MpUIOXEHWE Npe3 BereTaunoHHUS
nepuog e ganey no-e@eKkTMBHO, OTKOJIKO-
TO MNO-KbCHOTO, OCOGEHO MO OTHOLUEHUue
Ha HamansBaHeTO Ha J[pHkoHaTaHoBUTE
netHa (bitter pit) (Fellahi et al., 2010).
Zavalloni et al. (2001) ycTtaHoBsiBaT, ye
JINCTHOTO MPUJIOXKEHME Ha npenapar, Cb-
AbpXal, Kasuuii B rbCTu A6BIKOBU Ha-
caxeHus, BoAM A0 No-6aBHO NpuABMXBaHE
Ha KasiuMs oT iMctaTta KbM nsogoBeTe.

Llenta Ha mu3cnegBaHeTo e ga ce
onpefenn BAWSHUETO Ha MPUNOXEHMWS
nncteH Top ,Stopit* (CaCl,) Bbpxy npo-
OYKTUBHOCTTA U MOMOMOTMYHNTE XapakTe-
pUCTUKN NpWY NeT UHTpodyLmpaHu A6bN-
KOBW copTa.

MATEPWNAN N METO4WA

EkcnepMMeHTasIHOTO npoyyBaHe e
nposegeHo B nepnoga ot 2018 go 2019 .
B NPOW3BO/ACTBEHO-EKCNepUMeHTanHara
A6bKOBA rpajnHa Ha M3cneposartesicku
WHCTUTYT NO oBOWApCTBO B Yauak (43°
89'40 "n 20° 43'42" IGD). HacaxgeHuneTo
e cb3ganeHo npes 2006 r. Ha HaagMopcka

ing the quality of fruits after harvest.

Numerous authors (Pervaiz et al.,
2002; Hossain et al., 2005; Abdi et al.,
2006; Misra and Gupta, 2006; Naeem et
al., 2009) emphasize that application of
the calcium based composition have

positive effects on cell membrane
stabilization and age delay. It also
maintains  firmness and decreases

occurrence of the so called ‘bitter pit’
internal rot in fruits (Raese and Drake,
2002; Dierend and Rieken, 2007). In the
lack of calcium, all aging processes in
fruits flow much faster and they have
lower storage capacity.

There are numerous preparations on the
market containing calcium that can be
used before and after harvest, delaying
fruit senescence with no harmful effect on
the consumers (Lester and Grusak, 1999).

Efficiency of calcium application is
conditioned by the application time in a
way that early application during
vegetative period is far more efficient than
later, especially in terms of the reduction
of bitter pit (Fellahi et al., 2010).

Zavalloni et al. (2001) found that foliar
application of a composition containing
calcium in thick apple plantations leads to
a slower leaf-to-fruit mobility of calcium.

The aim of the research was to
determine the impact of foliar fertilizer
‘Stopit’ (CaCl,) application on productive
and pomological apple properties in five
introduced apple cultivars.

MATERIAL AND METHODS

Experimental study was conducted
in the period from 2018 to 2019 in the
production-experimental apple orchard of
the Fruit Research Institute in Cacak (43°
89’ 40" and 20° 43’ 42” IGD). The orchard
was set up in 2006 at an altitude of 233
m. Breeding form was palmeta. During the
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BMcouymHa 233 m. bpeeTara ca ogopme-
HW Kato nanmeTa. o Bpeme Ha npoy4Bsa-
HeTo, 3a NnoaAbpXaHe Ha HacaXAeHMeTo
ca MNPWIOXEeHW CTaHOApPTHU arpoTexHu-
YeCcKN MepKW.

MpoyyBaHeTo BK/IHOYBA MET copTa
A6bnkun: 'Gloster 69’, 'Golden Reinders’,
'‘Granny Smith’, 'Morrens Jonagored’ wn
'Red Chief npucageHun Bbpxy naoanoxka
M9. PascTosHmneTo € 4 m x 1, 25 m (2000
abpBeTa ha'l) C W3K/IKYEeHWe Ha copT
.Red Chief‘, koiniTo e 3acageH Ha pas-
cTosiHMe 4 x 1 m (2.500 abpeeTa ha ™).

MpoyyBaHeTO BK/OYBA NpuiaraHe-
TO Ha niMcTeH Top ,Stopit* Ha 6a3aTta Ha
KaulumeB X1opug, C BUCOKa KOHLUEHTpauus
Ha Kanuwmii (160 g/l kanuuin). CbOTBETHUAT
JINCTEH TOp MOXEe jJa ce u3nosnssa oT
Haya/I0To Ha UbQITEX A0 Kpas Ha 3pee-
HEeTO Ha N/I0[0BeTE, T.€. (hasaTa Ha ouBe-
TABaHe [0 npm6|/|paHe Ha pekonTarta, B
konuuecTso 5-10 L ha™.

Mo BpeMe Ha ekcrnepumeHTa, Tpe-
TUpaHudaTa ca npuioXkeHn Bbpxy 20 obp-
BeTa B 4eTupu noBTopeHus (o6wo 80
TpeTupaHu pgbpeeTa). ,Stopit* e usnon-
3BaH B kosmuecTBo oT 7.5 | ha™ (150 ml
Ha 10 | Boga). MNMpe3 2018 r. NbPBOTO Tpe-
TMpaHe e MpoBefEeHO Ha 7 HHW, BTOPOTO
Ha 2 onu, TpeTtoTo Ha 20 v N YeTBbP-
TOTO Ha 15 aBryct, gokarto npe3 2019 r.,
TpeTvpaHusiTa ca NpoBeAEHN Ha 14 oHwM,
5 t01n, 26 onn n 16 asryct. 3a JIMCTHOTO
TpeTvpaHe Ha $S6bMKOBUTE AbpBeTa €
13nosi3BaHa MOTOpHa npbckavka SR 420
(STIHL International GmbH Waiblingen,
FepmaHusi) ¢ pasxog 1.000 L ha™.

AHanusvpaHu ca napameTpute Ha
[06uB OT eguHuua nnouy (t ha™), mopcho-
MeTpUYHWUTE CBOICTBA Ha naogoserte,
Kakto 1 TBbpPAOCTTa N CbAbPXKAHWETO Ha
pasTBOpMMM TBHPAM BeuwlecTBa. [JO6UBBLT
Ha mn3cneaBaHWTe COPTOBE Ce U3MepBa B
nepuoga Ha npubupaHe Ha pekosnTara.
Mpe3 nbpBaTa rogMHa Ha MNpPOYYBaHETO,
npu coptoee ,Gloster 69" un ,Morrens
Jonagored", n3mepBaHeTO € WU3BBLPLLUEHO
Ha 10 centemBpu, 3a copT "Red Chief" Ha
11 centemBpu, ,Golden Reinders",
,Gloster 69" Ha 26 centemBpu U copT

study, standard agro-technical and
plantation maintenance measures were
applied.

The study included five apple
cultivars: 'Gloster 69', 'Golden Reinders’,
'‘Granny Smith’, 'Morrens Jonagored’ and
'Red Chief grafted on the rootstock M9.
The spacmg was 4 m x 1, 25 m (2000
trees ha ) apart from the cultivar 'Red
Chief’ which was planted at a distance of
4 x 1 m (2.500 trees ha” )

The study included the application
of foliar fertilizer ‘Stopit’ based on calcium
chloride, with high concentration of
calcium (160 g/l calcium). The respective
foliar fertilizer could be used from the
beginning of flowering until the end of fruit
maturation, i.e. the phase of p|gmentat|on
until harvest, in the amount of 5-10 L ha™.

During the experiment, treatments

were applied on 20 trees in four
replications (a total of 80 trees per
treatment). ‘Stopit’ was used in the

amount of 7.5 | ha™ (150 ml on 10 | of
water). In 2018, the first treatment was
conducted on June 7th, the second on
July 2nd second, third on July 20" and the
fourth, on August 15th while in 2019, the
treatments were conducted on June 14",
July 5", July 26" and August 16". For the
foliar treatment of apple, a motor sprayer
SR 420 (STIHL International GmbH
Waiblingen, Germany) with a
consumption of 1.000 L ha™ was used.

Yield parameters per unit area
(t ha™), morphometric properties of fruit,
as well as the firmness and soluble solids
content were analysed. Yield of the
studied cultivars was measured during the
harvest. In the first year of study, in
cultivars ‘Gloster 69’ and ‘Morrens
Jonagored’, measuring was done on 10"
of September in the cultivar ‘Red Chief’
on 11" of September, in Golden Reinders
on 26" of September and in the cultivar
Granny Smith, on 9" of October. In the
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Granny Smith, Ha 9 okTomBpu. Ha BTO-
pata roguHa OT npoy4ysBaHeTo, npubéupa-
HETO W wu3MepBaHeTO Ha fJobwsa oOT
eavHuya naow, 3a ,Gloster 69 n ,Red
Chief" e npoBegeHo Ha 16 cenTtemBpHu, 3a
.Morrens Jonagored“ Ha 23 centemBspu,
3a "Granny Smith" Ha 25 cenTemBpu 1 3a
.Golden Reinders", wn3mepBaHeTO e
M3BBPLUEHO Ha 27 CenTeMBpU.

MopdomeTpuyHMTe CBOICTBaA Ha
nnofoseTe ca onpegesieHn ¢ npoba oT 80
nnoga (4etvpu nostopeHusa no 20 nso-
Ja). Ternoto Ha naogoseTe € U3MePEHO C
nomoLTa Ha TexHnvecka BesHa (Adventurer
Pro AV812M, LlBeliyapwus), gokato gb/-
XWHaTa 1 WupuHarta Ha niogosete (mm)
ce onpegenu 4pes aurutaneH wyérep
(Carl Roth, l'epmaHus). TBbpaocTTa Ha
nnofoBeTe e onpefesieHa ¢ AurMtaneH
neHetpomeTbp (Mogen FHT-803, Utanns) u
noslyYeHnTe CTOMHOCTU ca fafeHn B Pa,
Kakto M OT neHeTpomeTbpa Bertuzzi
FT-327 (Facchini, Alfonsine, NTanus) cbe
CTOMHOCTMW, U3pas3eHn B cm?. Cbabpxa-
HMEeTO Ha pas3TBOpPMMMW TBBLPAM BeLLecTBa
B AOBLJIKOBMTE NIOLOBE € OnpefesieHo ¢
nomoLyTa Ha GUHOKYNApeH pedhpakTome-
Tbp (Carl Zeiss, Jena) npu cTaiiHa Temne-
patypa (20°C) u cToiiHOCTWUTE Cca fafeHu
B ° Brix.

Pesyntatute ca npefcraBeHn KaTo
cpefHa * crtaHfapTHa rpelka Ha cpeg-
HaTa CcToiHOoCT (SE). Pasnuknte mexay
cpefiHMTEe CTOMHOCTM Ca CPaBHEHW upes3
LSD TecT npu gBycakTtopeH Amucnepcuo-
HeH aHanm3 (ANOVA), nanonssalikum cTa-
TUCTUYECKN KOMMIOTBbPEH naket MSTAT-C
(Michigan State University, East Lansing,
MI, USA). Pa3nuknte cbC CTOMHOCTM p <
0,05 ce cuuTaT 3a He3HaunTe HMU.

PE3YJITATU N OBCBXXOAHE

Pesyntatute o1 [BYrogvwHOTO
npoy4ysaHe, CBbp3aHW C MOpPOMeTpuy-
HUTE XapaKTepucTuku UK pasTBopUMUTE
TBbPAM BellecTBa B AO6BLAKOBUTE M1040-
Be B 3aBMCMMOCT OT npuaaraHeTo Ha nc-
TeH Top ,Stopit’, ca nokasaHun B Tabnvua 1.

Upes [aucnepcvoHeH aHanns e
YCTAHOBEHO, 4Ye COpTbT M B3anmopgeli-

second year of study, harvesting and
measuring of yield per unit area in
‘Gloster 69’ and ‘Red Chief’ was carried
out on 16™ of September, in ‘Morrens
Jonagored’ on 23rd of September, in
‘Granny Smith’ on 25th of September and
in ‘Golden Reinders’, measuring was
performed on 27th of September.

Morphometric properties of fruit
were determined on a sample of 80 fruits
(four replications of 20 fruits). Fruit weight
was determined using a technical scale
(Adventurer Pro AV812M, Switzerland),
while the fruit length and width (mm) were
determined by digital calliper (Carl Roth,
Germany).

Fruit firmness was determined by digital
penetrometer (Model FHT-803, Italy) and
the obtained values were given in Pa, as
well as by the penetrometer Bertuzzi
FT-327 (Facchini, Alfonsine, Italy) with
values expressed in cm? Soluble solids

content in the fruit of apple was
determined using a binocular refracto-
meter (Carl Zeiss, Jena) at room

temperature (20 ° C) and the values were
given in ° Brix.

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) using
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
The two-year study results related
to fruit morphometric properties and
soluble solids in fruit of apple depending
on the application of foliar fertilizer 'Stopit’
are shown in Table 1.

By analysis of variance, it has been
found that cultivar and mutual interaction
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CTBMETO MYy C TMPOMEH/IMB (DaKTop Mma
CTATUCTUYECKN 3HAYMMO BJIMSIHNE BbPXY
BCMYKM XapaKTEPUCTMKM Ha naoga, Aoka-
TO Bb3AENCTBMETO Ha rogmHata e cTa-
TUCTUYECKM 3HAYMMO NO OTHOLWIEHWE Ha
BMCOUMHATA Ha NJI0AOBETE U CbhAbpXa-
HMETO Ha Pa3TBOPUMU BeLLEecTBa.

Tabnuua 1. Bnuanue Ha ,,Stopit*

of variability factor had statistically
significant impact on all of the
abovementioned characteristics of fruit,
while the impact of year was statistically
significant in respect of fruit height and
soluble solids content.

BbpPXy MOP(OMETPUYHNTE CBOICTBA U

CbAbpXaHMe Ha pa3TBopuMn TBBLPOWN BewecTBa B M3CsieaBaHMUTE COpPTOBE

AO6BJIKN

Table 1. Impact of ‘Stopit’ application on morphometric properties and the
content of soluble solids of investigated apple cultivars

Terno Ha BcounHa Ha LLinpoynHa Ha Chavpkanme
Ha pasTB.
O6paboTka nnoaa nnop, nnop, TBLPAN Bell
Treatment Frun(\év)elght Frugnhrs)lght Fru(lrtnvr;?)dth Soluble solids
content (°Brix)

CopT (A) Cultivar (A)
‘Gloster 69’ 213.41+8.17 b 71.68+1.49 a 79.27+0.08 b 11.56+0.91 c
‘Golden Reinders’ 152.34+2.98 e 63.52+0.72 c 70.21+0.72d 14.92+0.51 a
‘Granny Smith’ 178.16+4.74 d 65.42+0.95 b 77.31+0.77 c 12.13+0.21 b
‘Morrens 231.00+8.18 a 71.41+0.82 a 81.57+1.06 a 14.52+0.25 a
Jonagored’
‘Red Chief’ 199.40+2.87 ¢ 71.48+0.61 a 76.74+0.42 c 11.12+0.71d
loguvHa (B) Year (B)
2018 195.61+6,43 a 69.67+0.95 a 77.46+0.90 a 11.58+0.49 a
2019 194.11+7.95 a 67.71+0.99 b 76.98+0.98 a 14.13+0.32 b
Copt x N'oguHa (A x B) Cultivar x Year (A" B)
‘Gloster 69’ 231.78+4.07 b 75.18+0.89 a 81.61+0.34 ab 9.18+0.21 g
‘Golden Reinders’ 148.84+0.89 f 63.43+0.28 e 70.57+0.32 f 13.58+0.19d
‘Granny Smith’ 188.85+3.43 d 67.74+0.63 d 78.92+0.53 cd 11.64+0.19 f
‘Morrens 210.19+4.09 ¢ 69.97+0.28 cd 79.53+0.91 bc 14.23+0.28 ¢
Jonagored’

‘Red Chief 198.40+2.81cd  72.02:0.99bc _ 76.70:0.75de  9.28+0.24g
‘Gloster 69’ 195.03+8.34 d 68.17+1.17d 76.94+1.32 cde 13.95+0.18 cd
‘Golden Reinders’ 155.84+5.70 f 63.61+1.52 e 71.86+1.43f 16.25+0.87 a
‘Granny Smith’ 167.48+4.14 e 63.09+0.47 e 75.71+0.86 e 12.62+0.80 e
‘Morrens 251.81+2.58 a 72.85+1.28 ab 83.62+1.27 a 14.86+0.38 b
Jonagored’

‘Red Chief’ 200.39+5.46 cd 70.95+0.74 bc 76.7940.50 de 12.95+0.14 e
ANOVA

A * * * *

B ns * ns *

A' B * * * *

CTollHOCTVNTE BbB BCAKA KOMOHA MOCMefBaHW OT cCbljaTa Maika OykBa HAMAT CTaTUYCTUYECKU
3Hauuma pasnuka npu p<0.05 numncnenn ¢ LSD TecT; ns — 63 3HaYMMmn pasnvkm
Values within each column followed by the same small letter are not significantly different at p<0.05 by LSD

test; ns - non-significant differences.

CpegHuTe CTOWHOCTM Ha TersaoTo
Ha u3cnefBaHuTe SAOBNKOBU M/1040BE
Bapupar ot 148.84 o 251.81 g. AHanu-
3upaHuTe COpPTOBE Ce pasfnuyasaTl efuH
oT gpyr. Hai-ronamoTto Terno Ha nnogo-
BEeTe € OTyeTeHo npu coprta ,Morrens
Jonagored“ (231.00 g), Qpokato Haw-

Average values of fruit weight of the
investigated apple fruits ranged from
148.84 to 251.81 g. Analysed cultivars
distinguished one from the other. The
highest fruit weight was recorded in the
cultivar 'Morrens Jonagored’ (231.00 g),
while the lowest fruit weight was recorded
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Ma/IKoTO Tersio e oTyeteHo npu ,Golden
Reinders" (152.34 g). Mexay roguHute He
€ ycTaHOBeHa 3HauuTesiHa pasnvka, Bbli-
pekun ye npes nbpBarta roguHa Ha nscnegn-
BaHeTO € oOoTyeTeHa Masko MOo-B1COoKa
CTOMHOCT Ha N/0A40BOTO TErno B Cpas-
HeHWe c BTOpaTa rogvHa. Upes aHanuau-
paHe Ha CTOMHOCTMTE Ha CPeaHOoTO Tersao
Ha nfoga npv B3aMMOZeincTeMe Ha copTta
CMpsAMO roguHaTta, Hali-BMcoKa CTOMHOCT e
oT4yeTeHa npu copT ,Morrens Jonagored*
npes BToparta roguHa (251.81 g), a Hai-
Hucka 3a copt ,Golden Reinders* npes
nbpBaTa rOAMHA C MNPWIOXEHNE Ha
~Stopit” (148.84 g).

CpepHuTte CTOMHOCTY Ha BUCOYUHA-
Ta Ha u3cregBaHuTe A6BKOBM MI0A0BE
Bapupart oT 63.09 go 75.18 mm, gokarto
CpegHUTe CTOMHOCTU Ha LWupMHaTa Ha
nnoga sapupa ot 70.57 go 83.62 mm.
Haii-BucokmTe CTOMHOCTM Ha BUcCO4YMHaTa
Ha nnogoseTe ca otyeTeHu npu ,Gloster
69“,,Red Chief" n ,Morrens Jonagored’
(cboTBeTHO 71.68; 71.48 1 71.41 mm) n
ca C OTyeT/MBa pasvka OT COopToBe
"Granny Smith” un ,Golden Reinders’
(cboTBeTHO 65.42 1 63.52 mm). Mo OTHO-
LWEHNEe Ha LMpo4YMHaTa Ha naoga, copt
.Morrens Jonagored™ ce oTkposiBa (81.57
mm), [AOKaTO Hali-Huckata CTOMHOCT €
ycTaHoBeHa npu ,Gold Ginders" (70.21
mm). Mpe3 2018 r. ca OT4yeTEHM no-
BMCOKM CTOMHOCTU BbB BMCOYMHATA Ha
nnogosete (69.67 mm) B cpaBHeHWe C
2019 r. (67.71 mm), AOKATO CbLLECTBEHMU
pasfivki B LUMpOYMHATa Ha NjogoBETE He
ca OTKpMTU B TOAMHWUTE Ha MNpOyYBaHe
(2018 r. - 77.46 mm un 2019 r. - 76.98
mm). EQeKkTbT 0T B3aumMoaeincTBneTo
copt/rogMHa, kaTo npoMeHnuB hakTop
nokasa Hali-ronamara LWMpoYnMHa Ha
nnogosete npu copt ,Gloster 69 (75.18
mm) npe3 2018 r. 1 Hali-masika npu copT
"Granny Smith" (63.09 mm) npe3 2019 r.
OT ppyra cTpaHa, ed)ekTbT Ha B3auMo-
[OeCTBNETO COpT/roArHa BbpXy LUMPOYM-
HaTta Ha MNJ04OBETE € Hai-ronsam npes
BTOpaTa rogvHa Ha npoy4BaHe npu copT
.Morrens Jonagored’ (83.62 mm), a Haii-
Manbk npu ,Gold Ginders “npe3 nbpBaTa

in 'Golden Reinders’ (152.34 g).

Between years, no significant difference
was found although somewhat higher
value of fruit weight was recorded in the
first year of study compared to the second
year. By analyzing values of average fruit
weight in interaction effect cultivar/year,
the highest value was recorded in the
cultivar 'Morrens Jonagored'’ in the second
year (251.81 g), and the lowest in the
cultivar 'Golden Reinders’ in the first year
of ‘Stopit’ application (148.84 Q).

Average height values of the
investigated apple fruit ranged from 63.09
to 75.18 mm. while average width values
of fruit ranged from 70.57 to 83.62 mm.
The highest values of fruit height were
determined in ‘Gloster 69, ‘Red Chief’ and
‘Morrens Jonagored’ (71.68; 71.48 and
7141 mm, respectively) and were
significantly distinguished from the cultivars
‘Granny Smith’ and ‘Golden Reinders’
(65.42 and 63.52 mm, respectively).

With regard to the fruit width, the cultivar
‘Morrens Jonagored’ stood out (81.57
mm) whereas the lowest value was found
in ‘Golden Reinders’ (70.21 mm). In 2018,
higher values of the fruit height were
recorded (69.67 mm), compared to 2019
(67.71 mm), while no significant differences
in the fruit width were found between years
of study (2018 - 77.46 mm and 2019 -
76.98 mm).

Interaction effect cultivar/year of variability
factor exhibited the highest fruit width in
the cultivar 'Gloster 69’ (75.18 mm) in
2018 and the lowest in the cultivar
‘Granny Smith’ (63.09 mm) in 2019. On
the other hand, interaction effect
cultivar/year in fruit width was greatest in
the second year of study in the cultivar
‘Morrens Jonagored’ (83.62 mm), and
lowest in ‘Golden Reinders’ in the first
year of study (70.57 mm).

188



roguHa (70.57 mm). MopdomeTpnyHuTe
CBOIiCTBa Ha A6BLNKOBMTE N10A0BE ca re-
HETMYHO 0BOYCNOBEHU, BBIMNPEKN Ye TAXHO-
TO U3MEHEeHVe [0 ronsamMa cTeneH MoXxe
ha 6bae o6ycnoBeHO OT (hakTopuTe Ha
okonHarta cpega (Krgovi¢, 1990). NMonyye-
HOTO Tersi0 Ha njaoga oT u3cfefBaHuTe
COpTOBE € B CbOTBETCTBUE C AaHHUTE Ha
Misi¢ (1994), KOITO NoCcoYBa, Ye TernoTo
Ha M/I040BETE Ha MECTHM SAO6BJIKOBM COp-
ToBe Bapupa ot 70 go 500 g, 98% ot
KOMTO ca rogHu 3a koHcymauus. B gonbn-
HeHue, MiSi¢ (2004) nocousa, 4e nioAdo-
BeTe Ha ,Golden Deliciuos" npuHagnexar
KbM rpynara Ha cpefHo egpuTe [0 egpu
(120-200 g), pokaTo nAoAoOBeTE Ha
.Gloster* npuvHagnexar kbM rpynata Ha
eapute oo MHoro egpute (18 -250 @) ,
ypes npunaraHe Ha nucteH Top ,Stopit*
npu copt ,Morrens Jonagored (82.42
mm), U Hai-MaskMu Mpu CbLOTO TPEeTK-
paHe Ha copT ,Golden Reinders’ (70.47
mm). [lMogobHO e ycTaHOBEHO OT
Gvozdenovi¢ (1998), KONTO M3THLKBA, 4e
naofoBeTe Ha NpuBAekaTeniHuTe A6BKO-
BM cOpTOBe TpsibBa Aa 6baaT Cc pasmepu
OoT 65 Ao 75 mm, KOeTo CbOTBETHO €
NOTBbPAEHO B HALLNTE NPOYYBaHUS.

LUlo ce oTHacs [0 M3N0M3BaHETO Ha
JINCTEH TOP Ha OCHOBaTa Ha KaJluueB XJ10-
pua, Asgharzade et al. (2012) nocousar,
ye Mo-roNIIMo TersIo Ha A6bAKoBUTE M1Oo-
[0Be ce nojsiydaBa 4pe3 U3Mnosi3BaHe Ha
KaUluMeB xnopug no BpeME Ha Beretauus.
CubLo Taka, Ashour (2000) ycTaHOBSIBa, Ye
npbckaHe ¢ 0.5% kanuumes xnopupg snuvsie
BbPXY yBe/MyaBaHe Ha TernoTo Ha nnogo-
BeTe, gokato Amiri et al. (2008) noguep-
TaBarT, Ye SIMCTHOTO NPU/IOXKEHNE HA HAKOM
TopoBe MOXe Aa 6bae no-edpekTMBHO MO
OTHOLUEHME Ha MOPKOMETPUYHUTE CBOW-
CTBa Ha M/I0A0BETE CMNPSAMO CTaHAAPTHUA
MEeTO/[, Ha TopeHe. Pe3yntatute, NOy4YeHn
B HACTOSWOTO MpOoy4yBaHe, ca B CbOTBET-
CTBME C TE3M Ha FOPEenoCcoYeHNTE aBTOPW.

CbAobpXaHMETO Ha PpasTBOPMMM
TBbPAM BELLeCTBaA NpeacTaBnsaBa egHa oT
OCHOBHUTE XapaKTepucTuku, onpegensawm
KayecTBOTO Ha NnnogoBeTe M nHTepeca ot
CTpaHa Ha notpebutenute. CbaobpxaHue-

Morphometric properties of apple fruit are
genetically conditioned although their
variation to a considerable extent can be
conditioned by environmental factors
(Krgovi¢, 1990).

Obtained fruit weight of the investigated
cultivars in the experiment complies with
the quotes by MiSi¢ (1994) pointing out
that the fruit weight of domesticated apple
cultivars ranges from 70 to 500 g, 98 % of
which is edible. In addition, MiSi¢ (2004)
states that the fruits of ‘Golden Deliciuos’
belong to the group of medium-large to
large (120-200 g), whereas fruits of
‘Gloster’ belong to the group of large to
very large (180-250 g). through application
of foliar fertilizer ‘Stopit’ in the cultivar
‘Morrens Jonagored’ (82.42 mm), and the
smallest in the same treatment in the
cultivar ‘Golden Reinders’ (70.47 mm).
Similar was found by Gvozdenovi¢ (1998),
who pointed out that fruits of attractive
apple cultivars should be (characterised
by dimensions) from 65 to 75 mm, which
has been confirmed in our studies
accordingly.

Regarding the use of foliar fertilizer
based on calcium chloride, Asgharzade et
al. (2012) state that the higher weight of
apple fruit is obtained by using calcium
chloride during vegetation.

Also, Ashour (2000) found that spraying
with 0.5% calcium chloride affects the
increase of fruit weight while Amiri et al.
(2008) emphasize that foliar application of
some fertilizers can be more efficient in
terms of morphpmetric properties of fruit in
relation to the standard fertilization method.
Results obtained in this investigation are in
line with those of the abovementioned
authors.

Soluble solids content represents
one of the key parameters determining
quality and thereby, consumer
acceptability (of fruits). Soluble solids
content is increased by fruit maturity and
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TO Ha pasTBOpPMMMW TBBLPAW BellecTBa ce
nosuLLaBa C y3psiBaHe Ha Na04oBeTeE U e
OCHOBEH [MoKasaTe/n 3a KayecTBO M
3psnocT. B nnogonpovs3BOACTBOTO Hap
11.0% 3a gageH s16bKOB COPT ce cunuTar
KaTo npar 3a npuemaHe OT noTpebuTens
W ako CTOWHOCTUTE ca MO-BUCOKM OT
13.5%, ono6peHNETOo e No-rosisiMo.
CpepHuTe CTOMHOCTM Ha CbAbpxa-
HMETO Ha pasTBOpPMMMW TBbLPAM BeLLecTBa
B u3cnegBaHuTe S6bL/IKOBU COPTOBE B
eKCnepumeHTa Bapupart B LUMPOK Avana-
30H, oT 9.18° pgo 16.25° Brix. Habnopa-
BaHW MO COPTOBE, Hali-BUCOKM CTOMHOCTU
ca ortyeTteHun npu ,Golden Reinders* un
.Morrens Jonagored” (cboTBeTHO 14.92°Brix
n 14.52 °Brix), a Hal-HUCKNTE CTONHOCTU
npu ,Red Chief" (11.12°Brix). Mpe3 2019
r. (14.13°Brix) ca OTY4E€TEeHW 3HAUYUTESIHO
MoO-BMCOKN CTOMHOCTM Ha CbAbPXaHWETO
Ha pasTBoOpUMW TBBLPAM BeLlecTBa B
cpaBHeHne c¢ 2018 r. (11.58°Brix). Mpwu
edoekTa Ha B3aumMmogencTene Ha
HabnogaBaHNTe NPOMEHNNBU  hakTopu
(kynTypa/rognHa), Hail-Bucokara cpegHa
CTOMHOCT Ha  pas3TBOpPUMU  TBHLPOU
BellecTBa e peructpupaHa npu ,Golden
Reinders" npe3 2019 r. (16.25°Brix), a
JocTa Mo-HUCKM cToiHocTM npu ,Gloster
69 n ,Red Chief" npe3 2018 r. (9.18°Brix)
N cboTBeTHO 9.28°Brix). Netravati et al.
(2018) nocouBaT, 4Ye ce yBe/nMyaBa
CbAbPXaAHNETO Ha PpasTBOPUMU TBLPOU
BellecTBa B A0BLAKOBUTE nnogose npu
npuiaraHe Ha npenapaTy Ha ocHoBaTa Ha
Kanumini. OcBeH ToBa, MNPOLEHTLT ce
rnoka4ysa B Mepuoja Ha CbXpaHeHUeTo.
TBbpAoOCTTa Ha Mes3okapna npeg-
CTaB/isiBa BaXKeH Mokasartesl 3a 3psnocT
Ha M/1040BETE M BMUSIE BbPXY KA4ECTBOTO
um. To3n nokasartes e CBbp3aH C e4Ho OT
BaXHUTE (hM3UYHM CBOWCTBa, onpegens-
WM NPOAB/MHKUTENIHOCTTA Ha CbXpaHeHue
Ha naogoBeTe N TAXHOTO HaBPEMEHHO
pasnpocTpaHeHue Ha nasapa. Pesyntatu-
Te OT u3cnegBaHeTo BbPXY BANSHNETO Ha
NNCTeH Top ,Stopit* BbpXxy ycTonumMBocTTa
Ha nsjogoBeTe Ha n3cfeABaHuNTe AOBLKOBY
COpTOBE ca npeacraseHn Ha durypa 1 u 2.

is a basic indicator of quality and
ripeness. In fruit production, above 11,0%
is considered consumer-aceptable
threshold for an apple cultivar and if the
values of the mentioned fruit quality
indicator are higher than 13,5%,
acceptability is better.

Average values of the soluble
solids content of the investigated apple
cultivars in the experiment varied in a
wide range, from 9.18° to 16.25°Brix.
Observed by cultivars, the highest values
were recorded in ‘Golden Reinders’ and
‘Morrens Jonagored‘ (14.92°Brix and
14.52°Brix, respectively), and the lowest
values in ‘Red Chief’ (11.12°Brix).

In 2019 (14.13°Brix) significantly higher
values of the content of soluble solids
compared to 2018 (11.58°Brix) were
recorded. In interaction effect of variability
factors observed (cultivar/year), the
highest average value of the soluble
solids was recorded in ‘Golden Reinders’
in 2019 (16.25°Brix), and far lower values
in ‘Gloster 69’ and ‘Red Chief in 2018
(9.18°Brix i 9.28°Brix, respectively).

Netravati et al. (2018) state that there
comes to an increase in the soluble solids
content in fruits of apple applying treat-
ments with calcium based compositions.
Apart from that, the percentage increases
during the storage.

In addition to the impact on quality,
mesocarp  firmness represents an
important indicator of the fruit maturity.

Fruit firmness is one of the important
physical properties determining fruit
storage life and their timely distribution to
the market. Study results on the impact of
foliar fertilizer ‘Stopit’ application on the
fruit firmness of the investigated apple
cultivars are given in Figure 1 and 2.
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Firmness of investigated cultivars in 2018
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dur. 1. TBbPAOCT Ha MNJI040BETE Ha n3csiegBaHUTe copToBe npes 2018 .
Fig. 1. Firmness of investigated cultivars in 2018

M3non3gaHeTo Ha ,Stopit’, cbC
CbAbpXaHWe Ha kanuuii, nog copmata
Ha Ka/luMeB x/lopuA nokasa 3HaumTeneH
edhekT BbpXy TBbPAOCTTA Ha NI0f0BETE
BbB BCUYKM M3cnegBaHu coptoBe. Haii-
rofisMa TBBPLOCT Ha nnogoseTe npes
nbpBaTa roguHa e oTyeTeHa npu coptose
"Granny Smith" n ,Red Chief" (cboTBETHO
15.39 Pa n 14.86 Pa). Manko no-Hucka
TBbPAOCT Ha NJI0JOBETE € OT4YeTeHa npu
.Gloster 69’ (14.34 Pa), [okato Haii-
HMCKaTa CTOMHOCT € OoT4yeTeHa npu
coptoBe ,Golden Reinders" (13.96 Pa) n
-Morrens Jonagored’ (13.49 Pa).

Application of ‘Stopit’ containing
calcium in the form of calcium chloride
exhibited a significant effect on the fruit
firmness in all of the investigated cultivars.
The greatest fruit firmness of fruit in the
first year was recorded in cultivars
‘Granny Smith’ and ‘Red Chief (15.39 Pa
and 14.86 Pa, respectively). Somewhat
lower fruit firmness was recorded in
‘Gloster 69’ (14.34 Pa), whereas the
lowest value was recorded in cultivars
‘Golden Reinders’ (13.96 Pa) and
‘Morrens Jonagored’ (13.49 Pa).
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Firmness of investigated cultivars in 2019
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Fig. 2. Firmness of investigated cultivars in 2019

Mpe3 BTOpaTta rognHa Ha npoyysa-
He, KaKTo M Npe3 nbpBarta, npuiaraHuaTt
npenapar cTaTUCTUYECKM 3HAYMTENHO Mo-
B/IMA HA TBbPAOCTTA Ha nnogosete. Haii-
ronsma TBbPAOCT Ha N040BeTe e peruc-
TpupaHa npu ,Granny Smith’ (9.92 kg cm™),
Cl'leE,BaH oT copt ,Gloster 69“ (9.69 kg
cm’™), 4OKaTO MasIKo NO-HUCKM CTOR-HOCTU
ca otyeTeHu npu coptoBe ,Red Chief' n
,Golden Reinders* (9.41 kg cm % u 9.27
kg cm?, CbOTBETHO). Hai-Hucka cToliHOCT
Ha TBBbPAOCT Ha N/040BeTe € yCTaHOBEeHa
B ,Morrens Jonagored’ (8,73 kg cm'z).
Pe3yntatute oT nMpoy4yBaHeTO, OTPa3eHu
B CTaTUATA, Ca B CbOTBETCTBUE C AAHHUTE
Ha Asgharzade et al. (2012), kouto
nogyeprasar, ye TpeTupaHeTo C Kasumes
xnopug npeam npubupaHe Ha pekontara
3HAaUUTESIHO B/iMsie BbPXY yBe-nnvaBaHe
Ha TBbpAOCTTa Ha Me3okapna. MNogo6Hu
pesyntatum nocturat Shirzadeh et al.
(2011), kakto u Casero et al. (2004) u
Benavides et al. (2002), kouto nocousat
nosoXnTeHa Bpb3ka Mexay TBbpaocTTa
Ha njoja M CbAbPKAHMETO Ha KauWi.
Cnopeg Siddiqui u Bangerth (1995), no-
NOXMTENHOTO Bb3AelcTBMe OT npunara-
HETO Ha Ka/uueB X10pug, BbpXy TBbP-
[OCTTa Ha nnojoBeTe e CBbp3aHO CbC
CbAbPXaHNETO Ha KasluMeB X/10pug, BbB

In the second year of study, as in
the first, applied composition statistically
significantly affected the firmness of fruit.
The highest firmness of fruit was recorded
in ‘Granny Smith’ (9.92 kg cm™), followed
by the cultivar ‘Gloster 69’ (9.69 kg cm™),
while somewhat lower values were
recorded in cultivars ‘Red Chief' and
‘Golden Reinders’ (9.41 kg cm™ and 9.27
kg cm?, respectively).

The lowest value of fruit firmness was
found in ‘Morrens Jonagored’ (8.73 kg cm™).
Study results obrained in the work are in
line with the quotes of Asgharzade et al.
(2012) who emphasize that calcium
chloride treatments before harvest
significantly affect the increase of
mesocarp firmness.

Similar results were reached by Shirzadeh
et al. (2011) as well and Casero et al.
(2004) and Benavides et al. (2002) have
pointed to a positive correlation between
fruit firmness and calcium content in fruit.
According Siddiqui and Bangerth (1995),
positive effects of calcium chloride
application on the firmness of fruit are
connected with calcium chloride content in
fractions of covalently bonded pectins,
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hpakyMn Ha KOBa/IEeHTHO CBbp3aH MNek-
TWH, Agokato Saure (2005) nogueprtaBar,
ye KanuuaT BAMSie Ha cTabunmsaymsTa Ha
KneTbyHata MeMbGpaHa, KaTo Mo To3u
HaYMH WUHXMBUPa PU3MONMOTUYHMUTE CMY-
LLeHWA, NPUYMHEHW OT IuncaTa my.

5

2 &8 B &8 g 2

Teld perunit area (t ha'}

-
E=]

Gloster 68 Golden Reinders

while Saure (2005) emphasize that
calcium affects cell membrane
stabilization thus inhibiting physiological
disturbances attributed to its lack.

Granny Smith

Marrens Jonagored Red Chief

02018 - 219

dur. 3. BnmaHmne Ha npunoxeHue Ha ,,Stopit* Bbpxy A06MB OT eAvHULA NJ10LL, Ha

n3cnegBaHnTe A0BSIKU

Fig. 3. Impact of ‘Stopit’ application on yield per unit area of investigated apple

cultivars

MnogogaBaHeTo U criefoBaTesiHO
JOOMBBT Ha njofgoBe OT eguHuua no
oKa3Ba Haii-rosisiMo 61osIorMYHO U UKOHO-
MUYECKO Bb3aeicTBue. [Jo6UBHLT ce 0b6yc-
naBa oT peguua dakTopu, KoMTo moraT
Ja 6baaT OT 6UOMOrMYEH M EeKOMOrnyeH
npousxop. Mo OTHOLIEHVWE Ha roguHaTta
Ha u3cfiefBaHe, Ype3 aHasIM3 Ha nonyye-
HWUTe pe3ynTaTu, Npes3 MbpBaTa roguHa Ha
npoy4yBaHe ca OTYETEHW 3HAYUTESHO MO-
BMCOKM CTOMHOCTU 3a [06MB OT eauHuLa
N0l B cpaBHEHUE ¢ BTopaTta. Tpsibea aa
ce otbenexun obaye, Ye 3HAUUTENTHO MO-
HUCKUTE [06WBU OT U3C/eABaHNTe COPTO-
BE MONy4YeHu npe3 BTopaTa roAvMHa Ha
n3cnefBaHeTo ca B pe3ynTaT Ha KbCHa
nposieTHa cfiaHa npes3 nocnegHuTe AHU
Ha MapT M 3HAYUTESIHO YyBpeXaaHe Ha
LUBETHUTE MbNKM BbB (haza Ha LbHTEX.
AHanm3upaiku nosiydeHuTe pesynrartu,
Hal-BMCOK A06MB OT eguHuLa naou, u

Bearing and therefore, yielding of
fruits per unit area has the greatest
biological and economic impact. Yield is
conditioned by a number of factors that
can be of biological and ecological origin.

Regarding the year of study, by analyzing
the obtained results, significantly higher
values of yield per unit area have been
recorded in the first year of study
compared to the second year of study.

However, it should be noted that
significantly  lower vyields in the
investigated cultivars are reached in the
second year of study as a result of late
spring frost during the last days of March
and a substantial damage of flower buds
in blooming phase. By analyzing the
obtained results, the highest yield per unit
area in both years of study was recorded
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npes pgBeTe rOAMHW Ha MpoyyBaHe e
oTyeTeH npu copT ,Red Chief* (2018 r. -
735t ha™; 2019 r. - 31.062 t ha™). CopT
"Gloster 69" cbLW0 NocTura BMCOK A06MB
npes nbpBata roAvHa Ha MnpoyysBaHe
(61.25 t hal), nocnepsaH ot ,Golden
Reinders", ,Morrens Jonagored" u
~Granny Smith" (cboTBeTHO 49.7; 47.25 1
4585 t ha'l). Mpe3 BTOpata rogvHa ot
HablAEHNETO Ha eKCrnepuMeHTa, OCBEH
-Red Chief*, Bucokun gobmsn ca oT4eTEHU
n npu "Granny Smith" (21.35 t ha'l),
cnefgaH ot ,Gloster 69 (12.205 t ha™) u,
Morrens Jonagored* (11.9 t ha™) ), gokato
Hal-HMCHK Ao6MB e oTyeTeH npu ,Golden
Reinders* (3.85 t ha™). MpunaraHeTo Ha
JINCTHN TOPOBE Ha KanuueBa OCHOBa CMo-
pepg Jafarpour n Poursakhi (2011) oka3ssa
NO/IOXMTENIHO B/IMSIHWE BbPXY YyBeEInya-
BaHeTO Ha fobuBa Ha nnogosete, T.e.
yCTaHOBEHA € MOJIOKUTE/IHA 3aBUCMMOCT
mMexagy 6pos Ha NpunoxeHusaTa n gobusa.
Hail-gobpute pesyntatv OT npuaaraHeTo
Ha Ka/uMeB Xnopug ca MosiydyeHu upes
KOMOMHaUMs OT JIMCTHO NPUSIOKEHUE U
cTaHAapTeH meTof Ha TopeHe (Amiri et
al., 2008).

N3BOAN

EAvH OT HaunHMTe 3a nogobpsiBaHe
KayecTBOTO Ha SA6BLMKOBUTE MN040BE €
TpeTmpaHeTo ¢ AUCTeH Top ,Stopit’, Cb-
AbpXalw, Kkanuuin nog dopmara Ha Kas-
uueB xsopud. JIMCTHOTO MPUIOXeHVEe Ha
CbOTBETHMSA TOP MPU Pas/iMyHn A6BIKOBK
COpTOBE MOBVABA NOMOXUTENHO Ha Hali-
BaXHUTE TMoOKasaTesm 3a KayecTBO Ha
nJogoBeTe MO Bpeme Ha ABYroAMLLIHOTO
uscnegBaxe. Mpounssogutennte Ha A6bN-
K/ Mpu3HaBaT MOJIOKWUTENNHOTO Bb3Aeit-
CTBUWE OT MPUIOKEHMETO Ha ,Stopit” Bbpxy
NOMOJIOTMYHUTE CBOICTBA Ha AObBAKUTE,
KOETO pecnekTMBHO NogobpsBa TexHOJsI0-
rMaTa Ha oTriexjaHe ¢ uen no-gobpo
CbXpaHeHue Ha naogoserTe.

BJTATOAAPHOCTWU

W3cnegpaHeTo e yacT OT [0roBop
No. 451-03-68/2020-14/200215 un e
(hHaHcMpaHo OT MMWHUCTEPCTBOTO Ha

in the cultivar ‘Red Chief' (2018 — 73.5 t
ha™; 2019 — 31.062 t ha™).

The cultivar ‘Gloster 69’ also achieved a
high yield in the first year of study (61.25 t
ha), followed by ‘Golden Reinders’,
‘Morrens Jonagored’ and ‘Granny Smith’
(49.7; 4725 and 4585 t ha'
respectively). In the second vyear of
monitoring the experiment, apart from
‘Red Chief’, high yields were also found in
‘Granny Smith’ (21.35't ha'l), followed by
‘Gloster 69’ (12.205 t ha™) and ‘Morrens
Jonagored’ (11.9 t ha™), while the lowest
yield was recorded in ‘Golden Reinders’
(3.85 t ha™). Application of calcium based
foliar fertilizer according to Jafarpour and
Poursakhi (2011) have positive effect on
the increase of fruit yield, i.e. a positive
correlation has been found between
number of application and yield. Best
results of the calcium chloride application
were obtained by combination of foliar
application and standard method of
fertilization (Amiri et al., 2008).

CONCLUSIONS

One of the ways to improve apple
fruit quality is treatment with foliar fertilizer
‘Stopit’ containing calcium in the form of
calcium chloride. Foliar application of the
respective fertilizer in different apple
cultivars positively affected the most
important fruit quality indicators of
investigated apple cultivars during the
two-year research. The acknowledged
positive effect of ‘Stopit’ application on
pomological properties of apple producers
has enabled giving milestones in respect
of improving apple cultivation with the aim
of better apple fruits storage.
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PE3OME

3a npoy4yBaHe posiATa Ha HapyLlle-
HUSA NOJSIBEH PEXMM Npu NPon3BOACTBOTO
Ha JN1030B nocajbyeH Martepuasn npes
nepuoga 2011-2015 r. e n3BeaeH MoJcKu
OonuT CbeC cnegHute BapuaHtu: V1 — 50%
OT u3uucneHata nonusHa Hopma (UMH);
V2 — 75% ot WUIMH; V3 — 100% ot WIMH,
V4 — 125% ot UIMNH n V5 — KoHTtpona (60
cm abN6oyrHa Ha akTUBHUA NOYBEH NPO-
goun). O6EKT Ha M3cneaBaHeTo ca pesHu-
UM OT copT MUCKET KalbLUKK, NpucageHu
Ha nognoxka bepnaHgvepu X Punapus
CO4. BkopeHsABaHETO UM € M3BBbPLUEHO
no Bb3npuetata oTr W/AB - T[lneseH
TexHonorusa (6e3 mynumpaHe Ha nexure C
nonuetuneHoso ¢onno). MpocneneHa e
OMHaMukaTa Ha pacTex Ha npucajeHuTe
pe3HuLY BbB BKOPEHWU/TULLETO.

MonyyeHuTe pesynTaTn nokassar,
ye nonmeHM Hopmu nog 100% ot UIMH Ha
6a3a pas3BuUTMETO Ha KOpeHoBarta cucre-
Ma, [0Ka3aHO Hama/nssar npupacrta Ha
npucageHnTe pesHuun; yBennyeHmeTo Ha
NOSINBHUTE HOPMU Haf NPUeTUTE YC/I0BHO
3a ontumanHn 100% ot UIMH, cboTBETHO

SUMMARY

A field trial was carried out to study
the role of the disturbed irrigation regime
in the production of vine propagation
material in the period 2011-2015, with the
following options: V1 - 50% of the
calculated irrigation rate (CIR); V2 - 75%
of CIR; V3 - 100% of CIR, V4 - 125% of
CIR and V5 - Control (60 cm depth of the
active soil profile). Cuttings of Muscat
Kailashki variety grafted on Berlandieri X
Riparia SO4 rootstock were subjected to
the study. Their rooting was done
according to the technology adopted by
IVE - Pleven (without mulching the beds
with  polyethylene foil). The growth
dynamics of the grafted cuttings in the
nursery was monitored

The obtained results showed that
the irrigation rates below 100% of CIR,
based on the root system development,
had reduced the annual growth of the
grafted cuttings; an increase in irrigation
rates above the conventionally accepted
optimum of 100% of CIR, respectively by
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cbC 125% ot WIMH n KoHTponHusa Ba-
puvaHT, He oka3BaT BNUSHUE BbpXY pacTe-
Xa Ha netopacnure.

Knwo4yoBu AymMW: MOSMIMBEH PEXUM,
npucazeHn pesHuuy, N030B0O BKOPEHUINLLE,
netopacnu, npupact

YBO/,

EkonornyHute dhaktopu ca OT u3-
K/IOUNTE/THO 3HA4YeHne 3a MHTEH3WBHOCT-
Ta Ha pacTexa Ha J1030BuA sieTopachl.
HapacTBaHeTo Ha Ab/DKUMHA € pesyntar
OT HenpekbCHaATOTO obpa3yBaHe Ha HOBU
Bb3/IN U MEXAYBb3/IMA BbB BereTauuoH-
HUA BPBX U OT MHTEPKasIapHUS pacTex.
MouseHaTa M Bb3AylWwHaTa Bara MoBu-
Wwasart n3nosiornyHaTa B/IaXHOCT Ha Tb-
KbHWUTE, KOETO cnocobCcTBa 3a yBesyaBsa-
He MHTeH3MBHOCTTA Ha CnomMeHaTuTe npo-
yecn (Bulgarian Ampelography, 1990).
YCTaHOBEHO €, Ye BOAHUAT pexum e oT
CbLLECTBEHO 3HayeHMe 3a MpoTUYaHeTo
Ha ()OTOCUHTETUYHWUTE npoLecu - npwu
noBuLLEHVEe Ha TemnepaTypara Ha Bb3-
Jyxa Haj onTMManHarta 3a Jfo3ata npes
neTHUTE Meceun u BraxHocT 60-70 % ot
MMNB MHTEeH3MBHOCTTA Ha (pOTOCMHTE3aTa
Hamasnsga (Slavcheva, 1986). ToBa Hemu-
Hyemo pediiekTupa BbpXYy cuiata u au-
HamvkaTa Ha [ileNleHeTo Ha KNeTKUTe U Ha-
pacTBaHeTo Ha TbKaHuTe. [loBuLLaBaHEeTo
Ha royseHata BNaXHOCT MOCPeACTBOM
NnosivBKMTE BOAWM [0 YBENWYeHne Ha
HacuTeHocTTa Ha kneTkute ¢ Boga. OT
OBOJIHEHOCTTa Ha K/IeTbYHUA COK 3aBUCK
OBOJIHEHOCTTa Ha npoTtonaasmara n Tosa
[0 ronamMa cTeneH onpeaens WHTEH3UB-
HOCTTa Ha MpouecuTe Ha CMHTe3a, B ToBa
yncno n Ha pactexa (Popov et al., 1972;
Magriso et al. 1979, Magriso, 1981). Mpu
pesHuUnTE BBLB /1030BOTO BKOPEHMU/ULLE
TOW 3anoysa olle npeau PasBUTUETO Ha
KOpPeHUTe 1 HanosiBaHeTOo BfMsAe 6naro-
MPUATHO BBLPXY HeroBaTta WHTEH3WBHOCT
(Baltagi and Valeanu, 1961). BogHuATt
cTpec npes3 BereauusAta npeausBuKea
oTcnabBaHe Ha pacTexa W HamassBaHe
AbnxunHata Ha netopacnute (Poni et al.,
1993; Gu et al., 2004).

BAnsaHneTo Ha NOMVBHUA PeXvM B

125% of CIR and the Control variant, had
not affected the shoots’ growth.

Key words: irrigation regime,
grafted cuttings, vine nursery, shoots,
annual growth

INTRODUCTION

The ecological factors have been of
great significance for the growth rate of
the vine shoots. The increase in length
was the result of the continuous formation
of new nodes and internodes in the
vegetation apex and the intercalary
growth. The soil and air moisture enhanced
the physiological humidity of the tissues,
facilitating the intensity of these processes
(Bulgarian Ampelography, 1990).

The water regime has been found to be
essential for the occurrence of the
photosynthetic processes - with a rise of
the temperature above the optimum for
the vine during the summer months and
humidity of 60-70% of the limit field soil
water capacity (LFSWC), the photo-
synthesis intensity decreased (Slavcheva,
1986). That inevitably reflected on the
strength and dynamics of cell division and
tissue growth.

The better soil moisture provided through
irrigation led to an increase in the
saturation of cells with water. Protoplasm
water content depended on the water
content of the cell juice and that largely
determined the intensity of the processes
of synthesis, including growth (Popov et
al., 1972; Magriso et al. 1979, Magriso,
1981). For the cuttings in the vine nursery,
it began even before root development
and irrigation had a beneficial effect on its
intensity (Baltagi and Valeanu, 1961).

Water stress during vegetation caused
poor growth and reduction of the shoot
length (Poni et al., 1993; Gu et al., 2004).

The effect of the irrigation regime in
the nursery on these processes had not
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NI030BOTO BKOPEHWUNULLLE BBPXY TE3U Mpo-
Lecu OO MOMEeHTa He e JoCTaTbyHO Npo-
yyeHo. W3cnepaBaHuATa, nNpoBefieHn OoT
HAKOM y4eHM MokKassarT, Ye MoHMKaBaHeTo
Ha BMaXHOCTTa Ha noysaTta No Bpeme Ha
BKOpPEHSABAHETO Ha npucajeHuTe pesHuum
nog 80% ot MMNB Boan Ao 3abaBsHe Ha
pacTexa Ha Hag3emMHuTe yactu (Mishurenko
and Krasnyuk, 1987). lNpu HamansiBaHeTo
n po 70-75 % ceAMWYHUAT npupacT Ha
netopacnite HamansBa W B Kpasd Ha
BeretauuaTa Te ca 3HauyuTesIHO MO-KbCU
OT Te3un, Ha pesHuLMTe, BKOPEHABAHN Npu
85-90 % (Grigorov et al., 2013; Kurapina,
2013).CoblyectByBaT fAaHHW, 4ye npwu
nogabpXaHe Ha noyseHaTa BJIQXHOCT B
pamkute Ha 85-90 % ot [MNB upes
KarnkoBso HanosiBaHe, 92 % 0T pesHuuute
pasBuBaT netopacnu, a [O6GUBLT CTaH-
OapTHM No3n oT Tax e 75 % Kurapina and
Gusev, 2009).

Llenta Ha HacToSLOTO npoyyBaHe
e [a ce YyCTaHOBM BANAHMETO Ha pas-
JNINYHU HapYLLIEHW MOJIMBHU PEXUMU BBPXY
npupacta Ha npucajeHute pes3Huun B
YC/I0BUSATA HA JI030BOTO BKOPEHMW/IMLLE.

MATEPVAJT N METOOU

OnuTbLT € n3BefeH npes3 nepuoaa
2011-2015 r. Ha TepuTOpMATa Ha
EkcnepumeHTaniHaTa 6a3a Ha WHcTuTyTa
no N103apcTBO N BUHAPCTBO - MneBeH, npu
NMoYBEH TUM U3MYXKEH YepHo3eM. MNpoyye-
HK ca 5 BapuaHTa Ha NoJsiMBHa HopMma:

V1 - HanosBaHe ¢ 50% ot
u3suvcneHara nosvseHa Hopma (UIMH);

V2 — HanosBaHe ¢ 75% ot
n3yucneHara nonveHa HopMma,;

V3 - HanossaHe c 100% ot
n3yucneHara nonvmeHa HopMma,;

V4 - HanosisaHe Cc 125% ot
n3yucneHara nonveHa Hopma.

V5 - HanosBaHe C MOCTOSAHHa
AbN60YMHA Ha aKTMBHUSI NMOYBEH cnoli 60
cm (KoHTpona).

Bcekn BapmaHT cbvabpxa 400 npu-
cafeHn pesHuun ot MuckeT KahmbLuku/
Bepnangnepn x Punapua COA4, pa3snpe-
peneHn B 8 noBTopeHuss no 50 6pos
pesHuLUM B NOBTOPEHME W OTrNexnaHn no

been yet well studied. Investigations
carried out by some researchers had
shown that the reduction of the soil
moisture during cuttings’ rooting below
80% of LFSWC led to a slowdown in the
growth of the aboveground parts
(Mishurenko and Krasnyuk, 1987).

When it was reduced to 70-75%, the
weekly growth of the shoots dropped
down and at the end of the growing
season they were significantly shorter
compared to the cuttings rooted at 85-
90% (Grigorov et al., 2013; Kurapina,
2013). Data were published that while
maintaining the soil moisture within 85-
90% of LFSWC by drip irrigation, 92% of
the cuttings developed shoots and the
yield of standard vines was 75%
(Kurapina and Gusev, 2009).

The objective of this study was to
find out the influence of different disturbed
irrigation regimes on the growth of the
grafted cuttings in the vine nursery.

MATERIAL AND METHODS

The experiment was carried out in
2011-2015 at the Experimental Base of
the Institute of Viticulture and Enology
(IVE) - Pleven as the soil type was
leached chernozem. Five variants of
irrigation rate were studied:

V1 — irrigation to 50% of the
calculated irrigation rate (CIR);

V2 — irrigation to 75% of the
calculated irrigation rate;

V3 - irrigation to 100% of the
calculated irrigation rate);

V4 - irrigation to 125% of the

calculated irrigation rate.
V5 — irrigation at constant depth of
the active soil profile 60 cm (control).

Each variant included 400 grafted
cuttings of Muscat Kailashki/Berlandieri x
Riparia SO4, distributed into 8 replicates
of 50 cuttings each and grown in
accordance with the adopted technology
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TexHonorvata, Bb3npuerta nnB
(Dimitrova et al., 2007).

MpucageHnTe pesHuMuM ca CHab-
[OsBaHW C BOJA 4Ypes3 cucTeMa 3a KankoBo
HanosiBaHe € Mo efHO NOJIMBHO Kpuo Ha
nexa, pasnonokeHo mexay ABaTa pepga
pesHuun. N3non3saHu ca NosvMBHY Kpynia
C BrpageHu npe3 15 cm kankoob6pa3syBa-
Tenun ¢ geéut 1.0 L h™. O6eMbT Ha noga-
BaHaTa MOSIMBHA BOAa € KOHTPOAMpaH C
BOZOMEP, MOHTMPaH B HA4Yasl0TO Ha cuc-
Temata. B ycnoBua Ha armocdepHo
3acyllaBaHe — BWCOKM Temnepatypu wu
HMCKa Bb3AyllHa B/IAXHOCT, ca W3BbLP-
WBaHW  OCBEXWUTESIHW MOSIUBKA  4pes3
MUKPOAbLXAYBaHE Hapg pacTeHusTa npu
NnosiMBHM HOopMK OT 3-6 mm. 3a yenrta ca
M3NON3BaHM MUKDOABXKAOBAIHM anapaty
c pe6but 156 L h™, npn 0.2 MPa HansraHe
n pagunyc 5.0 m.

OnuTbT € U3BeAeH Mpu cregHuTe
BOZHO-(PU3MYHM CBOWCTBA Ha Mo4yBaTta
(Tabnuua 1):

oT

by IVE (Dimitrova et al., 2007).

The grafted cuttings were watered
by drip irrigation system with one lateral
per ridge, located between the two rows
of cuttings. The laterals had built-in drop-
formation units every 15 cm with flow rate
of 1.0 L h™. The volume of the supplied
irrigation water was controlled by means
of water-meter installed at the beginning
of the system. In the conditions of dry
spell weather — high temperatures and
low humidity, invigorating waterings were
done my means of micro-sprinkling above
the plants with watering rates of 1 mm.
Micro-sprinklers were used for this
purpose with flow rate of 156 L h™ at
pressure 0.2 MPa and 5.0 m radius of
operation.

The experiment was carried out on
soil with the following water-physical
properties (Table 1):

Tabnuuya 1. BogHo-(hun3nyHM CBOICTBa Ha No4yBaTa

Table 1. Water-physical properties of soil

MouseH npodmn / Soil profile (cm) 10 20 30 40 50 60
O - OTHOCUTE/IHO Ter/10 Ha noysara/

a — soil specific weight g/cm® 10,25 | 10,45 | 10,48 | 10,40 | 10,33 | 10,33
MMNB (% oT abc. cyxoTo Ters0 Ha noysara)

LFSWC (% of the absolute soil dry weight) 24,31 | 2552 | 24,24 | 24,50 | 23,55 | 23,85

3a onpepensdHe Ha Bnarata B
noysata npes 7 AHU 3a Lenvs Nnepuog Ha
nosiMBaHe ca B3eMaHu No4YBeHU Npobu Ha
Abn6oumHa npes 10 cm, B gnanasoHa oT
0 po 60cm. Mpobute ca obpaboTBaHM NO
Knacuyeckms TErnoBHO-TEepMOCTaTeH
MeToa.

Cnepf BCSKO B3eMaHe Ha noyseHa
npoba e peanmsnpaHa NoavBKa 3a Bb3-
CTaHOBSIBAHE Ha MoyBeHaTa Bfara o
MMB. Pasvepa Ha nosnvBkuTe € U34YUC-
nsiBaH no copmynara:
m=10.H.a.(d7""®-d7°™)

KbAeTo:

m - rofleMMHa Ha Mo/siMBHaTa Hopma B
m®/da;

0 - OTHOCMTENIHO Tera0 Ha no4ysata B
glcm®

H - AbnboyvHa Ha akTMBHMA MOYBEH

For the determination of the soil
moisture, soil samples were taken each
7" day during the whole period of
irrigation at depth of 10 cm intervals, in
the range from 0 to 60 cm. The samples
were processed in the conventional
weight-thermostatic method.

After each soil sampling watering
was performed to restore soil moisture to
LFSWC. The amount of the watering was
calculated using the following formula:

m=10.H.a (dTLFSWC_dTmoisture)
where:
m — the irrigation rate in m%da;

a — soil specific weight in g/cm®

H - depth of the active soil layer,
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C/IOl, KOATO Ce u3uyucrissa no emnmpud-
HaTa ghopMyna, nosiydyeHa oT JaHHuTe 3a
HapacTBaHe AbsiboyMHaTa Ha KopeHuTe
BbB (DYHKLUMSA OT BpemeTo (3a nepmoga ot
HaboxgaHe Ha npucajeHuTe pesHnuU
BbB BKOPEHWNULLETO [0 W3BaX[aHe Ha
noslydeHnTe /1031 B Kpasi Ha BereTtaluoH-
HUS nepmo,%);

H = (0,001t" + 0,053t + 0,034)sin45°+ a
Kbgeto: H — Abn6ounHa Ha akTUBHUSA
nouyseH obem (cm); t — Bpeme oOT
U3HacsAHe Ha npucazieHuTe pesHuuU BbB
BKOpeHunuweTo (6p. AHW); a — AbA604YMHaA
Ha 3acax/jaHe Ha pe3HuuuTe B noysata
(cm). B KOHKpeTHus cniyyain a = 15cm;
sin45° - bbb/, Nog KOMTO pactaT KOpPeHW-
Te B noysara.

dT""® - npegenHa noscka Bnaroem-
HOCT B % OT abCO/IITHO CYXOTO TEr/10 Ha
noysara.
dt®"- BnaxHocT Ha nouysata B % OT
abCo/THO CYXOTO TEr/10 Ha noysaTa KbM
MOMEHTa Ha B3eMaHe Ha noyseHaTa
npo6a;

JuHamukata Ha  pacTtex  Ha
npucageHnTe pesHUUM e un3MepBaH Ha
WHTepBas oT 15-25 aHun.

JocToBepHoCTTa Ha pasnukute,
MeXay CTOMHOCTWUTE Ha nokasartesns npu
OTAEe/IHUTE BapuaHTW, e npeueHsaBaHa
ypes egHOAKTOpPEH AUCNEPCUOHEH aHa-
nm3  ANOVA, (Dimova and Marinkov,
1999).

PE3SYNTATV N OBCBbXAOAHE

OT1 wnnoctpypaHute Ha durypa 1
JaHHW 3a JuMHamukaTa Ha pacTexa Ha
netopacnute npes 2011 rognHa ce BUX-
[a NocTeneHHOTO U30cTaBaHe Ha BapuaH-
TUTe c perynupaH sogeH gedoumunt (V1 un
V2). Mpu nocnegHoTo M3MepBaHe e Ha-
npaBeH CTATUCTUYECKN aHa/In3 Ha AaHHK-
Te (Tabnuua 2), OT KbAETO MOXe Aa ce
BUAM, Y€ NO3UYKMUTE OT BapuaHtute c pe-
rynvpaH BofeH Aeduvuut ca ¢ [okasaHo
no-cnab pactex 3a pasfivka OT Te3n oT
apyrute Tpu BapuaHTa (V3, V4 n V5).
BapuaHTtute V3 n V4 He ce pasnuuasar
CblUecTBeHO OT V5.

calculated by the empirical formula
derived from data on the increased depth
of the roots as a function of time (the
period from transplanting the grafted
cuttings in the nursery to removing the
obtained vines at the end of the
vegetation season);

H = (0.001t* + 0.053t + 0.034)sin45°+ a
Where: H — depth of the active soll
volume (cm); t — time from transplanting
the grafted cuttings in the nursery
(number of days); a — planting depth of
the cuttings in soil (cm). In this case a =
15 cm; sin45° - angle at which the roots
were growing the soil.

dr-""C — limit field soil water capacity in
% of the absolute soil dry weight;

dr™*"" _— soil moisture in % of the
absolute soil dry weight at the time of
taking the soil sample.

The dynamics of the grafted
cuttings growth was recorded at an
interval of 15-25 days.

The confidence of the differences
between the values of this indicator for the
separate variants was assessed by
means of one-factor analysis of variance
ANOVA (Dimova and Marinkov, 1999).

RESULTS AND DISCUSSION
From the data presented in Figure
1 on the dynamics of shoot growth in
2011 it could be seen the gradual delay of
the variants with regulated water deficit
(V1 and V2).

During the last measurement, a statistical
analysis of the data was made (Table 2),
revealing that the vines from the variants
with regulated water deficit had shown a
weaker growth unlike those of the other
three variants (V3, V4 and V5). The
variants V3 and V4 did not differ
significantly from V5.
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Fig. 1. Shoot growth dynamics in 2011

Tabnuua 2. loCTOBEPHOCT Ha pa3/INKNTe B pacTexa Ha netopacTtute npes 2011

rogunHa (cm)

Table 2. Confidence of the difference in the shoot growth in 2011(cm)

BapnaHTn CpegHa CTonHoCT V5 Vi v2 V3
Variants Mean rate RasnMKa Ffa3nvu<a RasnMKa Ffa3nvu<a
Difference | Difference Difference Difference
V5 185.17 X
V1 123.33 -61.837 X
V2 127.00 -58.16" 3.66"° X
V3 184.17 -1.00"*° 60.83""" 57.16""" X
V4 202.67 17.50"° 79.33"7" 75.66" 18.50"°

5% - (+) (-); 1% - (+4) (--); 0.1% - (+++) (---); <5% - (n.S).

OT paHHUTE 3a AMHamukata Ha
HapacTBaHe Ha netopacnute npes 2012
roguHa ce BmxJa APYXHO cTapTvpaHe Ha
pacTtexa BbB BCMYKM BapuvaHTX Ha onuTta.
MocTeneHHo obadve BapuaHtTuTe V4 u V5
n3npesapsar Apyrute Tpu, Karto npu no-
CNefHoTO OTYMTaHe KbM TAX Ce Mpuche-
OnHABa N BapuaHTbT V3. BapuaHTtute V2
n V1 sugumo mmat no cnab pacrtex ot
Apyrute Tpu BapmaHTa Ha onuta (Purypa
2). MNpwu nocnefHOTO N3MepBaHe e Harpa-
BEH CTaTUCTUYECKU aHaIu3 Ha [aHHUTe
(Tabnmuya 3), OT KbAETO MOXe pga ce
BugK, Ye BapuaHtute V1 n V2 ca c goka-
3aHO no-cnab pacTex oT ApyruTe BapunaH-
TV B OMWTA, KaTO B CbLLOTO Bpeme pasnu-

The data on the dynamics of shoot
growth in 2012 showed simultaneous start
of the growth in all variants. Gradually,
however, the variants V4 and V5
exceeded the other three, as variant V3
was equal to them during the last
measuring. The variants V2 and V1
appeared to have weaker growth than the
other three variants (Figure 2).

During the last measurement, a statistical
analysis of the data was made (Table 3),
from which it could be seen that the
variants V1 and V2 have shown a weaker
growth than the other variants, while at
the same time the difference between
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KaTta mMexay TAX He e fgokasaHa. Hama
[oKasaHa pas/simka U Mexay BapuaHTuTe
V3, V4 n V5. ToBa nokasea, 4ye yBenu-
YeHMeTo Ha nonmeBHatTa Hopma Hag 100%
oT UIMH (V3) He oka3Ba BAVSHUE BbPXY
npupacTa Ha nNpucajeHnTe pesHuLn.

them was not significant.

That indicated that an increase in the
irrigation rate above 100% of the CIR (V3)
had no effect on the grafted cuttings
growth.
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Fig. 2. Shoot growth dynamics in 2012

Ta6nuua 3. JOCTOBEPHOCT Ha pas3/IMK1Te B pacTexa Ha sietopactuTte npes 2012

rogunHa (cm)

Table 3. Confidence of the difference in the shoot growth in 2012 (cm

o V5 V1 V2 V3
BapuaHTtu CpefHa CTOMHOCT
Variants Mean rate Pasnuka Pasnuka Pasnuka Pasnuka
Difference Difference Difference Difference
V5 161.17 X
V1 91.33 -69.83 " X
V2 100.67 -60.50 9.33"° X
V3 163.83 2.66"° 72.50"" 63.16"" X
V4 159.67 -1.50"° 68.33""" 59.00"" -4.16"°

5% - (+) (-); 1% - (++) (--); 0.1% - (+++) (---); <5% -

OT paHHWTE 3a AvHamukata Ha
HapacTBaHe Ha netopacnute npes 2014
r. (durypa 3) moxe pga ce Buau, ye oOT
€CamMoTO Havya10 Ha OTYMTAHETO BapuaHTu-
Te V1 n V2 ca c no-cnab pacrtex, [okato
apyrute tpu — V3, V4 n V5 — ca cbusme-
pumMn eivH cnpsMo apyr. HanpaseHuAT
OVcnepcuoHeH aHan3 Ha  JaHHuTe

(n.s).

The data on the dynamics of the
shoot growth in 2014 (Figure 3.)
demonstrated that from the very
beginning of counting the trial the variants
V1 and V2 had slower growth, while the
other three - V3, V4 and V5 - were equal
with each other. The analysis of variance
(Table 4) from the last counting proved
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(Tabnmuya 4) oT nocnegHOTO OTyuTaHe
JokasBa, 4ye BapumaHT V1 uma no-cnab
pacTtex OT Apyrute BapmaHTu Ha onuTa.
BapuaHT V2 nHpyumpa no-cuneH pacrex
oT V1, HO no-cnab oOT pacTexa Ha
BapuaHTuTe V3 1 V4 n V5. Hama pasnuka
Mexny BapuaHtute V3, V4, n V5. Te3u
pesyntaTtu nokaseaTt, 4Ye peayuupaHeTo
Ha U34YUCNEHNTE CMNPSMO Pa3BUTMETO Ha
KOpeHoBaTa cucTeMa MOJ/IMBHA HOPMU
(BapuaHTV V1 1 V2) nokasaHo HamasisiBa
pactexa Ha npucageHuTe pesHnUW.
CbusmepumMocTTa Ha  gpyrute  Tpu
BapunaHTa (V3, V4 un V5) nokasea, 4e
3aBMLLIABAHETO Ha MNosMBHATa HopMa Hap
nsuucneHara V3 He ce oTpassiBa BbpXy
pactexa Ha netopacnure.

250 -

that variant V1 had weaker growth
compared to the rest of them. Variant V2
induced stronger growth than V1 but
weaker than V3, V4 and V5. There was
no difference between the variants V3,
V4, and V5. The results showed that the
reduction of the irrigation rates calculated
according to the root system development
(variants V1 and V2) had been proven to
reduce the growth of the grafted cuttings.
The correlation of the other three variants
(V3, V4 and V5) demonstrated that the
increase in the irrigation rate above the
calculated V3 did not affect the shoot
growth.
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Fig. 3. Shoot growth dynamics in 2014

Tabnuua 4. JOCTOBEPHOCT Ha pa3/Ink1Te B pacTexa Ha fietopactute npes 2014

rogunHa (cm)

Table 4. Confidence of the difference in the shoot growth in 2014 (cm

o V5 V1 V2 V3
BapuaHTu CpefHa CTOMHOCT
Variants Mean rate Ffa3nvu<a Ffa3nvu<a RasnMKa RasnMKa
Difference Difference Difference Difference
V5 175.67 X
V4 168.33 -7.33"° X
V3 159.00 -16.66 "° -9.33"° X
V2 130.83 -44.83" -37.50" -28.16° X
V1 106.67 -69.007 -61.66" -52.337 -24.16

5% - (+) (-); 1% -

(+4) (-); 0.1% -
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OT paHHWTE 3a AMHamukata Ha
pactexa Ha netopacnute npes 2015 ro-
OVHa MoXe fa ce BUAW, Ye Npu NbpeuTe
OTYMTaHMA BapuaHTUTE HAMAT Joka3aHa
pasnunka no mMexay cu, Bbnpeku ToBa npwu
NMbpBOTO OTuMTaHe ce 3abensassa gopu
NeKo n3ocrtaBaHe B pactexa Ha V5 un V4,
KaTo rnpu BTOPOTO OTUMTaHe Te3n BapuaH-
TW HaBakcBaT M30CTaBaHETO U Ce M3pas-
HABAT C ApyruTe BapmaHTu Ha onuTa. Mpwu
HanpaBeHWs [OUCNEPCUOHEH aHann3 Ha
JaHHUTE OT MOCNeAHOTO OTYMTaHe MOoXe
Ja Cce HanpaBAT HAKOM KOHcTaTauuu.
BapuaHTtute V1 1 V2 umart gokasaHo no-
cnab pactex OT ApyruTe BapuaHTu Ha
onuTa. Pasnukarta mexay sapnaHtute V3,
V4 n V5 e HepokasaHa. Te3n pesynrartu
nokassar, ye pefyuMpaHeTo Ha u3yucne-
HaTa, CnpsAMOo pa3BUTUETO Ha KopeHoBaTta
cuctema, nonmeHa Hopma ( BapuaHty V1
n V2) nokasaHo HamasisiBa pacTexa Ha
npucageHutTe pesHmyu. CbusmeprumocTTa
Ha gpyrute Tpu BapuaHta (V3, V4 n V5)
nokassa, 4ye yBe/IMYeHMEeTOo Ha MnosiMBHaTa
HOpMa Haf, u3uucneHara He ce oTpassBa
BbpXy npupacta Ha Jsetopacnurte -
durypa 4, Tabnmua 5.
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The data on the shoot growth
dynamics in 2015 revealed that there was
no proven difference between the variants
during the first measuring, however, there
was a slight delay in the growth of V5 and
V4 but during the second measuring
these variants caught up the delay with
the other trial variants.

Some findings were made based on the
analysis of variance from the last
reporting. Variants V1 and V2 had proven
weaker growth compared to the rest of the
trial variants. The difference between V3,
V4 and V5 variants was non significant.

These results showed that the reduction
of the irrigation rates calculated according
to the root system development (variants
V1 and V2) had been proven to reduce
the growth of the grafted cuttings. The
commensurability of the other three
variants (V3, V4 and V5) revealed that the
increase in the irrigation rate above the
calculated one did not affect the shoot
growth — Figure 4, Table 5.
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Fig. 4. Shoot growth dynamics in 2015
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Tabnuua 5. loCTOBEPHOCT Ha pa3/IMKNTe B pacTexa Ha netopactute npes 2015

rogunHa (cm)

Table 5. Confidence of the difference in the shoot growth in 2015 (cm)

o V5 V1 V2 V3
BapuaHTu CpefHa CTOMHOCT
Variants Mean rate RasnMKa RasnMKa Ffasnvma RasnMKa
Difference Difference Difference Difference
V5 153,17 X
V4m 150,33 -2,833 "¢ X
V3m 146,83 -6,333"° -3,500"° X
V2m 105,67 -47,500™ -44,667" -41,167" X
Vim 95,17 -58,000” -55,167" -51,667 " -10,500 "*
5% - (+) () 1% - (++) (--); 0.1% - (+++) (—); <5% - (n.9)
OT [JdaHHMTE 3a pacTexa Ha From the data on the shoot growth

netopacnuite npes 4yeTUpuUTE rOAMHM Ha
onuta MOXe Ja Cce 3aknouu, ye
BapvaHTUTe C HaMasleHu NOJIMBHU HOPMU
(V1 n V2) nokaseaT no-cnab pacrtex oT
apyrute Tpu BapuaHTa Ha onuTa (V3, V4
n V5). B cbuoTo Bpeme BapnaHtute V1
n V2 npe3 2011, 2012 u 2015 roguHu
HAMAT [oKa3aHa pas/ivka rnoMexay cu, a
npe3 2014 rogvHa BapuaHTbT V1 e c
[JoKazaHOo no-crab pactex OT BapuaHTa
V2. lWo ce oTtHaca go sapuaHtute V3, V4
n V5, pasnuknte Mexay Tax U npes yetu-
puTe roAvHW Ha onnTa ca HeJoKa3aHw.

N3BOAN

PacTtexbT Ha nieTopacnvite npwu
nscnefBaHNTe HapyLeHU NOSINBHU Pexu-
MW € B Mpsika 3aBMCUMOCT OT pasmepa Ha
nosINBHUTE HOpMK. MoXe ada ce 0606w,
ye nonmBHM Hopmu nog 100% oOT u3unc-
neHata Ha 6a3a pa3BWTUETO Ha KOpPEHO-
BaTta CucTtemMa, [JoKas3aHO Hamansasart
npupacTa Ha npucageHnTe pesHuLn.

CblLIECTBEHM pa3/iuma B pacTexa
Ha netopacnute npu HarnosiBaHe c 50%
OT u3uucneHara nosvBHa HopMa U Tesn
npu 75% He ca yCTaHOBEHW.

YBe/IMYEHNETO Ha MOJSIMBHUTE HOpP-
MW Haf MpUeTuTe YC/I0BHO 3a ONTUMASIHU,
He oka3BaT B/IMSAHME BBLPXY pacTexa Ha
nertopacnure.

over the four years of the trial, it might be
concluded that the variants with reduced
irrigation rates (V1 and V2) showed
weaker growth compared to the other
three trial variants (V3, V4 and V5). At the
same time, V1 and V2 variants in 2011,
2012 and 2015 did not have a proven
difference between each other, and in
2014, variant V1 showed a weaker growth
than V2. As for variants V3, V4 and V5,
the differences between them for the four
years of the trial were non significant.

CONCLUSIONS

The shoot growth of the studied
disturbed irrigation regimes was in direct
correlation with the irrigation rates. It
could be concluded that the irrigation
rates below 100% of the estimations
based on the root system development
were proven to reduce the annual growth
of the grafted cuttings.

Significant differences in the shoot
growth under irrigation at 50% of the
calculated irrigation rate and at 75% were
not found.

The increase in the irrigation rates
above the conditionally accepted optimum
had not affected the shoot growth.
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PE3IOME

Upes aBydakTopeH AMCnepcuoHeH
aHa/IM3 e ycTaHOBeHa CTeneHTa Ha BAus-
HME Ha pas3/IMyHM KOMOMHauum OT onepa-
UM CbC 3eIEHNTE YacTu Ha /I03NTe BbP-
Xy KOMMYeCcTBOTO Ha AobuBa npu 6mono-
TMYHO M KOHBEHLUMOHA/THO OTrnexaaHe Ha
fio3ata npe3 efHa BnaxHal/cpegHo rope-
wa v egHa cyxal/ropelua roguHa. Bapuan-
TUTE Ha onuTa ca KakTo cnepsa. ®akrop
(A) TexHonorva Ha oTrnexgadHe: al -
KOHBEHUMOHa/THO OTrnexaaHe; a2 — 6uvo-
nornyHo otrnexpaHe. ®akrop (B) onepa-
UM CbC 3eMleHnTe YacTu Ha nosute: Vi —
KOHTposia — 6e3 nieTHn pesntom (bl); V, —
HopMupaHe (npopexaaHe) Ha rposgoseTe —
npemaxHaTtn ca 1/3 (30 — 35%) oT rpos-
poseTe 060 3a BapuaHTa (b2); V3 — Hop-
MUpaHe Ha rpo3goBeTe + NpocBeTNsABaHe
B 30Hata Ha rposgoseTte (b3); V, —
HOpMUpaHe Ha rpo3goBeTe + KbplueHe
(toin mecel) + NPoOCBET/IABAHE B 30HaTa
Ha rpo3goseTte (b4). YcTaHOBEHO e, 4e
CTeneHTa Ha B/MSHWE Ha 3efeHnTe pe-

SUMMARY

Two-factor analysis of variance
revealed the degree of influence of the
different combinations of treatments on
the green parts of the vine on the yield
quantity for biological and conventional
cultivation of the vine during one
wet/medium hot and one dry/hot year.
The trial variants were as follows.

Factor (A) cultivation technology: al -
conventional cultivation; a2 - organic.
Factor (B) treatments of the vine green
parts: Vi - control - no summer pruning
(b1); V. - normalization (thinning) of
clusters - 1/3 (30 - 35%) of the clusters
total for the variant (b2) have been
removed; V3 — thinning of the clusters +
clearing in the cluster area (b3); V4 -
thinning of the clusters + shoot topping
(July) + clearing in the cluster area (b4).

It was found that the level of impact of the
green pruning treatments on the yield
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3uTbeHn onepaumn BbPXY KOJMYECTBOTO
Ha pobuBa ce e MnoBMusiaia OCHOBHO OT
KNnumaTuyHaTa XapakTepucTuka Ha KOH-
KpeTHaTa rofvHa, He3aByCUMO OT TEXHO-
norusta Ha otrnexgaHe. MNpy Bnaroo6es-
rneyeHa n CpefHo ropewia rogmHa Bnus-
HMETO Ha 3efleHUTe pe3nuToéu He ce
Joka3sBa CTaTUCTUYECKU, a onpesensLlo e
B/IMAHNETO Ha TEXHO/OMMATa Ha OTrex-
JaHe. lNMpu cyxa 1 ropela roavHa e ycra-
HOBEHO [l0Ka3aHO B/IMSiHWE Ha 3efeHuTe
pe3nTtéy BBLPXY M3cCneaBaHUTe nokasaTe-
nn. VI3knwyeHne npasn camo rnokasarte-
AT Maca Ha CTO 3bpHa, Npu KONTO AokKa-
3aHO € BIMSHWETO caMO OT KOMOuHauus-
Ta Mexay asata hakropa. MNpu 103K No-
KasaTen ce Habnwgasa 1 BUCOKO HMBO Ha
BNNSAHME Ha cny4yaliHn chakTopu, KOUTO n
npes AseTe rogvHu Ha onuta ca Hag 40%.

KnwouoBu aymun: no3sa, /103apcrBo,
TEXHOM0rusi, 6GUOSIOrMYHO, KOHBEHLIMOHATHO,
[obus

YBO/,

CTtabunHuTe TEMNOBE Ha pas3BuTUE
Ha KOHBEHLMOHa/IHOTO U GWONIOTMYHOTO
Npoun3BOACTBO Ha rPO3Ae W BUHO B nep-
CnekTMBa MocTaBAT BbNpocuTe 3a ediek-
TUBHU W WHOBATUBHW TEXHOJIOTMYHM pe-
LUEHWs, oCurypsiBalll TbpCceHnUTe OT MNpo-
M3BOAMTENNTE rapaHuuM 3a BUCOKa [JO-
xogHocTt (Dimitrova et al., 2013). Mpowns-
BOACTBEHUAT PUCK B /103apCTBOTO MPOU3-
TUYa OCHOBHO OT Bb3AEWCTBMETO Ha K-
MaTUYHUTE YCMOBUSI Ha roavHata, ped-
NeKkTMpaly BbpXy HecTabunHocTTa Ha
nosyyaBaHuTEe [OGMBM M KA4eCTBOTO Ha
pekonTata OT rpo3ge. YCbBbPLUEHCTBA-
HETO Ha HAKOM TEeXHONOTMYHM 3BEHa B
npoueca Ha NPOU3BOACTBO Ha rposge no
METOAUTE Ha KOHBEHLMOHA/THOTO M 6uo-
NOTMYHOTO 3emefenne cbh3gaBa YC/0BUSA
3a OrpaHM4yaBaHe Ha pucka M nogoops-
BaHe KayeCTBEHUTE napameTpu Ha npeg-
naraHarta npoayKuus.

B cBeToBeH Mawab onepauumte Cbhe
3e/leHNTe 4YacTu Ha no3uTe (3eneHuTe
pesnTtbn) oTaaBHa ca Ce HaslIOXWUAW KaTo
3a4b/DKATENIHN B Jl03apckaTa MpakTyvika,
Hammpallia MNpPUIOXKEHNE KaKTO MpPW KOH-

quantity was mainly influenced by the
climatic characteristics of the particular
year, regardless of the cultivation
technology. In a wet and average hot
year, the impact of the green pruning was
not statistically proven, but the influence
of the cultivation technology was of
utmost importance. In a dry and hot year,
a proven influence of the green pruning
was found on the studied indicators.

The only exception was the indicator of
the mass per hundred berries, where only
the effect of the combination of the two
factors was proven. This indicator also
showed a high level of influence of
random factors, which in the two years of
trial was over 40%.

Key words: vine, vine-growing,
technology, organic, conventional, yield.

INTRODUCTION

The steady pace of development of
conventional and organic grape and wine
production has raised the prospective
issues of efficient and innovative
technological solutions, ensuring the vine-
growers with guarantees of high
profitability (Dimitrova et al., 2013).

The production risk in viticulture has been
mainly due to the impact of the weather
conditions of the year, reflecting on the
instability of the yields obtained and the
grapes quality.

The improvement of some technological
practices in the process of grapes growing
according to the methods of conventional
and organic farming might create conditions
for limiting the risk and improving the
quality parameters of the supplied produce.

Globally, the vine green treatments
(green pruning) have long been obligatory
in vine-growing practices that apply to
both conventional and organic viticulture
(Siv€ev et al., 2010; Ciobanu et al., 2012;
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BEHUVOH&/THOTO, Taka M npu 6uosnoruny-
HOTO no3apctBo (SivCev et al., 2010;
Ciobanu et al., 2012; Gentile et al., 2016;
Provost et Pedneault, 2016). Pe3utbute
Ha 3e/leHO ce nposexgar npe3 Bereta-
uusaTa M obxeawatr peguua arpotexHu-
Yeckn MeponpusaTus, Kato UIn3EHE,
KbpLUEHe, KONTYy4yeHe, MpopexgaHe Ha
rpo3goBeTe, uctaTa U gp. Bbnpekn ue B
niTepartypaTa ce cpewat NpoTUBOPEUUNBM
CTaHOBULLA 3a MPWIOXKEHNETO Ha onepa-
uunTE CbC 3€/IEHNTE 4YacTu Ha Jo3ara,
N3BBbPLUEHN MPAaBU/IHO U CBOEBPEMEHHO,
Te OKa3BaT MONOXUTESTHO BAIUSHME BbPXY
pacTtexHara cuna Ha nosuTe, fobwsa u
kayectBoTo Ha rposgeTto (Nikov and
Rangelov, 1991). Pa3nuyHuTe KOMOMWHa-
LM OT CE30HHU NPaKTUKN BOSAT 40 MHOTO
no-6anaHcyMpaHo NPOHUKBAHE Ha C/TbHYe-
BaTa CBET/IMHA B 30HaTa Ha rpo3ja.
Bb34yLIHMAT NOTOK Npe3 KopoHaTta U MuK-
pokMMaThT Ha /lo3ata ce nogobpsiear.
YBenmyaBa ce 0OWMAT apomarteH npo-
¢un Ha BuHata (Volschenk and Hunter,
2001; Hunter et al., 2004). Upes kbpLue-
HEeTO ce orpaHuyaBa M3pasxogBaHeTo Ha
XPaHUTEsTHN BELLEeCTBa 3a HEHYXeH pac-
Tex. To cnocobcTBa 3a nNogobpsisaHe Ha
CBET/IMHHUA WU BOAHUS PEXUM Ha f03uTe,
nosuwasa edeKTMBHOCTTA Ha pacTuTen-
HaTa 3awuTa, Y/ecHsiBa MNpOBeEXAaHEeTo
Ha arpoTEXHUYECKUTE MEeponpuaTUsS B
HacaxaeHuata (Pavlov et al., 2005;
Volschenk and Hunter, 2001; Hunter et
al., 2004). 3HayeHVe 3a KayecTBOTO Ha
rpo3geTo MMa 6poAT Ha rpo3foBeTe Ha
efHO pacTeHue. Korato no3uTe ca
npeToBapeHy, Y3psBaHETO 3aKbCHSBA U
ce nonyyasa rposfe C ApebHu 3bpHa u
BOAHMUCTA KOHcuCTeHuMa (Somkuwar et
al., 2014). C HamansBaHe 6pos Ha rpos-
poBeTe A0OMBBLT OT /l03a Ce HaMasisiBa,
HO Ce ycKopsiBa y3psiBaHETO, a TEr/10To Ha
rpo3ga W Ha 3bpPHOTO ce yBesmvasart
(Pallioti and Cartechini,, 2001; Susaj et
al., 2013). lMNMoBuwaBa ce CbAbpPXKaAHUETO
Ha pasTBOpPUMU TBBLPAM BELLEeCTBa B rpo3-
[eTo, a NonyyeHUTe BMHA ca C NoBuLIeHa
KOHLlEHTpauusa Ha aHTouMaHu, oblwmn dge-
HOMW, h1aBOHOMAMN 1 NO-HUCKA TUTpyemMa

Gentile et al., 2016; Provost et Pedneault,
2016).

The green treatments are carried out
during the growing season and cover a
number of agricultural activities such as
suckering, shoot topping, pinching off,
cluster and leaves thinning, etc.

Although controversial opinions could be
found in the literature about the green
treatments on vine, performed properly
and in a timely manner, these practices
have a positive effect on the vine growth,
the yield and the quality of the grapes
(Nikov and Rangelov, 1991). The various
combinations of seasonal treatments
result in much more balanced sunlight
penetration into the cluster zone.

The air flow through the crown and the
microclimate of the vine are improved.
The overall aromatic profile of the wines is
enhanced (Volschenk and Hunter, 2001;
Hunter et al., 2004). Shoot topping
reduces the nutrients used for
unnecessary growth.

It facilitates the light and water regime of
the vines, increases the efficiency of plant
protection, makes easy the
implementation of agro-technical
measures in the vineyards (Pavlov et al.,
2005; Volschenk and Hunter, 2001;
Hunter et al., 2004). The number of
clusters per vine is of importance for the
grapes quality. When the vines are
overloaded, the ripening is delayed and
grapes with small berries and watery
consistency are obtained (Somkuwar et
al., 2014). As the number of clusters is
reduced, the yield per vine decreases
also, but the ripening process is
accelerated, and the cluster and berry
weight is higher (Pallioti and Cartechini;
2001Susaj et al, 2013). The grapes
soluble solids content is increased and
the resulting wines have a better ratio of
anthocyanins, total phenols, flavonoids
and lower titratable acidity (Gao and
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kncenuHHoct (Gao and Cahoon, 1999; Gil
et al., 2013). /3BbpLieHNTE MaHUNynauun
B KOPOHWTE Ha No3uTe (HopMUpaHe Ha
rpo3foBeTe U KbpLUEHe Ha JieTopacnure)
okasBaT B/IMSIHWE BBPXY pacTexHute u
NPOAYKTUBHUTE UM BB3MOXHOCTU. V3Mme-
HAT Ce OCHOBHMTE arpobuosiorMyHn noka-
3aTenu: obus (KONMYECTBO M KaYyecTBO),
e[HOroAMIWeH npupacTt, NUCTHa NOBbpPX-
HOCT 1 Ap. Upe3 HopMupaHe Ha rposgo-
BETE M onepauun CbC 3e/1eHNTe YacTu Ha
pacTeHMeTo MOXe Ja ce NOCTUrHe pery-
nmpaHe Ha go6uBa 1 HEroBOTO KayecTBO.

Llenta Ha wu3cnegsaHeto e upes
[ABY(hbaKkTOpeH AMCnepcuMoHeH aHam3 ga
Ce YCTaHOBW CTENEeHTa Ha B/MAHME Ha
pasnnyH1 KomOGMHauMn OT onepauun Cbe
3e/IeHNTe YacTu Ha J103UTe BBbPXY KOJM-
4ecTBOTO Ha gobusa npu GMOMOTMYHO K
KOHBEHLMOHAMHO OTIexaaHe Ha fo3arta.

MATEPVAJT U METOOU

OnuTbT € npoBegeH npe3 2017 u
2019 rogmHun. Jlo3oBUTe HacaxieHusa ca
OT COpPT MWCKET Ka/TbLLKN, HAMUpALLW Ce
Ha TepuTopuaTa Ha EkcnepumeHTanHata
6aza Ha WHCTMTYT no Nno3apcTBo W
BMHApcTBO - [lneBeH. [bcTOoTata Ha
3acaxpaHeto e 3,20x1,20 m, no3ute ca
hopmupaHn cpefHOCTLOMEHO C BUCOUM-
Ha Ha cTb6noTo 1m. [Mognoxkara e
Bepnangnepn x Punapua Cenekuns
OneHnxalim 4 (CO4), pesuTbata € Ha
yenose. HatosBapBaHeTo € no 18 oum Ha
BCsika f103a. Cnepf nsbposiBaHe Ha CbliBe-
TUATa 1031Te ca pasnpesenieHn B Yetmpu
BapvaHTa C npubau3nMTesHO efHakbB
cpepeH 6poii cbuBeTMs U Npu  ABaTta
HauMHa Ha oTrnexaaHe. Bcekn BapuaHT
uMa 4 noBTOpeHus rno 3 io3nM B MOBTO-
peHue, unu obwo 12 no3n BbB BapuaHT.
Bcuukn BapuaHtM ca uanseHn epgHo-
KpaTtHO Mo KOpAOoHUTE. V3BBbPLUEHO € "
OBYKpatHO (puim3eHe B ocHoBata M no
cTbbnara Ha nosute.

BapuaHTu Ha onuTa:

dakTop A"

al - KoHBeHUMOHAIHO OTriexaaHe;

a2 - bMonornyHoO oTrnexaaHe.

®akTop ,B“:

Cahoon, 1999; Gil et al., 2013).

The treatments in the vine crowns (cluster
thinning and lateral shoots topping) have
an impact on their growth and fertility.

The basic agrobiological indicators are
changed: vyield (quantity and quality),
annual growth, leaf area, etc. By cluster
thinning and green treatments it could be
achieved regulation of the yield and its
quality.

The study objective was by two-
factor analysis of variance to be
determined the degree of influence of the
different combinations of treatments on
the green parts of the vine on the yield
quantity for organic and conventional
cultivation of the vine.

MATERIAL AND METHODS

The trial was carried out in the
years 2017 and 2019. The vineyards were
planted with Muscat Kaylashki variety,
located within the Experimental Base of
the Institute of Viticulture and Enology -
Pleven. The planting density was 3.20x1.20
m, the vines were grown on medium-high
training system with a stem height of 1m.
The rootstock was Berlandieri x Riparia
Selection Openheim 4 (SO4), the pruning
was done in spurs. The loading was 18
eyes per vine. After counting the
inflorescences, the vines were distributed
into four variants with approximately the
same average number of inflorescences
in both modes of cultivation.

Each variant had 4 replicates of 3 vines
per repetition, or a total of 12 vines per
variant. One suckering was carried out in
all variants on the cordons. Twice
suckering at the base and on the vine
stems was also performed.

Trial variants:

Factor “A”:

al — Conventional cultivation;

a2 — Organic cultivation.

Factor “B™
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Vi, - 6e3 neTtHu
pe3nton (bl);

V, — HopMmuMpaHe (npopexpaaHe) Ha
rposgoBseTe —.npemaxHatn ca 1/3 (30 —
35%) OT rpo3goBeTe 06WO 3a BapuaHTa

(b2);

KOHTpona -

V3 — HOpMMpaHe Ha rposgoBseTte +
npocBeT/IiBaHe B 30HaTa Ha rpo3goBeTe
(b3);

V4 — HOpMMpaHe Ha rposgoBseTte +
KbpLUEHe (osim Mecel) + NpocBeTNsABaHe
B 30HaTa Ha rpo3goseTe (b4);

lNoka3zaTenu Ha n3cnenBaHeTo:

- cpefgeH nobus OT eaHa n103a, (kg);

- cpefHa maca Ha efuH rposg, (g);

- cpegHa maca Ha 100 3bpHa, (9);

- cpefdeH 6poil rpo3goBe OT edHa
nosa;

KnumatnyHata xapakrepuctukaTa
Ha OMUTHWUTE TOAMHW € OonpegesieHa no
MeToauMTe Ha martemMaTudeckara CTaTucT-
uka (Sirakov, 1981). JaHHuTe 3a Temne-
patypute ”n BasieXuTe ca OT4yeTeHu OT
aBToMaTU4yHa MEeTeoposiornyHa CcTaHums
iMetos, pasnonoxeHa B paioHa Ha Ekc-
nepyMmeHtTasiHa 6a3a Ha W/IB - neBeH,
KbAEeTO Ce Hamupar U HacaxpaeHuaTa. B
Ta6bnmua 1 e npeAcTtaBeHa KaMMaTuyHa
XapakTepucTvka Ha ONUTHUTE TOANHM.

V; — control — no summer pruning
(b1);

V, — normalization (thinning) of
clusters - 1/3 (30 - 35%) of the clusters
total for the variant (b2) have been
removed;

V3 — thinning of the clusters +
clearing in the cluster area (b3);

V, — thinning of the clusters + shoot
topping (July) + clearing in the cluster
area (b4);

Indicators of the study:

- average yield per vine, (kg);

- average mass per cluster, (g);

- average mass per 100 berries, (g);

- average number of clusters per
vine;

The climatic characteristics of the
study years were determined by the
methods of mathematical statistics
(Sirakov, 1981). Temperature and
precipitation data were recorded by
iMetos automatic meteorological station
located in the area of the Experimental
Base of IVE - Pleven, where the vineyards
were located. Table 1 presents the
climatic characteristics of the study years.

Tabnuua 1 KnmmaTnyHa xapakTepucTuka Ha ONUTHUTE TOAMHN.
Table 1. Climatic characteristics of the years of the trial

Years / FognHn 2017

2019

N (v -ix) P %

6 — MHoro BnaxHa / Very wet, (622.4 mm )

50 — CpepsiHa / Average, (332 mm)

T° v-ix)

33 — CpepHo ropeuya / Average hot, (19.8 °C)

20 — MHoro ropelua / Very hot, (20.47 °C)

P — o6e3neveHocT (probability), N — Banexw (precipitations), T° - cpeHOAEHOHOLLHA TemnepaTypa Ha

Bb3yxa (average air temperature)

KonuyectBoTo Ha Banexurte npes
2017 roguHa e 622,4 mm n ca paBHomep-
HO pasnpeneneHn npes uenus nepuog.
O6esneyeHocTTa e 6%, KoeTo onpegens
roguHara, kato MHoro BraxHa. CpefgHo-
JHeBHaTa Temnepartypa Ha Bb3fyxa e
6una 19,8 °C c obesneuveHocT 33% onpe -
Jensua rogmHaTta, kaTo cpefiHo ropeLua.

PasnpefeneHveTto Ha BasiexuTe
npe3 2019 rognHa e HepaBHOMEPHO, Kato
OCHOBHaTa 4acT OT TAX ca najHasv npes
Mai, IOHU W 107K, a Npes3 aBrycT, CenTem-
BpY Y OKTOMBPW, MOYTU HE € Mmasio npe-

The precipitation in 2017 was 622.4
mm, evenly distributed throughout the
period. The probabilty was 6%,
determining the year as very wet. The
average air temperature was 19.8°C with
probability of 33% defining the year as
medium hot.

The precipitation distribution in
2019 was uneven, with the most rainfall in
May, June and July, while in August,
September and October there were
almost no rainfall. The total amount of
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BanaBaHua. Ob6Lara cyma Ha BanexwuTe 3a
nepuoga centemMBpu, OKTOMBPU U HOEM-
Bpu e 77,4 mm, kato 47,2 mm OT TAX ca
nagHanv Ha 1 aBryct. ToBa xapakrepusnpa
rofvHa no-cKopo, karto cyxa OT rnefgHa
Touka Ha dopmupaHe KOMYeCcTBOTO WU
KauyecTBOTO Ha fobusa. Mpu TOBa NOJsO-
XEHME MOXEM [a Kakem, ye OnuTtbT e
n3BedeH npes egHa MHOTO BRaxHa/cpegHo
ropeLya n efjHa cyxa/MHOro ropeLia roguHa.
Cratuctmnyeckatra ob6paboTka Ha
noslyyeHWTe pesyntatm e u3BbplleHa
ype3 [ABYd)aKTOpPEH [AMCNEepCUOHEH aHa-
3 (ANOVA) (Dimova and Marinkov,
1999). Cnnarta Ha BfMsiHWE Ha hakTopuTe
N HeliHaTa [OCTOBEPHOCT Ca WU3YMCIEHU
no metoga Ha MNnoxuHckm (Lakin, 1990).

PE3YJITATU N OBCBXXOAHE
B Tabnmuym 2 n 3 ca npeacTaBeHu
Mo rOAVMHU U TEXHOJOMNA Ha OTrnexgaHe
JaHHUTE 3a B/IMSHWETO Ha 3e/leHnTe pe-
3uTby BBPXY NokasaTtenute 3a Koamnyec-
TBO Ha gobusa.

precipitation for September, October and
November was 77.4 mm, as 47.2 mm
were on the 1% of August.

That specified the year rather as dry in
terms of the yield quantity and quality.
Therefore it could be said that the trial
was carried out during one very
wet/medium hot and one dry/very hot year.

The  obtained results  were
statistically processed by two-factor
analysis of variance (ANOVA) (Dimova
and Marinkov, 1999). The power of
influence of the factors and its
significance were calculated by the
method of Plohinski (Lakin, 1990).

RESULTS AND DISCUSSION
Tables 2 and 3 show the data on
the impact of green pruning on the yield
quantity indicators per years and
cultivation technology.

Tabnuua 2. lokaszaTenn 3a KONMYECTBOTO Ha pgobmBa npuv OBUOMAOrMYHO

oTrnexpaHe 3a 2017 .

Table 2. Yield quantity indicators for organic cultivation in 2017

BuonorunyHo / Organic | KoHseHumoHanHo / Conventional

Moka3aten / Indicators BapuaHTtu / Variants

V1 V2 V3 V4 V1 V2 V3 V4
Cpe/ieH A06UB OT eAHa f103a 4.413 |4.206 [3.558 [3.123 [1.455 [1.053 [0.999 [1.173
Average yield per vine, (kg)
Cpefier 6poiA rPO3A0BE OT €AHAN03A g 5y 1440 1275 [12.25 915 [6.90 [7.67 [9.25
Average number of clusters per vine
Cpe/Ha Maca Ha efuH rposp 268.06 [303.99 [286.12 [259.27 [148.22 [151.64 [130.3 [118.05
/Average mass per cluster, (9)
Cpeara maca Ha 100 supHa 271.03 [296.60 [264.21 [270.86 [270.28 [274.66 [240.06 [271.84
Average mass per 100 berries, (g)

Tabnuua 3. lMokazaTenin 3a KOANYECTBOTO Ha Ao6mBa MNpu  BGUOMOTMYHO

oTrnexpgaHe 3a 2019r.

Table 3. Yield quantity indicators for organic cultivation in 2019

BuonornyHo / Organic | KoHBeHumoHasHo / Conventional

MokasaTen / Indicators BapwaHTtu / Variants

V1 V2 V3 V4 V1 V2 V3 V4
CpefeH fobvs oT egHa fosa
Average yield per vine. (ko) 2997 [3.682 [3.842 [3.187 |4.245 [3571 [3.933 [3.453
Cpe/eH OpoiA Ipo3f0Be OT éAHAN03A g o |7 58 b2 75 D267 (500 [2025 [19.42 [17.25
Average number of clusters per vine
Cpe/iHa Maca Ha efiuH rposp 115.03 [129.75 [169.58 [141.63 [171.43 [180.33 [205.46 [196.02
IAverage mass per cluster, (9)
Cpeara maca Ha 100 3bpHa 246.31 [255.23 [250.53 [282.69 [259.53 [257.49 [48.54 [246.92
Average mass per 100 berries, (g)
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- JlobmB OT eaHa no3a

HanpaBeHuTe AWCNEPCUOHHW aHa-
31 3a BNUSHMETO Ha (pakTopuTe TEXHO-
norva Ha oTrnexjaHe, 3e/1eHn pesuTom u
TAXHOTO B3auUMOAENCTBME BbPXY MOKasa-
Tens p[obuB OT efHa fo3a ca nped-
cTaBeHn B Tabnuua 4.

- Yield per vine

The analysis of variance for the
influence of the factors cultivation
technology, green pruning and their
interaction with the indicator yield per vine
are presented in Table 4.

Tabnuua 4. JucnepCMoHEH aHa/IN3 Ha BAIMSIHMETO Ha (pakTopuTe: TEXHOOMMA Ha
oTrnexaaHe (A) n 3eneHu pesnTtou (B) Bbpxy fobumsa OT efHa fi03a

Table 4. Analysis of variance of the factors’ influence: cultivation technology (A)
and green pruning (B) on the yield per vine

2017

2019

Cuna Ha BnusiHne
Power of influence
(%)

M3TOYHKK Ha BapupaHe
Variation source

Cwna Ha BnusiHne
Power of influence
(%)

M3TOYHMK Ha BaprpaHe
Variation source

TexHonorus / Technology

*hk 0,
(A *** ( 0.1%) 75.62 *** (0.1%)

TexHonorus / Technology
(A) n.s. (< 5%)

3eneHn pe3utou / Green
pruning (B) n.s. (<5%)

3eneHu pe3utbu / Green
pruning (B) n.s. (<5%)

B3aumopgelicteue /
Interaction n.s. (< 5%)

B3aumopeliictaue /
Interaction n.s. (< 5%)

pewwukn / Errors 12.97

peLukn / Errors 59.31

AHaNU3bLT Ha pesynTaTuTe nokas-
Ba, Ye Mnpes BnaxHaTa u cpegHo ropelua
2017 rogmHa TexHoNornATa Ha oTriexaga-
He e noBAvAsa BbPXY Mokasarens B
75,6% oOT cnydyaute, AOKATO BAUAHWETO
Ha 3e/leHnTe pe3nTbu He e pJokasaHo.
Mpwn cyxarta u ropewa 2019 rogmHa BnvA-
HMETO Ha HUTO eAuH OT haKTopuTe He e
JokasaHo. TyK npasu BneyaTnieHue BUCO-
KMAT NPOLLEeHT Ha rpewwkaTta 59,31%, ToBa
rnokassa 4e npes tasu roguHa nMmuTupa-
O e 6M10 BANSHUETO Ha Apyru criyyai-
HW He 06xBaHaTV B U3cnegBaHeTo hakTopy.

- CpefHa maca Ha eauH rposg

JuncnepcnoHHyn aHanusn 3a BAUS-
HMETO Ha (hakTopuTe TEXHO/OMNS Ha OT-
rnexgaHe, 3efeHn pesuToén 1 TAXHOTO
B3auMOJEWNCTBME  BbPXY  nokasaTtens
cpefHa Maca Ha efuH  rpo3g  ca
npeacraseHu B Tabnuua 5.

The analysis of the results revealed
that during the wet and medium-hot year
2017, the cultivation technology affected
the indicator in 75.6% of the cases, while
the impact of green pruning was not proven.

In the dry and hot 2019, the impact of
none of the factors was proven. It should
be noted here the high error rate of
59.31%, indicating that the impact of other
random factors not included in the study
was limiting that year.

- Average mass per cluster
The analysis of variance for the

influence of the factors cultivation
technology, green pruning and their
interaction with the indicator average

mass per cluster are presented in Table 5.
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Tabnuua 5. lucnepcuoHeH aHa/In3 Ha B/IMAHNETO Ha pakTopuTe: TEXHOJIOTMA Ha
oTrnexaaHe (A) 1 3eneHu pe3nTon (B) Bbpxy cpefHaTa Mmaca Ha equH rpo3f
Table 5. Analysis of variance of the factors’ influence: cultivation technology (A)
and green pruning (B) on the average mass per cluster

2017

2019

Cwna Ha BnusiHne
Power of influence
(%)

M3TOYHMK Ha BapupaHe
Variation source

Cuna Ha BnusiHne
Power of influence
(%)

M3TOYHMK Ha BaprpaHe
Variation source

TexHonorus / Technology

*kk 0,
(A *** ( 0.1%) 79.11 ** (0.1%)

TexHonorus / Technology

Kk 0,
(A *** ( 0.1%) 40.34 *** (0.1%)

3eneHn pe3utou / Green
pruning (B) n.s. (<5%)

3eneHn pe3utou / Green

pruning (B) * (5%) 18.04 n.s. (< 5%)

B3aumopgelicteue /
Interaction n.s. (< 5%)

B3aumopgelicteue /
Interaction n.s. (< 5%)

pewwukn / Errors 17.06

pewwukn / Errors 36.78

Mpn TO3M nokasaTesi OTHOBO ce
HabnwgaBa CUHO BAUSHUE HA TEXHO/O0-
rmaTa Ha oTriexjaHe W HefokasaHo
BNNSAHME Ha 3e/ieHuTe pe3nTou npes 2017
roguHa. MNpe3 2019 rognHa vmame [oka-
3aHO BNUSAHME W Ha ABaTa u3cnefBaHu
(hakTOpa, KaTo B/IMSAHMETO HA TEXHOJIO0-
rmata Ha otrnexgaHe e 40,37%, a 3ene-
HUTe pe3nTbu ca okaszann BAUAHUE BbPXY
nokasatens B 18,04% ot cnyyaute. Haii-
BEPOATHO BAIUAHMETO HA 3e/IeHUTE Pe3uT-
61 ce Ob/HKM OCHOBHO Ha KIMMaTU4HUTE
ocobeHocTn Ha 2019 rognHa, XxapakTtepu-
3upalim ce CbC CcunHata HepasHOMep-
HOCT Ha pasnpefefieHNeTo Ha Banexure,
KOUTO ca najjHasiu OCHOBHO B HavasioTo
Ha BereTauusaTa. Npean3BUKAHUAT OT TAX
3acwieH pacTex Ha sfetopactute npes
BTOpaTa nosioBMHa OT BeretauuaTa, npes
KOATO MOYTU He € MMao Basiexu, ce e
SABUM KATO KOHKYPEHT Ha opmmpaHeTo
Ha pobuBa. B ponbnHuTeNHa nogkpena
Ha Ta3n KOHKYpeHUus ce sBfiBa W rope-
LWMAT XapakTep Ha roguHata. MNpu Te3n
06CTOATENICTBA 3€/IeHUTE pPe3nTou Haii-
BEPOATHO Ca Hamasiu/n Ta3n KOHKYypeH-
LA B NoN3a Ha nscnepsaHns nokasarern.

- Maca Ha cT0 3bpHa

[aHHuTe oT npoBegeHuTE Anchep-
CUOHHM aHanM3n 3a onpepensHe BAUS-
HMETO Ha akTopuTe TEXHOMOoMMa Ha
oTrnexgaHe, 3efeHn pe3nton n TAXHOTO
B3auMOJeNCTBUE BbPXY nokasaTens maca
Ha 100 3bpHa ca npegctaBeHn B Tabnmua
6.

That indicator again showed a
strong influence of the cultivation
technology and unproven influence of the
green pruning in 2017. In 2019, the
impact of both studied factors was proven,
with the impact of the cultivation
technology being 40.37% and the green
pruning had an impact on the indicator in
18.04% of the cases.

Most likely, the impact of the green
pruning was mainly due to the weather
specifics of 2019, characterized by the
strong uneven precipitation distribution,
with the most rainfall predominantly at the
beginning of the growing season.

The increased shoot growth during the
second half of the vegetation season,
during which there was almost no rainfall,
appeared to be a competitor for the yield
formation. The hot nature of the year
further supported that competition.

Under these circumstances, the green
pruning most likely reduced this competition
in favour of the studied indicator.

- Mass per hundred berries

The analysis of variance for the
influence of the factors cultivation
technology, green pruning and their
interaction with the indicator mass per 100
berries are presented in Table 6.
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Tabnuua 6. lucnepcruoHeH aHa/IN3 Ha BANSHMETO Ha hakTopuTe: TEXHONOMNSA Ha
oTrnexpaaHe (A) 1 3eneHu pe3nTton (B) Bbpxy macaTa Ha 100 3bpHa.

Table 6. Analysis of variance of the factors’ influence: cultivation technology (A)
and green pruning (B) on the average mass per 100 berries

2017

2019

Cwuna Ha BnmsiHne
Power of influence
(%)

M3TOYHVK Ha BapvpaHe
Variation source

Cuna Ha B/MsiHNe
Power of influence
(%)

M3TOYHVK Ha BapupaHe
Variation source

TexHonorus / Technology (A)
n.s. (< 5%)

TexHonorus / Technology (A)
n.s. (< 5%)

3eneHn pe3utou / Green

pruning (B) * (5%) 31.62 (1%)

3eneHu pe3untbu / Green
pruning (B) n.s. (< 5%)

B3aumopgelicteue /
Interaction n.s. (< 5%)

B3anmopelictaue /

Interaction ** (1%) 32.15* (1%)

pewukn / Errors 46.59

peLukwn / Errors 41.44

Mpn nokasatens maca Ha 100 3bp-
Ha npe3 2017 roavHa, 3a pasnunka oT apy-
rmTe u3cnefBaHu rnokasarenu, e Jokasa-
HO B/IMSIHWETO CaMO Ha 3e/IeHUTe pesuT-
6u (31,62%). Hail-BepoAaTHO npuynHaTa €,
ye 3efleHUTe pe3uToeHn onepauum ca
Hacounnm no-ronsM nNpoueHT OT Bojarta
KbM rpo3foBeTe 3a CMeTKa Ha Hamasie-
Hua 6poin netopactu. [llpe3 cyxara wu
ropewa 2019 roguHa e pgokasaHo camo
B/IMAHNETO NpWY B3aMMOLENCTBMETO Ha
ABata n3cnegsaHu haktopa. CamocTos-
TENHOTO BAUSHWE Ha (hakTopuTe He ce
JokasBa ctatuctuyecku. lMpu aHanusute
Ha pe3ynTaTute OT TO3M NokasaTesi npasu
Breyat/sieHne BUCOKMSA NPOLEHT Ha B/USA-
HMEe Ha CTpaHW4YHU HeobxBaHaTu OT W3-
cneaBaHeTo pakTopu, KOeTo 1 npes Ase-
Te ONUTHWU TOAUHW, HEe3aBUCUMO OT Tex-
HUA KNUMaTn4yeH KoHTpacT, e Hag 40%.

- CpegeH 6poi rpos3goBe oT efHa
nosa

HanpaBeHuTe AMCNEPCUOHHU aHa-
NN3K 3a BAIMSIHWMETO Ha hakTopuTe TEXHO-
norva Ha oTrnexjaHe, 3e/1eHn pesuTou u
TAXHOTO B3auUMOAENCTBME BbPXY MOKasa-
Tena cpepeH 6poit rpos3goBe OT efHa
nosa ca npeacraseHun B Tabnvuya 7.

For the indicator mass per 100
berries in 2017, contrary to the other
indicators, it was proven the influence
only of the green pruning (31.62%). The
most probable reason was that the green
treatments had directed a greater water
flow to the clusters at the expense of the
reduced number of shoots. During the dry
and hot year 2019, only the influence in
the interaction of the two studied factors
was proven.

The independent impact of the factors
was not statistically proven. In the
analysis of the results for this indicator,
the high ratio of influence of side factors
not covered by the study was impressive,
which in both years of the trial, despite
their climatic differences, was over 40%.

- Average number of clusters per
vine

The data from the analysis of
variance for the influence of the factors
cultivation technology, green pruning and
their interaction with the indicator average
number of clusters per vine are presented
in Table 7.
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Tabnuua 7. ucnepcnoHeH aHa/In3 Ha B/ISAHMETO Ha PakTopuTe TeXHOI0rUs Ha
otrnexgaHe (A) n 3eneHn pesnTtom (B) BbpXy cpegHusa 6poii rpo3goBe OT edHa

103a

Table 7. Analysis of variance of the factors’ influence: cultivation technology (A)
and green pruning (B) on the average number of clusters per vine

2017

2019

Cuna Ha B/MsiHne
Power of influence
(%)

M3TOYHVK Ha BapupaHe
Variation source

Cuna Ha B/MsiHNe
Power of influence
(%)

M3TOYHVK Ha BapupaHe
Variation source

TexHonorus / Technology (A)

eve (0.1%) 55.2 *** (0.1%)

TexHonorus / Technology (A)

eve (0.1%) 27.55 *** (0.1%)

3eneHn pe3utbu / Green
pruning (B) n.s. (< 5%)

3eneHn pe3utou / Green

pruning (B) ** (1%) 29.41 ™ (1%)

B3avmopgevicteue / Interaction
n.s. (< 5%)

B3avmopgericteue / Interaction
n.s. (< 5%)

pewukn / Errors 21.55

pewwuku / Errors 27.01

M npu TO3M nokasartes npes Bax-
HaTa 1 cpegHo ropewa 2017 rogmHa nu-
MUTMpaLLO € 6uno BAWSHMETO Ha dhak-
TOpa TEexHO/IoMMsA Ha OTrfexaaHe CbC
cuna Ha BnunsHue 55,2%. BnvsHueTo Ha
3e/leHuTe pe3uTom He ce [okas3Ba cTa-
TUCTUYECKU. Pe3yntatute oT aHanu3a Ha
JaHHuTe ot 2019 roguHa nokassaT [oKa-
3aHO BNUSHWE W Ha ABaTa u3cnefBaHu
(pakTopa CbLOTBETHO 27,55% 3a hakTop
(A) n 29,41% 3a cpaktop (B). BnmsHuneto
Ha 3efneHnTe pe3nTbu npes Tasu roguHa
ce 006sicHABa C HamasleHust 6poi rpos-
[OBe Ha efHa no3a 1 HamaneHara Abf-
XWHa Ha netopacTtuTe, c/ieCTBUE OT Kbp-
LLEeHeTOo, KOeTo e oKasasio MNoJIoKUTENTHO
BNMSAHME BbPXY U3C/MefiBaHNSA nokasarers.

N3BOAN

OT M3N0oXeHWUTe pe3ynTatn Moxe
[la ce HanpaBu 3aK/lOYEeHNeTo, 4Ye cTe-
MeHTa Ha B/IUAHME HA 3e/IeHUTE Pe3nT-
6eHN onepauun, BbPXY KOIMUECTBOTO Ha
[lo6vBa ce e MOoB/Msi/la OCHOBHO OT K/u-
mMaTuyHata 0CO6eHOCT Ha KOHKpeTHaTa
roguHa, He3aBNCUMO OT TEXHOJOTUATa Ha
oTrnexpaHe. [lpu Bnaroo6esneyeHa WU
cpefHo ropewa roguHa BAWUSIHUETO Ha
3e/IeHUTe pe3nToM He ce fokasBa CTa-
TUCTUYECKN U ONPeaensaWo e B/USHUETO
Ha TexHonorusita Ha otrnexgaHe. lMpu
CyXM W TOpewy TrOoAvHN [oKa3aHo e
B/IMSHAETO Ha 3e/IeHMTe Pe3nTOU BbpXYy
uscnefBaHuTe nokasatenu. WsknoueHue
npaBy camo MoKasaTensT maca Ha CTo

For this indicator too, in the wet and
medium-hot 2017, the influence of the
factor cultivation technology with a power
of influence 55.2% was limiting. The
impact of green pruning was not
statistically proven. The results of the
analysis for 2019 showed a proven impact
of both studied factors, 27.55% for factor
(A) and 29.41% for factor (B), respectively.

The green pruning impact that year was
explained by the reduced number of
clusters per vine and the reduced shoot
length as a result of shoot topping that
had a positive effect on the studied
indicator.

CONCLUSIONS

On the basis of the presented
results it could be concluded that the level
of impact of the green pruning treatments
on the vyield quantity was mainly
influenced by the climatic characteristics
of the particular year, regardless of the
cultivation technology. In a wet and
average hot year, the impact of the green
pruning was not statistically proven, and
the cultivation technology was
determining. In dry and hot years, a
proven influence of the green pruning was
found on the studied indicators.

The only exception was the indicator of
the mass per hundred berries, where only
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3bpHa, NpU KOTO AOKA3aHO € BANSHWETO
camMo OT KOMOGUHauusiTa Mexay AsaTta
(pakTopa. Mpu TO3M NokazaTen obaye ce
HabngaBa M BMCOKO HUBO Ha B/IMSIHUE
Ha cny4daliHu akTopu, KOMTO WU npes

the effect of the combination of the two
factors was proven. For this indicator it
was also observed a high level of
influence of random factors, which in the
two years of the trial was over 40%.

JBeTe rognHu Ha onuta ca Hag 40%.
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Maturation of the Grafted Cuttings Growth in a Vine

Nursery under the Impact of Osiryl Biostimulator
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Original scientific paper

PE3OME

B cTatuATa ca oTpaseHun pesynrtaTtu
3a B/IMAHWETO Ha 6uoctumynaTopa O3u-
pun BLPXY y3psABaHETO Ha eAHOroANLLHNA
npupacT Ha npucajeHn pesHuum B /1030-
BO BkopeHwnuuie. OnMTbLT € NpoBefeH
npes 2018 1 2019 r. cbC copT KannbLukm
pybuH, npucageH BbPXY NoAsoXKkaTa
BepnaHanepn x Punapua CO4. EdekTbT
OT TpPeTUpaHeTo € OLEeHeH Mo nokasarte-
NMTe, oTpassBally CTeneHTa Ha y3psBaHe
Ha r1aBHUA neTopachn 1 3peninsa npupact
Ha BKOpeHeHuTe Jo3U. CraTUCTUYecKu
JoKa3aHu ca pasfnvkute caMmo OT BTopara
rofMHa, HO Tbii KaTo 1 Npe3 ABeTe ro4uHU
TPETUPaAHUAT BapmaHT rnokassa no-gobpu
pesyntati OT KOHTPO/IHUA, Hanuue e
o6La TeHAEHUNA 3a NOSIOXKUTE/THO BNNS-
HWMe Ha NpoAayKTa.

KnrouoBu ayMn: Osnpun,
6UOCTMMYNATOPK, NO30BO BKOPEHWUJINLLE,
npucageHn pesHuuu, rnaBeH fetTopacsi,
y3psaiBaHe, 3psAn npupact

SUMMARY

The paper has presented the
results of Osiryl biostimulator impact on
the maturation of the grafted cuttings
growth in a vine nursery. The trial was
conducted in 2018 and 2019 with
Kailashki Rubin wine variety grafted to
Berlandieri x Riparia SO4 rootstock. The
effect of the treatment was evaluated by
the indicators revealing the maturation
rate of the main shoot and the mature
annual growth of the rooted vines.
Although only the results from the second
year were statistically proven, it was
observed an overall trend for the product
positive impact in favour of the treated
variant for both years.

Key words: Osiryl, biostimulators,
vine nursery, grafted cuttings, main shoot,
maturation, mature growth
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yBO/[,

Mpupopgata Ha Bvarapua npegnara
MHOroo6pasme OT €eKOSIOrMYHK hakTopw,
CbyeTaHW B YHUKaNHW MOYBEHO-KNMMA-
TUYHWM KOMMNIEKCU, KOUTO NPefocTaBaT Ha
nosarta LUMPOKO Mosie 3a paskpuBaHe Ha
HenHnst BMOI0rMYEH, COPTOB N TEXHONO-
rmueH noTeHuman. OCBeH MPUPOAHUS KOM-
nseKkc oT (pakTopu, pellasallo B/IUSHUE
BbPXY pacTeHusTa oka3Ba U arpoxmmuy-
HUA. [joka3aHo e, Ye CbCTOAHMETO Ha J10-
3ara Moxe fa ce nogobpu ypes TopeHe.
MakpoenemeHTuTe asot, docdop U
Kanuii umat cneuuuyHo BAUSHWE BbPXY
HeliHaTa ou3nosiornss U 1o He 6mBa Aa
6bae npeHebpersaHo. [01SMO 3HaYeHue
MUMaT Me30- U MUKpOenieMeHTuTe, 3aloTo
TAXHOTO Ha/IMuMe okasBa ,TepaneBTuyeH"
epekT BbpXy pasBUTMETO Ha pacTeHWNeTo
(Hristov, 2007).

Mpy npexoga OT KOHBEHLMOHA/HO
KbM OMOSIOTMYHO 3emMefieniie MHOro Mnpo-
y4YBaHVA ca HACOYEHN BbPXY YCbBbPLLEH-
CTBAHETO Ha pas3/IMYHM TEXHOoruu, no-
[obpsaBally NOYBEHOTO MI040POAME, HO
Waasawm okonHaTa cpefa U pacteHusTa.
3aToBa OTKa3bT OT M3M0/13BAHETO HA CUH-
TETUYHU CbEeAMHEHUS MPOBOKMPA Tbpce-
HETO Ha NMPUPOAHM CY6CTaHLUM N BUCOKO-
ed)eKkTMBHM Mpenapartu, YneTo Aeincteune
€ HaCoYeHO KbM MoJsiydyaBaHe Ha Mo-
BMCOKM [o6uBm ¢ fobpo kavectso (Zhunic,
1996). C Ta3u LUen B KOMMNJeKca OT arpo-
TEXHWYECKN MEPONPUSATUSA Ca BK/IHOYEHU
Taka HapeyeHuTe pacTexHu perynaropw,
KOUTO B C/ly4as C BeretaTuBHOTO pa3mHO-
XaBaHe Ha sio3ara ce M3nosnssart no Tpu
HayMHa. EQNHMAT OT TSX e upe3 06paboT-
Ka Ha npucageHute pesHuLM C aykCUHO-
nogobHN cbefguHeHUsa npeau 3acaxpaHe-
TO um BbB BKopeHunmue (Radchevskiy et
al., 2010). Opyr ecbekTnBeH nogxop e
ype3 M3BbHKOPEHOBO (JIMCTHO) CTUMY/U-
paHe Ha pacTexa UM C KOMIMIEKCHM
opraHo-MvHepanHu npenapatu, Cbabp-
Xawm n mukpoenemeHtn (Nikolskiy and
Pankin, 2018). MNMonoxuTteneH egekT Bbp-
Xy e[HOrofMLIHNA npupacT u gobusa Ha
CTaHfapTeH nocagbyeH MaTepuas Moxe

INTRODUCTION

The nature of Bulgaria offered a
variety of ecological factors, combined in
unigue soil-climatic complexes that
provided the vine with a wide field for
revealing its biological, varietal and
technological potential. Apart from the
natural complex of factors, the
agrochemical one also had a decisive
influence on the plants. It had been
proven that the vine status might be
improved by fertilizing. The
macronutrients nitrogen, phosphorus and
potassium had a specific effect on its
physiology and it should not be neglected.
The meso- and microelements were of
great importance because their presence
had a “therapeutic” effect on the plant
development (Hristov, 2007).

In the transition from conventional
to organic farming, many studies were
focused on various advanced
technologies that improved soil fertility but
were environmentally and plant-friendly.

Therefore, the rejection to use synthetic
compounds had provoked the search of
natural substances and highly efficient
preparations, the action of which was
aimed at obtaining higher yields of good
quality (Zhunic, 1996). For this purpose,
the complex of agro-technical measures
included the so-called growth regulators,
which in the case of vine vegetative
propagation were used in three ways.

One of them was by treating the grafted
cuttings with auxin-like compounds before
planting them in the nursery (Radchevskiy
et al.,, 2010). Another effective approach
was by foliar stimulation of their growth
with complex organic-mineral preparations
containing micro nutrients (Nikolskiy and
Pankin, 2018).

A positive effect on the annual growth and
yield of standard propagation material
could be achieved by the introduction
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Ja 6bge nocturHat M uype3 BHACAHETO
nocpeacTtsom doepturaumsi (C NOAMBHUTE
BOAM) Ha  CTUMyNuMpaliM  NPOAyKTW,
noslydeHn OT BOJOPAC/N U CbAbPXaLLm
OCHOBHUTE MakpoenemeHTn (Pachev and
Prodanova-Marinova, 2016).

Y3paBaHeTo Ha efHOroAuLIHUA Npu-
pacT Npsiko Kopesvpa ¢ HaTpynBaHeTo Ha
NnAacTUYHM BeELecTBa B AbpBecuHaTa Ha
nosara, KOeTo OT CBOSI CTpaHa 3aBuCU OT
npoueca Ha XpaHeHe MO BpeMe Ha
BeretTauuaTa. ONTUMasIHO MpoTuyalmTe
h1310I0TMYHM NpOLEeCU B pacTeHNeTo ca
rapaHuusi 3a [06poTo 1A 3anacsiBaHe,
0Cco6€eHO Npw YrHeTABALLOTO Bb3AeicTBME
Ha pasiMyHM HebnaronpuaTHU akTopw.
[lo6bpe 3anaceHara f103a B naogoaasallo
N03e npuTexasa ronsiMa pactexHa cuna,
[ob6pa Beretauus M BMCOKA POAOBUTOCT
npe3 BCEKM HOB CE30H, YCTOMuMBa € Ha
TemnepaTypHu ekCcTpeMyMmun 1 3acyllaBa-
He, Ha pa3NnyHM 601ecTn N HenpusaTeNu.
CbL0TO Ce OTHacsa 1 3a obnaropogeHaTa
N KaueCTBEHO BKOpPEHEHa 103a, KoATo no-
NlyyaBa MOLLEH CTapT Npu 3acaxAaHeTo i
Ha NOCTOSIHHO MSICTO.

AKTya/lHOCTTa Ha MpoyyBaHuATa B
I030BO BKOPEHMNULLE CE CbCTOU B TOBA,
ye TpsbBa Aa Ce Hamepu OTroBOp Ha
BbMpOCa, Kak Npu AafeHW MNOYBEHO-KIN-
MaTWUYHU YC/IOBWA M TEXHOOrUK 3a Npo-
M3BOACTBO Ha /1030B MNOcagbyeH mare-
pvuan, pasnMyHuTe COpToBe pearvpart Ha
pa3sHoobpa3neTo OT 6MO0rMYHO aKTUBHM
BelllecTBa U Cb3fgafeHnTe Ha TsxHa 6asa
CTUMyNMpaLL NpoaykT, ¢ KOMTO ce no-
BMLLIABA NPOLEHTa Ha BKOPEHEHUTE /103U
N TAXHOTO Ka4yecTBo. [poyyBaHMsiTa y Hac
He mMoraT fga ce cuutaT 3a A0CTaTbuHW,
Tbii KaTo HEe € W3BEeCTeH OTIOBOPbLT Ha
peavua HOBOCENEKUMOHUPAHW, Nepcnek-
TMBHM W C LEHHM CTOMAaHCKM KayecTBa
coptoBe, haBopuT cpea kKouTo e Kaii-
NTbLUKN PYOUH.

Llenta Ha n3cnegBaHeTo e ga ce
yCTaHOBM edhekTa OT TpeTmpaHeTo ¢ buo-
ctumynatopa O3upwn BbPXY y3psiBaHETO
Ha neTopacnute W 3penus npupact Ha
BKOPEHEHUTE N03M.

through fertigation (with the irrigation
water) of stimulant products derived from
algae and containing the main
macronutrients (Pachev and Prodanova-
Marinova, 2016).

The maturation of the annual
growth directly correlated with the
accumulation of plastic substances in the
vine wood, which in turn depended on the
nutrition during the vegetation. The
optimal physiological processes in the
plant were a guarantee for its good
storage, especially with the depressing
effect of various adverse factors.

A well provided vine in a fruit-bearing
vineyard had great growth strength, good
vegetation and high fertility in each new
season. It was resistant to extreme
temperatures and drought, to various
diseases and pests. The same referred to
the cultivated and well-rooted vine, which
got a powerful start when planted in a
permanent place.

The relevance of research in vine
nurseries was that an answer should be
found to the question of how, at certain

soil and weather conditions and
technologies for vine propagation material
production, the different  varieties

responded to the diversity of biologically
active substances and the stimulating
products created on their base that
increased the ratio of rooted vines and
their quality. The studies in our country
could not be considered enough, as the
response of a number of newly selected,
promising and with valuable economic
qualities varieties was not known, the
favorite among which was Kailashki
Rubin.

The objective of the study was to
determine the impact from the treatment
with Osiryl biostimulator on the shoots
maturation and the mature annual growth
of the grafted cuttings.
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MATEPWNAN N METO4WA

OnuTbLT € U3BefleH C BUHEHUSA CopT
Kaiinbwku pybuH (lvanov et al., 2011),
npucaneH BbpXY noasioxkara
BepnaHgnepn x Punapug, cenekuus
Onenxaiim 4 (Roychev, 2012).

TexHoMoruATa Ha oTriexjaHe Ha
npucageHnTe pesHuuUmM e ¢ OTKpuUTa ropHa
yact (Oo napachvHa) B ABYpeaoBU Nexu
(Dimitrova et al., 2007; Todorov, 2005).
HanosBaHeTo e kKankoBO U  4pes
MuKpoabxaysaHe (Tsvetanov, 2019).

Cxemara Ha onunta ce CbCToU OT 2
BapuaHTa: V1 — KoHTpona (6e3 TpeTtupa-
He) n V2 — TpetupaHe ¢ O3upwusa, BCEKU
OT KOWUTO BK/toYBa 4 nosTopeHusa no 50
6pos pesHuupm.

BkopeHunuuiata ce pasnonarar B
EkcnepumeHTanHarta 6asa Ha WJ/1B-MneseH,
KbAETO MOYBEHUAT TUM € TEXKO MEeCHY/IMBO-
TMUHECT M3/y)XeH 4YepHo3emMm, ob6pasyBaH
BbpXxy rnvHsAcan nboc (Krastanov and
Dilkova, 1963).

BuoctumynatopsT O3upun 6naro-
NPUATCTBA pacTexa W pereHepauuara Ha
KOpeHuTe, onTumm3aupankm abcopbuusata
Ha BOJa W MMVHepanHW BeLlecTsa OT
nousata. OfobpeH e 3a uM3non3BaHe B
OpraHM4yHOTO MNPOU3BOACTBO Ha BCUYKM
KynTypu. TpeTupaHeTo ce M3BbpLLBa Npu
OBXA0BHU YC/I0BUSA, HANosiBaHe WUu 4pes
npbckaHe (www.groupe-frayssinet.fr). 3a
uenTa Ha onuta To € cbobpaseHo ¢ pas-
BUTMETO Ha XpaHeLmnTe KOPEHN Ha Pe3HU-
LuMTe No BpeMe Ha TAXHOTO BKOpPeHsBaHe,
a Ha4YMHBT Ha BHacsiHe — C TexHosormaTa
3a oTtrnexpgaHe B W1B-MneBeH (4upe3 no-
NMBHWUTE BOAM). M3BBLPLIEHO € 4yeTupu-
KpartHo, ¢ fgo3a 1000 ml/da.

Bb3geiicTBneTo Ha GuocTumynaropa
€ OLEeHEeHO Mo cneaHnTe nokasaresnu:

- CTeneH Ha y3psiBaHe Ha rnasHusA
netopacswn (cm);

- AbmkuHa Ha 3penus npupact (cm);

- Maca Ha 3penusa npupacT (g).

Y3psiBaHeTO Ha rnaBHUTe JsieTopac-
N e npocnefeHo Nno Bpeme Ha BKOPEHS-
BaHeTO npe3 3 nHrepsana oT Bpeme (7-14
OHW). 3penuaT npupact e OT4yeTeH cnep
oKayecTBfiBaHe Ha MocagbyHuA Mare-

MATERIAL AND METHODS
The trial was carried out with the
wine Kaylashki Rubin variety (lvanov et
al., 2011), grafted to Berlandieri x Riparia

rootstock, selection Openhaim 4
(Roychev, 2012).
The grafted cuttings growing

technology was with open top part (to the
wax) in two-row beds (Dimitrova et al.,
2007; Todorov, 2005). Micro-sprinkling
and drip irrigation was  applied
(Tsvetanov, 2019).

The trial pattern consisted of 2
variants: V1 - Control (no treatment) and
V2 - Osiryl treatment, each with 4
repetitions of 50 cuttings.

The nurseries were situated at the
Experimental Base of IVE-Pleven where
the soil type was heavy sandy-clay
leached chernozem formed on clay loess
(Krastanov and Dilkova, 1963).

Osiryl biostimulator favoured the
root growth and regeneration, optimizing
the water and soil minerals absorption. It
was approved for use in the organic
growing of all crops. The treatment was
performed in rainy conditions, during the
irrigation or by spraying (www.groupe-
frayssinet.fr). For the aim of the trial, it
was done in accordance with the
development of the nourishing roots of the
cuttings during their rooting, and the
method of introduction — with the
technology of cultivation in IVE-Pleven
(through the irrigation water). It was
performed four times at a dose of
application 1000 ml/da.

The biostimulator impact
evaluated by the following indicators:

- Main shoot maturation rate (cm);

- Length of the mature growth (cm);

- Mass of the mature growth (g).

was

The maturation of the main shoots
was monitored during rooting at 3
intervals of 7-14 days. The mature growth
was recorded after the propagation
material was graded. The measurements
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pvan. VisamepBaHusiTa ca HanpaBeHu Bbp-
Xy 3 /1031 OT BCSKO MOBTOPEHNE.

Pesyntatute ca o6paboTeHn uypes
OVNCNEepCUOHEH  aHasiM3  Ha  faHHuTe
(ANOVA) oT egHOMhaKTOpEH NOMCKN ONUT,
3a/10keH No MeToAa Ha Abarute napuenu
(Dimova and Marinkov, 1999).

PE3YJITATN N OBCbXXAJAHE

BkopeHsaABaHETO Ha npucageHurte
pe3Huym npes3 2018 r. e n3pbpLleHo ot 19
Maii go 1 HoemBpu (166 AHW), a npes
2019 r. — ot 23 mai go 29 okromepu (159
OHK). TlpouecshT Ha y3psABaHe Ha r/1aBHU-
Te fletopacnu npes nbpBarta roguHa e
npocnefeH B uHTepsasia oT 21 cenrtem-
Bpu A0 19 okTOMBpW, a npes3 BTopara —
Mexnay 16 centemBpu 1 10 OKTOMBpPU.

AsyroaniiHute gaHHn Ha ®urypa 1
Hall-Hanpef nokasBaT TeHAEeHUMs, npu
KOATO y3psABaHEeTO 3arnoysa Mo-paHo npu
TpetvpaHute ¢ O3upun pesHuuu. Ha
BTOPO MACTO Ce BWXAa, Ye NpoLechT KaTto
UAno0 npotuya C Mo-rosiiMa WHTEeH3WB-
HOCT, CbLLO B TAXHa nonsa. Tosa pasnu-
yve Mexay roguHuTe oT4eTINBO Cce 3abe-
nassa npes3 2019 r., korato peructpupa-
Hata pasfvka e no-ronigiMa v npu BCAKO
cnefsalwo OTyMTaHe YyBCTBUTE/NHO Ha-
pacTtBa. He3HaunTeslHO U3K/IOYeHWe npa-
BW camo nocnegHoto npe3 2018 r., korato
pasfnvkara CcrnpsaMo MeXAWHHOTO e no-
MaJsiKa, HO BCe Mak ce 3anassa B Mos3a Ha
TpeTvpaHns BapuaHT.

MbpBoTO OTuMTaHe npe3 2018 .
nokasesa pasnuka oT 5,7 cm cnpsmo
KOHTPO/IHMA BapuaHT, a npe3 2019 r. —
7,8 cm. W3paseHa KaTO CbLOTHOLUEHWE
cblliata npes nbpsBarta rogyHa ce paBHS-
Ba Ha 14,3 % no-gbnara 3pana vact, a
npe3 Bropata — Ha 50,1 %.

MMpn BTOPOTO OTYMTaHE pasnukarta
Mexzay BapuaHTute 6enexu ACHO u3pa-
3€H MK, KOeTo e [oKasaTesICTBO, Ye KbM
TO3M MOMEHT Y3psiBaHETO NpOTUYa Hai-
WHTEH3MBHO. T[lpe3 2018 r. cbwara
Bb3/M3a Ha 7,7 cm (17,3 %), a npes
BTOpaTta — Ha 15,4 cm (60,9 %).

®UHaA/THOTO OTyMTaHe CBUAETEs-
CTBa 3a TOBa, Ye MPOoLUEeCHT HaB/M3a BbB

were taken on 3 vines of each replicate.

The results were processed by
analysis of variance (ANOVA) from a one-
factor field trial based on the long plots
method (Dimova and Marinkov, 1999).

RESULTS AND DISCUSSION

The rooting of the grafted cuttings
in 2018 was done from May 19 to
November 1 (166 days), while in 2019 —
from May 23 to October 29 (159 days).
The maturation process of the main
shoots in the first year was observed in
the interval from September 21 to October
19, and in the second one — between
September 16 and October 10.

The biennial data in Figure 1
showed firstty a trend where the
maturation began earlier in the Osiryl-
treated cuttings. Secondly, it could be
seen that the process as a whole was
more intense, also in favour of the treated
variant. That difference between the years
was clearly visible in 2019, when the
recorded difference was higher and went
up significantly with each subsequent
recording. An insignificant exception was
only the last accounting in 2018, when the
difference compared to the intermediate
was smaller, but still remained in favour of
the treated variant.

The first recording in 2018 showed
a difference of 5.7 cm compared to the
control variant while in 2019 — 7.8 cm.
Expressed as a ratio, that difference in the
first year was equal to 14.3% longer
mature part, and in the second year — to
50.1%.

During the second recording, the
difference between the variants marked a
clear peak, which was proof that at that
time the maturation was the most intense.
In 2018, it was 7.7 cm (17.3%), and in the
second year — 15.4 cm (60.9%).

The final recording revealed that
the process was in a slow-down phase
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(hasa Ha 3aTMxBaHe, NpW KOETO 3psanaTa
yacT Ha rnaBHus nietTopacsbn npes 2018 r.

where the mature part of the main shoot
in 2018 was longer by 6.9 cm (15%), and

e no-gbara ¢ 6,9 cm (15 %), a npe3 2019 | in 2019 - respectively by 185 cm
r.— CbOoTBETHO ¢ 18,5 cm (60,8 %). (60.8%).
RATE OF THE MAIN SHOOT MATURATION
70
G0
50
- 40
=
S
30
20
10
. | i M | 1 i
2018 2019
Control 305 447 46,3 15,5 253 30,4
= Osiryl 452 52,4 53,2 23 40,8 489
== Differ. 5.7 Y1 6.9 7.8 154 18,5
dur. 1. CTeneH Ha y3psiBaHe Ha rfiaBHusa sieTopachs/i
Fig. 1. Rate of the main shoot maturation
BromeTpuyHuTe n3mepBaHus The biometric measurements fully

HanbLMIHO NOTBbPXAaBaT HabsilogaBaHaTa
TeHAeHuMa 3a TMo-BUCOKAa CTerneH Ha
y3psiBaHe Ha npupacrta npu TpetmpaHuTe
c 6uoctumynatopa O3uUpu/T BKOPEHEHU
nosun (V2) n npes gsete roguHy Ha onvra
(durypa 2). Mpe3 2018 r. 3psnara yacT Ha
6pYTHUA NPMPACT Nokasea pas/vku, nspa-
3€HU KaTo Ab/DKMHA W Maca, Bb3nnsalin
Ha 11,3 cm un 3,27 g, a npe3 2019 r. — Ha
19,4 cm un 5,21 g. Cbwmre, n3paseHn B
MPOLEHTHO CLOTHOLLEHME Mpe3 nbpsBarta
rogvHa ce pasHsaBaT Ha 22,5 % no-gbnra
n 27,2 % no-texka 3psAna 4yact Ha npu-
pacta, a npe3 BTopara — CbOTBETHO Ha
52,7 n 85,4 %.

confirmed the observed tendency for a
higher rate of the growth maturation in the
rooted vines treated with  Osiryl
biostimulator (V2) during both years of the
trial (Figure 2). In 2018, the mature part of
the  overall growth  demonstrated
differences, expressed in length and
mass, amounting to 11.3 cm and 3.27 g,
and in 2019 —to 19.4 cm and 5.21 g. The
same, expressed as a percentage in the
first year were equal to 22.5% longer and
27.2% heavier mature part of the growth,
and in the second year — respectively to
52.7 and 85.4%.
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INDICATORS OF THE MATURE GROWTH
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mLength oMass

dur. 2. lNokasaTtenu Ha 3penina npupact
Fig. 2. Indicators of the mature growth

HesaBncumo oT TOBa, Ye u npes
[BeTe roAyHW Ha u3cnefBaHeTo oTyeTe-
HWTE pas/iMKM ca B Nos3a Ha TpeTmpaHus
¢ Osvpun BapuaHT, AUCNEPCUOHHUTE
aHanu3un (Tabnuua 1) nokaseat, ye npes
2018 r. pe3ynratuTe He ca CTaTUCTUYECKU
AokazaHu (n.s). MNpes3 2019 r. no-BMcokaTa
CTeneH Ha y3psiBaHe Ha rn1aBHuA nietopa-
Cb/1 BbB V2 e fokasaHa npu nocsegHoTo
oTynTaHe ¢ pasnuka ot 18,5 cm 1 HMBO
Ha AOCTOBEPHOCT 5% (+). Ab/HKUHaTa Ha
3penus nNpupacT 1 HeroBaTa maca CbLio
ca [okKasaHu B Heroea nonsa C pasfvku
oT 19,4 cm n 5,21 g npu HMBA Ha [OCTO-
BEPHOCT CbOTBETHO OT 1% (++) 1 5% (+).

Regardless the fact that in both
years of the study the recorded
differences were in favour of the Osiryl-
treated variant, the analysis of variance
(Table 1) showed that in 2018 the results
were not statistically proven (n.s). In 2019,
the higher rate of the main shoot
maturation in V2 was proved in the last
accounting with a difference of 18.5 cm
and a confidence level of 5% (+). The
length of the mature growth and its mass
were also proven in the favour of the
treated variant with differences of 19.4 cm
and 5.21 g at confidence levels of 1% (++)
and 5% (+), respectively.

Tabnmua 1. AncnepcuoHHN aHanmM3u Ha uscsiegBaHnUTe nokasaTenn
Table 1. Analysis of variance of the studied indicators

[ObmKnHa Ha 3psanaTa vyacT
ObmkuHa Ha 3penus
Ha rnaBHWS netopacss [cm] npupac [cm] Maca Ha 3penusa npupacT [g]
BapunaHT Length of the mature part Lenath o?tﬁe mature growth Mass of the mature growth
Variant of the main shoot 9 9
CpepgHo | Pasnuka |[okasaHo|CpegHo| Pasnuka |Joka3aHo] CpegHo | Pasnuka [[loka3aHo|
Mean | Difference | Proven | Mean |Difference| Proven | Mean |Difference| Proven
2018
V1 [KoHTpona/Control| 46.3 X X 50.1 X X 12.07 X X
V2 |03upun/Osiryl 53.2 6.9 n.s 61.4 11.3 n.s 15.34 3.27 n.s
2019
V1 [KoHTpona/Control] 30.4 X X 36.7 X X 6.10 X
V2 |03upun/Osiryl 48.9 18.5 P 56.1 19.4 ArF 11.31 5.21 +

Pa3nvkaTa e fokasaHa npv HMBO Ha focTtoBepHocT / The difference was significant at confidence level:
5% (+/-); 1% (++/--); 0.1% (+++/---) and < 5% (n.s) — He e gokasaHa / not significant.
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N3BOAN

MonyuyeHnuTe ABYrOAULLHW pe3ynTa-
TW Noka3BarT cnegHaTa TeHAeHUWs:

N npe3 pgeete rogvHM Ha onuta
rnaBHUTE fleTopacnvm Ha TpeTupaHuTe C
Osupun  pesHuum (V2) nokassaT nMo-
BMCOKA CTEHEH Ha y3psiBaHe OT Te3n Ha
KoHTposiHuTe (V1). MNpe3 2018 r. AKTUBHa-
Ta (pasa Ha npoueca 3aTvxBa C pas/vka B
AbnknHata ot 6,9 cm (15 %), a npe3
2019 r. — c TakaBa oT 18,5 cm (60,8 %).

3psinata 4yacT Ha obuwma npupact
Ha BKOpPEHeHWTe /103 e B MbjiHa 3aBu-
CMMOCT OT WHTEH3UBHOCTTA Ha y3psiBaHe
Ha rnaBHMA neTopachbsl U NOTBbpXAaBa
NOMIOXNUTENHOTO Bb3AeicTBNe Ha 61MoCTu-
mynartopa. lpe3 nbpBata roguHa pas/u-
KMTe B non3a Ha V2, n3paseHun B b/HKMHA
n maca ca 11,3 cm (22,5 %) n 3,27 g
(27,2 %), a npe3 BTOpaTa — CbOTBETHO B
19,4 cm (52,7 %) 1 5,21 g (85,4 %).

Ha nuue e crtatnctuyecka fokasa-
HOCT Ha pas/vkuTe B Nos3a Ha TpeTu-
paHua BapuaHT npe3 2019 r. No BCUYKK
nokasarenu. CteneHTa Ha yspsiBaHe Ha
rnaBHWA fieTopachb/ B AMHAMUKa € [oKa-
3aHa C HMBO Ha A0CToBepHOCT OT 5% (+),
a Ab/MKMHATa Ha 3pesima NpupacTt U Herosa-
Ta Maca OT GMOMETPUYHWUTE U3MEPBAaHMUST —
CbOTBETHO C 1% (++) 1 5% (+).

CONCLUSIONS

The obtained two-year
showed the following trend:

In both years of the trial, the main
shoots of the Osiryl treated cuttings (V2)
revealed a higher rate of maturation than
those of the control cuttings (V1). In 2018,
the active phase of the process subsided
with a difference in length of 6.9 cm
(15%), and in 2019 — 18.5 cm (60.8%).

results

The mature part of the rooted vines
total growth was completely dependent on
the intensity of the main shoot maturation
and confirmed the positive effect of the
biostimulator. In the first year, the
differences in favour of V2, expressed in
length and mass, were 11.3 cm (22.5%)
and 3.27 g (27.2%), and in the second
year, 19.4 cm (52.7%) and 5.21 ¢
(85.4%), respectively.

There was statistical significance of
the differences in favour of the treated
variant in 2019 for all indicators. The rate
of the main shoot maturation in dynamics
was proved with a confidence level of 5%
(+), and the length of the mature growth
and its mass from the biometric
measurements — by 1% (++) and 5% (+),
respectively.
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PE3IOME

Pa3paboTeHn ca gBa WMHOBATWUBHMU
acopTMMeHTa OT nectun (CylweH Ha
C/MbHUE Mapmanaf) v ca wuscnegBaHu
KayecTBeHWTe nokasatesiv 3a CypoBUHMN U
NPOAYKTW, NOSIyYeHU OT THAX MO Tpagu-
UMOHHa peuenTa. [MbpBUAT aCOPTUMEHT €
HanpaBeH OT 3axapHo uBekno copT Diex
(2x), cb3pganeH B 3emMefesiCKM UMHCTUTYT -
LLymeH. BTOpMAT acoOpTUMEHT € 3axapHo
uBekno copt Diex (2x) u obnenuxa,
oTrnexgaHa B VIHCTUTYT NO NJIAHWHCKO
XMBOTHOBBACTBO M 3emMegenune - TposiH.
AHanusnpaH e OMOXUMUYHUAT CbCTas,
YCTAHOBEHU Ca MPOMEHNTE B CYPOBUHUTE
1 pa3paboTeHnTe OT TAX NPOAYKTW.

CopT 3axapHo uBekno Diex (2x)
MMa BUCOKO CbAbpPXaHWE Ha Cyxo Be-
LecTBo, obLla 3axap, MHBEpPTHa 3axap u
3axapo3a. O6uwuTe nonudeHonu, opra-
HWUYHW KUCENUHW, ackopbrHoBa KucenuHa
W TaHWHW, OOMUHMpAT B NJogoBeTe Ha
obnenuxara.

CpaBHUTENHMAT aHaM3 Ha paspa-
60TEHUSI aCOPTUMEHT OT CylleH Mapma-
nafj nokassa, Ye WHOBATMBHUAT MPOAYKT

SUMMARY

Two innovative assortments of
pestil (sun dried marmalade) have been
developed and the qualitative indicators of
raw materials and products obtained from
them according to a traditional recipe
have been studied. The first assortment is
made from sugar beet variety Diex (2x)
created by the Agricultural Institute -
Shumen. The second range is the sugar
beet variety Diex (2x) and Siberian sea
buckthorn breeded in the Research
Institute of Mountain Stockbreeding and
Agriculture - Troyan. Biochemical compound
and the changes of the developed products
and the raw materials were analyzed.

Sugar beet variety Diex (2x) has
high levels of dry matter content, total
sugars, inverted sugar and sucrose. Total
polyphenols, organic acids, ascorbic acid
and tannins dominant in the fruits of
Siberian sea buckthorn.

Comparative  analysis of the
developed assortment of sun dried
marmalade shows that the innovative
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OT 3axapHOo LBEK/0 1 obsienmxa uma no-
BMCOKM CTOMHOCTM Ha 06Lwm nonudpeHonu,

KaKTo ¥ no-Bucoka o06lla CeH30pHa
OLEHKA CpaBHEH C MecTunia OT 3axapHo
LIBEK/IO.

Knouoswu AYyMU: necTun,
MHOBATVBHN NPOAYKTH, o6nenuxa,

3axapHo uBekno, OGMOXNMMYEH CbCTaB

YBO/,

O6nenuxaTta (Hippophae rhamnoides.
L.) e cTygoycTtoitumB 604/1MB XpacT wau
Masiko AbpBO OT cemeiicTBOo Eleagnaceae.
M3BecTeHa e owe Kato MOPCKM 3bp-
HacTel, PaKUTHWK, CUBUPCKM  aHaHac.
O6nenuxaTta ce cpella Bbpxy NeCcbKIMBU
noysum B G/IM30CT [0 PEKUTE, OHOHUTE WU
6perosata wuBuua B EBpona, HAnoHus,
Xumanaute, Antaih, Tubetr (Li and
Schroeder, 1996; Li and Wang, 1998).
XeHckuTe pacteHus ot obnenuxa ce OT-
pynBaT C XbJ/ITU, OPaHXEBU UIN YEPBEHO
ouBeTEeHVW nnogoBe, CbC cepuyHa
opma, gnametbp 3-8 mm, Terno 0,2-1,0
g (Li and Schroeder, 1996).

MnogoseTe OT obnennxa ce U3Non-
3BaT 3a J/IeYeBHU N XPaHUTESIHU LEenn B
Pycua, EBpona n A3ng B npogb/okeHve
Ha MHOro BekoBe. KaTo oBoLHa KynTypa,
ce oTrnexpga B Nepmanusa, ®paHuus, PrH-
navgusa, Nuagna n Kutan (Haint-ronemmsT
nponseBoanTen Ha obnenuxa). 3a MHOro
OT BellecTBarta B obsienmxata ce 3Hae, ye
umMaT 61aronpuATHO Bb3AENCTBUE BbPXY
3apaBeTo Ha voBeka (Li and Schroeder,
1996). B nutepartyparta ce noco4sa, 4ye
naofoBeTe W cemMeHaTa ca C BMWCOKO
CbAbpPXaHNEe Ha €eCTeCTBEHW aHTMOKCU-
JaHTW, BKIOUYNTESTHO ackopbrHoBa Kuce-
NIMHa, Tokodheponu, kapoTeHougu, dna-
BOHOMAM, KAKTO M MOME3HM 3a 34paBeTo
MactHu kucesnmHu (Rosch et al.,, 2003;
Mondeshka, 2005). [eiictBueto um e
6naronpuATHO  NPU  KONUTW, FacTpuTy,
A3BW, KaKkTo 1 Npu nunugHaTa obmsHa B
yepHua Apo6. AHTMOKCUMAAHTHWUTE CBOWA-
CTBa npepgnassaT opraHu3Ma oT Cbpaeuy-
HOCBZOBY 3ab60/ABaHNA, XUNEPTOHUS,
aTepocknepo3a M NoHWKaBaT HuBaTa Ha

product from sugar beet and Siberian sea
buckthorn has higher values of total
polyphenols, as well as higher overall
sensory evaluation compared to sugar
beet pestil.

Key words: pestil, fruit leather, sun
dried marmalade, innovative products,
sea buckthorn, sugar beet, biochemical
compounds

INTRODUCTION

Sea buckthorn (Hippophae
rhamnoides. L.) is a hardy thorny bush or
small tree of family Eleagnaceae. It is
commonly known as sea buckthorn,
sandthorn distributed on a sandy soil near
the rivers, the dunes and the coastline in
Europe, Japan, Himalayas, Altai, Tibet (Li
and Schroeder, 1996; Li and Wang,
1998). The female plants produce ripe
sea buckthorn berries yellow, orange, or
red in colour, are spherical in shape, and
range in size between 3 and 8 mm in
diameter weighing from 0.2 g to 1 g (Li
and Schroeder, 1996).

The sea buckthorn berries has
been used for medicinal and nutritional
purposes in Russia, Europe, and Asia for
many centuries. As an agricultural plant is
grown in Germany, France, Finland, India
and China, which is the Ilargest
agricultural producer of sea buckthorn.
Many of the substances that are found in
the sea buckthorn are known to have
beneficial effects on health (Li and
Schroeder, 1996). It has been well
established in the literature that berries
and seeds contain high amounts of
natural antioxidants including ascorbic
acid, tocopherols, carotenoids, flavonoids,
as well as health beneficial fatty acids
(Rosch et al., 2003; Mondeshka, 2005).

It acts favourably in colitis, gastritis and
ulcers, as well as on lipid exchange in the
liver. Its antioxidant properties protect the
body from cardiovascular disease,
hypertension, atherosclerosis and lower
blood cholesterol levels. In taste the fruits
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Xonectepona B KpbBTa. BKyCcbT Ha nno-
foBeTe Hanopo6siBa TO3W Ha [OpPEHKuTe
(cnagbk, Neko Kucen) ¢ apomart Ha aHa-
Hac. XpaHuTesHWTe NpoayKTU OT o6/enmxa
HOpMa/iM3upaT paboTaTa Ha CTOMALLHO-
ypeBHMS TpakT. /3non3sa ce 3a npous-
BOACTBO Ha Mac/io, COK, XpaHWUTENHU
[o6aBkn, OOHOOHW, XeneTta, KO3METMKa,
wamnoaHu n gap. Obnenuxata e noaxoas-
la 3a nNpuroTeBsAHe Ha nalioBe, KOHGUTIO-
pw, TOCMOHW, NJI0A0BU COKOBE, B/M3a U B
CbCTaBa Ha feTckute xpaHu. COKbT unu
nynnarta ot obsenuxa nmat gpyro noTeH-
UMasiHoO MpUOXKEHME B XpaHuTesHaTa
WHAYCTPWSA, KaTo My/TUBMTAMUHHA NnTa-
TeNHa HanuTka, 6orata Ha ackop6uHoBa
KncenuHa u kapoteHouan (Mingyu, 2001;
Kallio et al.,, 2002; Dharmananda, 2004;
Mondeshka, 2005; Yang, 2009).

TpanesHo, rpagvHCKo, 3axapHo,
YepBEHO, XPaHUTENIHO, 3M1aTHO LBEK/O,
MaHrosf ca efvHN OT HAKOJKOTO Ky/Tu-
BMpaHn copToBe Beta vulgaris, otrnex-
JaHun 3apagn A4IUBUTE CU KOPEHOMI04M
n nucta. Te ca KnacuguuupaHu kato B.
vulgaris subsp. vulgaris 1 ca TpaguuUnoH-
Ha XpaHa 3a xopaTa W XMBOTHUTE B MHOTO
CTpaHw.

KopeHonnogbT Ha 3axapHOTO LiBEK-
no cvabpxa 75% Boga, okono 20% 3axap
n 5% uenynosa. CbAbpXKaHMETO Ha
3axap Moxe ga Bapupa ot 12% o 21%, B
3aBMCMMOCT OT cOopTa W ycnoBusiTa Ha
cpepata 3a oTrexgaHe. 3axapta e
OCHOBHaTa CTOMHOCT Ha 3axapHOTO LBEK-
/10 KaTo ,,0CTOMHOCTEHA KynTypa“. MNMynna-
Ta e HepasTBOpMMa BbB BOAAa CbCTaBeHA
rNaBHO OT Lesly/103a, XeMULEenynosa, smr-
HWH, NEKTUH U ce MNoJ3Ba 3a xpaHa npwu
*mBoTHM (Kikindonov and Kikindonov,
2001; Kikindonov and Kikindonov, 2004;
Uchkunov, 2008; Atanasov et al. 2009;
Kikindonov and Kikindonov, 2011; Enchev
etal., 2017).

MecTnnbT, W3BECTEH Ole KaTto
rabpoBCKM LLOKOMAA, € U3CYLUEH Ha C/TbH-
ue mMapmanag, npovsBedeH OT pas/vyHu
naogoBe M e eavH OT MeToauTe 3a
CbXpaHEHUEe ¥ KOHCyMauus Ha nsaogose,
nopagu AwbaroTpanHata M Bucokata My

resemble the cornelian cherry - sweet,
slightly acidic but with a specific flavor of
pineapple. All food products in the diet
normalize the functioning of the
gastrointestinal tract. Products on the
market from sea buckthorn range from oll,
juice, and food additives to candies,
jellies, cosmetics, and shampoos. Sea-
buckthorn fruit is used to make pies, jams,
lotions and liquors, as nutritional
ingredient in baby food. The juice or pulp
has other potential applications in foods or
beverages. It provides a nutritious multi-
vitamin beverage, rich in ascorbic acid
and carotenes (Mingyu, 2001; Kallio et al.,
2002; Dharmananda, 2004; Mondeshka,
2005; Yang, 2009).

The beetroot is also known as the
table beet, garden beet, sugar beet, red
beet, dinner beet or golden beet. It is one
of several cultivated varieties of Beta
vulgaris grown for their edible taproots
and leaves (called beet greens); they
have been classified as B. vulgaris subsp.
vulgaris. They are a traditional food in
many countries.

The root of sugar beet contains
75% water, about 20% sugar, and 5%
pulp. The sugar content can vary between
12% and 21% sugar, depending on the
cultivar and growing conditions.

Sugar is the primary value of sugar beet
as a cash crop. The pulp, insoluble in
water and mainly composed of cellulose,
hemicellulose, lignin, and pectin, is used

in animal feed (Kikindonov and
Kikindonov, 2001; Kikindonov and
Kikindonov, 2004; Uchkunov, 2008;

Atanasov et al. 2009; Kikindonov and
Kikindonov, 2011; Enchev et al., 2017).

The pestil, also known as Gabrovo
chocolate, is sun dried marmalade made
from different fruits, is one of the methods
of storing and consuming fruits, because
of its long-lasting and high energy value.
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eHepruiiHa CToHOCT. MNpPon3BoACTBOTO Ha
necTua € LWIMPOKO pasnpocTpaHeHa Abi-
roroguiiHa npakTvka npegvMHo B CTpa-
HuTe oT KOromstoyHa A3umsa n basnkaHute.
B bBbarapusa, TO3M NPOAYKT € nosHar
rNaBHO B MJIAHUHCKUTE W NpennjaHuHCKY
paiioHn (FabpoBcko, TposiH, TpsBHAa,
CeBnueBo, KrocteHanncko) ¢ gobpe pas-
BUTO cnmBo-npoussogctBo (Vitanova et
al., 2005; Dimkova et al., 2017; Dimkova
et al., 2018).

B Bbnrapusa npoayKTbT Ce nNpuroT-
BS Upe3 BapeHe v npeuexjaHe Ha naogo-
BeTe, CbC uim 6e3 gobaBeHa 3axap, A0
nosyyaBaHe Ha rbCTa Maca, KOATO ce
pascTuia Ha TbHbBK C/I0M 1 ce cywu Ao
BTBbpAsBaHe (lvanova and Mihova, 2019;
http://www.gabrovonews.bg/news/141657/;
https://sites.google.com/site/ovosarstvobg
[sina-sliva). B Typuusi nectunbT ce npasu
Hali-yecTo OT TrpO3[0B COK, Hap wau
KalicmeBo nwpe, CrbCTEeH C HUWecTe U
pastniaH Ha TbHbK Cn0i. TpaguuMoHHa
XpaHa e W B HAKOW [pyrn U3TOYHO-
asmarckm, 61mskomstTouHn cTpaHn (Blazek
and Vavra, 2007; Sezer et al., 2016; Yildiz
and Sarimeseli, 2017; Tontul and Topuz,
2018).

Llenta Ha HacTOALOTO uscnensaHe
e fa pa3paboTMM MHOBATMBEH MPOAYKT -
necTua OT 3axapHo LBEKIO U fa cpaBHU
KayecTBOTO M BMOXMMUYHUTE MOKasaTesnu
Ha MecTu oT 3axapHo LBEK/IO 1 obenmxa.

MATEPVAT N METOON

CypoBUHU

Cunbupckata obnenuxa ce OTrex-
na B UIM>X3-TposH. BucounHarta Ha xpac-
Tnte e go 2,50 m. MNnoposete ca enpw,
OBa/IHW, y3paABaT - Kpad Ha oaM go
cpeparta Ha asryct. 1o BKycOBU kayecTsa
Hanofob6sBar ApeHKUTe — Crafgku, f1eko
Kucenu, Ho CbC creundnyeH apomar Ha
aHaHac.

HoBuAT copT 3axapHo LBekno Diex
e efHOCeMeHeH AunougeH Xuopwua.
CemeHarta Ha xubpuga ca ¢ UskiuuTen-
HO BMCOKO /1a6opaTtopHO ¥ MoseBo NOKbLI-
BaHe. Diex nokassa cTabu/iHa BUCOKa
NpoOn3BOAMTENHOCT NPU MOSIMBHU U HEMO-

Pestil production is widespread and has
long been practiced in Southeast Asia and
Balkans.

In Bulgaria it is mainly popular in
mountainous and pre-mountainous areas
with  developed plum production -
Gabrovsko, Troyan, Tryavna, Sevlievo,
Kyustendil (Vitanova et al., 2005; Dimkova
et al., 2017; Dimkova et al., 2018).

In Bulgaria product was prepared by
boiling and straining the fruit, with or without
added sugar until became a thick mass
which is spread in a thin layer and dried to
solidification (lvanova and Mihova, 2019;
http://www.gabrovonews.bg/news/141657/,
https://sites.google.com/site/ovosarstvobg
[sina-sliva). In Turkey, the pestil is most
often made  from grape  juice,
pomegranate, and apricot puree,
thickened with a starch spread in a thin
layer. It is a traditional popular food also in
other East Asian and Middle Eastern
countries (Blazek and Vavra, 2007; Sezer
et al., 2016; Yildiz and Sarimeseli, 2017,
Tontul and Topuz, 2018).

The aim of this study is to develop
innovative products pestil from sugar beet
and to compare in terms of quality and
biochemical indicators of the fruit leather
from sugar beet and sea buckthorn.

MATERIAL AND METHODS

Fruit materials

The fruits of the Siberian variety
have been grown and supplied by RIMSA-
Troyan. The bushes are up to 2.50m high.
Fruits are large and oval, mature from the
end of July to mid-August. In terms of the
taste, they resemble cornelian cherry -
sweet, slightly sour, but with a specific
pineapple aroma.

The new sugar beet variety Diex is
a monogerm diploid hybrid. The seeds of
the hybrid are with extremely high
laboratory and field germination. Diex
shows stable high productivity in irrigation
and non-irrigation conditions in the
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JIMBHW YC/OBUA B Pas3/iMyHMUTE PErMOHU Ha
cTpaHata U ce OT/iM4yaBa No OTHOLUEeHMWe
Ha TEexHONOorM4yHuTe kavectBa. HoBuAT
COPT MpPOsiBSiBa BMCOKA TOSIEPAHTHOCT KbM
npuunHuTENa Ha 6onectta Rhizomania,
yCTOYMB € KbM BWPYC MO LBEK/OTO,
Phoma, KOpPeHOBO THUEHE W JINCTHUTE
neTHa npu uUBeknoTo. EkonorumyHarta
NAacTUYHOCT U CPaBHUTESIHO EBTUHOTO
NPOM3BOACTBO Ha  BMWCOKOKAYeCTBEHU
cemMeHa OT HoBus copT Diex ca npeg-
nocTaBkM 3a eqeKTUBHOTO My NpUIoXe-
Hne B npaktnkata (Kikindonov and
Kikindonov, 2011).

Pa3paboTeHuTe acopTMMeHTn ce
nosyyaBaT Mo TpagMUMOHHaTa peuenTta
Ha cfleHMTEe TEXHOMOTNYHY eTanu:

MbpBM acoOpPTUMEHT - MNecTui oT
3axapHO LBEK/I0 BK/OYBA CrefHUTE Tex-
HOMIOTUYHN eTanu: NpuemMaHe, UHCNeKuus,
npoMuBaHe, NOYUCTBaHe, psizaHe, TePMUY-
Ha 0bpaboTka npu 96-98°C 3a 40 MUHYTH,
XOMOreHu3npaHe Ha macaTta, 1 CyLleHe.

BTopusaT acopTMMeHT — nectun ot
3axapHo UBeKNo 1 obsiennxa ce nonyvyasa
npu cnegHuTe TEXHOIOTWYHW eTann: Ha
npMemMaHe Ha CypOBMHA, WHCMNEKUUS,
U3MMBaHe, MNOYMCTBAHE,  Haps3BaHe,
TepMnyHa obpaboTka npu 96-98°C 3a 40
MUHYTW, XOMOreHM3vMpaHe Ha MacaTa,
[ob6aBka Ha COK OT 06/1enunxa 1 cylleHe.

MonyyaBaHeTo Ha cOKa OT MnJoAo-
BeTe Ha obnenuxa 3a NPUroTBAHETO Ha
nectuia B pelenTara BKIOYBa cnegHuTe
TEXHOOMMYHW CTBNKW: NoJslyyaBaHe, npo-
Bepka, u3MmBaHe, nosiydyaBaHe Ha cTyje-
HO MpecoBaH COK CbC COKOM3CTUCKBauka
(NS-750 Kuvings Silent). MNpeaumcTBoTO
Ha TexHosormsAta e B 6aBHaTa eKCTpak-
UMS Ha COKa, KOSAATO 3anas3Ba XpaHuTes-
HWUTE BelwecTBa Ha npoaykTa. CMecBaHeTo
Ha CbCTaBkATe npy BTOPUS BapuaHT -
MecTun oT 3axapHo LBeko 1 obnenvxa 3:1.

XUMWYHM nokasaTenu
Mpocnegexu ca cnefHUTe XUMUYHN
nokasarenu:
- Cyxo BellecTBO no pedpakromeTsp (%)
- BAC EN 12143;
- AkTnBHa kncenunHoct (pH), BAC 11688;

different regions of the country and is
distinguished and uniform regarding the
technological qualities. The new variety is
with a very high tolerance to the agent of
the Rhizomania disease, high degree of
resistance to the beet mosaic virus,
Phoma and root rot, and with a high
resistance to Leaf spots. The ecological
plasticity and the comparatively cheap
production of high sowing quality seeds of
the new variety Diex are preconditions for
its effective application in the practice
(Kikindonov and Kikindonov, 2011).

The developed assortments are
obtained according to the traditional recipe
at the following technological stages:

The first assortment of sugar beet
pestii was obtained at the following
technological steps: acceptance, inspection,
washing, cleaning, cutting, heat-treated at
96-98 °C for 40 minutes, blending the
mass, homogenization, drying.

The second assortment of sugar
beet and sea buckthorn is obtained at the
following technological steps of raw
material acceptance, inspection, washing,
cleaning, cutting, heat treated at 96-98 ° C
for 40 minutes, blending the mass, mixing
with the sea buckthorn juice,
homogenization, drying.

Obtaining the juice from the fruits
for use in preparation of the pestil the
sugar beet and peppermint recipe was
obtained at the following technological
steps: receiving, inspecting, washing,
obtaining the cold pressed juice with the
NS-750 Kuvings Silent Juicer, the
advantage of which is the low rapid
extraction of juice to maintain nutrients.
Mixing the ingredients is in the ratio of the
second variant of pestil from sugar beet
and sea buckthorn: 3 to 1.

Chemical parameters

The following chemical parameters
were monitored:
» Determination of dry matter % - BDS EN
12143-00;
« Determination of active acidity (pH) -
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- O6wwm 3axapu, (%), BAC 7169-89;

- Obwa TuTpyema KucenuHHoct, (%),
BAC 6996;
- CbabpxaHue Ha ackopbvHoBa

kncenuHa (mg/%), 6AC 11812 91;

- MekTuH (%) — BDS 16491-86

- AbbunHun Bewectsa (%) — no meToga Ha
Levental-Nibbaur (Bukharina et al., 2015);
- O6bwmn nonudpeHonn no wmeToga Ha
Singleton and Rossi

MonyyeHnTe AaHHKU ce obpaboTBaT
CTaTUCTUYECKM  Ype3  AMCNEPCUOHEH
aHanm3 (Lidanski, 1998) u lMporpamu Ha
Microsoft Excel.

CeH30peH aHanm3

HanpaBeHa e opraHofenT/4Ha OLEH-
Ka, KaTo ce M3MnoJi3Ba cucTtema 3a Kiacu-
kauusi Ha paspaboTeHMTe MNPOAYKTU.
MpepocTaBeHn ca Npobu Ha gerycrartopu-
Te, KaTo BCEKM Momb/jiBa AerycrtayvoHHa
kapTa. MpoayKTuTe ce OLEeHABAT No Cries-
HUTE MoKasaTenu: BbHLWEH BWA, BKYC,
MUpUC, TEKCTYpa, UBAT. Bcekn nHankaTop
umMa koedMUMEHT Ha obljata ceH3opHa
OUEHKa CbOTBETHO:

*BbHWeH Bug - 0,2;
eLlBAT - 0,2;
eKoHcucTeHuyms - 0,15;
*Bkyc - 0,3;

*Mwupuc - 0,15.

M3non3Ba ce ckana 3a CTeneHysa-
He oT 1 no 5 (npe3 0,25), KOeTo CbHOT-
BETCTBA Ha KA4eCcTBOTO Ha M3Bajkarta Bb3
OCHOBAa Ha TO3u nokasarers.

MeTTOukKOBaTa cucTemMa 3a knacu-
ouumpaHe, npaBu obuiata CcTeneH Ha
CEeTUBHO OLleHABAHE Ha KavyecTBOTO Ha
u3BagKata Bb3 OCHOBa Ha MNOy4YeHUs
06w, pesynTart:

- 450 + 5.00 peiTuHr - cyposuHaTa /
NPOAYKTHLT € MHOro fo6bp;

- 4.00 = 4.49 pelTuHr - cypoBuHata /
NPOAYKTHT € A00bP;

- pentuHr 3.50 + 3.99 - cypoBuHaTta /
NPOAYKTBT Ce Hyxaae OT nofobpeHue;

- nog 3,50 crteneH - cypoBuHaTa [/
NPOAYKTBT Ce HyXgae OT 3Ha4yuTenHo
nogobpeHue.

BDS 11688-93;
« Total titratable acidity,% - BSS 6996-93;
« Active acidity (pH) - BDS 11688;
« Total sugars,% - BDS 7169-89;
« Ascorbic acid, mg% - BDS 11812-91;
* Pectin,% - BDS 16491-86;
» Tannin substances,% - Levental-Nibbaur
method by (Bukharina et al., 2015);
- Total polyphenols by the Singleton and
Rossi method

Data received are statistically
treated by dispersion analysis (Lidanski,
1998) and Microsoft Excel programs.

Sensory analysis

It was made organoleptic
evaluation using a grading system of the
developed products. Samples were
provided of the tasters, each completing a
tasting card. Products are evaluated by
indicators: appearance, taste, smell,
texture, color. Each indicator has a
coefficient of the total sensory evaluation
respectively:
* Appearance - 0.2;
* Colour - 0.2;
« Consistency — 0.15;
e Taste - 0.3;
* Odor - 0.15.

Used grading scale of 1 to 5 (with a
pitch of 0.25), which corresponds to the
quality of the sample based on that
metric.

The five-point grading system
makes the total sensory evaluation grade
of the quality of the sample based on the
total score obtained:

- 4.50 + 5.00 rating - the raw material /
product is very good;

- 4.00 + 4.49 rating - the raw material /
product is good;

- 3.50 + 3.99 rating - the raw material /
product needs improvement;

- below 3.50 grade - the raw material /
product needs significant improvement.
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PE3YJITATU N OBCBXXOAHE
[JaHHuTe oT Tabnuua 1 npeacrtasaT
aHanM3 Ha nNpecHW naoJoBe - 3axapHo
LBEK/I0 1 061enuxa.

RESULTS AND DISCUSSION
The data from Table 1 presents the
studies carried out on the fresh fruits -
sugar beet and sea buckthorn.

Tabnmuya 1. BUOXUMMYHM NoKa3aTes M Ha CBEXO 3axapHo LBek1o copT Diex (2x) n

o6nenuxa (Hippophae rhamnoides. L.)

Table 1. Biochemical indicators of the fresh material sugar beet variety Diex (2x)
and the Siberian sea buckthorn (Hippophae rhamnoides. L.)

— . 2 [9] o % ie] <) o %)
£ g5 3 v o 3 & > = °
Ty SEL S, £¢ § S, of 2 g TE
22 EQY 8 goa <} 2 olis) = = Rl
> @ > O C_U E g’ &) % B E c Q ~ & E
5 88 5 =0 =) o o @ o =
B . Y= o N = 17} | o o
Fruit materials & = O < Q
sea buckthorn  14.21 8 405 255 2 736 18448 0.112 044 1141.99
sugar beet 2114 232 144 470 528 124 892 0470 331  110.07
CpaBHUTENHUAT aHa/IM3  Mexay The comparative analysis between
npecHnst N104o0B Matepuan e ¢ no-sncokn | the fresh fruit material presents higher
CTOMHOCTM Ha nokasatenute  cyxo | values indicator of dry matter content and

BeLLecTBO M 06WM 3axapu (Hag 3 NbTu)
npy 3axapHoOTO LBEKI0, Tbil Kato To ce

n3nosi3ea eCTeCTBEH N3TOYHUK 3a
noacnaxaaHe. MNekKTMHBLT € NoyTn 8 NbTu
noseye B co4yHuTe njaonose Ha

cnbupckata obnenmxa CNpsiMo LBEK/OTO.
Kato neyebHO pacTeHue obnenuxata e
6orata Ha OMOAKTUBHM CbeAMHEHUS.
CTOMNHOCTUTE Ha OpraHWYHWUTE KUCENTUHU
N obLwmMTe NoNndgeHonn B N0A0BETE Ha
obnenuMxata ca MO-BMCOKM  CMPSAMO
LBEK/I10TO, CbOTBETHO 6 n 10 nbTw.
CbabpXaHMETO Ha ackopbuHOBaA KUCe/MHA
npv NpecH1Te N1040BK Nokasea noeeye oT
20 MbTM NO-BMCOKA CTOMHOCT B CypOBMHaTa
OT o06/silennxa ChpsMO 3axapHOTO LBEK/O
copt Diex (2x).

Pesyntatute paBat OCHOBaHue 3a
pa3spaboTBaHe, M3MNoa3Baku TpagnULMOH-
HaTta TEeXHOMOrMA Ha HOB WHOBATWMBEH
NPOAYKT OT 3axapHO LBEKN0 u 06siennxa
C uen nogobpsiBaHe Ha KayecTBOTO Ha
NPOAYKTUTE OT NecTus.

B Tabnuua 2 ca npeacraBeHu
pesyntratute oT IU3NYHUTE U BUOXUMNY-
HUTE aHaNn3M Ha paspaboTeHuTe acopTu-
MEHTM OT 3axapHO UBEK/0 K 3axapHo
LBEK/IO C obnenuxa.

the total sugars are more than 3 times
higher at the sugar beets, as it is used as
a natural source of sweetening. Pectin is
almost 8 times higher than in the juicy
fruits of the Siberian sea buckthorn. As a
medicinal plant , the sea buckthorn is rich
in bioactive compounds

The indicator organic acids are 6 times
higher. The analyzed biochemical
parameters of the fresh fruit materials in
terms of total polyphenols content is 10
times higher in the sea buckthorn compared
to the sugar beet. The determined
ascorbic acid of the fresh fruit materials
shows more than 20-times higher value in
the sea buckthorn compared to the sugar
beet variety Diex (2x).

The obtained results gave grounds
to develop, a new innovative sugar beet
and sea buckthorn product, using
traditional technology in order to improve
the quality of the pestils products.

Table 2 presents the results of the
physical and biochemical analyzes of the
developed assortments of sugar beet and
sugar beet with sea buckthorn.
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Tabnuua 2. BUOXMMUYHM NOKa3aTenm Ha NecTu/in OT 3axapHOo LBeKN0 copT Diex
(2x) u cbe cnbupckma obnenuxa (Hippophae rhamnoides. L.)

Table 2. Biochemical indicators of the pestils from the sugar beet variety Diex
(2x) and with the Siberian sea buckthorn (Hippophae rhamnoides. L.)

- ) c U k] o o )
£ 8 T8 S 3 g > D E
D = 2 g 9 S o [0) ) TES
. [} =N £ o [7) ° o< c c Sog
Pestils =8 n X o @ o] L X el=) = = ISR ==]
8 T 29 & § 5 E £ g F5E
cE 35 =% 3 P 3 e a S
F o < e
sugar beet 82.02 445 445 0 1.53 25.4 0.289  4.64 558.93
sugar beet and
ea buckthorn 86.24 379 379 0 1.91 76.5 0.506  2.22 618.23
Cyx0TO BeLLeCcTBO 1 06WNTE 3axa- Dry matter and total sugars

py 3HaYWUTENHO yBesMyaBaT CTOMHOCTUTE
cn (cboTBETHO 4 1 9,5 NbTK) NO BPEME Ha
TepMmnyHaTa o06paboTka M cyllaBaHETO
npu ecTecTBEHa C/TbHYEBA CBET/IMHA.

OpraHuyHUTE KUCE/IMHU B HOBUA
NPoAYyKT MecTun OT 3axapHO LBEK10 u
obnenuxa ca HamasieHn ¢ 3,45 NbTU B
CpaBHeHWe C Te3n B MNJIOAOBUSA MNpeceH
mMaTepuasn, a ackopbuHoBarta KucenuHa
2,4 nbTuN.

KonuyectBoto Ha obwmTte nonude-
HOMN B paspaboTeHuTe NecTunn oT 3axapHo
LBEK/I0 € NoYTU 2 MbTU MO-BUCOKO CMPSIMO
TOBa B CypOBMHATa, KOETO JaBa OCHOBaHue
[Ja ce HanpaBy U3BOAbLT, Ye BbBEXAAHETO
Ha coka OT obnenuxa B CbCTaBa Ha pas-
paboTeHaTa rama nofo6psiBa kKayecTBeHUTe
W  KOJIMYECTBEHUTE XapakKTepUCTUKU Ha
WHOBATMBHUS NPOAYKT.

significantly increase their values by 4
times and respectively 9.5 times, during
the technological processes of heat
treatment and the sun drying.

The organic acids in the new
product pestil from sugar beet and sea
buckthorn are reduced by 3.45 times that
of the fruit fresh material sea buckthorn
and ascorbic acid 2.4 times in the final
product.

The content of total polyphenols of
the developed pestils increased almost 2
times compared to the raw material, which
gives reason to make a conclusion that the
introduction of the juice of the sea buckthorn
in the formulation of the developed range
improves the qualitative and quantitative
characteristics of the product.

Appearance

0

Total sensory

evaluation

Aroma

Consistency

Color

Taste

—@— Pestil from sugar beet

—@— Pestil from sugar beet and sea buckthorn

®ur. 1. CeH30pHa OLEHKA HAa MHOBATBHM NPOAYKTU NeCcTUn
Fig. 1. Sensory evaluation of the innovative products pestils
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VHoBaTuBHUTE NPOAYKTU - NECTUNN
ca OUEHEHN CEH30pPHO OT 0byyeHu peryc-
TaTopu NO CcrefHUTe nokasaresnun: BbH-
LWIEH BWA, KOHCUCTEHUWSA, UBAT, apoMaT Ha
neT-Touykosa cuctema (durypa 1).

O6WOoTO MHEHUE Ha Aeryctatopute
e, 4Ye npoAayktuTe ca paspaboTeHn c
MHOFO [06bp BBHLWEH BWUA, KOHCUCTEH-
Uus, xapakTepHa 3a NecTununte, UBeTbT e
XapaKkTepeH 3a BJ/IOKEHUTE CYPOBWHM,
KOMTO ca 6unv NOoANOXEHN Ha TEPMUYHU
npouecun. ApomMatbT U BKYCbT Ha NecTtun
OT 3axapHO uUBeKkno u obnenuxa e no-
[06bp cnpsAMo To3n 6e3 obnenvxa.

O6WwmAT pesynTtar Ha CeH3opHaTa
OUEHKa e Mo-BMCOK Npu necTus, npov3se-
[EH OT 3axapHOo UBek/no u obnenuxa, B
CpPaBHEH C MecTW/1 OT 3axapHo LBEK/IO.

N3BOAM

CpaBHUTENEHUAT aHanuns Ha
paspaboTeHaTa rama OT NecTuIu nokasa,
Yye WHOBATMBHMAT MNPOAYKT OT 3axapHo
uBekno - Diex (2x) u obnenuxa nma no-
BMCOKa CTOMHOCT Ha 0bwu nonudeHonw,
OpraHnM4YyHM 1N ackopbuHOBa KMUCENMHa n e
C nMo-BMCOKa 06lia CEeH30pHa OLueHKa
CpaBHEH C BapuaHTa OT 3axapHO LBEK/IO.

AHanusnpaHnTe OGUOXUMWUYHWU WH-
[eKCn Ha CypOBMHMTE MO OTHOLUEHWe Ha
CbAbpPXaHNETO Ha 0b6LWW nomdeHoNn ca
10 NbTM NO-BUCOKM B 0bnenmxaTa cnpsiMo
3axapHOTO LBEKO.

Pesyntatute oT un3cnegBaHeETo
JaBaT OCHOBaHMe 3a pa3paboTka Ha HOB
MHOBaTMBEH NPOAYKT, W3MO0/3Baliky Tpa-
AMUMOHHATa TexHOsorMs 3a MNpou3BOACTBO
Ha MecTus, OT 3axapHO LBEKIO W 06e-
nvxa, ¢ Uuen nofobpsiBaHe KavyecTBOTO U
COpPTUMEHTA OT NECTUNN.

The innovative products - pestils
have been sensory evaluated by trained
tasters by the following indicators:
appearance, consistency, colour, aroma
on a five-point system (Figure 1).

The general opinion of the tasters is
that products have been developed with a
very good appearance, a consistency
characteristic of pestils, the colour is
characteristic of the input raw materials that
have been wundergone to a thermal
processes. The aroma and taste of the pestil
from sugar beet and sea buckthorn is better
than the one without the sea buckthorn.

The total sensory evaluation score
is higher in a pestil produced from sugar
beet and sea buckthorn as compared to
the pestil from sugar beet.

CONCLUSIONS

Comparative analysis of the
developed range of pestils showed that
the innovative sugar beet - Diex (2x) and
sea buckthorn product has higher value of
total polyphenols, organic and ascorbic
acids with  higher overall sensory
evaluation, as well as with higher overall
sensory evaluation compared to the
variant of sugar beet.

The analyzed biochemical indices
of the raw materials with respect to the
content of total polyphenols are 10 times
higher in the sea buckthorn compared to
the sugar beet.

The obtained results gave grounds
to develop, using traditional technology of
production of pestil, a new innovative
variety made from Sugar beet and sea
buckthorn in order to improve the quality
and the varietal list of pestils products.
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