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PE3IOME

B HacToAWwoOTO wu3cneaBaHe ca
npeacTaBeHn MbpBU pesynTaTy OT U3NUT-
BaHe 4YyBCTBMUTE/IHOCTTA KbM bGakTepuaTa
Erwinia amylovora (Burrill) — orHeH npu-
rop Ha 10 A6b/KOBM copTa Cb3fajeHn B
OpespeH-MNunHuy, repmaHusa cnep
M3KyCTBEHO 3apa3siBaHe Ha LUBeToBeTe
uMm. ToBa 3apa3siBaHe e NpoBefeHO npu
KOHTPO/IpaHW YC/I0BMSA MO CTaHOApPTHU
MeToaM  3a  M3NUTBaHe Ha  Tasu
YyBCTBUTENHOCT KbM [Ba Llama Ha
b6akTepusTa, MW30/MpPaHn OT  Pas3UYHK
rocTonpueMHULM B HallaTta cTpaHa.

Haii-gobpn pesyntatu ca nosnyye-
HW npun coptoBeTe Peanka, PenuHpga wu
Peka, KOMTO ca HOCUTE/M Ha reHa Ha
YCTONUYMBOCT KbM CTpynsicBaHe, pearmpar
C Hall-HMCKa CTeneH Ha YyBCTBUTESIHOCT
KbM OakTepuasHaTa 6onect OrHeH
npurop, BbB dpeHodhaza MacoB LUbTex.

KntouoBn aymu: Malus domestica
(Borkh), copToBe, YyBCTBUTEJSTHOCT,
Erwinia amylovora (Burrill)

YBO/],

A6bnKkaTta € OCHOBHa OBOLL-
Ha Ky/Typa B CBETOBEH Mallab u B
Hawarta cTpaHa. CBETOBHOTO Npo-

SUMMARY

The paper presents the first results
of the study carried out on the
susceptibility of 10 apple cultivars,

established in Dresden-Pillnitz, Germany,
to fire blight caused by the bacterium
Erwinia amylovora (Burrill), after artificial
inoculation of the apple flowers. The
infection was performed under controlled
conditions following standard methods of
testing the susceptibility to two strains of
the bacterium, isolated from different host
plants in our country.

The best results were obtained in
‘Realka’, ‘Relinda’ and ‘Reka’ cultivars,
which are carriers of the gene for scab
resistance, responded with the lowest
level of susceptibility to the bacterial
disease fire blight at the phenological
stage of full bloom.

Key words: Malus domestica
(Borkh), cultivars, susceptibility, Erwinia
amylovora (Burrill)

INTRODUCTION

Apple is a major fruit crop
worldwide, including in our country.
World production of apple fruits is
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N3BOACTBO Ha AOBLJIKM Ce xapakTe-
pru3vpa C yCTOWYMBM TemnoBe Ha
pacTex. 3a onasBaHe Ha siI0bJ/IKO-
BaTa pekonta OT 6onectn u
HenpuaTesiM ce u3nonas3sBaT MHOro
XMMWUYHW CpefCcTBa, KOUTO oKassat
HeraTMBHO B/IMSIHME BbPXY YOBELU-
KOTO 34paBe U okonHata cpepa. C
MKOHOMWYECKO 3HayeHue egHa oT
Hal-onacHuTe 60nectTn no A6b/-
Kata e OrHeHUAT Npurop, NPUYNHNA-
BaH OT Oaktepusita Erwinia
amylovora. ToBa e cpaBHUTENHO
HoBa 6onect 3a bbarapus,
OTKpWTa Y Hac 3a NbpBKU NbT Npeam
25 rognHn (Bobev, 1989). lMpe3
nepuoga 2003-2007r. Ta3n 6onect
noslyyaBa CW/IHO pasnpocTpaHe-
HME W HaHacs 3HauYMTEesSTHU LEeTu
Ha MHOro KpyLwoOBW, [HONIEBU U
s6bKOBM HacaxaeHust (Bobev &
Deckers ,1998). B 3aBMCUMOCT OT
4yyBCTBUTE/IHOCTTA Ha fafeH copT
nospeaunTe morat ga ce Habnwoaa-
BaT camo Mo LBeToBeTe N e[HOro-
AVWHWTE netopacTn unn ga 6bae
YHULLLOXXEHO  USANOTO  pacTeHue.
N360pbT Ha copTa e OT 0CO6EeHOo
ronAmMo 3HayeHuMe 3a pjga ce
Hamanar 40 MWHUMMYM pacTuTesn-
HO3aWMTHUTE nNpakTUkn (Lparoi-
CKu 1 gp., 2003).

CpepgHorogniwiHo B HawaTta
CTpaHa cpeLyy CcTpynscBaHe W
6palwHecTa MaHa ce u3BbpLUBaAT
OKOJI0 12 npbcKaHWA. BpoAaT Ha
Te3n TpeTMpaHusa CUHO Bapupa B
3aBMCMMOCT OT METEOPOsIOTNYHUTE
ycnosus. Cpelly OrHeH npurop ce
M3BbPLUBAT  CamMO  CaHUTapHU
pe3nTon 1 npegnasHy NpPbCKaHus,
HO NpV Bb3HUKHa/IA Bedye 3apasa

characterized by steady growth
rates. Many chemical means are
used for protecting the apple fruit
yield from diseases and pests and
those chemicals have a negative
effect on human health and on the
environment.

One of the most severe diseases
in apple with an economic
importance is fire blight caused by
the bacterium Erwinia amylovora. It
is a comparatively new disease in
Bulgaria, first discovered 25 years
ago (Bobev, 1989).

In the period 2003-2007 the
disease spread quickly, inflicting
considerable damage in many
pear, quince and apple plantations
(Bobev &  Deckers, 1998).
Depending on the susceptibility of
a certain cultivar, the injuries could
be observed only in the flowers
and the annual shoots, or, the
whole plant could be destroyed.

The selection of the cultivar is of
great importance for reducing the
plant protection practices to
minimum (Dragoyski et al., 2003).
About 12 treatments in
average are applied in our country
against scab and powdery mildew
annually. The number of
treatments  varies  significantly
depending on the meteorological
conditions. Only sanitary pruning
and prevention spraying is applied
against fire blight, however when
the infection has already
developed, there are no registered
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NINNCBAT PerncTpmpaHn XMMmMyeckn
npoayktn (Ac¢imovic et al., 2015).

3a npeoponsBaHe Ha NpPoo6-
flema B CeNnekUMoHHUTE nporpamu,
KaTro OCHOBHM L&/ OCBEH KayecT-
BO Ha njoga e nocra.BeHa u yCTOW-
UMBOCT KbM 6onectTa. Ouwe npes
1947r. B cenekynoHHaTta nporpamMa
Ha ['epMaHuA KaTo Len e 3anerHa-
na reHetTnyecka yCTOMYMBOCT KbM
orHeH npurop (Erwinia amylovora).
B cnyyas «kato pgoHopu ca
n3nonssaHn gueute sugose Malus
robusta, M.prunifolia, M.floribunda.
Pe3syntat oT Tas3u nporpama ca
yctoumBute  coptoBe  Pewmo,
PeBeHa, PeaHpa, PeHe n Peasika
(Fischer & Richter, 1998).

N3nckBaHMATa Ha €eKonoruny-
HOTO MJI040BO NMPOW3BOACTBO Ha-
narat Heob6xoaMmocTTa OT yckope-
Ha OueHka Ha CeNeKUNOHHUS
MaTepuasl KbM MKOHOMUYECKN Haii-
BaXHUTe 60/1eCTU N HENpuUATEeNn.
ToBa Moxe fga 6bAe NOCTUTHATO
Nno mMeToa Ha M3KYyCTBEHOTO 3apa-
3ABaHe Ha MacoBO pasnpocTpa-
HEeHV B MpakTukara copToBe, HOBU
NepcneKkTUBHN WU MHTpoAyUMpa-
HW A6bJIKOBWN COPTOBE.

Mpn ycnoBua Ha epHakbLB
NHpeKUno3eH hoH 1 nogabpKaHe
Ha ONTUMaJTHN YCNOBUA 3@ Bb3HUK-
BaHe W pa3BuUTMe Ha GakTepusaTa,
ce uenewe ga ce U3BbpLUM 0TOOP
Ha TO/IepaHTHU KbM OakTtepusaTa
copToBe.

MATEPWNAN N METO4WA

N3cnepBaHnaTa ca nposeje-
HA npe3 nepuoga anpusi-mai
2015r. B nabopatopusta no puto-

chemical products (A¢imovi¢ et.
al., 2015).

Among the major aims set in
the breeding programmes along
with improved fruit quality, is the
resistance to that disease. The
genetic resistance to fire blight
(Erwinia amylovora) was set as a
goal in the breeding programme in
Germany as early as 1947. In that
case, the wild forms Malus
robusta, M. Prunifolia and M.
Floribunda were used as donors of
resistance. The resistant cultivars
‘Remo’, ‘Rewena’, ‘Reanda’,
‘Rene’ and ‘Realka’ were the
results of that programme (Fischer
& Richter, 1998).

The requirements of
ecological fruit production
necessitate an accelerated
assessment of the breeding
material about its response to
economically  most  important

diseases and pests. That could be
obtained by the method of artificial
infection of the cultivars that are
most widely spread in practice —
new perspective apple cultivars or
introduced cultivars.

The same infectious
background and the optimal
conditions for bacteria emergence
and development were maintained
with the aim of selecting the
cultivars tolerant to the bacterium.

MATERIAL AND METHODS
Studies were carried out in
the period April-May 2015 at the
Laboratory of Phytopathology, the
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naTosiorus KbM cekuusa ,Pacturen-
Ha 3awmta“ Ha WHCTUTYT 1o
oBowapcteo B [lnoBamB. Kato
pactuTeneH marepuan ca U3nons-
BaHn 10 96bNKOBM copTa YacT OT
Taka HapeuyeHuTe Pe-copTtoBe ce-
nexkuma Ha VIHCTUTyTa no Ky/nTypHH
pacteHnsa B [pesgeH-lnnHny,
lepmaHna — Peka, PenuHaa,
PeaHpa, PeHe, PernHe, PeHopa,
PernuHanc, Peanka, Peb6ena un
PeBeHa, KOUTO ca TreHeTU4ecku
yCTOMUYMBK Ha 6GonecTTa CTpynsc-
BaHe. BbB (heHopaza macos Lbp-
TEX OT BCEKM COPT ca OTpA3BaHu
K/TOHKN C Ab/mknHa 15-20 cm um ca
onpbCKBaHNW MuHUMYM 10 uUBATa

CbC CyCneH3us CbAbpxauia
n3onatn Ha 6GaktepuaTa Erwinia
amylovora. /3nonssaHute  3a
3apassiBaHe n3onartu ca:

> N3onat Ea 3325 -
n3onmpaH oT A6BbMKA Ha
16.05.2013r. B NeTpuy;

> N3onat Ea 3345 -
n3onmpaH oT KpyLua Ha

27.06.2013r. B boTeBrpaa.
Baktepuata e KyntuBupaHa
48 yaca npu Temneparypa 26°C Ha
xpaHutesnHa cpepga King's B (King
et al., 1954). Cnepn ToBa 6aktepu-
nTe ca OTMUTM OT araposara no-
BbPXHOCT U CyCneH3usATa e foBe-
feHa o MbTHOCT 3x10° kn/ml.
3apas3dBaHeTO0 € WU3BbLPLIEHO C
nynsepmusatop ¢ 6akrepuasiHa
cycneHsMs BbB (pa3a Macos
Ub(TEX Ha OTpsA3aHUTE KJ/IOHKMW.
3a KOoHTpona ca Wu3Nnon3BaHW He
TpeTMpaHu LBETOBe, MNOCTaBeHU
npu cbLnUTE YCNOBUA. 3apas3eHuTe
pacTeHMss ca NoCTaBeHW npu

Plant Protection Department of the
Fruit-Growing Institute in Plovdiv.
The plant material used comprised
10 apple cultivars of the so-called
Re-Cultivar  selection of the
Institute for Breeding Research on

Horticultural Crops in Dresden-
Pillnitz, Germany - ‘Reka’,
‘Relinda’, ‘Reanda’, ‘Rene’,
‘Regine’, ‘Renora’, ‘Reglindis’,
‘Realka’, ‘Rebella’ and ‘Rewena’,
which are genetically scab
resistant.

15-20 cm long shoots from each
cultivar  were cut at the

phenological stage of full bloom
and a minimum of 10 flowers were
sprayed with a suspension
containing isolates of Erwinia
amylovora bacterium. The isolates
used for infecting, were:

> Isolate Ea 3325 -
isolated from apple on 16 May
2013 in Petrich;

> Isolate Ea 3345 -
isolated from pear on 27 June
2013 in Botevgrad.

The bacterium was cultivated
for 48 hours at a temperature of
26°C on King's B nutrient medium
(King et al.,, 1954). After that the
bacteria were scraped off the agar
surface and the suspension was
adjusted to a density of 3 x 108
cellsiml.  The infection was
performed by spraying the cut
shoots with a bacterial suspension
at the full bloom stage. Untreated
flowers kept under the same
conditions were used as a control.

The infected plants were placed at
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Temneparypa 25°C wun 80-90%
OTHOCUTESTHA BNIaXXHOCT Ha
Bb3ayxa. [1bpBOTO OT4YMTAHE €
N3BBbPLUEHO cnepn 7 OHW.

MonyyeHnTe pesyntatn ca
KnacupaHu no 4 cteneHHarta ckasa
Ha Pusey (1999):

Knac O — 3apaseHuTe LBeTO-
Be HAMaAT BUOVMW CUMMNTOMW Ha
NHeKuus;

Knac 1 — HeKkpo3aTta e Buau-
Ma no yawenucryetara Win LBET-
HO AbHO;

Knac 2 — Hekpo3ata e no
Lennsa 3aBpb3;

Knac 3 — Hekposata e
JOCTUIHaa cpejaTta Ha uBeTHaTa
OPBXKKa;

Knac 4 — uenuar 3aBpb3 U
LuBeTHaTa [pbXka ca obxsaHaTu
OT HeKpo3a.

PE3YNITATU N OBCBXXOAHE
C ToBa npoy4yBaHe MOXe ga
ce npocneau pasnukara Mmexagy
arpecumBHoOCTTa Ha naTtoreHa u3o-
NMpaH oT pas/iMyHN rocTonpuem-
HALUW, KaKTO M peakumsatTa Ha OT-
[eNHUTE COPTOBE B Hal-KPUTUYHA-
Ta oeHodhasa OT BeretayuaTa npu
A6b/IKa. BCUYKM NpoyyYBaHn COpTO-
Be pearmpaTt C J/loKa/iM3MpaHe Ha
3apasaTta [0 LBeTHaTa ApbXka u
npy fBarta wama u camo copta
PeHopa pearvpa C  TUMUYHMKA
CUCTEMEH XapakTep Ha 60s1ecTTa,
Kato Hekposata e pjoctura [go
eHOro4NLIHNSA 1eTopacT.
[Mpn copTbT Peka ca oT4yeTe-
HA  Hal-HUCKM  CTOMHOCTM  Ha
NHpekuna — 52% knac O Ha
3apasdBaHe Ha LBeToBeTe, 44,4%

a temperature of 25°C and a
relative humidity of 80-90%. The
first report was done after 7 days.

The results obtained were
classified by the grading scale of
disease severity by Pusey (1999):

Class 0 — no visual symptoms
of the infection on the inoculated
flowers;

Class 1 — necrosis observed
on sepals or flower bottoms;

Class 2 — necrosis observed
on the whole fruit set;

Class 3 — necrosis reaching
to the middle of the flower pedicel,

Class 4 — necrosis covering
the whole fruit set and the flower
pedicel.

RESULTS AND DISCUSSION

The difference between the
aggressiveness of the pathogen
isolated from different hosts, as
well as the response of the
separate cultivars at the most
critical phenological stage of apple
vegetation could be traced in the
present study. All the studied
cultivars responded by localizing
the infection to the flower pedicel
for both strains and only ‘Renora’
cultivar reacted by the typical
systemic  expression of the
disease, the necrosis reaching to
the annual shoot.

In ‘Reka’ cultivar the lowest
infection rates were reported
concerning the infection of flowers:
52% class 0, 44,4% class 1 and
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knac 1 u 3,7% knac 4 npu wam | 3,7% class 4 with strain Ea3325

Ea3325, a npu BTOPUAT
yctaHoBeH 94,4% «knac 4
3apassBaHe (Tabnum 1 n 2).

wam e | and with the second strain — 94,4%
Ha | class 4 (Table 1 and 2).

Tabnmuya 1. CTeneH Ha YyBCTBUTE/IHOCT Ha COPTOBE 3apa3eHu C wam Ea3325

N30/MpaH oT A6bs1Ka

Table 1. Level of susceptibility of the cultivars inoculated with strain Ea3325

isolated from apple

Lam Ea3325 / Strain Ea3325

Cﬁﬁﬁ,;r BpoiiugetoBe Oknac% lknac% 2knac% 3knac% 4 knac %
Number of flowers Class 0% Class 1% Class 2% Class 3% Class 4 %

PeaHpa
Reanda 20 20 25 55
Peka
Reka 27 51,9 44,4 3,7
PennHga
Relinda 16 25 50 25
PeHe
Rene 15 26,7 73,3
Peruxe
Regine 20 30 70
PeHopa
Renora 14 28,6 71,4
PernuHanc
Reglindis 16 100
Peanka
Realka 24 4,2 29,2 4,2 20,8 41,6
Pe6ena
Rebella 22 18,2 81,8
PeBeHa
Rewena 13 23,1 61,5 15,4

Haii-BMCOKM CTOMHOCTM Ha
NHpekuna n npu Asarta uwama ca
oTyeTeHn npu copTta PeHopa.
Mogo6bHM ca pesyntatute npu
copta PernuHguc 3a  wam
Ea3325, gokato 4yBCTBUTESTHOCT-
Ta My KbM Wam Ea 3345 e c no-

Hucka crteneH. CbC cpegHa
CTeneH Ha 4yBCTBUTE/IHOCT WU MpwU
jBara wama ca pearvpanu

coptoBeTe Pebena n PenuHpa.
Pa3snnyHaTa arpecuMBHOCT Ha W3-
non3saHuTe LamoBe ce [OEeMOH-

The highest infection rates by
both strains were reported in
‘Renora’ cultivar. Similar results
were established in ‘Reglindis’
cultivar by strain Ea3325, while its
susceptibility to strain Ea3345 was
lower. The cultivars ‘Rebella’ and
‘Relinda’ showed moderate
susceptibility to both strains.

The differences in the
aggressiveness of the studied
strains were demonstrated by the
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CcTpupa oT pasnunkute B nonyyeHu- | differences in the results obtained
Te pesyntatm 3a oTgenHute | for the separate cultivars and
copToBe, KaTo BMMsAHWE BeposTHO | probably those differences were
okasBaT W pa3nmyHuTe TrocTo- | also due to the different hosts,
npuemMHuun, oT Kouto Te ca | from which they were isolated.

N30/1MpaHun.

Tabnumuya 2. CTeneH Ha YyBCTBUTE/IHOCT Ha COpPTOBE 3apa3eHu C wam Ea3345
N30/IMpaH OT KpyLua

Table 2. Level of susceptibility of the cultivars inoculated with strain Ea3345
isolated from pear

Coprt Llam Ea3345 / Strain Ea3345
Cultivar BpoiiusetoBe Oknac % 1knac% 2knac% 3knac% 4 knac %
Number of flowers Class 0% Class 1% Class 2% Class 3% Class 4%

PeaHpa

Reanda 17 47,1 52,9

Peka

Reka 18 5,6 94,4

PennHpga

Relinda 21 4.8 4.8 90,4

Pene

Rene 31 58,1 41,9

PervHe

Regine 13 30,8 69,2

PeHopa

Renora 20 100

Pernunanc

Reglindis 14 7,1 14,3 64,3 14,3

Peanka

Realka 21 100

Pe6ena

Rebella 13 23 38,5 38,5

PeBeHa

Rewena 15 100
Mpn cbnocTtaBsHe Ha pe3y/- Comparing the obtained

Tatn oT npeavwHu mscnepsaHus | results to previous studies of other
Ha pgpyrn astopu (Fischer and | authors (Fischer and Geibel,
Geibel, 2003), coptoBeTe PeaHga, | 2003), it could be mentioned that
PeHe, PernHe, Peasnka, Pebena u | the cultivars ‘Reanda’, ‘Rene’,
PeBeHa ca noco4yeHu Kato ycToii- | ‘Regine’, ‘Realka’, ‘Rebella’ and
4ynBW, 4OKATO B HalleTo nscnegsa- | ‘Rewena’ were reported to be
He cbluMTe nonagaTt B knac cnabo | resistant, while in the present
YyyBCTBUTENHN KbM 3abonsiBaHeTo | study they were allocated to the
(Tabnmua 3). Tpu coptoseTe | group of slightly susceptible to the
PernnHgnc n PeHopa pesyntaTtu- | disease (Table 3). The results
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Te cobBnagar. CoptoBeTe Peka,
PenvHpa v Peanka oT Hawwute
pesynrartu ca cnabo yctonumeu, a
cnopes UuuTUpPaHUTE aBTOpU ca
cnabo YyBCTBUTESHN.

were the same for the cultivars
‘Reglindis’ and ‘Renora’. In the
present study the cultivars ‘Reka’,
‘Relinda’ and ‘Realka’ reacted as
slightly resistant, while in literature

they were mentioned as slightly
susceptible.

Tabnuua 3 . CTeneH Ha YyBCTBUTE/IHOCT KbM CTpPynsiCBaHe, bpaliHecTa MaHa u
orHeH npwurop (Fischer and Geibel, 2003).

Table 3. Level of susceptibility to scab, powdery mildew and fire blight (Fischer
and Geibel, 2003)

Copt CtpynacsaHe bpawHecta maHa OrHeH npurop OrHeH npurop*

Cultivar Scab Powdery mildew Fire blight Fire blight*
PeaHpa
Reanda R LR R LS
Peka
Reka R LR LS LR
PennHpa
Relinda R LR LS LR
PeHe
Rene LR S R LS
PernHe
Regine LR LR R LS
PeHopa
Renora R LR LS LS
Pernnngnc
Reglindis R LR LR LR
Peanka
Realka R S R LR
Pebena
Rebella LR R R LS
PeseHa
Rewena R R R LS

R- ycToliumB, LR- cnab6o yctoiiume, LS- cnabo 4yBCTBUTENEH, S- YyBCTBUTENEH
*[laHHWTE B Ta3n KOSIOHa ca 0606LLEHN OT HACTOSLLIOTO U3c/eaBaHe

R — resistant, LR — slightly resistant, LS — slightly susceptible, S - susceptible
*Summarized data of the present study are presented in that

Kato gonbnHeHue B Tabnu-
ua 3, OCBEH pasrfexgaHara
60/1eCT ca MOCOYEHN M AAaHHU OT
CblLMTEe aBTOPU OTHOCHO CTerneH
Ha 4YyBCTBUTE/IHOCT KbM Apyrurte
MKOHOMWYECKN Hal-BakHW 6Gosec-
TM No A6bSKA — CTpynsAcBaHe W
6palHecTa MaHa.

In Table 3, along with the
results about the studied disease,
additional summarized data are
presented obtained by the same
authors about the level of
susceptibility to the  other
economically  most  important
diseases in apple — scab and
powdery mildew.
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n3BO4M

Bb3 OCHOBa Ha nony4vyeHuTe
pe3ynrtatn OT NpoBeAeHUTe n3cne-
OBaHUS MOXe pfa ce HanpassAT
cnefHuTe U3BOAM U NPENOPBKU:

> CoptoBeTe Peasika,
PenvHpa n Peka, KOUTO ca HocuTe-
/1N Ha reHa Ha YCTOMYMBOCT KbM
CTpynsicBeaHe, pearmpaT C Hai-
HMUCKa CTeneH Ha 4YyBCTBUTE/THOCT
KbM GakTepuasniHata 60/1eCT OrHeH

npurop, BbB heHodaza MacoB
UbgTex.
> Camo npu copt

PeHopa ce HabnwgaBa TUNUYHMUSA
CUCTEMEH XapakTtep Ha 6onectra,
a BCWYKM OCTaHa/M CcopToBeE
pearMpatr C JflokanmsnpaHe Ha
3apasaTta 4o uBeTHaTta ApbXkKa.

> M3nuTtBaHuTe copTo-
Be Peka, Peanka, PenuHpa ca
noaxogawm 3a cb3gaBaHe Ha
€eKONOrMMYyHM A6BNKOBM Hacaxae-
HUSA, KbAeTo 6Gopbata cpeLly
OCHOBHUTE 60/M1E€CTM CTPyNnsCBaHe,
6paliHecTa MaHa M OrHeH npurop
LLle ce M3BbpPLLUBA C HamasleH 6poii
necTUUNAHN TpeTUpaHus.

CONCLUSIONS

Based on the obtained results
and the carried out investigations,
the following conclusions and
recommendations could be made:

> The cultivars
‘Realka’, ‘Relinda’ and ‘Reka’,
which are carriers of the gene for
scab resistance, responded with
the lowest level of susceptibility to
the bacterial disease fire blight at
the phenological stage of full

bloom.

> The typical systemic
character of the disease was
observed only in ‘Renora’ cultivar,
while all the other cultivars
responded by localizing the
infection to the flower pedicel.

> The studied cultivars

‘Reka’, ‘Realka’ and ‘Relinda’ are
suitable for establishing ecological
apple plantations, in which the
control of the major diseases scab,
powdery mildew and fire blight is
carried out by a reduced number of
pesticide treatments.
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PE3HOME

Mpoy4eHo e BIUSAHMETO Ha NeTHUTE
pes3nTbeHn onepaumm BbpPXy CbCTaBa U
XapakTepucTUKUTe Ha rposfe M BUMHO OT
copT Ctoprosus. N3cnepsaHeTo e npose-
AeHo npe3 nepuoga 2009-2011 r. Mpwuno-
XeHute  meponpuaTus  (KbplleHe 1
HOpMMpaHe Ha rpo3AoBeTe) onpenenat
KO/INYECTBEHUTE N3MEHEHNS] HA OCHOBHMU-
Te nokasaTenu, xapakrepuampawm obu-
Ba nNpu onutHute no3n. [Jo6uBbT OT
rpo3ge e Mno-BMCOK NpW BapuaHTUTe C
KbplueHe Ha netopacnute (npu Vi npes
2009 n 2011 r. v npu V3 npes 2010 r.),
rNaBHO 3a CMeTKa Ha no-rofsmMaTa maca
Ha rpo3ga. C Hali-HUCBHK J0o6UB OT no3a
ce xapaktepusupa BapuaHTbT V, nopagu
pegyumpaHuaT 6poii rposgose. Bb3pgeir-
CTBMETO Ha MPWIOXEHUTE MaHunyiauun
CWIHO 3aBUCKM OT METEOPOJIOrNYHUTE
YCNOBMS Ha rogvHata. YCTaHOBEHO €, ye
NeTHUTE pe3nTtbum BAUSAT NPEegUMHO
BbPXY 3axapoHaTpyrnBaHEeTO B rpO34€eTO U
Nno-Manko BbPXY CbAbpXaHMeTo Ha
TUTPYEMW  KUCENWHW. BCUUKM  ONUTHK
BapuaHTn NpeBb3X0oXJaT KoHTponarta no
3axapoHaTpynsaHe. Hail-HUcCko e Konu-

SUMMARY

The influence of the summer
pruning treatments on Storgozia variety
grapes and wine composition and
characteristics  was  studied.  The
investigation was carried out during
2009-2011. The applied practices (shoot
topping and retained number of clusters)
determined the qualitative changes in the
main indicators characterizing the yield
from the experimental vines. The grapes
yield was higher in the variants with shoot
topping (V7 in 2009 and 2011 and V; in
2010) mainly for the account of the
greater cluster mass. The lowest yield per
vine was obtained from the variant V,
because of the reduced number of
clusters. The effect of the applied
practices was highly dependent on the
weather conditions during the year. It was
found that summer pruning treatments
affected primarily grapes sugar
accumulation and less the titratable acids
content. All experimental variants
exceeded the control in  sugar
accumulation. The lowest amount of
titratable acids had the variant with
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4ecTBOTO Ha TUTPyeMUTE KUCENNHU BbB
BapuaHTa C npopexgaHe Ha rposfjoBerTe.
MonyyeHnte BMHA UMaT  pas/iMyeH
XMMWUYEH CbCTaB, Karo BapuaHTbT C
NsiTHa pe3nTba (KbpLeHe npes H/n) e ¢
Hal-HUCKN cpegHn cToliHocTM Ha B3E,
TuTpyemn kucenuHu, O®PC, aHTOoumaHMu,
WHTEH3UTET Ha UuBeta. BwuHata o7
OTMUTHUTE BapuaHTM He npeBb3XoXAaT
KOHTpO/1aTa Mo MOCOYEHUTE MoKasaTesnw.
Mpobute ce pas3nuyaBaT MO CBOUTE
JErycTauMoHHN  XapaKTepucTuku,  KaTo
KOHTPOJ/THMA BapuaHT nokasea Haii-goobpu
OpraHonenTUYyHM KayecTBa.

KntovoBn gymun: nosa, copt
CToprosus, neTHn pe3ntou, rposae, BYHO

yBO/,

NleTHnTe pe3nTbeHn onepa-
UMy ca arpoTeXHUYeckn meponpu-
ATUA, NpunaraHn B 103ATa, KaTo
CpeACcTBO 3a NoBuLIaBaHe KayecT-
BOTO Ha rposgoBata pekosita U
CbOTBETHO Ha MNONIyYeHUTE BMHA.
BnvaHneTo Ha KbpLIEHETO Ha
netopacsmTe € Wu3cneABaHo OT
pegvua asTtopun. CnaeByeBa U Aap.
(2006) m3cnepBat Bb3AENCTBMETO
Ha KbpLIEHeTO Ha JfeTopacnuTte
npu nosn oT1 copt KabepHe
COBMHLOH. [MogpobeH 0630p 3a
B/IMSAHWETO Ha Tas3n onepauus e
HanpaseH oT lNeikoB 1 benbeposa
(2012). OnepauyuaTa KbplueHe B
no3dta BeAHbX WM ABa MbTu
npes 1I9ToTO Nofo6psiBa nsnaraHe-
TO Ha rpo3goBeTe Ha CBET/INHA,
noHwxaesa pJgobumBa u© 3abass
TemnoBeTe Ha Yy3psBaHe. Kpali-
HUAT edpekT BbpXy 3axapuTte, Kuce-
nMHUMTEe M pH Ha rpo3geTo ca
MUHUMa/IHX, HO ca 3abenssaHu
3HAUMTENHN Pa3/IMKN B KAYECTBOTO
Ha BMHOTO. BvHata OT KbplueHuTe

thinning out of clusters. The obtained
wines had different chemical composition,
as the variant with summer pruning (shoot
topping in July) had the lowest average
rates of sugar free extract, titratable acids,
total phenolic compounds, anthocyanins
and color intensity. The wines from the
experimental variants were not superior
compared to the control concerning these
indicators. The samples differed in their
tasting characteristics as the control
variant revealed the best organoleptic
qualities.

Key words: vine, Storgozia variety,
summer pruning, grapes, wine

INTRODUCTION

Summer pruning treatments
are agronomic practices applied in
vineyards as a means of improving
the grapes quality and respectively
the wines. The impact of shoot
topping has been studied by many
authors.

Slavcheva et al. (2006)
investigated the impact of shoot
topping on vines of Cabernet
Sauvignon variety. A detailed
overview of the impact of this
treatment was made by Peykov
and Belberova (2012). Shoot
topping in vineyards once or twice
during the summer improves the
exposure of the clusters to light,
decreases the yield and slows the
rate of ripening.

The final effect on the sugars,
acids and pH of grapes were
minimal, but significant differences
were found in wine quality. Wines
from shoot topped vineyards were
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10351 ca OUEHEeHW KaTo no-goo6pwu
OT KOHTpONaTa, nopagun no-cnabus
~TPEBUCT TOH” BBLB BKyca, MoO-
WHTEH3VBEH LUBAT, HO MNo-cfiab
apomat (Pszczolkowski et al.,
1985). TloBeye BHUMaHWe B
nitepatypara e OTAesleHO Ha
B/IMSSHMETO Ha HOPMUpPAHETO Ha
rpo3gosete (Dhillon n Singh, 1949;
MonoBs n gp., 1972). Cnopep aBTo-
puTe HOPMUPAHETO Ha rpo3goBeTe
nofobpsBa XxapakTepucTUKUTE Ha
cypoBMHaTa 6e3 pga Hamanssa
(uyBCcTBUTENHO)  gobusBa. [pu
n3cnenBaHe cbC copT Hacnapga,
CnaBueBa u lNypues (2012) ycra-
HOBABaT, 4e C YyBe/IMYeHne Ha
6poA Ha rposgoBeTe HacTbnear
N3MEHEHNS B [BE MOCOKMU: MOSIOXN-
TesHa — 3a fJobuBa, CbOTHOLLIEHWEe-
TO pobus/npupacT M cTonaHckata
epeKkTMBHOCT  (gobus/gobus  +
npupacT); oTpuuaresiHa — 3a Konu-
4eCcTBOTO Ha KOpeHuTe, CbAbpxa-
HMETO Ha 3axapuTe W CbOTHOLUe-
HMeTo 3axapw/kucenvHu. lNocneg-
HaTa hasza Ha Yy3psiBaHeToO e
onpegesnsuia 3a cbCTaBa Ha Cypo-
BuHaTa. Npn npopexaaHe Ha rpos-
[lOBETE Ce peructpmpa maxkcumasl-
HO HMBO Ha 3axapoHartpynsaHe,
3abpxalwo ce Mo-4bJ/Ir0 Bpeme,
6e3 ycTaHOBSIBAHETO Ha MN0-6bp3
cnag B kucenvHute (Amati et al.,
1994).

BanaHneto Ha npopexaaHe-
TO Ha rpo3goBeTe BbpXY CbCTaBa
Ha rposgosata MbCT U BUHOTO €
NOTBBPLAEHO M OT MPOy4YBaHUA Ha
Amati et al. (1995). Ha6bnwogasa
ce, Ye NIbTHOCTTA U KOSINYECTBO-
TO Ha 3axapute ce yBenuyasaT

rated as better compared to the
control, due to the weaker “grassy
tint” in the taste, more intense
colour but slighter flavor
(Pszczolkowski et al., 1985). More
attention in the literature was paid
to the impact of the retained
number of clusters (Dhillon and
Singh, 1949; Popov et al., 1972).
According to the authors the
retaining the number of clusters
had improved the properties of the
raw material without reducing
(sensitively) the yield. In a study of
Naslada variety, Slavcheva and
Purchev (2012) found that by
increasing the number of clusters
changes occurred in two
directions: positive — for the yield,
the  yield/growth ratio  and
economic efficiency (yield/yield +
growth); negative - on the amount
of roots, sugar content and
sugar/acid ratio.

The last phase of maturation was
determinative of the raw material
composition. Upon thinning out the
clusters it was obtained maximum
level of sugar accumulation,
staying longer without finding more
rapid decrease in acids (Amati et
al., 1994).

The impact of clusters
thinning out on the composition of
grapes must and wine was
confirmed by studies of Amati et al.
(1995). It has been observed that
the density and the amount of the
sugars had increased as a function
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BbB (PYHKLUMSI OT MHTEH3UTeTa Ha
npopexaaHeTo, cnepoBaTesiHo
CbbPXaHNETO Ha akoxos BbB
BMHaTa ce MNoBMWaBa Mo CblMA
HauMH. EKCTpakTbT € MNO-BMCOK B
npopegeHuTe npobu, OTKOMKOTO B
KOHTponarta, Ho He e 3abenssaHa

pasnMka  BbB  (yHKUMst  OT
WHTEH3UTETa Ha MpopexaaHeTo.
CbabpXaHneTo Ha  TUTPyeMu
KWCENMHM BbB BMHATa, o0baue
HamansiBa BbB  (OyHKUMS  OT
NHTEH3MTETa Ha npopexaaHe.
Llenta Ha HaCTOALLOTO

npoyyBaHe e pga ce npocneau
BNUSAHMETO HAa NEeTHUTE pe3nT6eHn
onepauun KbplLleHe M HopMupaHe
Ha rpo3goBeTe BbPXy CbCTaBa U
XapakTepUcTMKUTE Ha rpo3aeTo u
Mosly4yeHnTe BUHA.

MATEPVANT N METOON

[poyyBaHeTO € npoBefeHo
npe3 nepunoga 2009-2011 r. O6ekT
Ha n3cnepsaHeTo ca /103U OT CopT
Croprosuvs, mexayBuaoB Xubpua,
yCTON4MB Ha MaHa
(Plasmoparaviticola), ¢ nosuweHa
YCTONYMBOCT Ha CUBO THUEHE
(Botrytiscinerea) n onguym
(Uncinulanecator) (MBaHoB n gp.,
1984; 3aHkoB 1 ap., 1985). OnuT-
HOTO HacaxjeHue e oTrnexnaHo B
EkcnepymeHTanHata 6a3a Ha
W/1B-lneBeH. ['bCcTOTaTa Ha 3aca-
XaaHe e 2,50 x 1,30 m, fo3uTe ca
dopmmpaHn cpegHocTbONEHO C
BMCOYMHA Ha CcTb6NOTO 1 m.
Mognoxkata e bepnaHanepn X
Punapus Cenekumss OneHxainm 4
(CO4), pesutbata € Ha u4enose.
HaTtoBapsaHeTo npe3 2009 r. e no

of the intensity of thinning out;
therefore wine alcohol content was
increased in the same way.

The extract was higher in the
thinned out samples in comparison
with the control, but there was no
difference in the function from the
intensity of thinning. The content of
titratable acids in wines however
decreased as a function of the
intensity of thinning.

The objective of this study
was to investigate the impact of
summer pruning treatments —
shoot topping and retaining the
number of clusters on the
composition and characteristics of
grapes and the obtained wines.

MATERIAL AND METHODS

The study was carried out in
2009-2011. The object of the study
were vines of Storgozia variety,
interspecies hybrid, resistant to
mildew (Plasmoparaviticola), with
increased resistance to gray mold
(Botrytiscinerea) and powdery
mildew (Uncinulanecator) (lvanov
et al., 1984; Zankov et al., 1985).

The trial plantation was grown in
the Experimental Base of IVE-
Pleven. The planting density was
250 x 1.30 m, the vines were
grown on semi-high training
system with stem height 1 m. The
rootstock was Berlandieri X
Ripariya Selection Oppenheim 4
(S0O4), pruning was done at spurs.
The loading in 2009 was 20 eyes,
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20 oun, a npe3 2010 n 2011 r. no
18 oumn Ha BcAka nosa. Npe3 2009
. BbB BCEK/ BapuaHT ca OCTaBeHu
no 50 nosun, a npes3 2010 n 2011 .
no 40 nosun. Cnep n3bposieaHe Ha
CbLBeTUATa /1031UTE ca pasnpeje-
JIeHn B 4YeTupu BapuaHta C
npubNn3NTENHO efHaKkbB CcpefeH
6poli cbUBETUSA, KAKTO Ccrieaga:

Vo — KOHTposia— 6e3 neTHu
pe3nTou;

V1 — KbpLleHe (1oHN mecel) —
KbpPLUEHETO € U3BbPLIEHO Ha
26.06. (2009 r.) n Ha 28.06. (2010
n2011r.);

V, — HOopMupaHe (npopexnaa-
He) Ha rpo3foBeTe — npemaxHaTtu
ca 1/3 (30 — 35%) ot rpo3goBeTe
o6uo 3a BapumaHTa Ha 26.06.
(2009 r.) n 28.06. (2010 n 2011 r.);

V3 — KbplUeHe (101 mecel) —
KbpLUEHETO € WU3BbPLIEHO Ha
20.07. (2009 r.), 21.07. (2010 r.) ”
19.07. (2011 r.).

BpoAaT Ha rpo3goBeTe Ha
fio3a B OMUTHUTE BapuaHTn e
onpefeneH B 3aBUCUMOCT OT
cpefHus 6poi cbuUBETUSA Ha /1034,
noslydyeH cnep npebposisaHe npes
nposieTTa Ha CbOTBETHaTa ekcrne-
pUMeHTaIHa rognHa.

Mpn HOpMMpaHe Ha rpo3fo-
BeTe npe3 2009 r. ca ocTaBeHu
cpegHo no 27 rpo3ga Ha nos3a,
npe3 2010 r. — 25 rpo3ga, a npes
2011 r. — 39 rpos3ga Ha nosa.

AncnepcnoHHnAT aHans e
HanpaseH No ®uwep npu HMBa Ha
[OCTOBEPHOCT  Ha  pasukuite
(kpuTepun Ha CTiogeHT) p = 5,0 %,
p=10 %, p=0,1% (AdumoBa u
MapwuHkoB, 1999).

and in 2010 and 2011 - 18 eyes
per vine. In 2009, 50 vines were
left per variant while in 2010 and
2011 they were 40 vines. After
counting the flower clusters vines
were divided into four variants with
approximately the same average
number of flower clusters as
follows:

Vo — control — without summer
pruning treatments;

V1 — shoot topping (June) —
on 26.06. (2009) and on 28.06.
(2010 and 2011);

V, — retaining (thinning out)
the clusters — 1/3 (30 — 35%) of the
clusters were removed totally for
the variant on 26.06. (2009) and on
28.06. (2010 and 2011);

V3 — shoot topping (July) — on
20.07. (2009 r.), 21.07. (2010) and
19.07. (2011).

The number of clusters per
vine in the experimental variants
was defined depending on the
average number of clusters per
vine obtained after counting in the
spring of the respective year of the
study.

In retaining the number of
clusters in 2009 there were left on
the average 27 clusters per vine; in
2010 — 25 clusters, and in 2011 —
39 clusters per vine.

The analysis of variance was
made by Fisher at confidentiality
level of the differences (Student’s
criteria) p = 5.0 %, p = 1.0 %, p =
0.1 % (Dimova and Marinkov,
1999).
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[Mpn pocTturaHe Ha TexXHOJo-
rMyHa 3pAsoCT, rpo3[eTo OT OnuT-
HUTE BapuaHTn e obpaHo n npepa-
60TeHO B onuTHaTa BMHapcka n3ba
Ha WJIB, B ycnoBuaTa Ha MUKPOBU-
HUpumMpaHe, nNo kKiacuyeckarta
cxema 3a MpPOM3BOACTBO  Ha
yepBeHn BUHa (AHKOB, 1982). Mpu
pekonta 2009 r., 3a nonyyasaHe
Ha BWHA C HOPMa/IEH XVMMWUYEH
CbCTaB, € HanpaBeHa Kopekuusa Ha
3axapHoTOo CbAbpXaHune Ha
rposgoBara Kawa CbC 3axapo3sa.
AnkoxonHata depmeHTauua e
npoBefieHa C 4yucTa Kyntypa cyxu
BUHEHN pApoxau Saccharomyces
cerevisiae, B konmnyectso 20 g/hl,
npu Temnepatypa 25-26°C. Cnep,
NPUKNYBaHE Ha npoueca npobu-
Te ca OoTAeKaHTUpaHu n gocyndgu-
TMpaHu.

XVMWYHUAT CbCTaB Ha rpo3-
[eTO 1 NoslyyeHnTe BMHA No Bapu-
aHTN e onpepesieH no obuonpue-
TUTE BbB BMHAPCTBOTO MeTOAM
(MBaHoOB 1 Ap., 1979). 3a oueHka
Ha opraHoNenTUYHUTE UM XapakTe-
puctukn e nsnonspaHa 100 — 6a-
Ha ferycrtaunoHHa ckana (Liseta-
HoB, 2001; NMpogaHoBa, 2008).

PE3SYNTATU 1 OBCBXXOAHE

KonuyectBeHute u3MeHeHus
B fo6MBa Ha OMUTHWUTE /103U OT
copt Cropro3us, 3a npoy4yBaHuA
nepuog, ca npeacraBeHn B
Tabnuuya 1.

C Hali-HUCbK [o6uB OT /103a
3a 2009 r ce oT/IM4aBa BapuaHT Vs
(3,501 kg), nopagn pepyumpaHus
6poii rpo3goBe, cneaBaH  oOT
KoHTponata — Vy (5,019 kg) n V3

Upon reaching technological
maturity, the grapes from the
experimental variants was
harvested and processed in the
experimental winery of IVE under
the conditions of micro-vinification
by the classical method for red
wine making (Yankov, 1982). In
2009 vintage for obtaining wines
with normal chemical composition,
the sugar content of grape pulp
was adjusted by adding sucrose.
The alcoholic fermentation was
conducted with pure culture of dry
wine yeast Saccharomyces
cerevisiae, in an amount of 20 g/hl,
at a temperature of 25-26°C. After
completion of the process the
samples were decanted and
further sulfated.

The chemical composition of
grapes and the wines from each
variant was determined by the
conventional methods in enology
(lvanov et al., 1979). For
evaluating the organoleptic
characteristics it was used 100-
score tasting scale (Tsvetanov,
2001; Prodanova, 2008).

RESULTS AND DISCUSSION

The quantitative changes in
the yield from the experimental
vines of Storgozia variety during
the study period are presented in
Table 1.

The lowest yield per vine for
2009 was obtained from variant V,
(3.501 kg), due to the reduced
number of clusters, followed by the
control — Vo (5.019 kg) and V3
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(5,202 kg). C Hai-BUCOK A06UB €
V1 (5,299 kg), koeTo e cneacreue
OT Mno-BUCOKaTa cpefjHa maca Ha
efuH Tpo34 npu TO3U BapuaHT.
PasznuumneTto mexzay BapuaHtute e
CTaTUCTMYECKN foKa3aHo. BapuaHT
V, nma gobpe ocurypeHa passnvka
CNpsIMO BCeKWn BapuaHT (JvmoBsa u
MapwuHkos, 1999).

CpepHusa 6poli rposgose e
Hal-HUCHK npu V. (28), cneggar
BapunaHTuTe Vi (36) n Vo (38). C
Hal-BMCOK cpefieH 6poi rpo3agose
e BapuaHT V3 (39). Pasnukute 3a
TO3M nokasartes1 ca CTaTUCTUYECKN
[oKa3aHu. BapuaHT V, uma poka-
3aHU pasfIMKM C BCUYKM BapuaHTu
B onuTa.

CpegHata Maca Ha eauH
rposg e Hali-Hucka npu V, (125,48
g), a e Hai-Bucoka npu Vi
(147,199).

Mpe3 2010 r oT u4eTupute
BapuaHTa C HaW-BUCOK [06MB ce
oTnnyasa BapuaHT Vs (7,487 Q),
KOETO Ce Ob/DKW [/laBHO Ha Mo-
ronAamata maca Ha eguH rposp
(182,61 g). MNpwun koHTponata (Vo) n
BapvaHT V; [J06MBBLT € MNoYTK
e[HaKbB, CbOTBETHO 6,349 1 6,399
kg. C Hall-HUCBHK J06MB e BapuaHT
V> (4,500 kg), KoeTo e pe3ynrtar oT
HamaneHus 6poin rposgose. [uc-
NMEePCUOHHNA aHa/iM3 Mnokassa, 4e
BapuaHT V,; MmMa [okas3aHOCT Ha
pasnnknTe CnpsMo BCEKW eauvH
BapunaHT (AumoBa u MapuHKOB,
1999).

CpegHata Maca Ha eauH
rpo3f e Hai-Hucka npy BapuaHT Vi
(168,39 @), a e Hali-BUCOKa npu
BapnaHT V3 (182,61 g). Hsawma

(5.202 kg). The highest yield had
V1 (5.299 kg), as a result of the
higher average mass per cluster
for this variant. The difference
between the variants was
statistically proven. Variant V, was
distinguished for its well outlined
difference compared to all other
variants (Dimova and Marinkov,
1999).

The average number of
clusters was the lowest in V; (28),
followed by variants V; (36) and Vo
(38). The highest average number
of clusters had variant V3 (39). The
differences for this indicator were
statistically proven. Variant V, had
proven differences with all other
variants in the trial.

The average mass per cluster
was the lowest in V, (125.48 @),
and the highest in V; (147.19 g).

In 2010 from the four variants
the highest yield was obtained for
variant V3 (7.487 g), mainly due to
the higher mass per cluster
(182.61 g). From the control (Vo)
and variant V the yield was almost
equal, respectively 6.349 and
6.399 kg. The lowest yield had
variant V, (4.500 kg), because of
the reduced number of clusters.
The analysis of variance revealed
that variant V., had proven
differences compared to all other
variants (Dimova and Marinkov,
1999).

The average mass per cluster
was the lowest in variant Vi
(168.39 g), and the highest in
variant V3 (182.61 g). There were
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[0Ka3aHOCT Ha pas/iMkuTe 3a To3u
nokasartern.

OT pekonta 2011 r c Haii-
BMCOK [0OWB ce OT/inyaBa Bapwu-
aHT V1, KOETO ce Ab/IKU rNaBHO Ha
no-rongMarta Maca Ha efiviH rpo3g,
C Hal-HUCBK JobuB e BapuaHT Vo,
KOeTo e pe3y/ntar OT HaMasleHuA
6poii rpo3gose. Cnep craTucTu-
yecka 06paboTka Ha [AaHHUTe 3a
TO3M nokasartesl HAMa [oKa3aHOoCT
Ha pasNuknTe mexay BapuaHtute
B onuTa.

C Hal-HUCBbK cpepneH 6poi
rposgose e BapuaHT V, (41), a c
Han-ronam 6poii rpo3goBe e V3
(57). PasnuuneTto mexay BapuaH-
TVUTE 3a TO3M nokasaresn e Jokasa-
HOo. BapuaHTuTe Cc HopmupaHe Ha
rposgosete (V2) umar gokasaHocT
Ha pasnnkUTe CNpsiMO KOHTposiata
N OCTaHa/IMTe BapuaHTK OT onuTa.

C Hai-ronsima cpepgHa maca
Ha epguH rpo3g e BapuaHt Vo
(171,64 g), nopagn npemaxBaHeTo
Ha yacT oT rposgosete. CnepgBsar
BapunaHTute Vi (161,79 g) n Vo
(149,12 g), a c Hail-mMasika maca Ha
eavH rpos3g e Vi (145,23 Q).
OTHOCHO TO3M Mokasaten pgokasa-
HOCT Ha pasnukute nma mexay V,
M KOHTpONaTa, Kakto W Mexay
BapvaHta C HOpMUpaHe Ha
rpo3gosete (V3) 1 BapuaHT Vs.

C Hai-HMUCBbK cpefeH [06MB 1
npes TpuTe rovHW e BapuaHTa C
HopMmupaHe Ha rposgosete (Vo) —
5, 021 kg. C Hail-BMCOK cpefeH
[o6uB OT TpuTe roguHn e Vi —
6,986 kg. Cpeghuatr  6poii

no proven differences for this
indicator.

For vintage 2011 the highest
yield was obtained from variant Vy,
mainly due to the higher mass per
cluster. The lowest vyield had
variant V,, which was a result of
the reduced number of clusters.
After the statistical processing of
the data for this indicator there
were no proven differences
between the variants in the trial.

The lowest average number
of clusters had variant V, (41), and
the highest number - V3 (57). The
difference between the variants for
this indicator was proven. The
variants with thinning out of the
clusters (V2) had proven
differences compared to the
control and the other variants in
the trial.

The highest average mass
per cluster had variant V, (171.64
g), due to the removal of part of the
clusters. It was followed by
variants V; (161.79 g) and Vj
(149.12 g), while the lowest mass
per cluster had V; (145.23 Q).
Concerning this indicator there
were proven differences between
V, and the control as well as
between the variant with retained
number of clusters (V,) and variant
V.

The lowest average Yyield
during the three years had the
variant with retained number of
clusters (Vo) — 5,021 kg. The
highest average vyield from the
three years had V3 — 6,986 kg. The
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rpo3aoBe OT /103a OT TpUTe rognHU
e Hali-ManTbK npu BapmaHT V, (32),
a e Hau-ronam npu Vs (46).
MacaTa Ha efuH rpo3g cpefHo oT
TpuUTe rOAVMHU € Hal-ronsma npu
BapuaHT Vi (159,12 g), cnegsaH oT
V, (156,73 g) n c Hail-masnka maca
Ha efuH rpo3g e KoHTponara (Vo) —
151,30 g.

Tabnmuya 1. Konu4vectBeHwu

N3MEHEHUA

average number of clusters per
vine for the three years was the
lowest in variant V, (32) and the
highest in V3 (46). The mass per
cluster on the average for the three
years was the highest in variant V,
(159.12 g), followed by V, (156.73
g) and the lowest mass per cluster
had the control (Vo) — 151.30 g.

Ha OCHOBHUTE rnokasaresnu,

XapakTepusnpawm goémsa npu copt Ctoprosus, npes nepnoga 2009-2011 r.
Table 1. Qualitative changes of the main indicators, characterizing the yield of
Storgozia variety, during the period 2009-2011

Moka3aTtenu / Indicators

CpepaeH 6poli

BapuaHt  lognHa 6 Maca Ha eiuH rposp
Variants Year £00VB OT efHa nosa rposjose ot nosa v per cluster
Yield per vine (kg) Average number of )
clusters per vine 9

2009 5,019 38 133,20

2010 6,349 37 171,59

Vo 2011 8,176 55 149,12

Cpearo 6,515 43,33 151,30
Average

2009 5,299 36 147,19

2010 6,399 38 168,39

Vi 2011 8,717 54 161,79

Cpearo 6,805 42,66 159,12
Average

2009 3,501 28 125,48

2010 4,500 26 173,08

V, 2011 7,063 41 171,64

Cpearo 5,021 31,66 156,73
Average

2009 5,202 39 132,70

2010 7,487 41 182,61

V3 2011 8,268 57 145,23

Cpearo 6,986 45,66 153,51
Average

TpsabBa pga ce otbenexu, ye
Bb3AENCTBMETO HaA MNPUIOXKEHUTE
MaHunynaumm CWAHO 3aBuCKU OT
KIMMaTu4HUTEe (oaktopu. MeTeo-
PO/IOrMYHUTE YCMIOBUSI NPE3 roau-

It should be noted that the
impact of the applied treatments
was highly dependent on the
climatic factors. Weather
conditions during the year had
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Hata wMoaudmumpar  (U3MEHAT)
B/INSSHMETO Ha u3cnensaHuns oak-
Top. B pasnnyHute rogmHn edoek-
TbT OT KbPLUEHETO € pa3/imyeH. B
CyXu roguMHu no-go6bLp pesynrtar
OTHOCHO KOJIM4eCTBOTO Ha fobusa
MMa BapuaHTbT C KbpLUeHe npe3
toHK (2009, 2011 r). Mo oTHoLe-
HMe Ha fobvBa B roanHu C noseve
Ba/IEXN KbpLUEHETO npe3 H/u
Aasa no-go6sup pesynrtar (2010 r).
ToBa ce 06sCHsABa C yab/hkaBaHe-
TO Ha Beretayusita n namecrtsaHe-
TO Ha da3nte Ha pas3BuTUEe Ha
N03UTe BbB BPEMETO.

[po3goBaTa MBCT OT COPT
Ctoprosus, 3a npoy4saHusa nepu-
04, MMa XUMWYeH CbCTaB, npepn-
ctaBeH B Tabnuua 2. OT npepg-
CTaBeHUTe [aHHW ce BWXAaa, 4e
Kato Hal-6naronpuaTtHa 3a nosy-
yaBaHeETO Ha 4YepBeHM BMHA, C
ONnTUMasiIeH XMMUYEH CbCTaB U
OpraHoNenTUYHN XapakTepUCTUKN,
MOXe pga ce nocoun 2011 .
[po3geTo OT Tasu pekonta, npu
BCUYKM BapuaHTK, Ce Xapakrtepwu-
3upa C Hai-B1COKO 3axapoHartpyn-
BaHe U ONTUMaNIHWU TUTpPyeMu
KucenvHu. Hali-masniko e cbabpxa-
HMEeTO Ha 3axapu B CypoBuHarta oT
pekonta 2009 r.

[Npe3 nepmnoga Ha npoyysaHe
C HaWl-HUCKa KOHLUEeHTpauus Ha
3axapuTe ce oT/iM4yaBa KOHTpona-
Ta — cpepHo 20,9 %, KaTto BCUYKMK
oCTaHaIn BapuaHTu A NPeBb3X0X-
fat. Hail-masiko e KO/mMyecTBOTO
Ha TUTPyeMUTE KUCENUHU BbB V; U
npu Tpute pekontn. OT chopmupa-
HUTE ONUTHU BapuaHTu, CypOBMHA-
Ta OoT V3 (KbpweHe Ha Jo3uTe,

modified the impact of the studied
factor. The effect of shoot topping
was different for the separate
years. In dry years the variant of
shoot topping in June (2009, 2011)
had better result for the yield
quantity. In terms of yield in years
with  more rainfall, the shoot
topping in July gave better result
(2010).

That could be explained by the
prolonged vegetation season and
delayed vine development phases.

The chemical composition of
Storgozia variety must for the
period of the study is presented in
Table 2. The data revealed that
the year 2011 was the most
favorable for the production of red

wines with optimal chemical
composition and  organoleptic
properties.

That vintage grapes for all

variants, was characterized by the
highest sugar accumulation and
optimal titratable acids. The lowest
sugar content was found in the
raw material of 2009.

During the study period the
lowest concentration of sugars had
the control — 20.9% on the
average, as all other variants
exceeded it. The lowest amount of
titratable acids in V, was found for
the three years. From all
experimental variants, the raw
material of V3 (shoot topping in
July), was characterized by higher
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npes3 M. K1) ce oT/iMyaBa C no-
BMCOKaA TUTpyeMa KMCEsIMHHOCT,
Kato cpegHarta CTOMHOCT Ha noka-
3aTend npesuvwaBa Tasn Ha KOH-
Tponata. YCTaHOBEHUTE pas3/inyuns
B OCHOBHUTE XMMW4YHU NnokasaTesiv
Ha rpo3feTo OT ONUTHUTE BapuaH-
TM ce Ab/kaT npeauMHO  Ha
NPUNOXEHNTE JIeTHU pe3nTbeHn
onepauuMn B J1030BOTO Hacaxje-
HMEe, HO CbLLO W Ha MeTeoposo-
rMYyHUTE 0COBEHOCTM Ha rogmnHara.

titratable acidity, as the average
value of the indicator exceeded
that of the control.

The differences in the main
chemical indicators of the grapes
from the trial variants were
primarily due to the applied
summer pruning treatments in the
vineyard but also to the weather
conditions of the year.

Ta6smua 2. XMMUYeEH CbCTaB Ha rpo3foBa MbCT OT copT CToprosus 3a nepuoaa

2009-2011 .

Table 2. Chemical composition of grape must of Storgozia variety, during the

period 2009-2011

BapuaHTy FogvHa 3axapu TMpreMM KMCENMHY
Variants Year Sugars Titratable 3:':1C|ds pH
% g/dm
2009 19,3 6,30 3,29
2010 20,6 6,60 3,14
Vo 2011 22,8 5,93 3,38
Cpeano 549 6,28 3,27
Average
2009 20,6 5,80 3,25
2010 21,4 6,18 3,25
Vi 2011 23,0 5,60 3,43
Cpearo 5, 7 5,86 3,31
Average
2009 19,8 5,60 3,25
2010 21,1 6,08 3,23
Vo 2011 23,6 5,48 3,48
Cpeano 5, g 5,72 3,32
Average
2009 20,1 6,00 3,24
2010 20,9 6,45 3,2
V3 2011 23,3 6,60 3,44
Cpeano 5, 4 6,35 3,29
Average
Pasnuknte B CbCTaBa Ha The differences in the raw
CypoBuMHaTa, Hamumpart oTpaxeHue | material composition were
N B XMMWYHUA CbCTaB Ha nosiydye- | reflected in the chemical

HUTEe oOonuTHM BuHa CToprosus

composition of the experimental
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(Tabnuua 3).

BuHaTta oT pekonta 2009 r.
MMaT a/IKOXOJIHO CbAbpXaHue OT
12,99 (Vo) po 13,46 06. % (Vi).
KonnyectBoTo Ha oOCTaTbyHUTE
3axapu e oT 1,98 po 2,32 g/dm?,
KOeTOo NoTBbpXAasa Mb/IHOTO NPO-
TMYaHe Ha asikoxosiHaTa pepMeH-
Taums. Mo-Hucka e CToMHOCTTa Ha
6e33axapHusa ekctpakTt (B3E) BbB
BMHaTa oT BapuaHtn Vo u Vi. TUT-
pyemMara KMCeJSIMHHOCT Ha OMUTHU-
Te npob6u, Bapupa B KOINYECTBO,
onTMMasIHO 3a copta — OT 5,48
(Vo) 8o 6,23 g/dm?® (Vo). SleTnusu-
Te K/ACENUHU ca B HOPMasIHU
rpaHiun.  KoHueHTpauusaTa Ha
obwm  peHoNnHM  cbeauHeHUs
(O®C) e B rpaHunyute o1 2,07 (V2)
no 2,50 g/dm® (Vo), a Ha
aHToymnaHute ot 352,03 go 440,84
mg/dm?, uwniito cToliHocTM kope-
nmpar ¢ Te3n Ha UBETHUSA WUHTEH-
3uTeT Ha BMHarta. pun opraHonen-
TUYHUA aHaIM3 Ha nNpobuTe C Hal-
[06pn  XapakTepucTukM U CbOT-
BETHO C Hal-BMCOKA OLEHKa €
BMHOTO OT KOHTponarta Vo (78,75
T.), cnegBaHo OT BapuaHT V3
(78,50 T1.). Te3n npobu ca c BUCO-
KO cbAbpxaHue Ha B3E, O®PC u
aHToumaHun. Xapakrepusupar ce C
PyOGUHEHO-YepBEH LUBAT, NPUATEH
nnogoB apomar, TMIbTHOCT U
XapMOHUYHOCT BbB BKyCa.

Pesyntatnte oOT XUMWYHUA
CbCTaB Ha OMUTHUTE BMHA, PEKOSI-
Ta, 2010 r. He nokassart 3Ha4nUTe -
HA pasnnkn B  u3cregBaHuTe
nokasatenm  Mexay 4etmpurte
BapuaHTa. ANIKOXONbT Ha nNpobute
e B rpaHuyute ot 12,22 (Vo) Ao

Storgozia wines too (Table 3).

Wines of 2009 vintage had
an alcohol content ranging from
12.99 (Vo) to 13.46 vol. % (V2).
The residual sugars quantity
varied from 1.98 to 2.32 g/dm?
confirming the complete progress
of the alcoholic fermentation.
Wines from the variants V;, and V3
had lower rate of sugar-free
extract (SFE). The titratable acidity
of the experimental samples
varied within the optimal rates for
the variety — from 5.48 (V,) to 6.23
g/dm® (Vo). Volatile acids were
within the normal rates. The
concentration of total phenolic
compounds (TFC) was within the
range from 2.07 (V>) to 2.50 g/dm?®
(V0), and of anthocyanins from
352.03 to 440.84 mg/dm? as
these values were in correlation
with those of the wine color
intensity. In  the organoleptic
analysis of the samples the best
characteristics and therefore the
highest score had the wine from
the control Vo (78.75 points),
followed by variant V3 (78.50
points). These samples had high
content of SFE, TFC and
anthocyanins. They were
characterized by a ruby red color,
pleasant fruity aroma, thick and
harmonious taste.

The results of the chemical
composition of the experimental
wines, vintage 2010 did not show
significant differences in the tested
indicators  between the four
variants. The alcohol in the
samples was in the range from
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12,45 06. % (Vi). Hair-Hucko e
CbAbpPXaHMETO Ha 3axapu BbB V»
(1,23 g/dm®). MMo-cbliecTBeHM
pasnukn ce HabnwgasaT Mexay
BapvaHTuTe No OTHOLUEeHWe KOon-
yectBOoTO Ha B3E. CroliHocTUTE
Ha nokasartesns ca Hal-HUCK/ BbB
BapuaHT Vs (20,71 g/dm®) n Haii-
Bucokm npu Vi (22,16 g/dmd).
CbAbpXaHMeTo Ha  TuTpyemu
KACENIMHN B/IMsie BbPXY OpraHo-
NeNTUYHUTE KayecTBa Ha BMHaTa,
obycnaBsiiikm  CBeXecTTa BbB
BKyca um. [pu BuvHata OT Tasu
pekonTa KOHTPOSIHUAT BapuaHT Vo
€ C Hal-BUCOKO KMCEJIMHHO Cbabp-
*aHue (6,15 g/dm®), Ho e nonyuunn
M  Hali-BMCOKa  AerycrtaumoHHa
oueHka. ToBa nokasBa, 4e CTOW-
HOCTUTE Ha KUCENMHUTE ca B
6asiaHC C OoCTaHa/IMTe KOMIMOHEH-
TW, yyacTBalm npu hopmMmpaHeTo
Ha Bkyca. lMonyyeHuTe pesynratu
nokassaT MponopLUuoHasIHa BPb3-
Ka Mexay KOHUeHTpauusita Ha
O®C, aHTOLUMAHN U NHTEH3UTET Ha
ugeta. HabnwgasaHuTe pasvku
ce Ab/hKaT Ha pasnuumaTa Um B
n3xogHaTa CypoOBWHA, BeposATHA
NprYYMHa 3a KOeTOo ca pasnyHuTe
pe3nTtbeHn onepaymm No BapuaH-
V. Bbnpekn, ye Te3n nokasartenu
B/IMASAT BbpPXY OpraHosienTuyHUTe
XapakTepUCTMKN Ha BMHOTO, B
onNUTHUTE Npobu OT Ta3n pekonTa
He ce ycTaHoBsiBA CbOTBETCTBME
MeXay TexXHUTe CTOMHOCTN U
nosayyeHarta AeryctaymoHHaTa
oueHka. BapuaHT Vo, npu KOWTO
CTOMHOCTUTE MM Ca HaW-HUCKK, €
OLEHEH Hal-BMCOKO — 78,38 T.

12.22 (Vo) to 12.45 vol. % (V).
The lowest sugars content had V;
(1.23 g/dm®. More significant
differences were observed
between the variants in the rates
of SFE. The values of this
indicator were the lowest in variant
V3 (20.71 g/dm®) and the highest
in V1 (22.16 g/dm®). The titratable
acids content had an impact on
the organoleptic qualities of wines,
determining the freshness in their
taste. For that vintage wines the
control variant Vo had the highest
acid content (6.15 g/dmd),
however it got the highest tasting
score.

That indicated that the acids rates
were in balance with the rest
components forming the taste.

The results revealed a correlation
between the concentration of TFC,
anthocyanins and the colour
intensity. The observed
differences were due to the
differences of the raw material, as
the probable reason for that were
the different pruning treatments in
the variants. Although these
indicators affected the
organoleptic  characteristics  of
wine in the trial samples from that
vintage it was not found a
correlation between their values
and the tasting scores.

Variant Vo, that had the lowest
rates, was evaluated the highest —
78.38 points.
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Tabnumuya 3. XMMnyeH cbCTaB Ha BuHa Ha copT CToprosus 3a nepmnoga 2009-2011 r.
Table 3. Chemical composition of wine of Storgozia variety for the period 2009-2011

Mokasartenu -
Indicators s < = ©
—~ —~ +— I @
5 S s |28 |28 | 50 S 82 | i,
) O _: o o = [l g8 O S € o 2 Q5
> S0 | 2| § X | €8 | © 8 b 3= | 2 g og
~ S | Ve | 29|  20E| STE T = S v EE L0
] E- | o | 9®¥s | s8] 205 S ~ o == v==| F2
s S2 | 82| 32| 282| 38D €2 25 |55 S =
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= 5 =< ™ 2 7 2e 5 2 Lo [
BapuvaHTu = = = I g
. AN
Variants <
2009 | 12,99 | 2,32 | 21,28 | 6,23 059 | 3,35 | 2,50 | 440,84 | 10,10 | 78,75
2010 | 12,22 | 1,71 | 21,29 | 6,15 0,60 | 3,30 | 1,68 | 314,50 | 9,55 | 78,38
Vo 2011 | 13,78 | 1,95 | 21,65 | 5,70 0,62 | 3,36 | 1,94 | 38595 | 9,09 | 78,14
Cpearo | 1300 | 1,99 | 2141 | 6,03 0,60 | 3,34 | 2,04 | 380,43 | 9,58 | 78,42
Average
2009 | 13,46 | 1,98 | 21,22 | 5,68 0,66 | 3,33 | 2,21 | 367,86 | 957 | 76,88
2010 | 12,45 | 1,94 | 22,16 | 5,40 0,60 | 3,35 | 1,82 | 344,00 | 985 | 75,76
Vi 2011 | 13,86 | 2,39 | 21,61 | 5,40 0,68 | 3,35 | 1,96 | 384,14 | 9,07 | 76,57
Cpearo | 1396 | 210 | 21,66 | 549 0,65 | 3,34 | 2,00 | 36533 | 9,50 | 76,40
Average
2009 | 13,16 | 2,18 | 20,52 | 5,48 0,60 | 3,30 | 2,07 | 352,03 | 9,28 | 77,63
2010 | 12,39 | 1,23 | 21,57 | 5,93 0,66 | 3,32 | 1,74 | 324,64 | 9,75 | 76,77
VA 2011 | 14,68 | 2,29 | 21,51 | 5,18 0,68 | 3,36 | 2,00 | 394,99 | 926 | 76,71
Cpearo | 1341 | 1,00 | 2120 | 553 0,65 | 3,33 | 1,94 | 357,22 | 943 | 77,04
Average
2009 | 13,41 | 2,24 | 20,45 | 553 0,66 | 3,30 | 2,10 | 355,99 | 9,46 | 78,50
2010 | 12,28 | 1,59 | 20,71 | 4,88 0,64 | 3,34 | 1,77 | 327,97 | 9,70 | 75,30
Vs 2011 | 13,83 | 3,73 | 22,07 | 5,85 0,64 | 3,35 | 1,86 | 368,02 | 892 | 77,85
Cpearo | 1347 | 252 | 2108 | 542 0,65 | 3,33 | 1,91 | 350,66 | 9,36 | 77,22
Average
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ToBa noTBbpXAaBa B/VSHUETO U
Ha ApPYrM KOMMOHEHTU OT CbCTaBa
Ha BUHOTO BbPXY HErOBWUSA OpraHo-
nentuyeH npodus. BapmaHTbT ce
Xapaktepusmpa C 4YUCT COpPTOB
apomart C HOTKM Ha ropcku njoao-
Be. BkycoBo BMHOTO e pobpe
CTPYKTYpUpPaHO, XapMOHUYHO U
GasiaHCMpaHo, C TpaeH Noc/ieBKyC.
Mpe3 2011 r. oNnUTHUTE BUHa
ce oT/In4aBaT C MO-BMCOK asIkKOX0/1
(ot 13,78 po 14,68 06.%), KOWUTO
ce [Ab/KM Ha  MO-BUCOKOTO
3axapHo CbAbpXxaHue B rpo3aeTo.
KonnyectBoto Ha B3E e Haii-
ronamo BbB V3 (22,07 g/dmd),
[OKaTo B OCTaHa/IMTe BapuaHTu e
CX04HO. TUTpyemuTte KUCeNnHU ca
B rpaHuLmTe oT 5,18 g/dm? (V) po
5,85 g/dm? (V3), kKaTo No-BUCOKUTE
CTOMHOCTW He BUSAAT HeratuBHO
BbPXYy OpraHonenTu4yHuTe Ka4vecr-
Ba Ha BMHaTa. He ce Habnogasar
CbLLECTBEHWN pa3/iMkM B CbAbpXxa-
HMeTo Ha O®C, aHTOUMaHUTE W
WHTEH3UTeTa Ha uBeTa B ONUTHUTE
BapuaHTu. MNpu opraHosIenTUYHUA
aHa/IM3 Hal-BMCOKa [AerycrauynoH-
Ha OUEeHKa e Mosly4ynno BUHOTO OT
KOHTPO/IHMA BapuaHT (78,14 1.).

N3BO4AN

Bb3 ocHoBa Ha npoBefeHuTe
Npoy4YBaHUA 1 MOIyYeHUTe pesy/-
TaTu MOXe ga ce 0606wWwu:

% lpunoxeHute Meponpus-
™M (KbplUeHe M HopMupaHe Ha
rpo3foBeTe) onpefensr KonmyecT-
BEHUTE M3MEHEHWA Ha OCHOBHUTE

That confirmed the impact of other
components of wine composition
on its organoleptic profile. The
variant was characterized by fresh
flavour with hints of forest berries.
The wine taste was well
structured, harmonious and
balanced, with lasting aftertaste.

In 2011, the experimental
wines were distinguished by
higher alcohol content (from 13.78
to 14.68 vol. %), due to the higher
sugar content in the grapes. SFE
rate was the highest in V3 (22.07
g/dm®), while in the rest of the
variants it was almost similar. The
titratable acids ranged from 5.18
g/dm?® (V) to 5.85 g/dm® (V3), as
the higher rates did not affect
adversely the organoleptic
gualities of wines. There were no
significant differences in TFC and
anthocyanins content as well as in
the colour intensity between the
variants. In the organoleptic
analysis the wine from the control
variant (78.14 points) had the
highest tasting score.

CONCLUSIONS

On the basis of the carried
out investigations and obtained
results it could be summarized:

s The applied treatments
(shoot topping and retaining the
number of clusters) determined the
quantitative changes in the main
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rnokasarenu, xapakrepusnparim
fo6vBa Npu oNUTHUTE J103MW.

s . JJobuBbT OT rpo3ae e no-
BMCOK MpW BapunaHTuUTe C KbpLUeHe
Ha netopacnute (npu Vi npes
2009 n 2011 r. n npn V3 npe3 2010
r.), rnaBHO 3a CMeTka Ha no-
ronsMara maca Ha rposga. C Haii-
HUCBHK JOOUB OT /103a Ce XapakTe-
pusnpa BapuaHTbLT V, nopaau
penyumpaHuaT 6poit rpo3nose.

% Bb3gencTBmeTo Ha npuio-
XEeHnTe MaHunynaunm CUIHO 3aBK-
CM OT KIMMaTuyHuUTEe (aKTopW.
MeTeoposiorMyHmTe YyCnoBua npes
roguHata moaudpmumpat  (M3me-
HAT) BNNAHWETO Ha un3cnefBaHus
dhakTop.

% JleTHuTe pe3nToeHn ore-
pauun B N03ATa BNUAAT NpesyuMHO
BbpPXy 3axapoHaTtpynsaHeTo B
rpo3JeTo M NO-Masiko BbPXY Cb-
AbPXaHMETO Ha TUTPYeMU Kucesnum-
HW. BCUYKM ONUTHW BapuaHTu npe-
Bb3X0OXAaT KOHTponata no 3axa-
poHaTpynBaHe. Hai-HUCKO e Konu-
4YeCTBOTO Ha TUTpyemMuTe Kucenmu-
HA BbB BapuaHta C npopexaaHe
Ha rposgoserTe.

% lMonyyeHute BUHA wnMaT
pas3/ivyeH XMMUYeH CbCTaB, KaTo
BapuaHTbT C KbpLUEHe npes3 Hsn
(V3) ce otnmyaBa C HaM-HUCKM
cpeaHu ctoHocTn Ha B3E, tntpy-
eMn kncenuHu, OPC, aHToUMaHW,
WHTEH3UTET Ha uBeTa. BuHaTa oOT
ONUTHUTE BapuaHTU He nNpPeBb3-
X0oX4ar KOHTposiata no nocoyeHu-
Te nokasarenu, C M3K/IKYeHne Ha
V1 no oTHoweHne Ha B3E.

s OnuTHMTe npobu ce pas-
NnyaBat Nno cBouTe ferycralyoH-

indicators characterizing the vyield
from the experimental vines.

s The grapes yield was
higher in the variants of shoot
topping (V1 in 2009 and 2011 and
V3 in 2010), mainly at the account
of the greater mass of the bunch.
The lowest yield per vine was
obtained from the variant V»
because of the reduced number of
clusters.

s The effect of the
treatments was highly dependent
on climatic factors. The weather
conditions during the year modified
the impact of the studied factor.

s Summer pruning
treatments in the vineyards
influenced primarily the sugar

accumulation in grapes and less
the titratable acids content. All
experimental variants exceeded
the control in sugar accumulation.
The lowest rate of titratable acids
had the variant with thinning out
the clusters.

% The wines had a different
chemical composition, as the
variant with shoot topping in July
(V3) was characterized by the
lowest average rates of SFE,
titratable acids, TFC, anthocyanins
and colour intensity. Wines from
the experimental wines were not
superior compared to the control
concerning these indicators,
except V; for SFE.

% The experimental samples
differed in their tasting properties
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HW XapakTepucTrKu, Kato KOHTpo- | as the control variant had the best
HUS BapuaHT nokasBa Hali-gobpu | organoleptic qualities.
opraHofienTUYHN KayecTsa.
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PE3OME

Cratuata npeacTtaBs  Bb3Aeit-
CTBMETO O0Ka3aHO OT MNPUIOXKEHNE Ha
1-metunuumknonponeH (1-MCP)  Bbpxy
TBbPAOCTTa Ha M/I040BETEe M NosiBa Ha
rHueHe npu copt "Yagen" n "IpeHn Cmut"
npes 2012/2013 npu arpoekonornyHuTe
ycnosusa Ha Yavak B ponbnHeHve KbMm
COPTOBUTE CBONCTBA W KAMMaTUYHUTE
ycnosusa npes roguHara, TBbPAOCTTA Ha
nnofoBeTe e MNoBMusiHa OT CbhAbpXaHue-
TO Ha MaKpoenemeHTn W eTU/EeH, KaTo
€e/1leMeHTN C OTYET/IMBO B/IMAHWE BbPXY
KayecTBOTO Ha NnoJoBeTe MO BpeMe Ha
TAXHOTO  CbXpaHeHWe npu  CTYAEHM
ycnosug. flokato npu "Yagen" e ycrtaHo-
BEHO BUCOKO CbAbpxaHne Ha K 1 BUCOKO
CboTHOWeHNe K/Ca, cbwute napameTpu
ca B oOnTMManHuTe HuBa npun "l'peHun
CmuT". WMopgHmaT TecT 3a ckopbsna
paskpvBa 3HAUYMTESIHW Pas3Nnuusa Mexpay
ABaTta copTa, KOUTO ca OT4YeTeHW Mpu
pasfiMyHn VHTEepBann Ha usMmepsaHe W
roovHa Ha TecTBaHe, 3a pasnunka oT

SUMMARY

The paper presents the impact
made by implementation of @ 1-
methylcyclopropene (1-MCP) on the
firmness of fruits and appearance of scald
in the ‘Cadel* and ‘Granny Smith* during
2012-2013, in the Cacak agro-ecological
conditions. In addition to the -cultivar-
related properties and the climatic
conditions during the year, firmness of the
fruit is influenced by the content of macro-
elements and ethylene, as elements with
a distinct impact on the quality of fruits
during their storage in cold conditions.

While a high content of K and a high K/Ca
ratio have been found in the ‘Cadel*, the
same parameters were within optimum
levels in ‘Granny Smith‘. The iodine-
starch test has revealed significant
differences between the two cultivars that
were recorded at different measuring
intervals and year of testing, as opposed
to the soluble solids contents.

856



CbAbpXaHNETO Ha pasTBOPUMU  CYXMu
BellecTBa. H/BOTO Ha eTuneH B nepuoga
Ha 6epuTba NokasBa 3HAYUTETHU Pa3/INKn
Mexny coptoBete, gokato "I'peHn Cmut"
CblU0 paskpusa pas/iMyunsa B 3aBUCUMOCT
OT rovHaTa Ha uscnejgsaHe V1 npu gsata
copTa, TBbpAOCTTa Ha njofa nokassa
3HaAUUTESIHM pa3Nnuma B 3aBUCUMOCT OT
WHTepBasiMTe Ha um3cneaBaHe. Npunoxe-
Hueto Ha 1-MCP wvma u3KI4MTEsHO
CW/HO Bb3AENCTBME BbpXY 3ana3BaHe Ha
TBbpAOCTTa Ha copT "peHn Cmut" npes
2012; npe3 2013 e HabnwAaBaHa pasnu-
Ka BbB Bpb3Ka C HaYanHuTe pesyntartu ot
n3mMepBaHeTo, [0OKaTO B CbLLOTO Bpeme
He ca OTKPUTU HUKAKBWU pasnuuua mexany
pesynrtatute nonyyeHn npu UMepBaHeTo
npes nepuoja Ha CcbxpaHeHvwe B xnagun-
HW ycnosua wn cnef Hero. [ogo6HM
pesyntatn B npunoxeHueto Ha 1-MPC wu
Bb34ECTBMETO MYy BbpPXy TBbpAOCTTa Ha
nnogoseTte e HabnwaasaHo npu "Yagen”,
Kb[IETO HE e OTYeTeHa MnosiBa Ha rHUeHe.
Mo oTHoweHue Ha "T'peHn CmuT", cnep-
Balikyu BTOPOTO U3MepBaHe npu KOHTpoa-
Ta NpoBefleHO Mnpe3 [BeTe roAWHWM Ha
n3cnepgsaHeTo, e otyeteHo 100% Hanu-
yve Ha rHueHe. B cbw0TO Bpeme, nnono-
BeTe 06paboTeHn ¢ 1-MPC He nokassart
npusHaLu Ha rHMeHe npes nbpeaTa rogu-
Ha, gokato npe3 2013 cTeneHTa Ha rHue-
He npu o6paboTeHuTe nnogose e 50%.
KnouoBn Aymu: KayecTtBo Ha
nnogose, 1-MPC, "Yagen", "'peHn Cmut"

yBO/

[MosBaTa Ha rHMeHe e 4yecrTo
CpewaHo siBNeHne npu onpeaene-
HN A6BNKOBM COPTOBE, KaTo Haui-
4ecTo ce nosiBABa Npu KbCHO3pee-
LM copToBe. MHMEHETO ce NPosiBS-
Ba 4pe3 MnpoMsHa B LUBeTa Ha
KoXuuara, KaTo HSAKOM 30HU MNpu-
pobusaTr no-TbMeH UBAT, 6e3
yBpexXaaHe Ha BbTPELUHUTE YacTu
Ha nnoga. NMoBbPXHOCTHOTO THME-
He OOWKHOBEHO ce nosiBABa Mo
BPEME Ha NPecTos B MarasviH cnep

The ethylene level in the period of harvest
showed significant differences between
the cultivars, whereas the ‘Granny Smith*
also revealed differences depending of
the year of research. In both cultivars, the
firmness of the fruit showed significant
differences depending to the measuring
intervals. The application of 1-MCP had a
highly  significant impact on the
preservation of the fruit firmness in the
‘Granny Smith* in 2012; in 2013, a
difference was observed in relation to the
initial measuring results, while at the
same time no differences were found
between results obtained in the
measuring during the cold storage and
after it. Similar results in the application of
1-MPC and its impact on the firmness of
the fruits were also observed in the
‘Cadel, where no occurrence of scald
was recorded.

As regards the ‘Granny Smith*, following
the second measuring at the control
conducted in both years of research, a
100% rate of scald occurrence was
recorded. At the same time, the fruits
treated with 1-MPC showed no signs of
scald in the first year, whereas in 2013 the
rate of scald incidence in the treated fruits
was 50%.

Key words: fruit quality, 1-MPC,
‘Cadel‘, ‘Granny Smith*

INTRODUCTION

Scald appearance is a
frequent phenomenon in certain
apple cultivars, most typically
occurring in late-ripening cultivars.
The appearance o scald is
manifested through a change in
the colour of the skin, with areas of
skin taking on darker colour, with
no damage to the inner parts of the
fruit. Superficial scald usually
appears during shelf life of fruits
removed from cold storage, but
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KaTto nnaogoBeTe ca M3BafeHu OT
XNagusiHoO CbXpaHeHne, HOo npwu
CW/IHO NOJAaT/IMBN COPTOBE THUE-
HEeTO ce nosiBsiBa A0pY 1 No Bpeme
Ha cbxpaHeHneto (Folchi et al.,
2005). M'HneHeTo ce cBbp3Ba C OKUC-
nsBaHe Ha a-farnesene n nocneasa-
NOTO HaTpynBaHe Ha KOHKrMpaHu
TpueHn (Rowan et al., 2001).

Etanbt Ha GeputbeHa 3ps-
NOCT MOXe Ja npeapasnosioxu
nnogoBeTe KbM HSKOW MoBpeau
(Wang and Dilley, 2001). Ako
Hey3penu nnogose ce npubepar
Te HAMa fda [p[ocTurHaT cBosiTa
TEXHOMIOMMYHa  3psANocT  npes
nepvoga Ha CbXpaHeHue, KOeTo
0O6MKHOBEHO BOAM A0 cnabo ouge-
TsiBaHe Ha nnogoBeTe, A0 nog4vep-
TaHa KMCE/NIMHHOCT W apowmar,
KOWTO He e obuyaeH 3a coprta. lMo-
cnabo yspenuTte niogosBe pasBu-
BaT MNOBbPXHOCTEHO THMEHEe Mo-
necHo (Jemric et al., 2006) n He
pasBmBaT 06MYaiiHMA NbNEH apo-
maT (Echeverria et al., 2004). NMno-
[0Be, KOUTO ca npubpaHun TBbpAE
KbCHO Cca MHOro no-cnabo npeg-
pas3nosioKeHN KbM MOBBbPXHOCTHO
rHMEeHe, HO cTaBaT Meku 1 n3bnea-
HsABaT npeAm nyckaHeTo Ha nasapa
(Vielma et al., 2008). N360pbT Ha
onTumasieH nepuog 3a npubunpaHe
Ha pekonTaTa MOXe pfa wuma
3HaAYNTE/IHO BNUSIHWE BbPXY Hama-
NsiBaHe Ha pasnpocTpaHeHneTo Ha
rHAEHE M Ja noaobpu Bb3MOX-
HOCTTa 3a CbXxpaHeHue (Magazin
et al., 2010).

YnoTtpebara Ha razoobpasHo-
TO CbeanHeHne 1-MeTUALMKIoNpo-
neH (1-MCP) e onucaHa, 4ye nma

with highly susceptible cultivars the
scald can appear even during
storage (Folchi et al., 2005).

Scald has been associated with
oxidation of a-farnesene and the
consequent accumulation of
conjugated trienes (Rowan et al.,
2001).

The maturity stage at harvest
may predispose fruits to some
disorders (Wang and Dilley, 2001).
If immature fruits are harvested,
they will not reach their
technological ripeness during the
storage period, which typically
results in weak colouring of the
fruits, their accentuated acidity and
aroma that is atypical for the
cultivar.

Less mature fruits develop
superficial scald more easily
(Jemric et al.,, 2006) and do not
develop typical full  flavour
(Echeverria et al.,, 2004). Fruits
that are picked too late are much
less prone to superficial scald, but
soften and become mealy prior to
marketing (Vielma et al., 2008).

Choice of optimum time for harvest
can have a significant impact on
reducing scald incidence and
advancing the storage potential
(Magazin et al., 2010).

Application of the gaseous
compound 1-methylcyclopropene
(1-MCP) has been reported to
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NoOTUCKaWO Bb3AENCTBME BbPXY
NOBBbPXHOCTHOTO rHMeHe (Folchi et
al., 2005; Watkins et al., 2000;
Zanella 2003; Jung and Watkins,
2008). TpetupaHeto ¢ 1-MCP
cnep npubupaHe Ha pekontara
OCHOBHO nNpejoTBparsiBa eTusieHa
OT CBbp3BaHe C peuentopuTte U
Taka HamassiBa YyBCTBUTENIHOCTTA
KbM eTwieH u pguwaHe. OcseH
TOBa, Ma MHOro HenapasuTHu 60-
NecTn MPUYUHEHN OT HapyLUeHOTO
paBHOBeCKe B NnpuemMa Ha onpege-
JIEHN XpaHuUTeslHW BellecTBa OT
pacTeHneTo, KOeTo ce nposiBsiBa B
MHOXecTBO cumnTomu (BisSkup et
al., 2003).

Bbnpekn TOBa, Morat [ga
6bOaT OTKPUTU pasINyHM CbOTHO-
LIEHNA MexXny ONTUMasIHUA nepu-
o/, 3a NpubupaHe Ha pekontata u
HABOTO Ha MNPOU3BOACTBO Ha
eTuneH B 3aBMCUMOCT OT copTa
(Watkins et al., 1989).

HenpasunHute ycrioBus Ha
CbXpaHeHue BogAT A0 npobsiemn B
CbXpaHsBaHeTOo M 3aryba Ha Ka-
4ecTBOTO, KOETO MOXe fa Hanpasu
Luenn napTngn HerogHU 3a KOHCY-
mMauma (Thompson, 1998). Etune-
HOBWTE peuenTopu AeincteaT KaTo
oTpuuaTeNHN perysiatopu Ha eTu-
/leHoBaTa peakuusl, KOUTO Ce UHakK-
TMBMPAT OT CBbP3BAHETO Ha eTuse-
Ha. MNpn A6BNKNTE focera ca OTKpK-
TW LWECT PeLeTopHU reHn 3a eTuneH
(Dal Cin et al., 2006; Wiersma et al.,
2007; Tatsuki, 2010).

MATEPVANT N METOON
PacTtuteneH MaTtepuan:
MnopoBeTe Ha copToBe "Hagen" u

have an inhibiting effect on
superficial  scald development
(Folchi et al., 2005; Watkins et al.,
2000; Zanella 2003; Jung and

Watkins, 2008). 1-MCP
postharvest treatment primarily
prevents ethylene from binding to
receptors and thus reducing

ethylene sensitivity and respiration.
Apart from this, there are many
non-parasite diseases caused by
disturbed balance in the plant’s
intake of certain nutrients, which is
manifested in a variety of
symptoms (BisSkup et al., 2003).

However, different
correlations between the optimal
time of harvest and the ethylene
production rate can be found
depending on cultivar (Watkins et
al., 1989).

Incorrect storage conditions
can lead to storage disorders and
loss of quality which can make
entire batches unsuitable for
consumption (Thompson, 1998).
Ethylene receptors act as negative
regulators of the  ethylene
response which are inactivated by
binding of ethylene. For apple six
ethylene receptor genes have
been identified so far (Dal Cin et
al., 2006; Wiersma et al., 2007;
Tatsuki, 2010).

MATERIAL AND METHODS
5 Plant material: Fruits of the
‘Cadel” and ‘Granny  Smith’
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"'peHn cmnt" ca cbOpaHu OT
OCEMIOAMLLIHN A0BJIKOBU AbPBETA,
npucageHn Bbpxy nognoxka M-9
OT eKCcrnepuMeHTasiHata n/aHTa-
uMa Ha MIHCTUTYyTa No 0BOLLAPCTBO
B Yauvak, npe3 2012 un 2013.
MnogoBeTe OT uU3cnenBaHuTe cop-
TOBe ca cbbpaHu Ha ABa UHTepBa-
na: nbpBUAT Npe3 cpepata Ha
centemspu (16 centemspwn), N gpy-
TMAT B TpeTarta [feceTgHeBka Ha
oKTOMBpM (22 OKTOMBpW) nMpes3
ABeTe roanHn Ha onuta. lNnopose-
Te cbbpaHu npe3 MbpBUA WHTEp-
BaUl Ca M3MNoM3BaHN 3a onpenens-
He HMBOTO Ha y3psiBaHe M CbAbp-
XaHMeTo Ha pasTBOPUMU CyXmu
BelwlectBa (SSC), gokato nsopgo-
BETe OT BTOPUS MHTEpBas1 Ha Npu-
GupaHe ca 13nosi3BaHn 3a onpege-
NTHE Ha CbAbPXaHNETO Ha Makpo-
efleMeHTV, KakToO M HMBOTO Ha
eTuneH n TBbLPAOCT Ha nJoja.
TpeTupaHua: 3a uenute Ha
n3nnteaHeTo, 30 nioga ca B3eTu B
TPV MOBTOPEHUSA OT BCEKW COPT,
Kato e nMpoBepeHO pfasv wumart
efHakBa hopma M HAMa BUOUMU
cneam 3a mexaHu4dHa nospega. Ms-
6paHuTe nnogose ca obpaboTeHu
c 1-metnnuuknonponeH (1-MCP)
(SmartFreshTM)). KOHTpO/IHMAT
BapuvaHT ce CbCTOM OT efHaKbB
6poi HeTpeTupaHu nnopose. W3-
6paHuTe nnopgose (TpeTupaHu u
HeTpeTMpaHn) ca nMoCTaBeHn B
XNnagusHn ycrnoBusa CbC cTaHdapT-
Ha aTMocdpepa, KbAeTo ca Cbxpa-
HEeHV 3a 2 OHW npu TemnepaTypa
ot 10 OC. lNnoposeTe, KOUTO ca
n3bpaHn 3a obpaboTka ca noape-
[EHN B Lalirm n nocTaBeHu B Hali-

cultivars were picked from eight-
year old fruit trees, set up on the
M-9 rootstock from the
experimental plantation o the Fruit
Institute in Cacak, during 2012 and
2013.

The fruits of the examined cultivars
were collected at two intervals: one
in mid-September (16"
September) and the other one, in
the third decade of October (22"
October) in both trial years.

The fruits collected in the first
interval were used to determine the
level of ripeness and soluble solids
content (SSC), whereas the fruits
from the second interval of picking
were used to determine the
content of macro-elements, as well
as the level of ethylene and
firmness of the fruit.

Treatments: For the testing
purposes, 30 fruits in three
replications were taken from each
cultivar, making sure that these
were of uniform shape and with no
visible signs of mechanical
damage. The selected fruits were
treated with 1-Methylcyclopropen
(1-MCP)  (SmartFresh™)). The
control variant consisted of the
same number of non-treated fruits.
The selected fruits (treated and
non-treated) were kept in a cold
storage with standard atmosphere,
where they were stored for 2 days
at the temperature of 10 °C. The
fruits that were selected for the
treatment were arranged in crates
and disposed in a plastic bag of 1
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JIOHOBM TOPOUYKM C BMECTUMOCT
or 1 m® 3a TPeTUpaHeTo, YMUATO
uen e ga ce o6paboTAaT nogoseTe
CbC cpefa, KOATO fAeictBa kato
eTuneH-610Kep, B MasTbK OypKaH C
Boga e pastBopeH 1g 1-MCP (t
20°C). Cnepn pasTBapsHe Ha 1-
MCP BbB BOAa, HalnloHOBaTa TOp-
6uyka ce 3arBaps XepmeTu4ecku
3a cnepBawnte 24 vyaca, [oKato
ce [OCTUrHe KOHLeHTpauusa Ha ras
ot 0.625 pL L. Manbk BeHTWNa-
TOp 3axpaHeH c 6atepus ce NpuK-
pens KbM OypkaHa 3a ga ocurypu
no-gobpo pasnpegesieHve Ha ras
1-MPC BbTpe B HalifioHoBaTa
Topbuyka. Cnep ToBa, TopbUykaTa
ce OTCTpaHsiBa M nnofoBeTe ce
AbpXaT npu X1agusiHo CbxpaHe-
Hue 3a cnegpawmte 120 gHu. MNno-
[OBeTe npemMvHann npes TpeTupa-
He, KaKTo 1 HeTpeTupaHuTe NnoLao-
BE ca NocTaBeHV B AbpPBEHN LLal-
MM 1 ca MNoCTaBeHU BbB BepTuKasl-
HA peayun OO0 MOMEHTa Ha
aHanMsa npu xnagusHu ycrnoBus
[2 £ 05) °C, (90 = 5% RH,
(0.03% CO2 + 21% 02)] 3a noBeye
oT 120 aHwn.

OnpepnenaHe cTeneHtTa Ha
3pASIOCT U CbAbpXaHWe Ha pas-
TBOpUMU Ccyxm BewecTBa: NHOek-
CbT Ha cKopbsana e n3MepeH kaTo e
M3non3BaH MofeH TecT 3a ckopbsna
(Code Amidon, Ctifl, 2002). O6wuTe
pastBopymu cyxu BeuwectBa (TSS)
ca onpeneneHn kKato e W3nos3BaH
pbyeH pedpakToMeTbp (0-32%).

OnpepgensHe Ha cbAbpXa-
HMeTO Ha MakpoesieMeHTU: Cb-
AbpPXaHMETO Ha MakKpoesieMeHTH e
onpefenieHo npean Aa e 3asl0XeH

m?® capacity. Treatment in order to
treat the fruits with a medium that
acts as ethylene blocker, 1g 1-
MCP was dissolved in water (t 20
°C) using a small jar.

After dissolving 1-MCP in water,
the plastic bag was air-tight sealed
for the next 24 hours, until
reaching the gas concentration of
0.625 pL-L™. Small battery-
powered fan was attached to the
jar so as to secure Dbetter
distribution of the 1-MPC gas
inside the plastic bag.

After this, the bag was removed
and the fruits were kept in the cold
storage for the following 120 days.

The  fruits undergoing the
treatment, as well as the non-
treated fruits were placed in

wooden crates and kept in vertical
rows until the moment of analysis
in cold atmosphere [(2 + 0.5) °C,
(90 + 5)% RH, (0.03% CO, + 21%
02)] over a period of 120 days.

Determining degree  of
ripeness and soluble solids
content: The starch index was
evaluated using the starch iodine
test (Code Amidon, Citifl, 2002).
Total soluble solids (TSS) were

determined using a hand
refractometer (0—32%).
Determining content of

macro-elements: The content of
macro-elements was determined
prior to the experiment set up, by
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eKCrnepuMeHTa, KaTo ca B3eTu npo-
6u no 2 kg nnogose npu Tpu NoB-
TOpeHusa 3a Bcekn copTt. CnegHute
MeToAM ca M3Nnosi3BaHu 3a ga ce
onpegenn CbAbpXaHMEeTo Ha Mak-
poesieMeHTM W CbOTHOLUEHNETO
K/Ca: cbabpxaHue Ha Ca — FAAS,
ypes3 m3non3saHe Ha meton IHM-
03-AAS 02, cbabpxaHne Ha K —
FES, ype3 u3nosssaHe Ha MeToA
IHM-03-AAS, CBLOTHOLLUEHMETO Ha
K/Ca e nsuncneHo c coopmyna.

OnpepensHe Ha cbAbpXa-
HMWeTo Ha eTwuneH: [lnogosete
npefHasHayeHn 3a aHaM3 Ha
CbAbpXaHNWeTo Ha eTuwieH ca
cbbpaHn npean o6paboTkata C
SmartFresh, n 24 wvaca cneg
TpeTupaHeTo Ha NnoAoBeTe, KaTo
ca u3nonssaHn 6 npobu ot A6bn-
KOBW TM/1040BE OT BCEKN COpT.
TpeTnpaHuTe N HeTpeTupaHu (KOH-
Tpo/sa) NJoA0Be ca CbXpaHeHu 3a
7 [OHM Ha CTaiHa TemnepaTtypa,
npean vHaMBuAyanHuTe npobu ca
NMOCTaBeHN B KOHTelHep C xepme-
TUYEeCKO 3aTBapsAHe, KbAeTo Mnpec-
ToABaT 6 4aca. [lpon3BoAcCTBOTO
Ha eTuieH € YCTaHOBEHO upe3
NHCTpyMeHT ICA 56.

OnpepensHe Ha TBbLPAOCT-
Ta Ha nnogoseTe: CbbupaHeTo
Ha NPo6u OT TpPeTupaHu KU HeTpe-
TMpaHn SAO0BLNKOBM NI040OBE 3a
aHann3 Ha TBbLPAOCTTa Ha Nnoao-
BETE € U3BbPLLUEHO Ha TPWU UHTEp-
Bana: 7 gHu n 120 gHu cnepgaiiku
npunoxeHneto Ha 1-MCP, u 30
OHW cnepf BTOPUA WHTepBasl Ha
n3mepsaHe. Cries karo ca B3eTu
nnofoBeTe OT CbXpaHeHWeTo B
XNafW/THN YCNOBUSA, Te ca AbpXa-Hu

sampling 2 kg of sample fruits in
three replications for each cultivar.
The following methods were used
to determine the content of macro-
elements and the K/Ca ratio:
content of Ca — FAAS, by using the
IHM-03-AAS 02 method, content of
K — FES, by using the IHM-03-AAS
method, the K /Ca ratio was
calculated using a formula.

Determining the ethylene
content: The fruits intended to be
used to analyse the ethylene
content were sampled prior to the
SmartFresh treatment, and 24
hours following the treatment of
fruits, using 6 samples of apple
fruits per cultivar. The treated and
non-treated (control) fruits were
stored for 7 days at room
temperature, before individual
samples were placed in an air-tight
container, where they were kept for
6 hours. Production of ethylene
was established using the ICA 56
instrument.

Determining firmness of
fruits: Collecting samples of
treated a non-treated apple fruits
for the analysis of the fruit firmness
was conducted in three intervals: 7
days and 120 days following the
implementation of 1-MCP, and 30
days after the second measuring
interval.

After taking the fruits from the cold
storage, they were kept for 2 hours
in normal atmospheric conditions
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2 yaca B 0OMKHOBEHWN aTmoche-pHU
ycnosus (21+1 °C and 60+5% RH).
lNnogoBeTe  npepHasHayeHn  3a
TpeTUs MHTepBa/l Ha U3MepBaHe ca
NMOCTaBEeHM B CblUWTE YCNOBUA MNpuU
CTaiiHa TemnepaTypa 3a 30 gHW.

I3mepBaHeTO Ha TBbpAOCTTa
Ha Nn/I00BETE € M3BbPLUEHO 4pes3
neHeTpoOMeTbp — ypes 3a u3mep-
BaHe Ha M/IbTHOCTTA Ha NnoAa,
Mogen FT 327 (Winopal
Forshchungsbedarf GmbH,
Ahnsbeck, Germany) cHabgeH c
npo6ka ot 11 mm. [Be n3mepBa-
HWA ca N3BBbPLUEHM OT NPOTUBOMO-
JIOXXHUTE CTPaHN Ha BCEKWN NMOA,.

Yact OT wu3MepBaHEeTO Ha
TBbpPOOCTTA Ha A6b/KOBUTE NJIO-
[0Be, Ha/InYMe Ha THNEeHe U 3arHu-
BaHe Ha Mn/o040Be CbL0 e npocre-
[EeHO cnep, Bcska npoba 3a TBbP-
[OCT Ha nnogoBeTe npu craliHa
Temnepartypa.

CratucTunyecku aHann3:
JaHHuTe ca nog/1oXeHu Ha Bapua-
unoHeH aHanni (ANOVA) kaTo e
N3M0N3BaH CTATUCTUYECKN KOMIMIO-
TbpeH nakeT MSTAT-C (AbpxaBeH
YHUBEpPCUTET Ha MwuunrbH, WIACT
NaHcwuHr, M, CALL). Hail-mankaTa
3Hauuma pasnuka (LSD) e nsnons-
BaHa 3a fJa ce CpaBHAT cpegHuTe
YC/I0BUA 3a U3NUTBaHe N Tpetupa-
HUSATA 06ABEHM 3a pas/IMyHU Mpu
HMBO Ha 3HauymmocT p = 0.05.

PE3YNTATUN NN OBCbXXOAHE
Bb3 ocHOBa Ha nHpopmauums-

Ta npeactaBeHa B Tabnvua 1,
MOXe fa ce 3abenexu, 4e CTOMR-
HOCTUTE Ha Temnepartypara Ha
Bb3yXa B nepuoga Mexay HHU U

(21+1 °C and 60+5% RH). Fruits
intended for the third measuring
interval were kept in the same
conditions at room temperature for
30 days.

Measuring of fruit firmness
was conducted using a
penetrometer - fruit pressure
tester, mod. FT 327 (Winopal
Forshchungsbedarf GmbH,
Ahnsbeck, Germany) fitted with a
11-mm probe. Two measurements
were made on opposite sides of
each fruit.

Part from measuring the
firmness of the apple fruits,
incidence of scald and rotting of
fruits was also traced after each
sampling for fruit firmness of fruits
at room temperature.

Statistical analysis: The
data was subjected to analysis of
variance (ANOVA) using MSTAT-C
statistical computer package
(Michigan State University, East
Lansing, MI, USA). The Least
Significance Difference (LSD) was
used to compare treatment means
and treatments declared different
at p = 0.05 level of significance.

RESULTS AND DISCUSSION

Based on the information
presented in Table 1, it can be
seen that the air temperature

values in the period between June
and September, i.e. during the
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centemspu, T.e. MO BpemMe Ha
(bazaTa Ha pacTex W y3psiBaHe Ha
nnogoseTe, ca No-BMcoku npes 2012
OTKOJIKOTO Mpe3 BTopara rognuHa Ha
onuta. B ponbnHeHWe KbM TOBa,
TemrnepaTtypara Ha Bb3gyxa npes
ONUTHNSA nepuop, 3HauuTesHo
HajBvLaBa cpefHata UM 3a MHOro
roguHn. 3a pas/iMka OT  TOBa,
cpefHuUTe Baiexun ca MNo-BUCOKK
npes3 BToparta roguHa Ha onuta, B
CpaBHeHVMe C MbpBara rogvHa Ha
nscnepsaHeto (Tabnuua 1).

phase of growth and ripening of
the fruits, were higher in 2012 than
in the second trial year.

In addition to this, the air
temperatures during the trial period
had considerably exceeded their
many-year average. As opposed to
this, the average precipitation was
higher in the second trial year,
compared to the first year of study
(Table 1).

Tabnuua 1. TemnepaTtypa Ha Bb3ayxa (°C) n sBanexu (mm) 3a rnoseto Ha Yauak

npes 2012-2013

Table 1. The air temperatures (°C) and rainfall (mm) for the field of the Cacak in

the year 2012-2013

MognHa Meceu/Month
Year Y Vv Vi Vil VI IX X
Coeam mocour 2022 122 173 241 266 254 209 138
2013 132 182 206 233 241 172 145
TemMmnepatypu
Mean monthly Cpe/Ho sa
temperature (-«c) Mean for 105 14,7 189 207 206 156 111
1991-2010
2012 470 680 380 220 000 72 300
2013 370 785 615 100 625 870 16.7
BaJ_1e>K|/| CpefHo 3a
Rainfall (mm) o for 71,6 869 1071 91,1 81,8 981 722
1991-2010

OcBeH TOBa, CpegHUTe CTON-
HOCTU Ha Bas1eXunTe MHOro rofuHu
Hasafj ca Haj CTOMHOCTUTE OT4ye-
TEHM NO BpPeMe Ha nepuoga Ha
n3cnensaHe. Bcunuku Te3mn dpakto-
pn TpsAbBa ga 6bAAT B3eTU NOA
BH/AMaHMWe npu wu3cneaBaHe Ha
Bb34ENCTBMETO Ha NPUIOXKEHNETO
Ha 1-MCP BbpXy Xapakrepuctu-
KATE M Ka4eCTBOTO Ha MNnofoBeTe.

BapnaunoHHuAT aHan3 no-
KasBa Ha/Mune Ha 3HauuTesHa
pasnnka B CTEMeHTa Ha 3pAnoct
npes ABaTta MHTepBasia Ha n3mep-
BaHe, 3a ABaTa haktopa, KouTo ce

In addition to this, the many-
year average precipitation values
are above the values recorded
during the period of research. All
of these factors ought to be taken
into consideration in examining the
effect of 1-MCP application on the
characteristics and quality of the
fruits.

The variance analysis
showed the presence of significant
difference in the degree of
ripeness in  both measuring
intervals, for both factors under
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pasrnexgat. EqpekTsT Ha B3aumo-
[AelicTBMe Ha u3cneaBaHuTe goak-
TOpY CbLLO € BaXKeH. 3a pas/nka
OT TOBa, 3HaYNMUTE pasnNkn B
CbAbPXaHNETO Ha Cyxu pa3TBopu-
MU BellecTBa Mexay rogMHute Ha
onuTa ca ycTaHOBEHW camo Mnpes
BTOPUSA MHTEpPBaUl Ha N3MepBaHe.
B cbwua mHTEpBas Ha mM3MepBa-
He, epeKkTbT Ha B3aumogencrTeme
Ha n3cnegsaHuTe (hakTopu okassa
3HAYMMO Bb3AENCTBUE BbPXY Cb-
AbpXaHuATa Ha pasTBOPUMU CyXu
BelwlectBa (Tabnuua 2). Magazin
et al. (2010), cbwo nokaseaT, 4e
CTeneHTa Ha y3psaBaHe 3HauyuTen-
HO NoBUSABa cuiara Ha naoga.

consideration. The interaction
effect of the examined factors was
also significant. As opposed to
this, significant differences in the
solid soluble content between the
years of trial were established only
in the second measuring interval.
In the same measuring interval,
the interaction effect of the
examined factors made a
significant impact on the contents
of soluble solids (Table 2).
Magazin et al. (2010), also
showed that the degree of maturity
significantly affect the strength of
the fruit.

Ta6nmua 2. CTeneH Ha y3psiBaHe U CbAbPXaHME Ha CyXy pa3TBOPUMM BELLECTBA

B njiogoBete

Table 2. Degree of ripeness and soluble solids content in apple fruits

MHpekc Ha ckopbsina

Doy apomeSwohindex(1-10
16.9.2012 22.10.2012 16.9.2013 22.10.2013

A ‘Cadel* 5.55+0.37a 7.05+0.25a 12.86+0.14a 14.10+0.21a
‘Granny Smith* 2.48+0.22b 5.15+0.43b 12.18+0.36a 14.53%0.12a

B 2012 2.85+0.30b 4.70+0.35b 12.33+0.19a 14.63+0.14a
2013 5.18+0.45a 7.50+0.11a 12.71+0.35a 13.99+0.0.18b

AXB ‘Cadel* 2012 4.00+0.21b 6.10+0.23c 12.68+0.20a  14.63%0.22a
‘Cadel* 2013 7.10+0.10a 8.00+0.00a 13.04+0.18a 13.56+0.26b
‘Granny Smith* 2012 1.70+0.21d 3.30+0.15d 11.97+0.29a 14.62+0.19a
‘Granny Smith* 2013 3.2540.13c  7.00+0.00b 12.38+0.68a 14.43+0.16a

ANOVA

A * * ns ns

B * * ns *

AXB * * ns *

CToliHOCTUTE BBB BCAKa KOJIOHA CflefiBaHN OT CbLUTE Masikm GYKBU HAMAT 3HAUYMMM
pasnukn npu p<0.05 ypes TecT 3a Haii-manka 3Haunma pasnuka (LSD)
Values within each column followed by the same small letter are insignificantly different

at the p<0.05 by LSD test

XUMMYECKOTO CbAbpXKaHue
Ha njo4oBeTe e onpegesieHo oT
MHOXeCTBO dpakTopu, BKIOUUTEN-
HO €KOMIOTUYHU U TeHEeTUYHU
(Drazeta et al., 2004).

CbabpxaHneTo Ha K 1 cboT-

The chemical composition of
fruits is determined by a multitude
of factors, including ecological and
genetic ones (Drazeta et al.,
2004).

The K content and the K/Ca
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HowweHneTo K/Ca ca cratuctmyec-
KA 3HauyMMu noBeye npu copTt
"Hagen", pokato CbAbpXaHWeTo
Ha Ca oTuuTa CcTatnucTUyecka
3Haunma pasnvka npu  “I'peHn
cMuT". AHa/IN3bT Ha Bb3AENCTBU-
€T0 Ha onuTHaTa rogvHa BbpPXY
CbAbpPXaHNeTo Ha aHan3npaHu-
Te MakpoenieMeHTN paskpmeBa 3Ha-
YATENIHO B/IMAHME BBLPXY CbAbP-
XaHneTto Ha K. E¢pekTbT Ha B3au-
MOLENCTBME Ha aHa/mM3upaHuTe
dhakTOpn OoKasBa 3HaA4YUTESTHO Bb3-
[elicTBME BbPXY CbAbpPXaHWETO
Ha K, KaKkTo U BbpXy CbOTHOLLE-
Hneto K/Ca. Cnopeg Winska-
Krysiak un tata (2010) nnogosete
C HUCKO CbAbpxaHne Ca 1 BUCOKO
CbAbpXaHue Ha K, m CbOTBETHO
BMCOKO CbOTHOLLeHMe Ha K/Ca, ca
nogaT/IMB/ Ha NnosiBa Ha rop4ymBu
netHa. OcBeH TOBa, pas3BUTMETO
Ha ToBa 3abo/isiBaHe CbLLUO € MOoB-
NINSAHO OT YCNOBUATA Ha CbXpaHe-
HMEe W OEeNCTBMETO Ha eH3umuTe
yyacTeawin B  AWWLIAHETO Ha
nnaofoBseTe.

CbabpxaHMeTo Ha eTuieH
rnokassa 3HaunMMu pas/ivku mexay
COpTOBETE N TOAVHUTE Ha OnuTa,
npean n cnep TpetupaHeTo. 3Ha-
YATENIHO MO-TONIAMO CbAbpXaHue
Ha eTuneH e HabnwgasaHo MNpu
"'peHn cMuT", 3a passinmka ot copT
"Yagen". 3HayMTesIHO MO-rofsamMo
CbAbpXaHue Ha eTuUneH e oTyeTe-
HO npe3 2013. 3a pasnuka oOT
CbObPXaHMETO Ha eTueH CTOW-
HOCTUTE YCTAaHOBEHW B KOHTPO/I-
HaTa rpyna, nopaau npunoxeHve-
TO Ha ‘SmartFresh’, 6e Bb3MOXHO
Aa ce HaManAT HMBaTa Ha eTuneH

ratio were statistically significantly
higher in the ‘Cadel’ cultivar,
whereas the Ca content recorded
a statistically significant difference
in ‘Granny Smith’. The analysis
into the impact of the trial year on
the content of the analysed macro-
elements revealed a significant
influence on K contents.

The interaction effect of the
analysed factors made a
significant impact on K contents,
as well as on the K/Ca ratio.

According to Winska-Krysiak and
tata (2010) fruits of low Ca
content and high K content, and
consequently, a high K/Ca ratio,
are susceptible to Dbitter pit
occurrence. Moreover, the
development of this disorder is
also influenced by storage
conditions and the activity of the
enzymes involved in fruit
respiration.

The ethylene contents
showed significant differences
between the cultivaars and years
of trial, before and after the
treatment. A considerably higher
ethylene contents were observed
in ‘Granny Smith’, as opposed to
the ‘Cadel’ cultivar. A significantly
higher ethylene content was
recorded in 2013. As opposed to
the ethylene contents values
established in the control group,
owing the implementation of
‘SmartFresh’ it was possible to
reduce the ethylene levels to
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NPUGN3UTENHN  CTONHOCTN,
npes [ABeTe TrOAWHM TMpu  CcopT
"Hapgen", T1.e. npu copT "lpeHu
cMUT" nNpe3 nbpBaTta rognHa Ha
onuTa; B CbLIOTO Bpeme, eAUHCT-
BeHara 3HayMma pasfnvka e ycrta-
HoBeHa camMo npu copT "lpeHn
cmuT", npe3 2013. Bunpeku TOBAa,
CbAbpXaHNeTo Ha eTwu/eH npeau
eKcrnepvMmeHTa n cnepg npuioxe-
HMeto Ha 1-MPC e 3HauuTesiHo
HamMasieHo, KOeTO MO-KbCHO ce
oTpasfBa BbpPXYy TBLPAOCTTA Ha
AOGBNKOBUA M/104 NO BpeMe Ha
CbXpaHeHneTo B kamepa (Tabnu-
ua 3). CxogHu pesynrtatu ca otbe-
nasadu ot Calhan et al. (2013).

Jilo)

approximate values, in both years
in the ‘Cadel’ cultivar, i.e. in the
‘Granny Smith’ cultivar in the first
trial year; at the same time, the
only significant difference was
established only in the ‘Granny
Smith’ cultivar, in 2013. However,
the content of ethylene before the
experiment and after  the
application of 1-MPC is
significantly reduced, which is later
reflected in the firmness of apple

fruit during storage chamber
(Table 3).
Similar results were noted by

Calhan et al. (2013).

Tabnuua 3. CbabpXaHne Ha K, Ca, cbOTHOWweHVe K/Ca n cbabpXaHue Ha
eTusieH rnpu a6 bLIKOBU N1ogoBe
Table 3. Contents of K, Ca, K/Ca ratio and ethylene contents in apple fruits

MapameTpu CoabpxaHve CbabpxaHue ChbabpxaHue Ha eTuneH

dakTop Parameters Ha K Ha Ca KiCa Ethylene content pL kg™h™

Factor Content of K Content of Ca KoHTpona  SmartFresh
mg kg™ Control ™

A ‘Cadel 1800.8+31.06a  39.3+4.38b  48.7+5.47a  14.2+0.98b  2.3+0.38b

‘Granny Smith* 1390.5+41.80b  59.5#3.89a  24.0+2.02b  33.6+3.41a 8.90+3.66a

B 2012 1655.0+94.86a 52.50+3.77a 32.58+3.47a 20.80+2.86b 1.45+0.39b

2013 1536.3+95.61b  46.3+7.54a  40.1+8.79a  27.04#6.18a 9.75+3.30a

AXB ‘Cadel* 2012 1860.0+14.29a  48.0+3.46a 39.2+2.96bc  14.8+1.48c  2.0+0.67b

‘Cadel* 2013 1741.7+33.46a 30.7+2.96b  58.2+7.09a  13.6+x1.51c  2.6+0.44b

‘Granny Smith* 2012 1450.0+¢52.54b  57.0+6.24a  26.0+2.85cd  26.8+1.66b  0.9+0.15b

‘Granny Smith* 2013 1331.0+49.34b  62.0+5.51a  22.0+2.86d  40.4+3.02a 16.9+1.76a

ANOVA

A * * * * *
B * ns ns * *
AXB ns * * * *

CTOMHOCTMTE BLB BCSKA KOSIOHA CMefBaHn OT CbLUTE Masikm GYKBM HAMAT 3HAYMMU
pasnukn npu p<0.05 ypes TecT 3a Haii-manka 3Haunma pasnuka (LSD)

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

The analysis of variance
established that there was a

BapuaunoHHMAT aHanms
yCTaHOBABA, Ye MMa CTaTUCTu-

UECKM 3HauMma pasfiMka Mexay
BCUUYKM MHTEPBA/IN HA U3MepBaHe
Ha TBBPAOCTTA Ha nnoda npw

statistically significant difference
among all of the intervals of
measuring the fruit firmness in

867



ABaTa pasrnexaaHu copra, KakTo
N B ABETE OMUTHU roguHU. 3Hauun-
TeNHO pepyuympaHe Ha popmarta
ce nosiBaABa, Korato ce usBaxpgar
naogoseTe OT CTyAeHOTO CbXpa-
HEHME M ce OCTaBAT Ja oTiexar
Ha cTaliHa Temnepartypa.

®akTop B (kOHTpONHa rpyna u
TpetupaHe ¢ SmartFreshTM) npe-
[AV3BUKBA 3HAUYNTE/THO Bb3aeincTeme
npun copt "Yagen" npes 2012, T.e. B
[BeTe eKCnepuMeHTas/IHX TOAMHM
npun copt "I'peHn cmut".

EchbexkTbT Ha B3aumopaelicTeue
Ha aHa/M3npaHuTe oakTopu e cTa-
TUCTUYECKN BaxeH npu copt "Ya-
aen" npe3 2012, kakto 1 npu copt
"I'peHn cmuT", Npes3 ABeTe ekcnepu-
MeHTanHu roguHun. (Tabnuua 4).

both cultivars under consideration,
as well as in both trial years. A
significant reduction in formness
occurred upon taking the fruits out
of the cold storage and leaving to
rest at room temperature.

Factor B (control group and
treatment  with  SmartFresh™)
produced a significant effect in the
‘Cadel’ cultivar in 2012, i.e. in both
trial years in the ‘Granny Smith’
cultivar.

The interaction effect of the
analysed factors was statistically
important in the ‘Cadel’ cultivar in
2012, as well as in the ‘Granny
Smith’ cultivar, in both trial years.
(Table 4).

Tabnuua 4 TBbpAOCT Ha A6BNKOBU nnogose (kg cm'z)
Table 4. Firmness of apple fruits (kg cm'z)

dakTop Cadel Granny Smith
Factor 2012 2013 2012 2013
Control 8.71+0.15a 5.59+0.15a 10.39+0.13a 9.63+0.19a
A Measurement 1 6.71+0.20b 5.62+0.09a 10.11+0.18a 8.91+0.11ab
Measurement 2 5.87+0.14c 5.20+0.09b 8.87+0.31b 9.08+0.16a
Measurement 3 5.36+0.13d 5.06+0.09b 8.05+0.33c 8.73+0.19b
B Control 6.38+0.25b 5.35+0.10a 8.64+0.26b 8.95+0.11a
SmartFresh™ 6.93+0.21a 5.38+0.07a 10.04+0.13a 8.64+0.10b
Control 8.71+0.22a 5.59+0.21a 10.39+0.18a 9.63+0.19a
Measurement 1xControl 6.14+0.25cd 5.81+0.14a 9.84+0.20ab  8.93+0.18b
Measurement 1x SmartFresh'™ 7.36+0.15b 5.42+0.11ab 10.41+0.28a 8.88+0.14b
AXB Measurement 2XControl 5.55+0.20e 4.96+0.14c 7.58+0.18c 8.46+0.15b
Measurement 2x SmartFresh'™ 6.16+0.17c 5.42+0.07ab 10.05+0.22a  8.59+0.12b
Measurement 3x Control 5.11+0.19e 5.05+0.17bc 6.76+0.14d 8.7940.21b
Measurement 3x SmartFresh™ 5.62+0.16dc 5.07+0.11bc 9.34+0.27b  8.67+0.32b
ANOVA
A * * * *
B * ns * *
AXB * ns * *

CToliHOCTMTE BBB BCAKA KOJIOHA CnefBaHu OT CbLuTe Masikm 6YKBU HAMAT 3HAUYMMM
pasnvkn npu p<0.05 ypes TecT 3a Hali-masika 3Haunma pasnuka (LSD)
Values within each column followed by the same small letter are insignificantly different

at the p<0.05 by LSD test
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He e 3a6enasaHo pa3npocT-
paHeHne Ha rHUeHeTo npwu copT
"Uapen". Mpocnepssanku BTOpUS
n3MepBaTtefnieH WHTepBasl B KOH-
TposiHata rpyna npes ABeTe ekc-
nepuMeHTasnIHN roanHn, e 3abens-
3aHO pasnpocTtpaHeHue Ha 100%
Ha rHMeHe npu copt "l'peHn cMuT".
3a pasniMka OT TOBa, nnofoBeTe
TpetnpaHn c¢ 1-MPC He otuyutar
HUKakBa rHneHe npes 2012, goka-
TO Ha/IMYMETO Ha T[HUeHe npes3
2013 e onpepgeneHo Ha 50% ot
niogoseTe TpetvpaHn c¢ 1-MPC.
EdektnsHoctta Ha 1-MCP npwu
NHXMObMpaHe Ha eTuneHa e nyo6nm-
KyBaHa B MHOXeCTBO Wu3cnepasa-
HMA (Rupasinghe et al., 2000;
Watkins et al., 2000; Fan et al.,
1999).

n3BO4U

Bb3 ocHoBa Ha pesynratute
nonyyeHn npes 2012-2013 npwu
arpoekosiornyHnuTe  yCrioBUSA  Ha
Yayvak, CBbp3aHn C NpUIOXKEHNETO
Ha 1-meTunuukpononeH (1-MCP) u

HEroBOTO  Bb3[eiCTBME  BbPXY
TBbPAOCTTA Ha  njoga wu
pasnpoCTpaHEeHMETO Ha THUeHe

npn coptose "YHagen" n "T'peHn
cMuT", Morat pga ce HanpasAaT
cnepHvTe 3ak/yeHns:

OcCBEH TUNUYHUTE COPTOBMU

XapakTepuctmkm wmn  KInMaTtuvyHu
yCJ/10BUA npes rognHata Ha
n3cnenBsaHe, TBBbPAOOCTTAa Ha

nnoja Cbllo 3aBUCU OT CbAbp-
XaHMeTO Ha MakpoenemMeHTn wu
eTUNeH, okasBaliku Bb3AencTBMe
BbpXy KayecTBOTO Ha MnoaoBeTe
MO BPEME Ha CbXpaHeHue B

No incidence of scald was
observed in the ‘Cadel’ cultivar.
Following the second measuring
interval at the control group in both
trial years, there was 100%
incidence of scald in the ‘Granny
Smith’ cultivar.

As opposed to this, the fruits
treated with 1-MPC recorded no
scald in 2012, whereas scald
incidence in 2013 was determined
in 50% of the fruits treated with 1-
MPC. The effectiveness of 1-MCP
in the inhibition of the ethylene has
been published in numerous
studies (Rupasinghe et al., 2000;
Watkins et al., 2000; Fan et al.,
1999).

CONCLUSIONS

Based on the results obtained
during 2012-2013 in the agro-
ecological conditions of Cacak,
concerning the application of 1-
methylcyclopropene (1-MCP) and
its impact on fruit firmness and
incidence of scald in the ‘Cadel*
and ‘Granny Smith’ cultivars, it is
possible to make the following
conclusions:

In addition to the typical
cultivar characteristics and the
climatic conditions of the year of
the study, the firmness of the fruit
is also dependent on the content of
macro-elements and ethylene,
making an impact on the quality of
fruits during the cold storage.
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XnagusHn ycnosus.

JokaTto copT "Hapgen" otunta
BUCOKM CbAbpXaHua Ha K u
BUCOKO CbOTHOWeHne Ha K/Ca,
3ae[lHO C HUCKO CbAbpXaHue Ha

Ca, cbwute napamMeTpn ca B
cBouTe ONTUMasIHM HMBA NpuU
"I'peHu cMmut".

[Mpe3 gBeTe ONUTHU TOAUHM,
pas/IMYHN NHTEPBaUIM Ha U3MepBa-
He pasKpuBaT 3HauUUTEsSIHW pas/u-
KN BbB Bpb3Ka CbC CTeneHTa Ha
y3psABaHe Ha nnofga Ha AsaTta
copta "YHapgen" u "l'peHn cmut";
BbMpPEKN ToBa, Tasn TeHAEHUUA He
NPUCHCTBA NPU CbAbpPXaHUATa Ha
pa3TBOPMMU CyXM BeELLLEeCTBA.

[JokaTto HuBaTa Ha eTwueH
nokassBaT 3HauyMTesSIHM  pasfivKu
MeXay copToBeTe, TO3M Napame-
Tbp CbLUO Bapupa Mexay roanHu-
Te Ha onuta npu copT "I'peHu
cMuUT".

TBbpAOCTTA Ha njogoBeTe
nokassa 3HauyMTeNHM pasnuuusa
MeXay pasIM4yHnTe n3MmepBaTesiHu
WHTEpBasIM TMNpU  f[BaTa CcopTa.
JokaTto npunoxeHneto Ha 1-MCP
nMa CUIHO 3HAaYMMO B/IUSAHNE Bbp-
Xy 3anasBaHeTo Ha TBbpAoCTTa Ha
nnoga npu "l'peHn cMmut' npes
2012, npe3 cnepgpawarta 2013
rogMHa pasvka e YycTaHOBeHa
caMO BbB Bpb3Ka C Ha4yasIHOTO
n3MepBaHe, HO He N MexXay U3mep-
BaHeTo npean 1 cnep CbxpaHeHu-
eTo B X/1aAuNHu ycnoBuda. CxogHu
pe3yntatm npu TBbLPAOCTTA Ha
njaoja ca nocrTurHatu npu npuso-
XeHneto Ha 1-MPC Bbpxy copt
"Yapen".

He e ycTaHOBEHO rHMEeHe npwu

While the ‘Cadel’ cultivar
recorded high K contents and a
high K/Ca ratio, coupled with a low
Ca content, the same parameters
were at their optimum levels in the
‘Granny Smith’.

In both trial years, different
measuring  intervals  revealed
significant differences in relation to
the degree of fruit ripeness of both
‘Cadel’ and ‘Granny  Smith’
cultivars; however, this tendency
was not present in the soluble
solids contents.

Whereas the level of ethylene
showed significant  differences
between the cultivars, this
parameter also varied between the
years of trial n the ‘Granny Smith’
cultivar.

Firmness of fruits showed
significant  differences between
different measuring intervals in
both cultivars. While the
implementation of 1-MCP had a
highly significant effect on the
preservation of fruit firmness in
‘Granny Smith’ in 2012, in the
following 2013 a difference was
established only in relation to the
initial measuring, but not between
the measuring before and after the
cold storage.

Similar results in fruit firmness
were achieved in applying 1-MPC
on the ‘Cadel’ cultivar.

No occurrence of scald was
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copt "Yapen". [pocnepsasaiiku
BTOPUA M3MepBaTesieH NHTepsas B
KOHTpONHaTa rpyna npes3 pnasete
eKcnepuMeHTasIHN ronHu, e 3abe-
NA3aHO  pasnpocTpaHeHne  Ha
100% Ha rHneHe npu copt "peHu
cMut". 3a pasniMka OoT TOBa,
niogoseTe TpetupaHu ¢ 1-MPC He
oTuMTaT HUKaKBO THWEHe npes
2012, pokato Ha/MyMeTo Ha
rHMeHe npes3 2013 e onpepgeneHo
Ha 50% oT nsiogoBeTe TpeTupaHu
c 1-MPC.
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established in the ‘Cadel’ cultivar.
Following the second measuring
interval at the control group in both
trial years, there was 100%
incidence of scald in the ‘Granny
Smith’ cultivar.

As opposed to this, the fruits
treated with 1-MPC recorded no
scald in 2012, whereas scald
incidence in 2013 was determined
in 50% of the fruits treated with 1-
MPC.
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PE3OME

CraTtusaTa npegcrassa pesynratu oT
uscnefBaHe BbpPXy Bb3AENCTBMETO OKa-
3aHO OT GepuTGeHNss Nepmnos N TOPEHETO
BbPXY CbObPXAHNETO Ha CyXu pasTBOpU-
Mu Beuwectea (CPB) u ButamuH C B
n/o4OBeTe Ha Arofos copt "Knepn" npes
2014. MNMpobuTe OT noaoBeTe 3a aHaIn3a
ca cbbpaHK No Bpeme Ha pasa Ha MbfHa
3psAN0CT, Ha net cepun. MNpunoxeHn ca
ABa Buga Top — MuHepaneH NPK Top un
MUKpo6uonormyeH Top. MonydyeHute pe-
3ynTaTty nokasear, Ye TersoTo, Ab/KnHa-
Ta 1 WMpoYMHaTa Ha njoga ca nog cusi-
HOTO B/IMSIHME Ha 6GepuMTOEHMs nepuog,
[oKaTo MHAEKCHT Ha dopmarta Ha noga
€ 3HauWTeNHoO MNOoBAMSH W OT pABaTa
thaktopa (6eputbeH nepuog n Top).

TernoTto n gb/HkMHaTa Ha naoga ca
3HAQUUTESIHO MO-ToJIeMU B NbPBUTE TpU
nocnegosatenHn 6eputbeHn nepuoaa,
JokaTo wupoynHaTa Ha naoga e no-rons-
Ma B NMbpBuUTE ABa 6epuTbeHn nepuoga.

SUMMARY

The paper presents the results of
the research into the impact made by
harvesting time and fertilizer on the dry
soluble solids contents (SSC) and vitamin
C in the fruit of the ‘Clery’ strawberry
cultivar, in 2014. Fruit samples for
analysis were collected in the full maturity
phase, at five rounds. Two types of
fertiliser were applied — mineral NPK
fertiliser and microbiological fertiliser. The
obtained results have shown that the
mass, length and width of the fruit were
under a significant impact of the
harvesting times, whereas the fruit shape
index was significantly influenced by both
factors under consideration (period of
harvest and fertiliser).

The fruit mass and length were
considerably larger in the first three
consecutive times of harvest, whereas the
width of the fruit was larger in the first two
harvest times.
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3HauyuTeNHO MO-BUCOKM CTOMHOCTM Ha
uHaekca Ha dopmata Ha nnoga ca
OTYETEHN B MbPBUTE YETUPU GEpPUTOEHMU
nepuoga, Korato ce cpaBHAT C NOocAegHUA
6eputbeH nepmoa, KOWTO ce Xapakrepu-
3Mpa OT Hal-HUCKMA MHAEKC Ha dhopmaTa
Ha nnoga. MwuHepasHUST TOp OKa3Ba
NO/IOXMTENHO Bb3AENCTBME BbPXY UHAEK-
ca 3a (popma Ha nsoga, B CpaBHEHUE C
B/IMSAHNETO OKa3aHO OT MPUIOXKEHUS MUK-
pobuoniornyeH Top. JokaTo Hai-BUCOKUTE
CTOMHOCTM Ha CbAbPXaHWETO Ha pas3TBO-
pyMKM CyXn BeLlecTBa ca OTYETEHU BbLB
BTOPUS Nepuos Ha pekosTa, Haln-B1UCOKO-
TO CbAbpXaHue Ha BuTamMuH C e onpege-
NIeHO npe3 BTOpua OepuTOGEeH nepuog,.
EdektbT Ha B3aumopeiicteue Mexagy
TpeTn 6epuTbeH nepuoa 1 MUKPOBbMoso-
TMYHUSE TOP UMa OTHOCUTESIHO Bb3geit-
CTBME BbPXY CbObPKAHNETO HA BUTAMUH
C, B cpaBHeHMe C apyrn edekT Ha B3au-
MogeincTeme. B xopa Ha naHupaHute
6eputbeHn nepuoam, He ca HabnLaBaHN
HWKaKBU MOCTOSHHW MOZE/SIN  OTHOCHO
cbabpxaHueTo Ha CPB 1 sButamuH C npwu
ArogoBuUTe NI0L0BE.

B 3akntoueHune, no-paHHUTE 6eput-
6eHn nepuoan nokaseaTr no-6naronpusaT-
HNU PM3MYECKN CBOWCTBA, KakTO W Mo-
BMCOKO CbAabpxaHue Ha CPB n ButamuH
C B ArogoBu1TE N10J0BE.

KntovoBn aymu: rpaguHcka sroga
(Fragaria x ananassa Duch.), 6eput6eH
nepuog, TopoBe, (hr3nyeckn xapakrepuc-
TUKW, pPa3TBOPUMU CYXU BELLECTBA,
BuTamuH C

yBO/

AroguTe ca nnogose, KOUTO
NPy NOAXOAALM arpo-TEXHUYECKN
N NOMO-TEXHOTOTMYHN MEpPKU, NPO-
nsBexpagar cpefgHn gobusu B obce-
ra Ha 20-25 t/ha Bucokoka4vecTBe-
HW nnogoBe hakT, KOMTO nokasea
TBbpPAE BUCOKMSA WMKOHOMUYECKU
noteHuMan Ha npogykuusata. 3a
pasfivka OT XenaHusaTa Ha npous-

Significantly higher values of the fruit
shape index were recorded in the first four
times of harvest, when compared to the
final harvest time, which  was
characterised by the lowest fruit shape
index. The mineral fertiliser made a
positive impact on the fruit shape index,
compared to the effect made by the
applied micro-biological fertiliser.

While the highest values of the soluble
solids content were recorded in the
second time of harvest, the highest
content of vitamin C was determined in
the fourth harvest time.

The interaction effect between the third
harvest time and the micro-biological
fertiliser had a relevant effect on the
content of vitamin C, compared to other
interaction effects. In the course of the
contemplated harvest times, no regular
patterns concerning the quantity of SSC
and vitamin C were observed in
strawberry fruits.

In the overall conclusion, the earlier
times of harvest have demonstrated more
favourable physical properties, as well as
a higher content of SSC and vitamin C in
the strawberry fruits.

Key words: garden strawberry
(Fragaria x ananassa Duch.), harvest
times, fertilisers, physical properties,
soluble solids, vitamin C

INTRODUCTION

Strawberry is a type of fruit
which, when supported by a full-
scale agro-technical and pomo-
technical measures, produces
average yields in the range of 20-
25 t/ha of high quality fruits — a fact
that indicates a very high economic
potential of the production.
Contrary to the wishes of
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BOAUTENUTE, KOUTO TbPCAT BUCO-
KONPOAYKTUBHM COPTOBE C MN0A40-
BE C roniiM pasMmep W Npoab/HKN-
TeneH 6eputbeH ce3oH, NoTpedu-
Tenute 0OGMKHOBEHO npegnounTar
COpPTOBE C LUMpOKa rama oT CeTuB-
HW KadecTBa. NogobpsasBarikm cTpy-
KTypaTa Ha ArofoBusi acOPTUMEHT
B HacaxaeHusaTa, T.e. Upe3 BbBeX-
[laHe Ha HOBM COpTOBE, KOMTO
OCBEH O00pn IU3NYECKM U XUMUN-
YeCKN XapakTepuUCTUKM Ha NIofo-
BeTe CbLO MpuUTexaBaT BUCOKM
XpaHUTENIHM N aHTUOKCUAAHTU
CBOMCTBA, BB3MOXHO € pga ce
OKaxe NONOXUTESTHO Bb3AeincTene
BbpXy YyBefmyeHata KOHCymaums

Ha nNMoJgoBETEe W3BECTHW CbC
CBOETO 6/1ar0TBOPHO 034paBuTes-
HO Bb3fgelicTBue, 6e3 pga ce

HamMansABaTt TbProBCKUTE NOJ3N Ha
npoaykuusta (Milivojevic et al.,
2009). B muHanoto gecetunetuve,
Aro40BUAT acopTUMeHT B Cbpbus
npeMvHa AUHaMU4YHU  MPOMEHM,
Karo ce 3anoyHe C BbBeXAaHeTo
Ha copToBe Kato "EncaHta”, "KyuH
Ennza”, "Muc", "Aopa" n "Matn" —
BCUYKM M3N1e311M OT ynoTpeba, HO

CbWwo wn "Knepn", copT, KOWTO
3anasm cBouTe MO3NUUM  KaTto
BOoJel, B MNpPOU3BOACTBOTO [0
Hawn gHu (Milivojevic and Nikoli€,
2015). TlnopgoBeTe Ha  copT
"Knepun" nMvat  UIKIKUYUTETHa

TbpProBcka CTOMHOCT, KOETO € Bb3
OCHOBa Ha cneyudmyHa KOMOUHa-
LMA Ha paHHO 3peeHe U npuB/eka-
TenHocT Ha nsioga. OcBeH TOBa,
COPTbT MNoKasBa TeHAeHUMa 3a
N10LOHOCEHE Mpe3 eceHTa, KOeTo
3aeHO C nogyepTaHaTa Crnocoo6-

producers, who seek highly-
productive cultivars with large-size
fruts and a long harvesting
season, the consumers typically
prefer cultivars with a wide range
of sensory qualities.

By improving the structure of the
strawberry assortment in
plantations, i.e. by introducing new
cultivars which apart from good
physical and chemical
characteristics of the fruits also
possess high nutritive and anti-
oxidant values, it is possible to
make a positive impact on
increased consumption of the fruits
known for their beneficial healing

effect, without reducing the
commercial  benefits of the
production  (Milivojevic et al.,
2009).

In the past decade, the strawberry
assortment  in Serbia has
undergone dynamic  changes,
starting with the introduction of
cultivars such as ‘Elsanta’, ‘Queen
Elisa’, ‘Miss’, ‘Dora’and ‘Patty’ - all
of which have now gone out of
use, but also ‘Clery’, a cultivar that
has retained its position as the
leader in production up to the

present time (Milivojevic and
Nikoli¢, 2015). Fruits of the ‘Clery’
cultivar have an exceptional

commercial value which is based
on the specific combination of the
early ripening and attractiveness of
the fruit. In addition to this, the
cultivar shows the fall-bearing
tendency which, coupled with the
marked ability to adapt to different
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HOCT fa ce npurogm KbM pas/inyHu
cucteMn 3a 06paboTtka, ro npasu
61aronpuaTeH 3a yCnewHo OTI/ex-
JaHe KakTO B paMKUTE, Taka N U3BbH
cTaHfapTHaTa Ce30HHa NPoAYKUMS.

OT rnegue Ha TaAxHaTa on-
TMasiHa 3psnocT npu 6eputbaTa,
3penocTTa Ha ArofosuTe NI040Be
ce onpegens Bb3 OCHOBa Ha LBeTa
Ha enuaepmMuca, Kakto n oT TBbp-
AocTTa Ha nioga u Bkyc. C uen ga
ce NOCTUTHEe MakCMMaslHO KayecT-
BO Ha nfoga ot rneguvue Ha apo-
MaTt u uBAT, beputbaTta Ha Arogo-
BUTE N/1I0A0BE TPsiGBa Aa ce Cnyuu
BbB (pasa Ha nbjHa 3psAOCT.
OCHOBHUTE NPOMEHM B CbCTaBa Ha
ArofoBUA Nao4 ce cny4ysaT npeau
6eputbaTa, AOKaTO NAOABLT € Npu-
KpeneH KbM MaiuyMHOTO pacTeHue.
3atoBa € U3K/IHUUTENIHO BaXHO
nao4oBeTe 3a CBeXa KOHCymMauus
fa ce b6epart B nepuoga, koraTo ca
roToBM 3a KOHCyMupaHe. CnefoBa-
TesIHO, BPEMEBUAT Nepunog, B pam-
KUTEe Ha KOMTO naoJoBeTe ce xapa-
KTepusmpaT C Hail-gobpo KavecT-
BO, € MHOro kpaTtbk (Cordenunsi et
al., 2003).

CobliecTByBat MHOXeCTBO
n3cnefBaHus, KOUTo nogyeprasar
(hakTa, ye AarogonnogHuTE NpuTe-
aBaT BMWCOKM KOHLEeHTpauuuM Ha
6uoakTmeHM BellecTBa (Manach et
al.,, 2004; Seerem, 2009) n nma
SICHa B3aMMOBpPb3Ka Mexzay exepn-
HeBHaTa KOHCymMauusi Ha njiogose
N YoBeLKOTO 3apaBe. ButamuH C,
KOWTO npucbcTBa B ArofoBuUTe
nnofoBe fencrsa kaTo aHTMOKCU-
[aHT, N HOCW 3HAYUTEsIEH NOOXM-
TesileH MPUHOC 3a nposiBata Ha aH-

cultivation systems, makes it
conducive to successful growing
both within and out of the standard
seasonal production.

In terms of their optimum

ripeness for harvesting, the
maturity of strawberry fruits is
determined based on the colour of
epidermis, as well as the fruit
firmness and taste. In order to
achieve the maximum fruit quality
in terms of its flavour and colour,
the harvest of strawberry fruits
ought to take place in the phase of
full ripeness.
The main changes in the
composition of the strawberry fruit
occur prior to the harvest, while the
fruit is attached to the mother
plant. It is therefore crucial that the
freshly consumed fruits be picked
at the time when they are ready for
consumption. Consequently, the
time period within which the fruits
are marked by the best quality is a
very short one (Cordenunsi et al.,
2003).

There are numerous studies
that point to the fact that berry
fruits possess high concentrations
of bio-active substances (Manach
et al., 2004; Seerem, 2009) and
that there is a clear correlation
between the daily consumption of
fruit and human health. Vitamin C
which is present in strawberry fruits
acts as a potent anti-oxidant, and
makes a significant  positive
contribution to the manifested anti-
oxidant activity of the fruit, either
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TMOKCUAAHTHOTO AelcTBMe Ha NnJio-
[a, KaKkTo cam rno cebe cu, Taka n B
CbyeTaHMe C pasnyHn PeHosTHU
komnoHeHTn (Voca et al., 2006).

Lilen Ha HacTodwaTa ctartusa
e fJa u3cneasa MPOMEHUTE BbLB
donsnyecknTe xapakTrepucTuku, Chb-
AbpPXaHMETO Ha pasTBOPUMU CyXu
BellecTBa v ButamuH C B nnogose
Ha Aroaos copT "Knepu", no Bpeme
Ha net 6epuTbeHn nepuoga npu
YC/NOBUSA Ha npuaaraHe Ha MUHepas-
HU 1 MUKPOBMONOTNYHY TOPOBE.

MATEPVANT N METOON

3cnepBaHeTo e N3BbLPLUEHO
B eKCrnepuMeHTa/IHO HacaxaeHue
C Arogos copT "Knepwu", Ha N3cne-
[0BaTe/NICKA MHCTUTYT MO OBOLUap-
ctBO B Yauak (43° 53’ ceBepHa
lmpuHa n 20° 20’ n3TouHa Ab/IXKN-
Ha, 225 m HagMopcka BMCO4YMHA)
npes 2014. HacaxgeHneto e
HanpaBeHo B NATOTO Ha 2011 (18
H0NIN), KaTo ca M3Nosi3BaHu nexm c
[ABOWHW peauun, NoKpUTU C YepHo
nosiMeTuneHoBo ¢oonno, nNpu pas-
cTosHMe Ha 3acaxpaHe 30 x 30
cm. [lo BpemMe Ha eKCrnepuMeHTa,
HacaXxAeHWeTo e TpeTupaHOo CbC
CTaH4apTHMU  arpoTexXHUYeckn wu
NMOMOJIOTUYHU MEpPKW, B AOMbJIHE-
HMe C KankoBO HanosiBaHe. [noao-
BeTe 3a aHa/iM3a ca cbbpaHn Ha
neT NbTW, Ha BCEKM MeT AHW NOo
Bpeme Ha 6eputbeHus nepuog (I
nepuopg — 26 main, Il nepuog — 31
maii, Ill nepuwog — 5 wHK, IV
nepuopg — 11 woHu, V nepuopg — 16
tOHW). TpeTupaHeTo C MUHepasieH
TOp BK/AWYBA MPUNIOXEHNE Ha
BogopasTsopumn  NPK  TopoBe

by itself or in a combination with
different phenol components (Voca
et al., 2006).

The aim of this paper is to
examine the changes of physical
properties, contents of soluble
solids and vitamin C in the fruits of
the ‘Clery’ strawberry cultivar,
during five harvest times and under
conditions of applying mineral and
micro-biological fertilisers.

MATERIAL AND METHODS

The research was conducted
in the experimental plantation of
the ‘Clery’ strawberry cultivar, at
the Fruit Research Institute in
Calak (43° 53’ Northern Latitude
and 20° 20’ Eastern Longitude, 225
m altitude) during 2014. The
planting was performed in summer
2011 (18" July), using the form of
the double ribbon-row beds,
covered in black PE foil, applying
the 30 x 30 cm planting distance.

During the experiment, the
plantation was treated with
standard agro-technical and

pomological measures, supported
with drip-irrigation. The fruits for
analysis were picked at five times,
at every five days during the
harvesting season (period | — 26"
May, period Il — 31%' May, period Il
— 5™ June, period IV — 11™ June,
period V — 16" June).

The mineral fertiliser treatment
involved application of Poly-Feed
water-soluble NPK fertilisers of
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Poly-Feed, kouto ca onpegenexHu
Kato ca B3eTM nNOoJ BHUMaHWe
dpeHonornyHmTe pasn Ha passu-
TMeTo Ha pacTteHusTa: Poly-Feed
11:44:11+Me (cnep 3acaxpgaHe B
HayasioTO Ha Beretauus, C Uen
CTUMYy/IMpaHe Ha KOPeHOBOTO pas-
BUTME W Bb3CTAHOBSABAHE [eil-
HOCTTa Ha KopeHoBata CUCTeMA);
Poly-Feed 20:20:20+Me (BbB (pasa
Ha WHTEH3UBEH BereTaTtuBeH pac-
Tex); Poly-Feed 16:8:32+2MgO+Me
(BbB (peHO(pasza Ha UbdTeEX,
WHTEH3VBEH pacTex M 3peeHe Ha
nnogose); Multi-Cal 15,5:0:0+26,5
CaO (BbB (pasa Ha pacTex 1 pas-
BUTME Ha N/I040BETE, HACOYEH KbM
efIMMYHMpaHe Ha (U3N0N0TNYeH
Kanunes Aeuunt 1 nosulaBaHe
TBBPAOCTTA Ha nnoga); Multi-K Mg
12:0:43 + 2MgO (BbB (heHOopasa
Ha pacTex M 3peeHe Ha njoaa).
MpunoxeH e Baktofii B-10 B
TpeTMpaHeTo C MWKPOOMOIOTUYHN
TOpoBe, Kato 6MOTOp CbAbpXaLy,
KOMOMHaUUN OT pas/iMyHN BUAOBE
6akTepun: Azotobacter, Azospirillum,
Bacillus n Pseudomonas. /13cnepga-
HeTO BK/IOYBA M3NUTBaHe Ha u-
3MYecKNTe XapakTepucTuku (Terno,
ObJ/DKMHA, WMPOYMHA, nokasarten
3a oopma Ha nnoga), pasTBopumu
cyxu Beuectsa (PCB) n cbabpxa-
Hue Ha BuTamuH C B niogose Ha
Arogos copT "Knepu®.

CovbupaHeTo Ha nnopose 3a
aHann3 Ha M3nNYeckUTe xapakrte-
PUCTUKN (Terno, Ab/DKMHA, LINPO-
YnHa W nokasarten 3a popma Ha
nnoga), kakto 1 PCB 1 cbabpxa-
HMe Ha BUTamMuH C e M3BBbPLUEHO
BbB (basza Ha nbJHa 3pAnocT

formulations, which were
determined taking into
consideration the phenological

phases of the plants’ development:
Poly-Feed 11:44:11+Me (after the
planting and at the start of
vegetation, to stimulate the root
development and restore the
activity of the root system); Poly-
Feed 20:20:20+Me (in the phase of
intensive vegetative growth); Poly-
Feed 16:8:32+2MgO+Me (in the
phenophase of flowering, intensive
growth and ripening of fruits);
Multi-Cal 15,5:0:0+26,5 CaO (in
the phase of the fruits growth and
development, aimed at eliminating
the physiological calcium
insufficiency and increasing the
firmness of the fruits); Multi-K Mg
12:0:43 + 2MgO (in  the
phenophase of the fruit growth and
ripening). Baktofii B-10 was
applied in the treatment with
microbiological fertilisers, as a
microbe bio-fertiliser containing
combinations of different bacteria
genera: Azotobacter, Azospirillum,
Bacillus and Pseudomonas. The
research included testing the
physical characteristics (mass,
length, width, fruit shape index),
soluble solids contents (SSC) and
contents of vitamin C in the fruit of
the ‘Clery’ strawberry cultivar.
Picking of fruits for the
analysis of physical properties
(mass, length, width and fruit
shape index), as well as the SSC
and contents of vitamin C was
performed in the phase of full
ripeness (when 20 fruits were
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(korato 20 nnoga ca cbbpaHu OT
BCSIKO OT 3 NOBTOPEHUSA, AOCTUraii-
Kn obuwo no 60 nnoga 3a nepuvo-
fa). TernoTto Ha nnoga e onpege-
JIEHO C M3MepBaHe, 13nos3BaHa e
aHanuTuyHa Be3Ha Metler ¢ Tou-
HOCT oT + 0,01 g. AbnkuHata u
lMpoymHaTa Ha nnoga ca usme-
PEHN KaTo e M3MON3BaH esIeKTpo-
HeH wy6nep "Inox", ¢ TOYHOCT OT
1+ 0,05 mm. CToHOCTUTE Ha MnokKa-
3aTenia 3a dopma Ha nnoga ca
M34YNC/IEHN KATO CbOTHOLUEHMEe
Mexay Ab/iKnHaTta U WnpoynHaTa
Ha nfoga.

CbabpXaHMeTo Ha pa3TBopu-
MU CyXU BeLLecTBa e onpefeneHo
C eJIeKTPOHEH pedpakToMeTbp
(Kruss, Germany), a CbOTBETHUTE
CTOMHOCTM ca wu3paseHn B %.
CbabpxaHneto Ha ButamuH C B
ArofloBMTE NN0A0BE € onpenesieHo
ypes MeToda Ha WMOAOMETPUYHO
TutpyBaHe (Rikovski et al., 1989),
N e n3pas3eHo kKaTo mg Ha BUTaMUH
C 3a 100 g cBexa nsiogoBa maca
(mg 100 g-1 cyxo BeLLecTBO OT
nnoa).

JaHHnTe nony4vyeHu B uscnea-
BaHeTo ca 06paboTeHM CbC CcTa-
TUCTUYecKa nporpamMa, Bb3 OCHOBa
Ha [ABYy(hbakTopeH [ucnepcroHeH
aHann3d (ANOVA). Pesyntartute
nokasaHun B Tabnuuara npeacra-
BAT CpefHUTe CTOMHOCTM OT Tpu
MOBTOPEHUA. AHaNM3bT Ha Haii-
Mankata 3Hadymma pasnuka (LSD)
npu HMBO Ha 3HaummocT oT 0.05 e
n3nosn3BaHa 3a fa ce onpeaenv
3HAYMMOCTTa Ha pas/INKUTE Mexay
cpeaHuTe CTOMHOCTMW.

picked in each of the 3 repetitions,
resulting in a total of 60 fruits per
time).

The fruit mass was determined by
measuring, using the Metler
analytical scales of = 0,01 g
precision. The length and width of
the fruit were measured using the
digital Inox calliper, with the
precision of + 0,05 mm.

Values of the fruit shape index
were calculated as a ration of the
fruit length and width.

The soluble solids content

was determined using a digital
refractometer (Kriiss, Germany),
and the corresponding values are
expressed in %.
The content of vitamin C in the
strawberry fruit was determined
using the method iodometric
titration (Rikovski et al., 1989), and
expressed as mg of vitamin C per
100 g of fresh fruit mass (mg 100
g’ dry mat. of fruit).

The data obtained in the
research have been processed
using the SPSS  statistical
programme, based on the two-way
factor analysis of variance
(ANOVA). The results shown in the
table represent the mean value
from three replications. The LSD
test at the significance level of 0.05
was used to determine the
significance of differences among
the mean values.
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PE3YNTATU N OBCBbXXOAHE

Tabnmua 1 nokasea pesynTa-
TUTE OT PU3NYECKUTE XapaKTepuc-
TUKW, CbAbpXaHne Ha pasTBopuMHn
cyxn Beulectsa M ButammH C B
njogoBe Ha ArofosB copTt "Knepu",
BbB Bpb3Kka C 6epnUtoeHns nepuog
N NPUIOXEHNTE TOPOBE.

Tabnuuya 1.

RESULTS AND DISCUSSION
Table 1 shows the results
pertaining to  the physical
properties of the fruits, contents of
soluble solids and vitamin C in the
fruits of the ‘Clery’ strawberry
cultivar, in relation to the time of

harvesting and applied fertilisers.

Bb3geiictBue Ha 6epuTGeEHVS MNeEpPUOS U TOPEHETO BbBPXY

m3nyeckmTe XxapakTepuCcTUKM Ha ArogoB copT ,,Knepu*
Table 1. Impact of harvesting time and fertiliser on the physical properties of

‘Clery’ strawberry cultivar

®akTo Terno Ha nnog ObnxvHa Ha nnog  LupoymnHa Ha nnop, MHpeke 3a
P Fruit mass Fruit length Fruit width dopma Ha nnoga
Factor
(9) (mm) (mm) Fruit shape index
| 189+16a 387+16a 33,9+08a 1,13+0,02 a
E:"’M"';6e” I 176+22a  403t27a 332+15a 1,21+0,03a
Ha‘?vesf‘tin 1l 16,5+0,8a 36,8+0,7a 31,8 +0,6 ab 1,16 +0,03 a
time (A) 9 \Y 9,0£12b 294+06b 249+14c 1,19 + 0,06 a
v 108+06b 294+06b 28,9+08b 1,02+0,04b
T MwuHepaneHTop 149*15a 359+1,7a 30,2+13a 1,19+0,03 a
op : s
Fertiliser (B) Mlnera_l fertiliser
Baktofil B-10 142+11a 339+13a 30,9+09a 1,09+0,02b
ANOVA
A * * *
B ns ns ns *
AxB ns ns ns ns
CpeaHuTe CTOMHOCTU B TpU Mean values in three
NOBTOPEHUSA + ctaHgapTHu | replications * standard error;
rPELLKN; CTOMHOCTUTE B KONOHUTE | values in columns marked with
O3HayYeHN C pasnmyHn  maskum | different letters represent

O6ykBM npeacTaBnsaBaT  3HaAYMMU
pas3fivku npu HuBo p<,05 (LSD
TECT); NS — 6e3 3Ha4YMMKN Pa3/InKN.

Bb3 ocHOBa Ha aHanM3a Ha
JaHHuTe OoT Tabnuuarta, € Bb3-
MOXHO [a ce Harnpasu 3ak/ouve-
HWe, 4e TernoTo, Ab/HDKMHaTa u
LUMpoYMHaTa Ha njaoga ca 3Hauu-
Te/IHO NOBAUSAHU OT 6epuTbeHus
nepuog, [OKaTo nokasartesnaT 3a
dopma Ha nnoga e noBnNusH n ot
Apara pasrnexgaHun akropa (6e-
putbeH nepuog n TopeHe). Mpu
oLeHKaTa Ha HOBM Aro40BU Cesek-
LK, ronemuTe naogose ca ocobe-

significant differences at the level
of p<,05 (LSD test); ns —
nonsignificant differences.

Based on the analysis of the
data shown in the table, it is
possible to conclude that the
mass, length and width of the fruit
were under a significant impact of
the harvesting time, whereas the
fruit shape index was influenced
by both factors under
consideration (harvesting time and
fertiliser). In assessing new
strawberry selections, large fruits
are given particular preference,
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HO npeanoYnTaHn, Tbil KaTo ToBa
KauecTBO € BaxXHO OT [feaHa
TOYKa Ha noBulaBaHe eqieKkTuB-
HOCTTa Ha pPbYHOTO OpaHe u
yBenuyaBaHe Ha npogaxoute Ha
Nno40BE 3a CBeXa KOoHcymauus.
HaweTto wu3cnepgsaHe paskpvsa
3HAYNUTE/THO MO-BMCOKN CTONHOCTU
Ha NMIOAHOTO Terno W Ab/HKMHA
npv nNaogoBe nNpuoépaHn nNo Bpeme
Ha NbpBUTE TPU Nepuoaa, B cpaBs-
HEHME C YeTBBbPTM N NeTn nepuog,.
LLinpounHaTa Ha ArogoBus Nnog e
3HauMTEeNIHO  no-ronsiMa  npes
nbpBute gsa 6eputbeHn nepuo-
Aa. 3HaunTesIHO MO-BUCOKN CTOW-
HOCTW Ha MHAekca Ha popmata Ha
nnoga ca OTYETEHW B NbpBUTE
yetupn 6GeputbeHn nepuoga, B
cpaBHeHMe c nocnegHus 6eputbeH
nepuoj, B KONTO MHAEKCHT Ha dhop-
marta Ha nsoga e Haii-HUCbK. MuHe-
PaSTHUAT TOp OKasBa MOIOXUTENHO
Bb3JeiNCTBME BbBPXY WHAEKca 3a
dopma Ha nnoga, B CpaBHEHME C
MPWIOXEHNA MUKPOOBMOIOTMYEH TOP.

since this property is important
from the aspect of increasing the
efficiency of manual picking and
enhancing sales of fruits for fresh
consumption.

Our research has revealed
significantly higher values of fruit
mass and length in the fruits
picked during the first three times,
compared to the fourth and the
fifth time. The width of the
strawberry fruit was significantly
larger in the first two harvesting
times. Significantly larger values of
the fruit shape index were
recorded in the first four harvesting
times, compared to the final
harvesting time, when the fruit
shape index was at its lowest.

Mineral fertiliser made a positive
impact on the fruit shape index,
compared to the applied micro-
biological fertiliser.

12 4

10 ~

Content of SS (%)
o

bc b bc

CbabpxaHue Ha Cyxun BellecTBa

BeputbeH nepuog, / Harvesting time

i v \%

dur. 1. Bb3geiicTBue okasaHo OoT 6eputbeHns nepuog Bbpxy CPB npu sirogos

nnog “Knepn*

Fig. 1. Impact made by harvesting time on SSC in the fruit of ‘Clery’ strawberry

cultivar
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[dann kKoHcymaTtopuTe LWWe
xapecar Arogosute nnogose Ao
ronsAma CTeneH 3aBuUCK OT BKycCa,
KayecTBO KOETO CTOM B TACHa
BPb3Ka CbC CbAbpPXaHNETO Ha
pa3TBOpUMM  CyXu  BellecTBa
(Tulipani et al.,, 2008). Mo Bpeme
Ha CEH30pHOTO TecTBaHe, Hai-
[06puTe OUEHKM ca NPUCBHAEHN Ha
Nnao40Be C Hal-BUCOKO CbAbpXa-
HVe Ha pa3TBOPMMU CyXM BELLECT-
Ba, WIN Ha OHEe3n C Hal-BMCOKO
CcboTHOWweHne PCB — obwa kuce-
nunHHoct (Jouquand et al., 2008).
HaweTo uscnegsaHe paskpuBa, 4ye
3HAUUTENIHO Bb3AENCTBME BbPXY
CbAbpPXaHNETO Ha  pasTBOpPUMY
CyX1 BellecTBa e okasaHO camo OT
6eputbeHns nepuog (Purypa 1).
3HaunTesIHO Mo-BMCOKA CTOWHOCT
Ha TO3M BaXeH napameTbp 3a
KayecTBOTO Ha njaoja e OoT4yeTeH
npu BTOpUA 6GepuTbeH nepuopd, B
CpaBHEHWe ¢ Apyrute nepuoau.

The appeal of strawberry
fruits on consumers is largely
dependant on the fruit taste, a
property that stands in a close
correlation with the content of
soluble solids (Tulipani et al.,
2008).

During sensory testing, the best
marks are awarded to fruits the
highest soluble solids content, or
those with the highest ratio SSC —

total acidity (Jouquand et al.,
2008).
Our research revealed that a

significant impact on the soluble
solids contents was made only by
the harvesting time (Figure 1). A
significantly higher value of this
important parameter of fruit quality
was recorded in the second
harvesting time, compared to the
other times.

80 1
ab b

60 -

40 -

Content of vitamin C
(mg 100g * fw)

20 A

CbhbabpXaHue Ha BuTamuH C

BepntbeH nepuopg / Harvesting time

n I\ \

dur. 2. Bb3geicTBne Ha B3aMOOTHOLLUEHMETO Mexay 6epuTbeHuns nepuog u
TOpeHe BbBLPXY CbAbpXaHuWe Ha ButamuH C B drogos nnon ,Knepmn* (M-

MuUHepasieH Top, B-Baktofil B-10)

Fig. 2. Impact of interaction between harvesting time and fertiliser on the content
of vitamin C in the fruit of ‘Clery’ strawberry cultivar (M-mineral fertiliser, B-

Baktofil B-10)
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ArogosuTe NNoA0BE CbAbpP-
Xar BUCOKM KOHLEHTpauunm Ha
Nnosie3HN aHTUOKCUAAHTU, BKIHOYN-
Te/IHO  U3K/IUYUTENIHO  BaxKHaTa
ackopbuHoBa kKucenuHa (BUTaMuH
C). Mpu onpepeneHn copTose,
BuTaMnH C yyacTsa B La/I0CTHaTa
aHTUOKCUOAHTHA CMOCOBHOCT Ha
nnoga ¢ aan ot 30-35% (Tulipani
et al.,, 2008). Vima MHOro6ponHu
n3cnefBaHus, KOMTO noco4sar, ye
Xopa, 44MATO XpaHa MM [ocTaBs
ronam npvem Ha ButammH C 3Ha-
ynTeNIHO HamasnsiBaT onacHocTTa
OT ronsiM 6poli XPOHUYHK 6ONEecTn
(Jacob and Sotoudeh, 2002). Nile
and Park (2014) nocouBart, u4e
CbAbpXaHneTo Ha BuTamuH C B
nnofoBeTe Ha  Arof4onsogHuTe
3aBUCKU OT ronsim 6poi hakTopu;
pa3HOBMAHOCT, COPT, TEXHO/IO0ruA
Ha KynTuBMpaHe, eKOJIOTUYHU YyC-
NoBUA, NaogoBa 3pssoCcT, panioH
Ha oTrnexgaHe, Ob/HKUHA N YCNO-
BMA Ha CbXpaHeHue. durypa 2
nokasga AuHaMuKuTe Ha CbAbp-
XaHueTto Ha ButamuH C B nnopgo-
Be Ha darogoB copT "Knepu" BbB
Bpb3ka C 6eputbeHna nepuog u
BMAa Ha npuioxeHua Top. B3sa-
NMOAENCTBMETO MexXay TpeTus
6epuTbeH nepmoa U MUKPOOBMOOo-
TMYHMA TOP OKas3Ba 3HA4MTesTHO
Bb34ENCTBME BbPXY CbAbpXaHue-
TO Ha BuTamuH C, BbB Bpb3ka C
Apyrn B3ammogeinctens. Mogo6Hu
pesyntatn ca onucaHn ot Erturk
et al. (2012), B kOMTO ce NoyBa, 4ye
npunoxeHneto Ha PGPR (3acun-

Strawberry fruits contain high
concentrations of useful anti-
oxidants, including the highly
important ascorbic acid (vitamin
C). In certain cultivars, vitamin C
participates in the overall anti-
oxidant capacity of the fruit with a
share of 30-35% (Tulipani et al.,

2008). There are numerous
studies that indicate that
individuals whose nutrition

provides them with a large intake
of vitamin C significantly reduce
the risk of a large number of
chronic diseases (Jacob and
Sotoudeh, 2002). Nile and Park
(2014) point out that the contents
of vitamin C in the fruits of berries
are dependent on a large number
of factors; variety, cultivar,
cultivation technology, ecological
conditions, fruit ripeness, region of
cultivation, length and conditions
of storage. Figure 2 shows the
dynamics of vitamin C contents in
the fruit of the ‘Clery’ strawberry
cultivar in relation to the harvesting
time and the type of fertiliser
applied. The interaction effect
between the third harvesting time
and the microbiological fertiliser
made a significant impact on the
vitamin C contents, in relation to
other examined interaction effects.

Similar results were reported by
Erturk et al. (2012), reporting that
the application of PGPR (plant
growth-promotion  rhizobacteria)
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Balla pacTexa Ha pacTteHusaTa
pn3obakTepusi) okasBa 3HauuTesl-
HO Bb3JENCTBME BbPXY CbAbpXa-
HMeTo Ha ButamuH C B nsiogoBeTe
Ha darogos copt "®epH". OT apyra
cTpaHa, Umar et al. (2009) nocou-
BaT, Ye MakCMMaJIHOTO CbAbpXka-
HMe Ha ackopbuHoBa KucesnvHa B
Arof0BUTE NJI0LOBE € OTYETEHO B

TpeTMpaHeTo, KOeTo  BK/OYBa
MPUMIOXEHNE HA OpraHWyeH W
a3oTeH Top, B CbyeTaHue C

Azotobacter. Bbnpekn TOBa, Mma
peguua  M3TOYHWUM C  daHHUM B
niteparypara, KouMTo co4var KbM
npaBu/ioTO, 4Ye MNpekoMmepHara
ynotpeba Ha as30THM MUHEpasIHu
TOpOBE WMa OTpULATENHO Bb3-
JelcTBMEe BbPXY CbAbpPXaHMETO
Ha BuTamuH C B pas3nnyHu BUAOBE
nnogoBe UM 3efleHYyun, KOouTo
npeacTaBnsABaT OCHOBHWUSA M3TOY-
HUK Ha TO3XW BUTaMMWH 3a 4YOBeLl-
KOTO nsxpaHesaHe (Mozafar, 1993).

n3BOAN

B 3aknwuyeHne moxe pa ce
Kaxe, ye no-6naronpuATHUTE PU3N-
Yyecku XapakTepucTUKM 1 No-BUCOKO-
TO CbAbpXaHue Ha pas3TBoOpUMU
cyxu Beuwectsa U ButammH C B
nnoposeTe Ha Arofdos copT "Knepu"
ca ycTaHOBEHWN B paHHaTa 6eputba.
Kato ce wuma npegsua, 4e Hai-
ronamara 4yacTt OT ArofoBuTe MJo-
foBe ca npubpaHu BBLB BTOpU W
TpeTn 6eputbeH nepuopg, B3vmariku
CbLLO NOA BHUMaHue 1 pesyntatnte
OT HacCToALWOTO M3c/neABaHe, MOXe
fa ce Hanpasu 3aK/IOYEHNETO, 4e
nnogoseTe OT copT "Knepu" npu-
6paHn B paHHWA Cce30H MoraT fJda

made a significant effect on the
content of vitamin C in the fruit of
the ‘Fern’ strawberry cultivar.

On the other hand, Umar et al.
(2009) report that the maximum
content of ascorbic acid in
strawberry fruits was recorded in a
treatment involving application of

organic and mineral nitrogen
fertiliser, combined with
Azotobacter.

However, there is a number of
data sources in the literature
pointing to the act that excessive
use of nitrogen mineral fertilisers
has a negative impact on the
vitamin C contents in different
types of fruits and vegetables,
which represent the major source
of this vitamin in human nutrition
(Mozafar, 1993).

CONCLUSIONS

In the overall conclusion, it
can be said that more favourable
physical properties and a higher
content of the soluble solids and
vitamin C in the fruit of the ‘Clery’

strawberry cultivar were
established in the early-season
harvesting. Taking into

consideration that the largest part
of strawberry fruits are picked in
the second and third harvests, and
also having in mind the results of
this study, it can be concluded that
the fruits of the ‘Clery’ cultivar
harvested in the early season can
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YAOB/ETBOPSIT ~ M3WUCKBAHMATA  Ha
KOHCymaTopuTe MO OTHOLUEHVE Ha
cBeXaTta KoHcymauus.

BNAITOOAPHOCTU

HacToaweTo u3cnegsaHe e
yacTt oT npoekT Ne 31093 chuHaH-
cupaH oOT  MUHUCTEPCTBOTO Ha
0o6pa3oBaHMeTO Haykata U TeXHOo-
NIOTUYHOTO pa3BuTne Ha Peny6niun-
ka Cbpbus. C HacToAwoTo m3pa-
39BaMe CcBOSiTa WUCKpeHa 6naro-
OapHOCT 3a nogkpenara.

satisfy the consumers’ demands
related to fresh consumption.
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PE3OME

O606LeHn ca pesynrarute nosny-
YeHu OT U3csieBaHeTo Ha 6onecTTa Lwap-
Ka, XxapaktepusnpaHe Ha PPV wnsonatu
(no 6uonoruyHu, ceposnornyin n RT-PCR
aHam3n B CeBepHa wun LeHTpanHa
YHrapus.

M3BbpLueHa e MosieKkynspHa Xapak-
TepucTVka Ha LWamMoBe Ha BOKy[kaBall,
MO3aeyeH BMpPYC NO Uapesuuata n ca
CpaBHEHN reHnTe Ha 6enTbyHaTa 06BUB-
Ka Ha yHrapckum (Kakto u Hakou oT bbn-
rapus) uwamose. leHnTe B 6GenTbyHata
06BMBKa Ca CpaBHEHW CMpPAMO ApYyru
Y/sleHoBe Ha Mnojrpynara Ha MO3aeyHus
BMPYC MO 3axapHata TpbCTUKA W €
Cb34aeHo (PUIoreHeTUYHO AbPBO.

MpeHacsaHeTo Ha NOTUBUPYCU 4pes3
JINCTHN BBLUKM Ce perynvpa OT B3auMo-
pencteme Ha HC-Pro u CP 6entbum, a
UMEHHO CcTabwiHn moTtuBum Ha HC-Pro
(KITC n PTK) u CP (DAG). UscnepsaHu
ca fBa Wwama Ha kKapTodyeHuss Bupyc Y,
W30/IMpaHy B YHrapws, pasnuyasaliy ce
Mo NPEHOCUMOCT Ype3 JINCTHUTE BBHLLKN U
ca cekseHupaHu reHute HC-Pro un CP.
HawwuTte wu3cnegsaHuss nocouysar, ue
OCBEH CWUJ/IHO CbXpaHeHn moTuBM Ha HC-

SUMMARY

We summarize the results obtained
from survey of sharka disease,
characterization of PPV isolates (by
biological, serological and RT-PCR
assays) in Northern and Central Hungary.

Molecular characterization of Maize

dwarf mosaic virus strains was conducted
and coat protein genes of Hungarian (and
also some Bulgarian) strains were
compared as well.
The coat protein genes were compared to
other members of Sugarcane mosaic
virus subgroup and phylogenetic tree was
constructed.

Aphid transmission of potyviruses is
governed by interaction of HC-Pro and CP
proteins, namely highly conserved HC-Pro
(KITC and PTK) and CP (DAG) motifs.

Two Potato virus Y strains isolated in
Hungary, differing in aphid transmissibility
were studied and HC-Pro and CP genes
were sequenced. Our studies have
indicated that besides the highly
conserved motifs of HC-Pro and CP, other
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Pro n CP, gpyrm npoTeMHOBM yyacTbuu
MoraT fia MoB/MAAT NpeHoca Ypes NINCTHN
BbLUKM B C/lyyaii Ha PVY.

XbATnat  Mo3amyeH BMpYC MO
TUKBMYKATa 3a MbPBU MbT € OTYETEH B
YHrapus npe3 1995. e 6baat 06CbaeHN
pe3yntaTute oT MOJIEKYNIsipHaTa XapakTe-
puUCTUKa U eKkcrnepumMeHTU OT MpeHoca Ha
3apasa upe3 ceMeHa.

KnouoBn [ymu: XapakTepucTUKu
Ha notusupycu: MDMV, PPV, PVY n
ZYMV

MoTuBMpycuTe npeacTasis-
BaT efHa OT Hal-roneMmTe n nKo-
HOMWYECKN Hal-3HauMmata rpyna
OT pacTutenHun supycu. lNoseye ot
100 v3BecTHU Buga npuHagnexar
Ha pog Potyvirus, KONTO € eanH oT
wectre poga OT CEMENCcTBO
Potyviridae. Te 3apassiBaTr LIMPOK
AvanasoH OT efHoceMefenHu wu
ABycemMeZesniHn pacTeHus n ca
pasnpocTpaHeHn Mo uenns CBAT.
MoTuBMpycute ce npepasatr oOT
JINCTHN BBLIKM MO HENOCTOAHEH
HauuH, a MWMEHHO BMpPYCbLT Ce
npnaobrea 3a KpaTko (CekyHan Ao
MUHYTa) N 6€3 naTeHTeH nepuop,
TO MOXe fa ce npejasa 3a CbL0
TO/IKOBa KpaTbk nepuod. Te morat
M NIeCHO fda ce npejasart Mo Mexa-
HUYHW HauuHW. Te3n BUpycu umar
HEMOKPUTU MPBYKOBUAHU W3BUTU
yactuun ¢ gbs/pkmHa ot 700-850
nm un guametbp oT 11-13 nm.
FeHOMBbT ce chopmMumpa OT NOJIOXM-
Te/IHO 3apefeHa efHOBepwmKHa
PHK c npn6nuantenHo 10000 Hyk-
neotngn. Crtparervsara 3a nspass-
BaHe Ha reHomMa e OCHOBaHa Ha
CMHTEe3a Ha efuHW4YeH MNoJsImnpo-
TEVH, KOWTO cnep ToBa € 06pabo-
TEH MPOTEOo/IMTUYHO A0 Mosy4YaBa-

protein regions may influence the aphid
transmissibility in case of PVY.

Zucchini yellow mosaic virus was
first detected in Hungary in 1995. The
results of molecular characterization and
seed transmission experiments will be
discussed.

Key words: Characteristics of
Potyviruses, MDMV, PPV, PVY and
ZYMV

Potyviruses represent one of
the largest and economically most
important group of plant viruses.
More than 100 known species
belong to the genus Potyvirus,
which is one of the six genera of
the family Potyviridae. They infect
a wide range of mono- and
dicotyledon plants and spread all
over the world.
Potyviruses are transmitted by
aphids in an non-persistant
manner; namely the virus is
acquired in a short time (seconds
to minute) and without a latent
period it can be transmitted in a
similarly short time. They can also
be easily transmitted by
mechanical means. These viruses
have non-enveloped rod-shaped
flexuous particles 700-850 nm long
and 11-13 nm in diameter,
encapsidating a genome that is a
single-stranded  positive  sense
RNA molecule of approximately
10000 nucleotides. Genome
expression strategy based on the
synthesis of a single polyprotein,
which is than proteolytically
processed to yield 10 individual
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He Ha 10 vHAu-BuayanHW npoTteun-
Ha. Hackopo 6elwe ycTaHOBeH
cblo 11-n PIPO npoTeunH.

BroxnumMmnyHnTe 1 6MOIOTNYHU
XapakTepucTKn Ha npepaboTeHun-
Te NPOTENHN ca:

P1: camopgenduw, ce C-
TepMmunHan (kpai) M TPUMNCKUHO Mo-
[oGHa cepuHoBa  MpoTenHasa,
cMMnToMaronorus, reHomMHa
amnnndumkauus, cebp3satla PHK;

HC-Pro: npoteonutnyHa ak-
TUBHOCT, camogenswy, Cter, npeHoc
ypes3 BbLUKM, NpuaBWXKBaLL, ce OT
KNneTtka B KNeTka W Ha Mno-Ab/ru
pa3CTOAHNSA, TeHOMHa amnngunka-
LUu1s, cCaMOCTOSITE/IHO B3auMOAEN-
CTBMEe, MOBMLUABaHE Ha narToreH-
HOCTTa, OBWXEHWe Ha AbArn pas-
CTOSIHUSA Ha BUPYCU B CMECEHU
NHpekuun, cnmpaHe Ha 3arnylwia-
BaHe Ha reHuUTe, CUHEPrn3bM U
n3passaBaHe Ha cuMnTomMa, nanavH
nogobHa uMcTenHoBa NpoTenHasa,
cBbp3Bala PHK.

P3: naTtonorua Ha pacTteHus-
Ta, rTeHOMHa penivkauus,

6K1: natonorua Ha pacTeHu-
aTa 3aegHo ¢ C-kpan Ha P3,
reHoMHa amnanukauus;

Cl: npuaBmxBall, ce OT KIeT-
ka B knetka, AT®-3aBucuma/PHK
XefnvkKasa, reHomHa amnamgvka-
uma, cebp3Balla PHK;

6K2: 3akpensHe Ha BUPYCHO
pensivkauMoHHNA KOMIMMEKC KbM
mMemMmbpaHuTe, reHoMHa amnangu-
Kauns;

VPQ: reHomMHa pennukauus,
cBbp3Bala PHK;

Nla: kneTb4yHa nokanusauus,
TPUNCUH-NOA06Ha CcepuH-NpoTeasa

proteins. Recently thellth potyviral
protein PIPO (pretty interesting
protein) was also detected

The biochemical
biological features of
processed proteins are:

P1: C-terminal autocleavage
and trypsin-like serine proteinase,
symptomatology, genome
amplification, binding RNA;

and
the

HC-Pro: proteolytic activity, C
terminal  autocleavage, aphid
transmission, cell-to-cell and long-
distance  movement, genome
amplification,  self interaction,
enhancement of pathogenicity,
longdistance movement of other

viruses in  mixed infections,
suppresion of gene silencing,
synergism and symptom
expression, papain-like cysteine

proteinase, binding RNA;

P3: plant pathogenicity,
genome replication;
6K1: plant pathogenicity

together with the C-terminal region
of P3, genome amplification;

Cl: cell-to-cell movement,
ATP-ase/RNA helicase, genome
amplification, binding RNA;

6K2: anchoring the viral
replication complex to membranes,
genome amplification;

VPg: genome replication,
binding RNA,;
Nla: cellular localization,

trypsin-like serine protease (acts in

889



(uMc n TpaHc aelcTems), CBbp3Ba-
wa PHK, reHomHa amnnndpukaums,
B3aMMoencTene mexagy npoTeuvH
C MPOTEWH;

NIb: reHomHa pennukayus,
PHK-3aBucuma PHK nonumepasa
(RdRp), cBbp3Bawa PHK;

CP: npeHoc Ha BuUpyC u4pe3
JINCTHU BBLUKKU, NPUABMXKBALL Ce OT
KneTka B KneTka U CUCTEMHO ABU-
XeHune, n crnobsieaHe Ha BUpyca,
cBbp3Balla PHK, reHoMHa amnau-
dukayma (Oana et al., 2009).

CTpyKTypHUTE U1 pensivka-
LMOHHM 6enTbumM ce npoussexaar
B E€KBMMOJIapHO CbOTHOLLEHME.
Tbli KaTO BUPUOHBT Ce CbCTOM OT
okosio 2000 konua Ha KancugeH
6entbk (Riechmann et al.,, 1992)
ronIAiMo KO/IMYecTBO OT npepabo-
TEHUTE BUPYCHU 6enTbum obpasy-
BarT UWIUHOPUYHM U aMOpPCOHM
BK/IIOYEHNSA B 3apaseHuTe KeTKu.
Te3n BKIWOYEHNA m™MoraT pa ce
cumTat KaTo Hal-BaHUA PeHOTU-
NeH KpuTepuii 3a da ce onpegenu
KbM KOS rpyna OT MNOTUBUPYCU
npuHagnexar pAgafeHute BuUpycH
(Shukla, 1991).

B YHrapua ca oTKpuTtu cnefHu-
Te NnoTMBMpycu: OBMKHOBEH MO3ae-
4yeH BMpPYC No 606a, XbNT MoO3ae-
yeH BUpYyC No 606a, Mo3aeyeH BU-
pyc No uennHaTa, KoNyMOuinckn Bu-
pyc no TaTyna, TaTyNoB LWamMm Ha
XuocumMamoBa Mo3aika, canaTeH
MO3aeyeH BUpYyC, npoLlapsaHe Mo
NWAMyMa, BIpKy[Kasall, Mo3aeyeH
BMpPYC MO LapeBnuaTa, XbNT MO3a-
eyeH BMpYC MO /iyka, MO3aeyeH BU-
pyc no rpaxa, wapka no KocTuKo-
BM BMAOBe, KapTogeH Bupyc A,

cis and in trans), binding RNA,

genome amplification, protein-
protein interaction;
NIb: genome replication,

RNA-dependent RNA polymerase
(RdRp), binding RNA,;

CP: aphid transmission, cell-
to-cell and systemic movement
and virus assembly, binding RNA,
genome amplification.(Oana et al.,
2009).

The structural and replication
proteins are produced in an
equimolar ratio. Since the virion is
composed of about 2000 copies of
capsid protein (Riechmann et al.,
1992) huge amount of processed
viral proteins form cylindrical and
amorphous inclusion bodies in
infected cells.

These inclusion bodies can be
considered as the most important
phenotypic criterion for assigning
viruses to potyvirus group (Shukla,
1991).

In Hungary, the following
potyviruses were detected: Bean
common mosaic virus, Bean yellow
mosaic virus, Celery mosaic virus,
Columbian datura virus, Henbane
mosaic virus, Lettuce mosaic virus,
Lily mottle virus, Maize dwarf
mosaic virus, Onion yellow mosaic
virus, Pea mosaic virus, Plum pox
virus, Potato virus A, Potato virus
Y, Sugarcane mosaic virus, Tulip
breaking virus, Turnip mosaic
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KapTodeH Bupyc Y, MO3aeyHuns Bu-
pyc no 3axapHaTa TPbCTKKa, NbC-
TpouBeTue Ha rpagnHCKOTO nane,
MO3aeyeH BUpYyC Nno psanaTa, Mo3a-
eyeH BMpYC MO Mbhewa u XbNT
MO3aeyeH BMPYC MO TUKBUYKNTE.
YeTnpn oT T€31 BUpYyCU UmaTt
MKOHOMUWYECKO 3HauyeHue: BOXyA-
Xasall, Mo3aeyeH BMpyC No uape-
BUUATA, LUapka MO KOCTW/IKOBU
BugoBse, KapTodeH Bupyc Y u

XbAT  MO3aeyeH BUpPYyC NoO
TUKBUYKNTE.
BoxyoykaBall, MO3aeyeH

BMpyc no yapesuyaTa (MDMV)
MDMV e LWnpoko pasnpoc-
TpaHeH naTtoreH no uapesuuata
HaBCAKbAEe Mo cBeTa. BupycbT 3a
MbpPBU NbT € OnuMcaH B HayasioTo
Ha wericetTe rognHn (Szirmai and
Pajzsné, 1963, Janson and Ellett,
1963). Wamosete Ha MDMV ca
B3aVMMHO CBbP3aHn CeposIorM4YyHO C
LLlamMoBeTe Ha Mo3aeyHusi BUpPYC
no 3axapHara TpbCcTuka (SCMV) u
MMaT MHOIO CXOOHW XapakTepuc-
TMKN. VI gBata Bupyca crnagar KbMm
noarpynata Ha SCMV o1 poj
Potyvirus 3aefjHO C MO3ae4yHusA BU-
pyc no coproto (SrMV), notnsupyc
npy 3axapHaTa TPbCTMKA, COpPro u
uapesuya (JGMV) n Bupyc Ha ua-
peBMyHa Mo3alika (ZMV). Xapak-
TepHUTE CUMMMTOMM Cca Mo3alika,
MBMUM, 3aKbpHsABaHe U 3abaBeH
ubdTex. Mpobute ca cbbpaHn no
pasIMyHO Bpeme, OT LapeBUYHM
COpTOBE OT OnpefesieHn YyacTu Ha
YHrapusa, a npe3 2006 B bvnrapus
(byprac, HoBa 3aropa, KHexa, LLy-
MEH W NJIeBEHCKMA permoH). Cno-

virus, Watermelon mosaic virus
and Zucchini yellow mosaic virus.

Four viruses among these
have economical importance:
Maize dwarf mosaic virus, Plum
pox virus, Potato virus Y and
Zucchini yellow mosaic virus.

Maize dwarf mosaic viru
(MDMV)

MDMV is a widespread
pathogen of corn wherever it is
produced in the world. The virus
was first described in the beginning
of the sixties (Szirmai and Pajzsné,
1963, Janson and Ellett, 1963).
The strains of MDMV are
interrelated  serologically  with
strains of Sugarcane mosaic virus
(SCMV) and share many common
properties.

Both viruses are members of the

SCMV subgroup in Potyvirus
genus together with Sorghum
mosaic virus (Srmv),
Johnsongrass mosaic virus

(JGMV) and Zea mosaic virus
(ZMV). Characteristic symptoms
are mosaic, striping, stunting and
delayed flowering. Samples were
collected in different times, from
maize varieties and distinct parts of
Hungary and in 2006 in Bulgaria
(Burgas, Nova Zagora, Kneza,
Sumen and Plevensko).
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pen 6vonornyHuTe (CMMNTOMWU Ha
n3cnenBaHuUTe pacTeHusi) U cepo-
JNIOTUYHUN XapaKTepucTukun, npobute
ca onpegeneHn kato MDMV
(Tobias et al., 2007). CekBeHuusTa
Ha OenTbyHaTa 06BMBKA MMa OC-
HOBHO 3HaYeHWe 3a TakCOHOMUATa
Ha NOTUBMPYCUTE, TbiA KaTo reHnuTe
Ha 6enTbyHaTa 06BMBKa ca ornpe-
aenexun ot n3bpaHnte MDMV un3o-
natn. CekBeHUMOHHaTa WAEHTUY-
HOCT Ha 6enTbyHaTa 06BMBKa Ba-
pupa ot 95.1 % o 99.6 %. bbn-
rapckute u yHrapckm MDMV u3o-
natnm ca MHOIO CXOAHW NoMexay
CU 1 MoraT da 6bAaat pasrpaHuyeHu
OT ApyruTe 4fieHoBe B nogrpynata
Ha notnsmnpycu SCMV (durypa 1).

According to biological (symptoms
on test plants) and serological
properties the samples were
identified as MDMV (Tdébias et al.,
2007). The coat protein sequence
analysis has the primary
importance in potyvirus taxonomy,
hence the coat protein genes were
determined of selected MDMV
isolates. The coat  protein
sequence identity varied from 95.1
% to 99.6 %. The Bulgarian and
Hungarian MDMV isolates are very
similar to each other and can be
differentiated from other members
of SCMV potyvirus subgroup
(Figure 1).

MDMV-BU-S1
MDMV-HU-GH
MDMC-BU-98
MDMV-BU-B2
MDMV-BU-K1

MDMV-Isr
MDMV-HU-Da

MDMV-HU-Sy
65

65

MDMV-USA-A
SrMV-SCH
SCMV-AUS-MB

” _E SCMV-CHI
97 L SCMV-GER-BOR

ZMV-Isr

JGMV-USA

0.2

Fig. 1. ®nnoreHeTM4yHO 4bPBO MNO/YYEHO OT CEKBEHLMM Ha benTbyHaTa 06BMBKA
Ha HSIKOW YfieHOBe Ha nogrpyna oT notuBmpycu SCMV ¢ nsnonssaHe Ha MOAEN
Ha MakCUMasiHa BEPOSATHOCT 1 MeToaa ,,bootstrap analysis®.

Fig. 1. Phylogenetic tree obtained from the coat protein sequences of some
members of SCMV potyvirus subgroup using maximum likelihood model and

bootstrap analysis.
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AMMVHOKNCENIMHHUTE CEKBEH-
UM Ha 6entbyHaTa 06BMBKA Ha
LlaMmoBeTe UM n3onaTuTe Ha pas-
NINYHKU Y/IeHOBE Ha noArpynara Ha
SCMV ce pas3pgenar egHn ot Apyru
N O(OPMAT OTAENHU KNbCTEpU
BbB (PUNIOTEHETUYHOTO  ObPBO.
MDMV wn3onatnte OT YHrapus wu
Bvnrapua ca rpynupaHu 3aegHo.

LLlapka rno KocTu/IKOBU BUAOBE

Llapkata e egHa OT Hali-
ONyCTOLNTENHUTE BUPYCHU 3ab0-
NABaHUA N0 KOCTUNKOBUTE OBOLL-
HM B YHrapua. BupycoT Ha wapka
(PPV) 3a nbpBM NbT € OnucaH B
YHrapusa npes 1948 npu kancusTta,
npes 1950 npu cuHATa cnvBa U
npes3 1963 npu npackosaTa, HO A0
Kpad Ha cefemjecette roAvHU
BMPYCBbT Ce pasnpocTpaHssa B
yanarta ctpaHa. PPV nospexpaa
CMHM cnuBn (Hah-Bevye Prunus
domestica L.), kaiicum (Prunus
armeniaca L.), npackosu (Prunus
persica (L.) Batsch.), HekTapuHu
(Prunus persica var. nucipersica
(Borkh.) C.K. Schneid., hybrids),
6agemun (Amygdalus communis L.,
syn. P. amygdalus (L.) Batsch.
Amygdalus dulcis Mill.), uepeLun
(Prunus avium (L.)) © BuWLWHK

(Prunus cerasus L., HO e
yCTaHOBEH U Npu 6e3CMMMNTOMHa-
Ta TpbHKa (P. spinosa L.)

(Gaborjanyi et al., 2001; Pribék et
al., 2001; Salamon and Palkovics,
2002).

MpoBegeHo e uscnegBaHe
BbpXy 60/1€eCTTa Ha Wapka B pano-

The coat protein amino acid
sequences of strains or isolates of
different members of the SCMV
subgroup are separated from each
other and form distinct clusters in
the phylonenetic tree. The MDMV
isolates from  Hungary and
Bulgaria were clustered together.

Plum pox virus

Sharka or pox or plum pox
disease is one of the most
devastating viral diseases of stone
fruits in Hungary. The Plum pox
virus (PPV) was first described in
Hungary in 1948 from apricot, in
1950 from plum and in 1963 from
peach, but by late seventies the
virus was spread all over the
country. The PPV damages plums
(especially Prunus domestica L.),
apricots (Prunus armeniaca L.),
peaches (Prunus persica (L.)
Batsch.), nectarines  (Prunus
persica var. nucipersica (Borkh.)
C. K. Schneid., hybrids), almonds
(Amygdalus communis L., syn. P.
amygdalus (L.) Batsch.,
Amygdalus dulcis Mill.), sweet
cherries (Prunus avium (L.)) and
tart cherries (Prunus cerasus L.),
but was detected from
symptomless blackthorn (P.
spinosa L.) as well (Gaborjanyi et
al., 2001; Pribék et al., 2001;
Salamon and Palkovics, 2002).

A survey of Sharka disease
was conducted in the Central- and
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Ha Ha LeHTpasHa n CeepHa YH-
rapma ot 2010 po 2012. OcHoB-
HaTa Uen Ha npoy4yBaHeTo 6e aa
ce usonvpa Bupyca, ga ce KapTo-
rpadpupa pasnpocTpaHeHneTo u
[eCTBUTENIHOTO MOJIOXEeHne, aa
ce onpepenar wamoseTte Ha PPV
N fa ce yBefJOMAT cO6CTBEHMLMTE
Ha OBOLLHM rpaguHu 1 Npou3Boaun-
Tennte OTHOCHO pe3yntatute oT
npoy4ysaHeTo. HacToALeTo nNpoyuy-
BaHe e yacT OT yHrapo-c/fioBaLlka-
Ta nporpamMa 3a TpaHCcrpaHnyHo
CcbTpyaHundecTtso 2007-2012.
MpnbnunantenHo 250 ANCTHU
npobu ca cbbpaHn OT 51 pasnnu-
HN MECTOMOJIOXEHUA OT CeBepHU-
Te palioHM OT OBOLLHW TpaguHu,
AOMaLlHW TpauHKU U ecTecTBeHa-
Ta UM cpepfa, KOUTO rMokassaT
cumnTomu Ha PPV. UN3cnepgBaHute
BMAOBE Ca CUHA C/vBa, Kancus,
npackosa, uepella, BuUWIHA WU
TPbHKA. 3a pfJa ce YCTaHOBAT
LLlaMoBeTe ca M3Mon3BaHu cneg-
HUTE MONEKYNAPHN MEeTOAWN: KOH-
BeHuuoHanHa RT-PCR cbe cneuum-
dnyHm npaiimepn 3a wamose, RT-
PCR cnepsaH OT aHa/n3 Ha
pecTpuKTasHu NosIMMoOpPdHN dopar-
meHTn (RFLP) c u3nonssaHe Ha
PEeCTPUKUMOHHN eH3nmMn  EcoRl,
Ddel n EcCORV B reHOMeH y4yacTbK
3'P3-6K1-5’CIP n RT-PCR nocne-
[BaH OT CEKBEH-LMOHEH aHan3 B
Nno-rope crnomMe-HaTus y4yacTbk.
Pesyntatnte nokassat, ue
pasmepa Ha BUpycHaTa UHeKLms
Bapupa oTr 0 — 100 %, B 3aBuUCK-
MOCT OT MACTOTO W HayMHa Ha OT-
rnexgaHe. [lommHupawin wamose
ca PPV-Rec B UeHTpaslHUA n

North-Hungarian region from 2010
to 2012.

The main goals of the survey were
to isolate the virus, to map the
spreading and the actual status, to
identify the PPV strains and inform
the orchard owners and
manufacturers about the results of
the study.

This survey was a part of the
Hungary-Slovakia  Cross-Border
Co-operation Programme 2007-
2012.

Nearly 250 leaf samples
were taken from 51 different
settlements of the northern
counties from stone fruit orchards,
home gardens and natural
environment, showing the
symptoms of PPV. The surveyed
species were plum, apricot, peach,
sweet and sour cherry, and
blackthorn. To identify the strains
the following molecular methods
were used: conventional RT-PCR
with strain specific primers, RT-
PCR followed by RFLP analysis
using EcoRI, Ddel and EcoRV
restriction enzymes in the 3'P3-
6K;-5'CIP genomic region and RT-
PCR followed by sequence
analysis in the formerly mentioned
region.

The results showed that the
virus infection rate varied from O-
100 %, depending on place and
way of cultivation. The dominant
strains were PPV-Rec in the
central and PPV-D in the eastern
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PPV-D B U3TO4YHMA paioH, KaTo
CblWO Taka e oTkput u PPV-M.
Kaiicuesnte M npackoBeHM OBOLL-
HW rpajvHu ca Nno-mMasiko 3acerHa-
TV OTKOJIKOTO C/IMBOBUTE TPafuHU
B CEBEPHUTE palioHN Ha YHrapus.
[Mlo Bpeme Ha wu3cnegBaHuATa €
yCTaHOBEHa W TPOWHO cMeceHa
nHpekuna (M, D n Rec). Cnep
npoy4BaHeTo e NoAroTBeHa kapTa,
KbETO ca O3HayeHu [AOMUHMpa-
LMTEe M30M1aTu, CTENEH Ha MHAIEK-
UMA, pacTeHus rocTonpueMHuLM,
BMAa Ha MecTara 3a CboupaHe Ha
npobu, kato e nybnukyBaHa U
ABYye3nyHa o6pouwypa (YHrapcku-
cnosallku) € pesyntatute OT
npoy4yBaHeTo.

KapTodeH Bnpyc Y

OcCHOBHUTE  MH(peKTMpaLLn
LiamoBe ca OOWKHOBEHWUA, PVY®,
HekpoTupaul, PVYN (npuunHssa
HeKpo3a Ha HeBpaTypata Ha
TIOTIOHeBUTE nucta), PVY® koiito
ryéu cBosiTa CNOCOOHOCT fAa ce
npegasa 4ype3 JIMCTHU BbLUKU U
PVY"™  npuunnsBawy, cepuosHu
HEKPOTMYHN CUMMTOMU NO Kybe-
Ha Ha KapToduTe.

B YHrapua ca wu3sonmpaHu
HAKOJIKO pa3/IM4yHu LWwamMa Ha Kap-
TochbeH Bupyc Y (PVY) npu kapTto-
dute. PVY-5 npuHagnexm Kbm
06ukHoBeHust "O" wam (PVY©),
PVY-98 n PVY-111 npuHagnexart
kbM “N” (PVYMN) n NTN (PVY'™)
wamose. PVY-5 ce pa3nmyasa 3Ha-
yntenHo ot PVY-98 no edektus-
HOCT Ha MpeHacsAHeTO OT JINCTHU
BbLUKM (Basky and Almasi, 2005).

[MpeHacaHeTo Ha NOTUBUPYCU

region, but PPV-M was also
identified. The apricot and peach
orchards were less infected than
plum orchards in the northern
counties of Hungary.

A triple-mixed infection (M, D and
Rec) was identified during the
studies. After the survey a map
was prepared, the dominant
isolates, the infection rate, the host
plants and the type of the sample
collection places were marked,
and a bilingual (HUN-SK) booklet
was published containing the
results of the survey.

Potato virus Y

The main potato-infecting
strains are the common, PVY©,
the necrotic, PVY" (causing veinal
necrosis on tobacco leaves), the
stipple-streak strain, PVY® that
lost its aphid transmission ability
and PVYN™, causing severe tuber
necrotic symptoms in potato.

In Hungary several different
strains of Potato virus Y (PVY)
were isolated from potato. PVY-5
belongs to the common “O” strain
(PVY®), PVY-98 and PVY-111
belong to the “N” (PVY") and the
NTN (PVYNTY) strains,
respectively. The PVY-5 differed
significantly from the PVY-98 in
efficiency of aphid transmission
(Basky and Almasi, 2005).

Aphid transmission of
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OT JINCTHU BBLUKM Ce KOHTposiMpa
OT B3aUMOENCTBMETO Ha MOMO-
lWweH KomnoHeHT (HC-Pro) wu
6entbyHaTa o6BMBKa (CP)
(Pirone, 1991; Pirone and Blanc,
1996; Wang et al, 1998).
MHOroQyHKUNOHaNIHUTE  6eNnTbum
HC-Pro nognomarat B3aumopeii-
CTBMETO MeXAy JINCTHUTE BbLUKU
N BUPUOHUTE. BCMUKM NOTMBUpPYCU
MMaT CU/IHO 3anas3eH TeTpanenTug,
(KITC) MOTMB B aMUHO-TEpPMUHAII-
Hua n PTK motme B C-kpasa Ha HC-
Pro. CnnHo 3ana3eHuat DAG mo-
TVB B aMWUHO-TEPMUHANIHUA Yy4yac-
Tbk Ha CP e OTroBopeH 3a npeHa-
CSAHETO Ha 60/ecTn 4ype3 INCTHU
BbwKK (Harrison and Robinson,
1988). KITC mMOTMBBT B3aMMoaeit-
CTBa C YCTHUAT CMy4ell opraH
(ctTneT) Ha NucTHaTa BbliKa, a
PTK motnuebT ¢ DAG Tpunneta B
CP (Blanc et al., 1998)

3a pa ce u3cnensa MoOJeEKy-
ndApHaTa OCHOBa Ha npeHacsAHeTo
Ha 60/1ecT upes JINCTHU BbLUKK
ca cekBeHupaHu reHmte HC-Pro un
CP Ha Hakoun yHrapcknm PVY u3so-
natn (PVY-5 PVY-111 n PVY-98)
M ca CpaBHEHM C npeauHo
xapaktepusmpaHma wam PVY-H
(wam PVYN™),

HykneotngHute (nt) cekBeH-
umn Ha redmte CP u HC-Pro n
CbOTBETHUTE M3BEAEeHW aMWUHOKMU-
CeNIMHHN (aa) cekBeHUMW Ha net
PVY wu3onatn ca nogpefeHu u
cpaBHeHU. B no-3zanaseHata HC-
Pro, cTtoiHoCcTMTe nt U aa Ha
CeKBeHLUMOoHHaTa MAEHTUYHOCT Ha
LamoBeTe (98,0-99,5% n
cboTBeTHO 98,9-99,6%) ca no-

potyviruses is governed by
interaction of helper component
(HC-Pro) and coat protein (CP)
(Pirone, 1991; Pirone and Blanc,
1996; Wang et al.,, 1998). The
multifunctional HC-Pro proteins
assist the interaction between
aphids and virions. All potyviruses
have a highly conserved
tetrapeptide (KITC) motif in the
amino-terminal and PTK motif at
the C-terminal region of HC-Pro.
The highly conserved DAG motif
at the amino-terminal part of the
CP is responsible for aphid
transmission (Harrison and
Robinson, 1988).

The KITC motif interacts with the
aphid mouthpart (stylet) and PTK
motif with the DAG triplet in the CP
(Blanc et al., 1998).

In  order to study the
molecular background of aphid
transmission, the HC-Pro and CP
genes were sequenced of some
Hungarian PVY isolates (PVY-5

PVY-111 and PVY-98) and
compared with previously
characterized PVY-H strain

(PVYN™ strain).

Nucleotide (nt) sequences of
CP and HC-Pro genes and the
corresponding deduced amino
acid (aa) sequences of the five
PVY isolates were aligned and
compared. In the more conserved
HC-Pro both nt and aa sequence
identity values of the strains (98,0-
99,5% and 98,9-99,6%,
respectively) were higher than in
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BNUCOKM OTKONKOTO B ciiyyas Ha CP
(90,1-97,6% 1 92,9-98,9%).
HakpaTko, HaweTo 3aknwye-
HMe e, ye pas/imumAaTa BbB BuUaa
Ha NIMCTHUTE BBLUKW, NPEHOCUTENN
Ha BUpPYCU, W TMPEHOCHLT upe3
JINCTHWN BBbLUKM Ha 601ecTn Mexay
PVY-98 n PVY-5 HAMa Bpb3ka C
HUKaKBM aMOHUKUCESIMHHU NpoMe-
HU B cUHO 3anaseHute HC-Pro u
CP wmoTtuBu. ToBa MOXe pa
nokassa pondAta Ha amuHoKuce-
NINHHUTE 3aMeCcTBaHuUA Ha [apyru
MOMIOXEHNA Ha Te3n O6enTbum.
PVY-5 nsonartet ce pasnuyasa no
ABa aMVHOKMCENIMHHK OcCTaTbka B
HC-Pro cekBeHUMUTE OT BCUYKU
Apyrv u3onatn U B AeBeT OCTaTb-
ka ot PVY-98. B pamkute Ha CP
yyacTbka nma 23 aMUHOKUCEINH-
HW Bapuauum usMmexagy Asata
n3onara. HAKoM OT Te3n NPoMeHu
MOXe [a MNOBNUAAT Ha B3auMOOT-
HoLUeHunATa BUpYyC-NnpeHocuTen
(Hanpumep CBbp3BaHe KbM
6enTbyYHuA(-UTe)  KOMMOHEH(-TK)
Ha KyTWKyna Ha cTtuierta) Wam B
cnyyaa Ha CP moxe pa OTMeHAT
WM MPOMEHAT peakuumnTe KbM
onpeaeneHu MOHOK/IOH&JTHU
aHtTutena. OnpegensHeTto Ha
TOYHMTE (akTopu U NOAPOBHOCTU
Ha mexaHu3sma(-ute) nosnsaBaLLm

NPeHOCUMOCTTa  Ypes3  JIUCTHU
BblWKN Ha PVY ce Hyxpae oOT
[ONMb/IHATENTHO n3cnepnsaHe

(Hanpumep ¢ MyTUpasin BUpPYCKU Ha
HC-Pro unu CP).

XXBbT MO3aedeH BUpyC no
TUKBUYKNTE (ZYMV)
3a fa ce oueHn MHoroobpa-

case of the CP (90,1-97,6% and
92,9-98,9%, respectively).

In summary, we conclude
that the differences in the
vectoring aphid species and the
efficiency of aphid transmission
between PVY-98 and PVY-5 do
not correlate with any amino acid
changes in the highly conserved
HC-Pro and CP motifs. This may
indicate the role of amino acid
substitutions at other positions of
these proteins. The PVY-5 isolate
differed in two amino acid residues
in the HC-Pro sequences from all
other isolates and in nine residues
from PVY-98. Within the CP region

there were 23 amino acid
variations between the two
isolates.

Some of these changes may affect
virus-vector interactions (e.g.
binding to the insect cuticle
protein(s) of the stylet) or in the
case of CP may abolish or alter
reactions to certain monoclonal
antibodies.

Determination of the exact factors

and the details  of the
mechanism(s) affecting aphid
transmissibility of PVY needs

further investigation (e.g. with HC-
Pro or CP mutant viruses).

Zucchini yellow mosaic virus
To asses the diversity within
Hungarian ZYMV isolates the
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3YeT0 B paMKuUTe Ha YyHrapckurte
n3onatn ZYMV ca onpefenieHu u
CpaBHEHU HYKNeoTUAHUTE CEKBEH-
UMM Ha reHuTe Ha 6GenTbyHaTa
o6BmBka. V3bpaHute 12 mnsonatu
ZYMV npousnusaTr OT pas/inyHu
yacTn Ha YHrapus, oT pas/inyHn
roctonpuemMHuum (TuKkea ¢ mMacso-
JaiHh ~ ceMeHa,  KpacTaBWU4KW,
Mmbnew, TUKBUYKN 1 3MMHA TUKBA),
n3onupaHn ca wmexagy 1995 wu
2008. LWWecTt mn3onatn ZYMV npo-
n3nmn3at OT TuKBata C Macsogau-
HW CeMeHa, KOUTO NpPeHacaT Bupy-
ca. bentbyHaTa o06BMBKA Ha
ZYMV wn3onatute nokasBa MHOrO
BUCOKA CXOAHOCT MNoMexay WM.
HykneotnaHute M aMMHOKUCESTNH-
HN CEKBEHLUMOHHU WAEHTUYHOCTU
ca Hag 97.8 % u CBLOTBETHO
99,2%. ®PuUoreHeTUYHo AbLPBO €
Cb34afeHO OT aMWHOKUCESIMHHU
CeKBeHUMM Ha 6enTbyHaTa 06BUB-
Ka Ha nsonatu ZYMV OT pa3/inyHu
yacTu Ha cBeTa. W3onatn ot
ABcTpua, CnoBeHna n YHrapusa ce
rpynupart 3aegHo 1 opopmaT LieH-
TpasIHO eBPONeNCKM KIoH. M3ona-
™M oT Kwutai, TaiiBaH, HAnNoHus,
Ntanna v CAL odopmat apyrm
KnbCcTepu, HO msonatn ZYMV ot
CuHranyp, Kutan-LlaHcun "
®nopuga cunHo ce pasnunyasart OT
BCUYKN Apyrn wamoBe ZYMV. N-
KpadAT € eQUHCTBEHUAT y4yacTbK B
pamkute Ha uanata 6enTbyHa
06BMBKA, KOWNTO € YHUKaNeH 3a
NoTUBUPYCUTE U CbAbPXa BUPYC-
HO 1 LWAaMOBO CNeungUyHN ennuTo-
nn (Shukla et al., 1991). AMUHOKM-
CE/IMHHNTE CEeKBEHLUWOHHU WAeH-
TUYHOCTM Ha N-Kpas Ha usonatu

nucleotide sequences of coat
protein genes were determined
and compared. The selected 12
ZYMV isolates originated from
different parts of Hungary, from
different hosts (oilseed pumpkin,
cucumber, melon, zucchini and
winter squash) and were isolated
between 1995 and 2008. Six
ZYMV isolates originated from
oilseed pumpkin seeds
transmitting the virus.

The coat protein of the ZYMV

isolates  showed very high
similarity to each other. The
nucleotide and amino acid
sequence identities were above

97.8 % and 99,2 %, respectively.
A phylogenetic tree was
constructed from the amino acid
sequences of the coat protein of
ZYMV isolates from different parts
of the world. Isolates from Austria,
Slovenia and Hungary clustered
together and form a Central
European branch. Isolates from
China, Taiwan, Japan, lItalia and
USA are forming other clusters,
but isolates from Singapore,
China-Shanzi and Florida ZYMV
were highly divergent from all
other ZYMV strains. The N-
terminus is the only region within
the entire coat protein that is
unique to potyviruses and contains
virus-specific and strain specific
epitopes (Shukla et al., 1991).

The amino acid sequence
identities of the N-terminal region
of ZYMV isolates are shown in
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ZYMV ca nokasaHu Ha durypa 2.
N3onatute Ha ZYMV ot LeHTpan-
Ha EBpona (AscTtpus, CnoseHus,
YHrapus) nmaT NoCTOSIHHa acna-
parnHoBa (N) BMecTo acnapTuyHa
kncennHa (D) u nuamH (K) npwu
no3uuma 16 n 17, cboTBeTHO, ana-
HWH (A) 3amecTuTenn 3a BasinH (V)
npn nos3vuma 27, n BanuH (V)
NPOMeHN KbM MeTUOHUH (M) npwu
no3uuma 37 B cpaBHEHWE C ApYyru
ZYMV wun3onatn. Te3n ceKBeHUUN
ca crtabunHu 3a nepuop ot 10
roAvHN 1 ca cneunryHn camo 3a
Te3un nsonatu npegnonaraiim ooy
npenLwecTBeHuK.

Te3un pesyntatn NnoTBbLPXAA-
BaT Halu NpeaxofHn OaHHW, Cho-
pen kouto LleHTpasiHO eBpo-
nerickute ZYMV wu3onatu nokas-
BaT BMCOKa cxogHocT (98-99,8%
NOEHTUYHOCT U NpuUTexasaT YHU-
KanHn MoTuBMm B N-kpaa Ha
6entbyHata ob6BMBKa (TObias and
Palkovics, 2003).

[Mpn ekcnepumeHTUTE C npe-
[aBaHe Ha 3apasn upe3 cemMeHa
ca nscriegBaHn 62 noceBHU cepun
npousnusawin OT M/I040BETE Ha
roloceEMeHHa TUKBa, KOUTO MoKas-
BaT TUMNNUYHM cUMNTOMU Ha ZYMV
NHekuuna. O6uwo 19997 cemeHa
ca 3acetn, 16039 pacTeHus ca
HabnoaaBaHn U 225 pacTeHnsa ca
3apaseHu c BMpycC npefaneH 4pes
ceMeHa. 25 TNOCEBHU cepun
nokassaT NPeHOC Ha Bupyca uypes
cemMeHa, kato BapupaTt ot 0.29%
0o 15.34% ot cemeHara.

Figure 2. The ZYMV isolates from
Central Europe (Austria, Slovenia,
Hungary) have uniformly
asparagine (N) instead of aspartic
acid (D) and lysine (K) at position
16 and 17, respectively, alanin (A)
substitutes for valine (V) at
position 27, and valine (V)
changes to methionine (M) at
position 37 compared to other
ZYMV isolates. These sequences
are stable over a period of 10
years and are specific only to
these isolates suggesting a
common ancestor.

These results confirm our
previous data that Central
European ZYMV isolates show
high similarity (98-99,8% identity)
and possess unique motifs in the
N-terminal region of coat protein
(Tobias and Palkovics, 2003).

In seedtransmission
experiments 62 seedlots
originating from hulles pumpkin
fruits exhibiting typical symptoms
of ZYMV infection were tested. In
total 19997 seeds were sowed,
16039 plants were monitored and
225 plants were seedbourne virus
infected. 25 seedlots showed
seedborne virus transmission that
ranged from 0.29 % to 15.34 % of
the seeds.
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dwur. 2. Mogpenda Ha aMMHOKMCENTMHHA CeKBeHLUSA Ha N-Kpaii Ha 6enTb4Ha
o6BMBKa Ha ZYMV usonatu.

Fig. 2. Amino acid sequence alignment for the N-terminal of the coat protein of
ZYMV isolates.
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