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PE3IOME

CnuBata € Hail-BaXHuUAT W Hali-
4yecTo OTrNexaaH oBoLleH Bua B Cbpous.
Obnro Bpeme, Hail-ronsimara 4act OT
roguwHmMa aobus Ha CNuBKM ce npepa-
6oTBalle B pakus. 3HAUNTE/THO NO-Maska
yacT ce 13nos3Balle Kato fecepTeH naos
unu apyr sug npepab6oTka. MNpes3 nocnea-
HUTE TroAMHM Ce yBenuyaeBa MpPOU3-
BOJCTBOTO Ha CyLLIeHN cnneu. B cnusosus
acoptTumeHT B Cbpbus npeobnagasat
coptoBe ,YauyaHcka nenotuua“, ,Yauya-
Cka pogHa“, ,CTeHnen" n crapn pakmeHu
copTtoBe. Llenta Ha HacToAWOTO nscnea-
BaHe e [Jda npoydun (PeHONornyHuTe,
NMOMOJIOTMYHUTE N MPOAYKTUBHUTE Xapak-
TEPUCTMKN Ha TPU HOBU CMIMBOBM copTa
(-3natka“, ,Munpopa“, ,KpuHa“) un eguH
ctaHgapteH copt (,YauyaHcka pogHa“),
paspaboteHu B M3cnenoBaTenckm UHCTU-
TYT No osowlapcTteso B Yayak. ,Mungopa‘“
n ,KpnHa“ ca coptoBe npegHasHayeHu 3a
cyweHe. ,3natka‘ e npegHasHavyeH 3a
BCUYKM BMAOBe npepaboTBaHe, 0COGEHO
3a KOMnoTu, gokarto ,YayaHcka pogHa“ e
[obpe wn3BecTeH C KOMOMHMpaHUTe cu
XapaKTepUCTUKN.

SUMMARY

Plum is the most important and the
most frequently grown fruit species in
Serbia. For a long time, the largest part of
annual yield of plums was processed into
brandy. A significantly smaller part was
used as a desert fruit or for other types of
processing. In recent years production of
dried plums has been increased. The
plum assortment in Serbia is dominated
by cultivars ‘CaCanska  Lepotica’,
‘Catanska  Rodna’, ‘Stanley’ and
autochthonous brandy cultivars.

The aim of this study was to investigate
phenological, pomological and productive
properties of three new (‘Zlatka’, ‘Mildora’,
‘Krina’) and one standard (‘Catanska
Rodna’) plum cultivars developed at Fruit
Research Institute, Cacak.

‘Mildora’ and ‘Krina’ are cultivars intended
for drying. ‘Zlatka’ is intended for all kinds
of processing, especially for compote,
whereas ‘Caganska Rodna’ is a well
known cultivar with combined traits.
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W3cnepBaHuTe coptoBe 06UKHOBE-
HO UbQTAT cpegHo oT 15-Tm anpun
(,3natka“ u ,Mungopa"“), o 24-tTn anpun
(,KpuHa" n ,YauaHcka PogHa") n 3pesT oT
22-pu  aBryct (,3natka®) pgo 2-pu
centemBpu (,KpnHa"). [o6uBbT Bapupa
oT 31.62 kg ,cu:pBo'1 (,YauaHcka pogHa“)
oo 4525 kg ,cn:pBo'1 (,3natka").
CpefHoTO Terno Ha njioga e mexnay 22.11
g (,3natka“) u 34.63 g (,YauvaHcka pog-
Ha"). CpefHOTO CbAbpXaHve Ha pasTBo-
pyMW CyXW BELLECTBA, OO U MHBEPTHU
3axapu e Hail-masnko npu ,3natka“ (CboT-
BETHO 16.35%; 9.85+0.51%; 6.32+0.12%),
[OKaTo Hai-BMcokoTo e npu ,Mungopa“
(cboTBeTHO 22.97; 8.21; 8,21%). Cbabp-
XaHMeTo Ha 06LWM KucenvHu Bapupa oT
0.58 % (,Mungopa“) go 1.03% (,3natka").

KntovoBn oymu: cnvea, BpeMe Ha
3peeHe, [06UB, XapaKTepUCTUKM  Ha
nnogosete

yBO/A

CpegHo roguwHata npoayk-
unsa Ha cnmeu B Cbpbusa Bb3NM3a
Ha 507,987 ToHa (3a nepuoga
2010-2014), koeTo nocrtaesa cTpa-
HaTa u3Mexay 4vetnpute BOAeLLMU
npousBoauTENN Ha TO3M NA0L,
(FAOSTAT, 2015). Cmsarta ce, 4e
MECTHUTE WUIN pakUueHUTe CopToBe
cbeTasnasat gan ot 30% ot cnu-
BOBMA aCOPTMMEHT, C AOMbJ/IHUTE-
neH gan ot okono 60-65% 3aeT oT
COpPTOBE C KOMOGMHMpPaHU XapakTte-
PUCTUKN (,YauyaHcka poaHa“,
,CTeHnei", ,YavaHcka nenotuua“ u
"BaniieBka") (UroSevi¢, 2015). Oko-
no 75-80% OT 06LWOTO KOIMYECTBO
npounsseneHn NjofoBe ce rnpepa-
60TBa B pakus, foKaTo 3HaunTen-
HO NO-MaJlKm  Ko/siMyectBa ce
1N3Non3BaT 3a CBeXa KOHcymauus,
cyweHe u npepabotka B Opyru
npoayktn (Nenadovi¢-Mratini¢ et

On average, the studied cultivars
flowered from April 15" (‘Zlatka’ and
‘Mildora’), to April 24™ (Krina® and
‘Cacanska Rodna’), and matured from
August 22" (‘Zlatka’) to September 2™
(‘Krina’). The yield ranged from 31.62 kg
tree™ (‘Cactanska Rodna’) to 45.25 kg tree’
! (‘Zlatka’). The average fruit weight was
between 22.11 g (‘Zlatka’) and 34.63 ¢
(Cacanska Rodna’). Average soluble
solids, total and invert sugars content was
the smallest in Zlatka® (16.35%;
9.85+0.51%; 6.32+0.12%, respectively)
whereas it was the highest in ‘Mildora’
(22.97; 8.21; 8.21%, respectively). The
content of total acids varied from 0.58 %
(‘Mildora’) to 1.03% (‘Zlatka).

Key words: plum, time of maturity,
yield, fruit properties

INTRODUCTION

The average annual plum
production in Serbia amounts to
507,987 tons (period 2010-2014),
contributing to the country’s
position of one of the four leading
global producers of this fruit
species (FAOSTAT, 2015). It is
estimated that autochthonous or
brandy cultivars constitute a 30%
share in the plum assortment, with
further around 60-65% share
taken by cultivars with combined
traits (‘Catanska Rodna’, ‘Stanley’,

‘Cacanska Lepotica’ and
‘Valjevka’) (UroSevig, 2015).
Around 75-80% of the total

quantity of the produced fruits is
processed into brandy, whereas
considerably lower quantities are
used for fresh consumption, drying
and processing into other products
(Nenadovi¢-Mratini¢ et al., 2007).
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al., 2007). Cmdarta ce, 4e NPOMeHU-
Te B CblUecTByBawms CNBOB
acopTMMeHT TpsbBa ga ca Haco-
YeHM KbM yBe/siMyaBaHe fena Ha
Tpane3Hute coptoBe (MilatoviC et
al.,, 2011), kakTo M Ha copToBe,
4YMUTO NI0A0BE ca npegHasHavYeHu
3a cyweHe (OgaSanovic, 2000).

3a cegempgeceTtTe rogMHn Ha
pabota CcbC cnuBoBaTa Kyntypa,
N3cnepoBatencknsat MHCTUTYT MO
oBoLapcTBO, Yayak e paspabotun
15 copTta cnvBu, KOUTO npeobna-
faBaTt B C/IMBOBUSA aCOPTUMEHT, HE
camo Ha Cbpbus, HO M Ha MHOrO
eBponeickn gbpxkasu. Lenta Ha
HacToslwara cratua e ga uscneg-
Ba Hali-BaXHUTE XapaKTepUCTUKU
Ha "3natka", ,Mungopa“ n ,KpuHa®,
KaTo HOBW C/IMBOBW COPTOBE Cb3-
AafeHn B Yauvak, npegHasHayeHu
3a npepaboTBaHe, upe3 cpas-
HATENHO un3cnegBaHe CcbC COPT

.HadaHcka popgHa“. CopToBeTe
"3natka" ("Kbonta 6yTunkosmaHa"
X "Large Sugar Prune’) wu

-Mungopa“ (Large Sugar Prune’ x
.,dayaHcka nenotuua“) ca paspa-
60TEHN B paMKuTe Ha nporpamMa
3a Cb3faBaHe Ha YCTOWuYMBM WUN
TonepaHTHM Ha wapka (Plum pox
virus) copTtoBe, a TsxHa obwa
XapakTepuctMka e ycToMuMBoCTTa
Ha TO3M BUPYC B MOJICKN YC/IOBUSA
(Paunovi¢ et al., 2006; GliSi¢ et al.,
2016). ,KpuHa" npousnmsa oOT
KpbCTOCKa Ha  ‘Wangenheims
Frihzwetsche’ x ‘Italijan Prune’ n e
pa3paboTeH B  paMKUTe Ha
nporpama 3a Cb3faBaHe Ha HOBMU
[ECepTHN COPTOBE N € C KOMBUHU-
paHu XapakTepuctuku. Toiln e

It is believed that changes to the
existing plum assortment ought to
be directed towards increasing the
share of table cultivars (MilatoviC et
al.,, 2011), as well as cultivars
whose fruits are intended for drying
(OgaSanovi¢, 2000).

During its seventy years of
plum breeding, the Fruit Research
Institute, Cacak has developed 15
plum cultivars, which dominate the
plum assortment not only in
Serbia, but in many other
European countries as well. The
aim of this paper is to investigate
the most important characteristics
of ‘Zlatka’, ‘Mildora’ and ‘Krina’ as
the new plum cultivars created in

Catak and  intended  for
processing, by performing a
comparative  study  with the
‘Cacanska Rodna’ cultivar.

Cultivars ‘Zlatka’ (‘Zh'olta
butilkovidna® x ‘Large Sugar

Prune’) and ‘Mildora’ (‘Large Sugar

Prune’ x ‘Cafanska Lepotica’)
were  developed within  the
Programme aimed at creating

Sharka (Plum pox virus) resistant
or tolerant cultivars, and their
common trait is resistance to this
virus in field conditions (Paunovic
et al., 2006; GliSi¢ et al., 2016).

‘Krin@’  originates  from  the
‘Wangenheims Frihzwetsche’ x
‘Italijan Prune’ crossing

combination and was developed
within the Programme of creating
new table and combined traits
cultivars. It is a tolerant to Sharka
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TONepaHTeH Ha Bupyca Ha Liapka
(Luki€ et al., 2016).

MATEPVANT N METOON

M3cnepBaHeTo e npoBefeHo
B eKcrnepvMeHTa/lHa OBOLLUHa rpa-
AvHa B 6a3a ,J1lobuy” Ha M3cnepo-
BaTe/ICKu MHCTUTYT N0 OBOLlap-
CTBO, YHauak, cb3gageHa npes npo-
netta Ha 2002, kaTo e 13nosi3BaH
cTaHfapTeH epfHoroguwieH rnoca-
AbYeH maTepuvas, npucageH Bbpxy
CEMEHHa MNoA/I0XKKa [pKaHKa, npu
pa3CcTosAHMA Ha 3acaxgaHe 6 X 5 m
(333 gbpBeTa Ha xekrap). 3acax-
[AaHeTo e U3BBbPLUEHO No paHAoMU-
3MpaHa 6n0KkoBa cucTemMa, Karto
BCEKM reHoTun e npeacrtaseH ¢ 15
AbpBeTa B Tpu nosTopeHus. Mpu-
NnoXeHaTta cuctema Ha dpopmupa-
He e OTBOpeHa Basa, HacaxaeHue-
TO e NoaabpXaHo ype3 cTaHgapT-
HU MeponpuaTtua. 3awmrara npo-
TMB HACeKoOMW U NPUYNHUTENIN Ha
rbonyHN 3abonsiBaHMS € W3BbP-
leHa  CcbrnacHo  CcrtaHAapTHUSA
naaH U KOHKPETHUTE HYXAMW.

3a n3cnegBaHeTo ca un3bpa-
HA TpWM OT HaW-HOBUTE CIMBOBMK
copta, npusHatm B nepuopa
mexagy 2004 n 2008 ("3nartka’,
-Mungopa“ n ,KpuHa®), 3aefHo C
elMH Mo-cTap cTaHAapTeH copT
(,YayaHcka pogHa“). NpoyuBaHeTo
e nposegeHo npe3 2012 n 2013 w
BK/IlOYBA n3cnenpaHe Ha peHono-
TMYHUTE M NOMOJIOTUYHN XapakTe-
pUCTUKN 1 pobuBa. PEeHOIOrMYHO-
TO wu3cnegBaHe e (pokycupaHo
BbpXy (peHodpasnTe Ha UbTex u
3peeHe. ®eHohazata Ha UbdTeX
e uscneaBaHa crnopeg MeToaoso-

virus (Luki¢ et al., 2016).

MATERIAL AND METHODS

The study was conducted in
the experimental plum orchard at
the Ljubi¢ facility of the Fruit
Research Institute, Cacak,
originally set up in spring 2002,
using standard one-year-old
planting material grafted on
myrobalan seedling, at the 6 x 5 m
planting distance (333 trees per
ha). The planting was performed
using the randomised block
system, with each genotype being
represented with 15 trees in three
replications. The cultivation system
applied was the open vase crown
and the plantation was maintained
using standard measures of care.
Protection against insects and
causal agents of fungal diseases
was implemented in accordance
with the standard plan and the
concrete needs.

Three of the more recent
plum cultivars recognised in the
period between 2004 and 2008
(‘Zlatka’, ‘Mildora’ and ‘Krina’) were
chosen as the study material,
together with one of the older
standard  cultivar  (‘Catanska
Rodna’). The research was
conducted during 2012 and 2013,

including a study of the
phenological and pomological
characteristics and vyield. The

phenological study focused on the
flowering phenophase and fruit
maturity phenophase. The
flowering phenophase was
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rmata npenopbyaHa ot International
Pollination Group (Wertheim, 1996).
3anvcaHu ca gaturte Ha Havyaso Ha
ubdrex (10% oTBOpeHW LBeTOBE
Ha ObpBO), AaTW Ha Mb/eH Ubp-
Tex (80% pasnykHaTu LBETOBE Ha
AbPBO) N Kpal Ha ubdTexa (Hag
90% OT BeH4yenmcTyeTara ca napg-
Hann). B n3cnepsaHeTo e onpege-
JIEH CPOKbT Ha 3peeHe Ha pas-
rnexgaHute reHotunose. Lo ce
oTHacsa [0 MOMOJIOTMYHUTE Xapak-
TEPUCTUKKN, N3CnefBaHeTo Ce CbC-
pefoToyaBa KakTo BbpXy (ov3u-
YyecKUTe XapakTepuctuku (Tersio u
pasmepu Ha njaoga, Terno Ha
KOCTU/IKA M NPOLEHT Ha Mao040BO
MeCO0) Taka U XMMUYEeCKNTEe Xapak-
TEPUCTUKM (CbAbpXaHMe Ha pas-
TBOPUMMK CyXM BeLLeCcTBa, CbAbp-
XaHve Ha 06K N NHBEPTHM 3axa-
pyY, CbAbpXaHMe Ha 3axapo3sa,
CbAbpXaHne Ha 06LN KUCENNHN 1
CTOMHOCT Ha pH Ha nio4oBUA COK).
Ternoto Ha nnoga (g) w TernoTo
Ha KocTunkaTta (g) ca onpenesnexu,
ypes namepBaHe Ha 25 cny4yaiiHo
n3bpaHn nnogoBe U TexHuUTe
KOCTU/NIKA, B TPpWU MNOBTOPEHUSA, C
TexHuyeckun BesHu (Adventurer Pro
AV812M, Ohaus Corporation,
Switzerland). Pa3smepute Ha
nnofga— BMCOYMHa (Mmm), LWMPOYN-
Ha (mm) n pgeb6enuHa (mm) ca
onpefesieHn KaTto ca U3MepeHu 25
nnoga B TPU MOBTOPEHUS, WU3MOJ-
3BaH e wy6nep (Inox 1/20 mm, c
TOYHOCT OT + 0.01 mm). N3uncneH
e [enbT Ha nnofoBoTo Meco (%).
CbAbpXaHMeTo Ha pasTBoOpUMU
cyxu BeulectBa (%) e ycTaHOBEHO
KaTo e Wu3non3esaH pbyeH ped-

examined in accordance with the
methodology recommended by the
International  Pollination  Group
(Wertheim, 1996). Records were
made of dates of flowering onset
(10% of open flowers on a tree),
dates of full bloom (80% of open
flowers on a tree) and end of
flowering (over 90% of petals fell).
The date of full maturity was
chosen as the ripening time of fruit

of plum genotypes under
consideration. Concerning the
pomological characteristics, the

study focused on both the physical
traits (fruit weight and dimensions,
stone weight and flesh percentage)
and the chemical features (soluble
solids content, content of total and
invert sugars, sucrose content,
total acids content and the pH
value of the fruit juice).

The fruit weight (g) and stone
weight (g) were determined by
measuring 25 randomly picked
fruits and their stones, using three
replications on the technical scales
(Adventurer Pro AV812M, Ohaus
Corporation, Switzerland).

The fruit dimensions - height
(mm), width (mm) and thickness
(mm) were determined by
measuring 25 fruits in three
replications, using calliper (Inox
1/20 mm, with + 0.01 mm
precision). The fruit flesh ratio (%)
was determined by calculation.
The content of soluble solids (%)
was established using a manual
refractometer (Carl Zeiss, Jena,
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paktomeTbp (Carl Zeiss, Jena,
Germany) npu cTaiHa Temnepary-
pa (20°C). CobabpxaHuMeTo Ha
obwm kucennHn (%) mspaseHo B
s6byeHa KucennHa e onpegene-
HO C HeyTpa/sim3auusa Ha nao40BusS
cok ¢ 0.1 N NaOH, kato uHauka-
TOp pgo pH 8.1 e wu3nonssaH
beHonpranenH. CobabpxaHUETO
Ha obwwm 3axapu (%) U MHBEPTHU
3axapu (%) e onpegeneHo o6emMHo
crnopep, Jlydp-Loopn, a oT Hero e
N34YMCNIEHO CbAbpXaHMeTO Ha 3a-
xapo3a (%). [delicTBuTenHaTa Ku-
cenvHHocTt (pH) e onpegeneHa
ype3 pH-meter Cyber Scan 510
(Nijkerk, Netherlands). Jo6uBbT e
n3cnefBaH ype3 HabslogaBaHe Ha
pobuvs ot abpeo (kg oT AbPBO)
Kato e Wu3nosi3BaHa efieKTpoHHa
ckana ACS System Electronic
Scale (Zhejiang, China). Monyde-
HUTE pe3ynTatu ca 06paboTeHu
cTaTUCTMYeCKu Mo Mojena Ha
duwep 3a BapvauMoHeH aHan3
(ANOVA) 3a aBydhakTopeH ekcne-
pumeHT U F Tect ¢ P < 0.05 u
P < 0.01. B cutyauuun, B kouto F
TecTta nokassa 3HauMMu pesysiTa-
TV, U3cnegBaHeTo Ha pasmuuaTa
CbC CpefHOapUTMETUYHN Besinyn-
HA N TexHus eqpekT Ha B3auMo-
[elicTBMe e M3BbPLUEHO C TecT 3a
Hai-masika 3HauyMma pasnuka (LSD
TEeCT) MNPy HMBO Ha 3HAYMMOCT OT
P < 0.05. Cratuara npepgcraBs
cpefHUTe CTOMHOCTU Ha n3cneaBa-
HUTEe napamMeTpu npes nepuoga Ha
n3cnefBaHe.

Germany) at the room temperature
(20°C). The total acids content (%)
expressed in malic acid was
determined by neutralisation of the
fruit juice with 0.1 N NaOH, using
phenolphthalein as indicator until
pH 8.1.

The content of total sugars (%) and
invert sugars (%) was determined
volumetrically, in accordance with
Luff-Schoorl, whereas calculation
was used to determine the sucrose
content (%). The actual acidity
(pH) was determined using the pH-
meter Cyber Scan 510 (Nijkerk,
Netherlands). The vyield was
studied by monitoring the yield per
tree (kg per tree) using ACS
System Electronic Scale (Zhejiang,
China).

The obtained results were
statistically processed using the
Fisher Variance Analysis (ANOVA)
model of bi-factorial experiment
and F test for P < 0.05 and
P <0.01. In the situations when the
F test showed significant results,
testing of differences in arithmetic
means and their interaction effect
was performed using the Least
Significance Difference Test (LSD
Test) for the significance level of
P < 0.05. The paper presents the

average values of the tested
parameters during the study
period.
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PE3YJITATU N OBCBbXXOAHE

3cnepsaHnte cnnBoBM Te-
HOTUMW He paskpuBaT 3HaYNMM
pasnnuns No OTHOLWIEHWE Ha Hauva-
N10TO 1 pa3BUTMETO Ha hbeHohasza
Ha ubgTexa (Tabnuua 1). CpegHo
HacTbNBaHeTO Ha peHodha3aTta Ha
ubTex e Ha 15™ anpun npw
coptoBe ,Mungopa“ n "3natka" u
Ha 16™ anpwun npu copToBe ,KpuHa“
n ,YavaHcka popgHa“. [lbAHUAT
UbTEX NpPU BCUYKM M3CNeaBaHu
FeHOTMNM HacTbMNBa CPefHO 3a Tpu
[AHW, C NPOAB/HKMTENTHOCT Ha (heHo-
haza ubdoTex, AeBeT AHN.

MnopoBeTe Ha nscneaBaHuTe
reHoTUNK 3pesT mexay 22" aBryct
("3natka") wu 2™ centemBspw
(,KpnHa“). Hdokato copt "3narka"
ce OT/inyaBa C Mo-paHeH CPOK Ha
3peeHe Ha nnoga, ,Mungopa“ u
LKpUuHa* umart no-KkbCeH CPOK Ha
3peeHe, B cpaBHeHne c ,YadaHcka
pogHa“ (Tabnuua 1).

RESULTS AND DISCUSSION

The studied plum genotypes
did not reveal significant
differences concerning the onset
and progress of the flowering
phenophase (Table 1). The
average onset of the flowering
phenophase occurred on 15™ April
in the ‘Mildora’ and ‘Zlatka’
cultivars, i.e. 16™ April in the ‘Krina’
and ‘Cacanska Rodna’ cultivars.
The full bloom in all the studied
genotypes occurred on average in
three days, with the flowering
phenophase lasting for nine days.

The fruits of the studied plum
genotypes ripened between 22" of
August (‘Zlatka’) and 2" of
September (‘Krina’). While the
‘Zlatka' cultivar featured an earlier
fruit ripening time, the ‘Mildora’ and
‘Krina’ had a later ripening time
compared to ‘CaCanska Rodna’
(Table 1).

Tabnuua 1 deHodasza Ha LbqTeX 1 3peeHe Nnpu nscsenBaHuTe C/IMBOBU COPTOBE
Table 1. Phenophase of flowering and ripening of studied plum cultivars

LibdpTex/Flowering

Mepuop Ha 3peeHe

Hauano/Onset  MbneH/Full  Kpaii/End Ripening time
‘Zlatka’ 15" of April 18" of April 23" of April 22" of August
‘Mildora’ 15" of April 18" of April 23" of April 26" of August
‘Krina’ 16™ of April 19" of April 24" of April 2™ of September
‘Catanska Rodna’ 16" of April 19" of April 24" of April 25" of August

Bb3 ocHOBa Ha npefjcTaBe-
HUTe fdaHHu B Tabnuiua 2, odve-
BMAHO €, Ye Hal-roiAmMoTo CpeaHo
Ters10 1 pasmepu ca oT4eTEHN Npu

cTaHgapTHua  copT  ,YavaHcka
pogHa“ (Terno Ha nnoga —
34.63+x1.15 ¢g; AbkuHa Ha
nnoga— 46.02 mm; wnpounHa

Based on the data presented
in Table 2, it is evident that the
largest average fruit weight and
dimensions were recorded by the
standard cultivar ‘Cacanska
Rodna’ (fruit weight — 34.63+£1.15
g; fruit length — 46.02 mm; width —
37.0£0.63 mm and thickness —
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37.0£0.63 mm wun pebenuHa -—
33.75+0.38 mm), pgokato Haii-
HUCKMTE CTOMHOCTM Ha Te3n napa-
METpU ca YCTaHOBEHW Mpwu CcopT
"3natka” (terno Ha nnoga -—
22.11+0.39 g; Ab/DKUHA Ha naoja —
37.30£0.16 mm; wupoumHa —
28.65+0.16 mm wun pgeb6envHa -—
28.95+£0.12 mm). OTKpuUTUTE pas/iv-
4yMA B CpaBHEHME CbC CTaHAAPTHUSA
COPT ca CTaTUCTUYECKM 3HaYUMU
Mpn BCUYKM U3CrefBaHn reHOTUMNN.

33.75£0.38 mm), while the lowest
values of these parameters were
found in the ‘Zlatka’ cultivar (fruit
weight — 22.11+0.39 g; fruit
length—37.30£0.16 mm; width —
28.65+0.16 mm and thickness —
28.95+0.12 mm). The detected
divergences compared to the
standard cultivar were statistically
significant in all of the studied
genotypes.

Ta6r||/|u,a 2. dusnyeckmn XapakKTepUCTMkKn Ha rnjaoaoBse Ha nacnengBaHnTe C/inBOBU

copToBe
Table 2. Physical properties of fruit of studied plum cultivars

Mnop/Fruit Terno Ha MpoueHT

Terno ObmknHa LnpounHa [ebenuHa KOCTUNKA mececTa YacT
Weight (g) Length (mm) Width (mm) Thickness (mm) Stone Flesh
: ercentage

weight () P ) g
‘Zlatka’ 22.1120.39d  37.30£0.16 d  28.65+0.16 d 28.950.12 d 1.5020.01a  93.2320.08 ¢
‘Mildora’ 24.10+0.36 ¢ 35.67+0.24c  33.35:0.16 b 30.42+0.14 b 0.99+0.00c 95.91+0.01 a
‘Krina’ 27.64+0.32b  41.25+0.22b  32.25:+0.19 ¢ 29.77+0.11 ¢ 1.35:0.33b  95.12+0.15b
Ffjdcr?;‘?ka 34.63t1.15a 46.02:t0.63a 35.76:0.34a  33.75:0.38a  1.32:0.04b 96.17+0.05a

PaznnuHnTe manku 6ykBy NprbaBeHn KbM KOJTOHUTE MokKa3BaT 3Hauvmu pasnukm npu P< 0.05 cnep npunoxeH LSD TecT.

The different lower-case letters assigned to columns show significant differences for P< 0.05 after applying LSD test.

Hali-ronsimoTo cpefHo Terno
Ha KOCTW/NIKa € YCTaHOBEHO Mpu
niogosete Ha copt  "3natka"
(1.50+0.01 g), B cpaBHeHMe CbC
copT ,Mungopa“, KOMTO UMa Hai-
MasIKOTO Tersi0 Ha KocTu/karta
(0.99£0.00 g). Mo oTHOWeEHME Ha
TO31 napameTbp, He ca ycTaHoBe-
HA CTaTUCTUYECKN 3HaYMMKU pas-

NVKNn camo mMexay KpuHa* wu
cTaHOapTHUA copT. Haii-ronam
AANn  Ha Mecectata 4acT e

YCTaHOBEH NpW CTaHAapTHUA COpPT
(96.17+0.05 %) n copt ,Mungopa“
(95.91+0.01%), pokato 3HauuTen-
HO NO-A5/1 € OTYETEH NpU CopToBe
-KpnHa“ (95.12+0.15%) n "3naTka"
(93.23£0.08%).

The highest average stone
weight was found in fruits of the
Zlatka’ cultivar (1.50£0.01 g), as
opposed to the ‘Mildora’ cultivar,
which had the lowest stone weight
(0.99+0.00 g). Concerning this
parameter, statistically significant
differences were not established
only between ‘Krina’ and standard
cultivar. The highest fruit flesh
ratio was established in the
standard cultivar (96.17+0.05 %)
and ‘Mildora’ cultivar
(95.91+0.01%), whereas a
significantly lower fruit flesh ratio
was recorded in the ‘Krind
(95.12+0.15%) and Zlatka’
(93.23+0.08%) cultivars.

121



CToHOCTUTE Ha WHAOWBU-
AyanHUTe XMMUYECKU napameTpu
Ha u3cneaBaHUTe C/VBOBWU TEHO-
TMNM ca nokasaHm B Tabnuua 3.
3HauynmMn pasnuyma ca ycrtaHoBe-
HW NMpU CpaBHABaHE Ha CbAbpXxa-
HMWEeTO Ha pas3TBOPUMU CyXU Be-
LecTsa B NnjiogoBeTe Ha u3cnen-
BaHWUTe C/IMBOBWU reHoTunu. Hai-
BMCOKO CbAbpXKaHue Ha pas3TBopu-
MU CyX1 BeLllecTBa € YCTaHOBEHO
npu copt ,Mungopa“ (22.97+0.30%),
Karo eAMHCTBEH COpT, C MO-HUCKa
CTOMHOCT Ha TO3X napameTbp,
cnpamMo  cTtaHgapta e  copT
"3nartka”, ¢ Hal-HUCKO CbAbpXa-
HMWe Ha pasTBOPUMW CyxXW BeLllec-
TBa (16.35+0.22%). Hai-BMCOKOTO
CbAbpXaHne Ha 06wy 3axapu u
WHBEPTHN 3axapu B N/0OAOBETE €
yCTaHOBEHO npwu copT "Mwungopa”
(13.55+0.13; 8.21+0.41), pokato
Hali-HMCckaTa CTOWHOCT Ha TO3M
napameTbp € YycTaHOBeHa npu
copt  "3natka"  (9.85+0.51%;
6.32+0.12%). Pasnukute, KOUTO
ca YCTaHOBEHM MO OTHOLLEHME Ha
CTaH4apTHUA COpT ca 3Hanumu
camo npu copt "3naTka". Bbnpekun
ye CbAbpPXaHWETO Ha 3axapos3a B
nnofoBeTe Ha nscnegsaHnTe cau-
BOBW COPTOBE Bapupa Mexay
4.74+0.17 (,Mungopa“) n 3.71+0.43
("3natka"), pasnmknte He ca
cratuctmyeckm  3Haummu.  Tlo-
BMCOKOTO CbAbpXaHue Ha 06uim
KNCeNVHN e  XapakTepHo 3a
njogoBeTe Ha copToBe "3naTka"
(1.03+0.01) n ,YauaHcka pogHa“
(1.02+0.03), a no-HMUCKO e npu
naoposeTe Ha coptoBe ,Munpgopa“
(0.58+0.02) n ,KpuHa“ (0.66x0.02).

The values of individual
chemical parameters in the
examined plum genotypes are

shown in Table 3. Significant
differences  were  established
comparing the examined plum

genotypes in the content of soluble
solids in their fruits.

The highest soluble solids content
was found in the ‘Mildora’ cultivar
(22.97+£0.30%), whereas the
Zlatka’ cultivar had the lowest
soluble solids content
(16.35+0.22%), as the only cultivar
with  a lower value of this
parameter than the standard
cultivar. The highest content of the
total sugars and invert sugars in
the fruit was found in the ‘Mildora’
cultivar (13.55+0.13; 8.21+0.41),
while the lowest value of this
parameter was established in the
‘Zlatka’  cultivar  (9.85+0.51%;
6.32+0.12%). The divergences
that have been established in
relation to the standard cultivar in
this respect were significant only
for the Zlatka’ cultivar. Although
the sucrose content in the fruits of
the studied plum cultivars ranged
between 4.74+0.17 (‘Mildora’) and
3.71+0.43 (‘Zlatka’), the
differences were not statistically
significant. A higher level of total
acids content was typical for the
fruits of the “Zlatka' (1.03+0.01)
and ‘Cacanska Rodna’ (1.02+0.03)
cultivars, while it was lower in the
fruits of the ‘Mildora’ (0.58+0.02)
and ‘Krina’ (0.66+0.02) cultivars.
The highest pH value of the fruit
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Hali-BMCOKOTO HMBO Ha pH Ha
NA040BNSA COK € YCTaHOBEHO MNpu
coptoBse ,Mungopa“ (3.91+0.02) n
~Kpuna“ (3.81+0.03), gokato Haii-
HUCKata  CTOMHOCT Ha  TO3U
napameTbp € YCTaHOBEHa npu
copT "3nartka" (2.86+0.01).

juice was established in the
‘Mildora” (3.91+£0.02) and ‘Krina’
(3.81£0.03) cultivars, while the
lowest value of this parameter was
found in the ‘Zlatka’ cultivar
(2.86+0.01).

Ta6r||/|u,a 3. Xummnyecku XapakTepucTtnknm Ha njaogoBe Ha nscsieaBaHnTe CainBoBuN

copTtoBe
Table 3. Chemical properties of fruit of studied plum cultivars
ViHBepTHU
o6wu
O6Lwwm 3axapu 3axapu 3axaposa
pcB/SSC* o N KUCEsTMHU pH
Total sugars (%) Inver(to/i;Jgars Sucrose (%) Total acids (%)
‘Zlatka’ 16.35:0.22d  9.85x0.51c 6.32+0.12c  3.71:#0.43a  1.03x0.01 a 2.86+0.01 c
‘Mildora’ 22.97+0.30 a 13.55+0.13a  8.21x0.41a _4.74%0.17a _ 0.58+0.02 b 3.91+0.02 a
‘Krina’ 22.1020.28 b 11.05+0.56b  7.13+0.14bc  4.31x0.30a  0.66x0.02 b 3.81+0.03 a
é::(jcr?;Ska 17.6240.25¢ 12.35:0.37ab  7.77¢0.28ab  3.95:0.11a  1.02:0.03a  3.46:0.04b

PCB* CbabpxaHue Ha pa3sTBOpVMU Cyxu BeLlecTsa

PaznnyHnTe manku 6ykBy NpnbaBeHn KbM KOJTIOHWTE MokKas3BaT 3HauvMmu pasnvki npu P< 0.05 cnep npunoxeH LSD TecT.

SSC* Soluble solids content

The different lower-case letters assigned to columns show significant differences for P< 0.05 after applying LSD test.

B nepuoga Ha wn3cnepgsaHe,
copT "3natka ce OTKposBa KaTo
reHoTUn C Hal-BMCOK  [06umB,
cpegHo 45.25+0.16 kg oT AbpBO,
cnegBaH o1 copT "KpuHa" cbC
cpegeH pobus ot 42.35+0.60 kg
OT AbPBO, A0OKATO 3HAYUTESIHO MOo-
HACBK [OOMB € YCTaHOBEH KaTo
XapaktepeH 3a copT ,Mungopa“
(32.17+£0.17 kg oT pAObpBO) WU
CTaHgapTHMa  copT  ,YayaHcka
pogHa“ (31.62+1.72 kg oT AbpBO)
(Pyrypa 1).

During the trial period, the
‘Zlatka’ cultivar stood out as the
genotype with the highest yield,
with an average yield of
45.25+0.16 kg per tree, followed
by the ‘Krina’ cultivar with an
average yield of 42.35+0.60 kg per
tree, while considerably lower yield
was established as typical for the
‘Mildora’ cultivar (32.17+0.17 kg
per tree) and the standard
‘CaCanska Rodna’ cultivar
(31.62+1.72 kg per tree) (Figure 1).
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Fig. 1. Yield per tree of studied plum cultivars
PaznnuHnTe manku 6ykBy NpnbaBeHn KbM KOJTOHUTE Mokas3BaT 3HauvMmu pasnvki npu P< 0.05 cned npunoxeH LSD TecT.
The different lower-case letters show significant differences for P< 0.05 after applying LSD test

Hauyanoto n pasBuTMeTO Ha
dpeHo(pasza Ha uUbgTexa npu pas-
rnexgaHuTe C/MBOBM  COPTOBE
CbOTBETCTBA HA MHOIOrogULLIHUTE
CTOMHOCTW, MOCOYEHN 3a arpoeko-
NOTMYHUTE yCNoBMA Ha Yauvak u
oKonHMs paiioH (MiloSevic, 2002;
Ogasanovic et al., 2005; GIliSi¢ et
al., 2013). Pesyntatute cBbp3aHu
C BpemMeTo Ha y3psiBaHe Ha
n3cnefBaHuUTe C/MBOBM TEHOTUMM
CbLLO ca B CbOTBETCTBME C pe3yI-
Tatute nybnukyBaHu nNo-paHo OT
Milenkovi¢ et al. (2006) 1 GIliSi¢ et
al. (2016). BpemeTo Ha y3psiBaHe
N MPOABL/DKATENIHOCTTA Ha ne-
puoga 3a pasBuTMe Ha njoja ca
FeHOTUMHO cneuuduyHn Xapakre-
puctukn (Garcia-Marifio et al.,
2008) oT rpynara Ha KosimyecTtBe-
HWTE HaCNeACTBEHU XapaKTepucTu-
kn (Dirlewanger et al., 2004), koeTo
O3HayaBa, 4Ye Te [0 W3BECTHa
CTeneH 3aBUCAT OT yc/ioBuATa Ha
oTrnexgaHe W cunara Ha pfo-
6uBHMSA noteHunan (Nenadovic-
Mratini¢ et al.,, 2007). Wmaliku
npeaBu 3HA4YEHMETO Ha nepuoja

The onset and progress of
the flowering phenophase in the
plum cultivars under consideration
was in accordance with the many-
year means quoted for the agro-
ecological conditions of Cagak and
the neighbouring region
(MiloSevi¢, 2002; OgaSanovi¢ et
al., 2005; GIisi¢ et al., 2013). The
results related to the ripening time
of the studied plum genotypes
were also in accordance with the
results previously published by
Milenkovic et al. (2006) and GliSi¢
et al. (2016). The ripening time

and the length of the fruit
development period are a
genotype-specific characteristic

(Garcia-Marifio et al., 2008) and
belong to the group of the
quantitative hereditary features
(Dirlewanger et al., 2004), which
means that they are to a certain
extend dependent on the
cultivation conditions and intensity
of yield potential (Nenadovi¢-
Mratini¢ et al., 2007). Knowing the
importance of the ripening period
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Ha 3peeHe 1 LUMPOKO pasnpocTpa-
HeHaTa npakTuka Ha npegnoynTtaHe
Ha paHHW 1 KbCHO 3peeLun reHoTu-
nu (Neumdller, 2011; Paunovi¢ et
al.,, 2011), HAMa CbMHeHue ue
coptose ,Mungopa“ u ,KpuHa“ nmat
NMOTEHLUMasT KakTo 3a OTrexaaHe,
Taka M 3a BKNOYBaHe B ObaeLu
CesIeKUNOHHN nporpamu.
3cnepBaHuTte reHoTunn
CvMBM MoraT ga 6baaT kareropu-
3¥paHu B rpynara Ha copToBe CbC
cpegHo eapu nnogose (MiSic,
1996). MonyyeHnTe CTOMHOCTK ca

B CbOTBETCTBME C MNpPEeAULLHN
pesynratu ny6nKyBaHM oT
OgaSanovic et al. (1996),

OgasanovicC et al. (2005) n Glisi¢
et al. (2011). Job6pe mn3BecTeH e
pakTbT, 4Ye ocBeH OT reHe-
TMYHaTa OCHOBa, TErnoTo Ha nJo-
[a e NpsKo MOB/IUSAHO OT MU306u-
nmeto Ha po6busa (Dragoyski et
al., 2009), koeTo CbL0 € NOTBbP-
[EHO OT HalweTo npoy4yBaHe.
CopTtoBe CBbC CK/IOHHOCT KbM
antepHatueeH go6us (MilenkoviC
et al., 2006), kato "KpuHa wu
cTaHgapTHuUaA ,YHauvaHcka poaHa“
oTYyMnTaT 3HAUYMTESTHO MO-BMCOKO
Ters10 Ha njoaa, B CpaBHeEHMEe CbC
"3natka" un ,Mungopa“, Kouto B
CbLLOTO BPEME OTUMTAT Hal-HUCKK
[oo6usn.

Cmdata ce, 4e BMCOKOTO
KayecTBO Ha njoga W HeroBus
[06bp BKYC Ca CBbp3aHM CbC
CbAbpPXaHNETO Ha pas3TBOpPUMU
CYXU BellecTBa, KOMTO B eBponeii-
CKnTe cnueu Bapupat mexay 12%
n 32%, KOeTo noka3Ba MnoJso-
XWUTENIHO CbOTHOLLEHNE C BPEMETO

and considering the widespread
practice of favouring the early and
late ripening genotypes
(Neumdiller, 2011; Paunovic et al.,
2011), there can be no doubt that
cultivars ‘Mildora’ and ‘Krina’ have
a potential both for growing and
future plum breeding programmes.

The studied plum genotypes
can be categorised within the
group of middle-sized fruit cultivars
(MiSi¢, 1996). The obtained values
are in line with the previously
published results OgaSanovi¢ et
al. (1996), OgaSanovi¢c et al.
(2005) and GIlisi¢ et al. (2011).

It is well known that apart from the
genetic base, the fruit weight is
also directly affected by the
abundance of yield (Dragoyski et
al., 2009), which has also been
confirmed by our study. As
cultivars  with  inclination to
alternative yield (Milenkovi¢ et al.,
2006), both ‘Krina’ and standard
cultivar ‘Cacanska Rodna’
recorded a significantly higher fruit
weight compared to Zlatka’ and
‘Mildora’ cultivars, while at the
same time recording the lowest
yields.

It is believed that the high
fruit quality and its good flavour
are related to the soluble solids
contents present in the fruit, which

in  European plums ranges
between 12% and 32%,
demonstrating a positive

correlation with the ripening time
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Ha y3psiBaHe (Neumduller, 2010).
Pe3yntatute OT HaleTo u3cnen-
BaHe MOTBbpXAaBar Ha/MYMeTo
Ha Nofo6HO CbLOTHOLWEHWe. Bcuu-
KA n3cnefBaHn COPTOBE C/IMBM
OTyMTa MO-BMCOKO CbhAbpXaHne Ha
pasTBOpMMM CyXu Bewectsa OT
12%, KoeTo ce cuuTa 3a rpaHnyHa
CTOMHOCT 3a npuemaHe Ha eAuH
copt oT notpe6utenute (Crisosto
et al., 2004). O6LO0N3BECTHO €, Ye
Mo-KbCHO  3peewuTe  copTOBE
TpsabBa fa Mmart CbAbpXaHue Ha
pasTBOpPUMK CyXu BellecTBa Mo-
ronsimo ot 17% (Neumdller, 2010).
OueBugHO e, ye copT "3naTtka" He
oTroBapsi Ha TO3U KpuUTepunh —
obaye, 6narogapeHve Ha npusne-
KaTtesiHUs 3NaTUCTOXBAT UBAT Ha
KoXxuuara, nma UHTepec KbM Hero
Kato JecepTeH COpT, KakTo U 3a
npepaboTka B KOMMNOTU U Crajka,
KOeTo nogyeptaBa o06nMKa Ha
BCUYKN CMIMBOBW Nnogose. 3a Aa
Ce OKayeCTBAT 3a UeuTe Ha
CyLLeHe, COpTOBETE C/MBU TpPAGBA
fa npuTexasaT CbAbpXaHue Ha
pa3TBOPUMK CyXW BellecTBa nose-
ye oT 18% (Ognjanov et al., 2007).
Mungopa“ n ,KpuHa“ ca coptose,
KOUTO Ce OTKposiBaT kaTo obella-
BalM NO TO3M KOHKPETEeH acnekT
3a noteHuuasiHa ynotpeba. OcBeH,
ye umaT BUCOKO CbAbpXaHue Ha
pa3TBOPUMMK CyXU BeLLecTBa, Tex-
HATE nN/040BEe He ce nykar Mo
BpPeEMe Ha CylleHe, nopagy KoeTo
HAMa M3TU4yaHe Ha nJo4oB COK, a
KocTukaTa e otgenswa ce. Ctoi-
HOCTUTE Ha OTAEe/IHMTEe napamert-
Py Ha XUMUYECKMA CbCTaB Ha
nnoga ca B CbOTBETCTBME C

(Neumtiller, 2010). The results of
our research have confirmed the
presence of this correlation.

All of the examined plum cultivars
recorded a higher soluble solids
content of 12.0%, which is
considered as the border value for
acceptance of a cultivar by the
consumers (Crisosto et al., 2004).
It is generally known that later-
ripening cultivars ought to have
soluble solids content in excess of
17% (Neumdller, 2010).

It is apparent that the ‘Zlatka’
cultivar does not comply with this
criterion — however, owing to its
attractive golden yellow colour of
skin, it is interesting as a dessert
cultivar, as well as for processing
into a compote and sweet, which
highlight the appearance of the
whole plum fruit. In order to qualify
for drying purposes, plum cultivars
ought to possess the soluble
solids contents exceeding 18%
(Ognjanov et al., 2007).

‘Mildora’” and ‘Krina’ are the
cultivars which stand out as
promising from this particular

aspect of potential use. In addition
to having high soluble solids
content, their fruits do not break
during drying and there is no
leakage of fruit juice, while the
stone is free.

The values of individual
parameters of the fruit chemical
composition were in line with the
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pesynTatute nocoyeHn oT MiSiC
(1996) 3a cnuBoBM copTOBE OT
€BpOornenckM Npon3xos, Kakto n ¢
pesynratute NOCoYeHU oT
OgaSanovic et. al, (1996),
Milenkovi¢ et al., (2006) v MitroviC
et al. (2006) 3a coptoBe C/MBU
pa3paboTeHu B Yavax.

n3BO4n
Bb3 ocHoBa Ha pesynratute
OT [ABYroguwHOTO uM3CnefBaHe

mMoraT [a ce HanpasAT cnegHute
3aK/10YeHus:

- M3cnepBaHuTe copToBe
CNMBW He nMoKassBaT 3Haunumu
pasnnumsa No OTHOLLEHWEe Ha Haua-
NOTO U pa3BuUTMETO Ha peHohasza
Ha UbdTexa, WM CpaBHEHM MO-
MeXay cu UM cnpsamMo ctaHgapT-
HUA copT ,YadaHcka pogHa“;

- lNnoposeTte Ha copTt
"3naTtka" Mmart no-paHeH CpOK Ha
3peeHe, [okaTto nsogoseTe Ha
coptoBe ,Munpgopa® u ,KpuHa“
oTyYmMTarT NMo-KbCEH CPOK Ha 3peeHe,
B CpaBHeHWe cbC copT ,YayaHcka
poaHa’;

- CraHgapTHMAT copt ,Ya-
yaHcKa pogHa“ rnokasea Hain-BuUCO-
KW CTOMHOCTM 3a Terno Ha nnoga u
onpefeneHn pasmepu Ha nioaa;

- Hail-BMCOKOTO CbabpxaHue
Ha pas3TBOPUMW CyXW BeLlecTBa,
O6WN U“ WHBEPTHM 3axapu U
3axapo3a B nnogosete  ca
oT4YeTeHn nNpu copT ,Mungopa“;

- Hali-BMCOKOTO CbabpXaHue
Ha OOLM KUCENUHW W Hal-HUCKa
CTOMHOCT Ha pH Ha niogoBUA COK
ca yCcTaHOBeHU npu copT "3natka’;

results stated by MiSi¢ (1996) for
plum cultivars of European origin,
as well as with results quoted by
OgasSanovic et. al, (1996),
Milenkovi¢ et al., (2006) and
Mitrovic et al. (2006) for plum
cultivars developed in Cacak.

CONCLUSIONS

The following conclusions
can be made based on the results
of the two-year research:

- The studied plum cultivars
did not reveal -considerable
differences concerning the onset
and progress of  flowering
phenophase, either compared to
each other or compared to the
standard  ‘CaCanska  Rodna’
cultivar;

- Fruits of the ‘Zlatka’ cultivar
had an earlier ripening time,
whereas fruits of the ‘Mildora’ and
‘Krina’ cultivars recorded a later
ripening time compared to the
‘Catanska Rodna’ cultivar;

- The standard cultivar
‘Catanska Rodna’ demonstrated
the highest values of fruit weight
and certain fruit dimensions;

- The highest content of
soluble solids, total and invert
sugars and sucrose in fruit were
recorded in the ‘Mildora’ cultivar;

- The highest content of total
acids and the lowest pH value of
fruit juice was found in the ‘Zlatka’
cultivar;
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- Hain-Bucok gobms e noctur-
HaT npu copT "3naTka".

[T0 OTHOLWEHMEe Ha KbCHUA
CPOK Ha 3peeHe Ha MnnoJoBeTe,
KakTo M YCTOMYMBOCT KbM BUpYyCa
Ha LWapka, BUCOKNA O06UB 1 6na-
ronpuaTeH XMMUYECKM CbCTaB Ha
nnoga, ce oyaksa, ye uscnenBaHu-
Te COpTOBE C/IMBU NpeAHasHayeHn
3a npepaboTtka, Le yBenuyasart
gena cum B ObOEWOTO MPOU3-
BOACTBO Ha c/ivBu. OCBEH TOBa, OT
TAX Ce O04YakBa pfa OoOCuUrypsT
n3xoneH marepvan 3a 6baewm
ceNleKUMOHHN nporpamu.

BJTATOAAPHOCTWU

To3u Tpyn € noakpeneH oT
cyocmana Ha MUHUCTEPCTBOTO Ha
06pa3oBaHMETO, HayKaTa U TEXHO-
NOTMYHOTO pasBuTne Ha Penybnu-
ka Cbpbus, Mpoekt Ne 31064.

- The highest vyield was
produced by the ‘Zlatka’ cultivar.
Considering the late ripening
time of its fruits, as well as the
tolerance to the Sharka virus, high
yield and favourable chemical
composition of the fruit, it is
expected that the studied plum
cultivars intended for processing,
will have a growing share in the
future production of plums. In
addition to this, they are expected
to provide initial material for future
breeding programmes of plum.
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PE3HOME

CratnsitTa npefcTtaBsa pesyntarture
OT ras-xpomatorpaddCcku aHam3 Ha
OCHOBHW JIET/IMBW KOMMOHEHTW B C/IMBOBU
pakun NpousBefeHn Mo TPaauLMOHHU
MeToauM, OT M/0gOBE Ha COpToBETE
"Okpyrnvya" 1 "BaniieBka": metaHon, 8
BUCLUM afikoxona, 3 MacTHU KucesnvHu, 10
ectepa u 2 angexmnpa. CeHsopHarta oLueH-
Ka Ha npousBefeHUTE C/VBOBM pakuu e
n3BbpLIEHa N0 MeToga Ha bykcbaym.

Bb3 OocHOBa Ha nosiyyeHuTe pesysi-
TaT MOXe fJa Ce HampaBu 3ak/lyeHune,
ye CAMBOBWTE pakMn MNpPOM3BEAEHN OT
ABaTa copTa y[oB/eTBOpsSBAT W3MCKBaA-

SUMMARY

The paper presents the results of
the gas-chromatography analysis of the
major volatile components of plum
brandies produced using traditional
methods from fruits of Okruglica and
Valjevka cultivars: methanol, 8 higher
alcohols, 3 fatty acids, 10 esters and 2
aldehydes. The sensory appraisal of the
produced plum brandies was conducted
using the Buxbaum method.

Based on the obtained results it can
be concluded that while the plum brandies
produced from both cultivars satisfy the
requirements of the EU regulations
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HMsITa Ha pernameHTuTe Ha EC (cBbp3a-
HA CbC CbAbPXaHWETO Ha MeTaHo/ W
CbAbPXAHNETO Ha O06LM NeTIMBU CbC-
TaBkM), Te CblLLO Taka Ce passmyasat Mo
CbibpXaHue Ha onpeaeneHn TecTBaHM
KOMMOHEHTW, KaTo MO TO3M HauuH OTpa-
351BaT Pas/IMUHN CEH30PHU KadyecTsBa, Ao-
NMpUHACALLM 3a TAXHATa NPUBeKaTeTHOCT
npy NPoOV3BOACTBOTO Ha PakUK C OTANYMK-
TE/IHW COPTOBM WU TUMWYHU 3@ pPervoHa
XapaKTePUCTMKM.

KntoyoBu aymu: cnvBu, COPTOBE,
C/IMBOBA pakus, NEeTNNBUA KOMMOHEHTH,
CEH30PHW XapaKTepuUCTUKK

YBO/,

OcBeH copToBeTe, KOUTO
LUMPOKO NpuUcbCTBAT B C/IMBOBUTE
rpagnHn B Cbpbusa ("Toxeradya”,
"LipBeHa paHka", "CteHnneit", "Ya-
yaHcka popgHa", "YaudaHcka neno-
TMua") N cbCTasnsaBaT CTaH4apTHa
CypoBMHa 3a MPOU3BOACTBO Ha
pakus, MMa peguua copToBe C
OrpaHMyYeHo MeCcTHO NPOn3BOACTBO
N nNo-mMasibK AA1 B UAMOCTHUA
acopTUMEHT, KOUTO CbLWO ce
n3non3sar 3a MNPOU3BOACTBO Ha
cnmBoBa pakua. EgMH OoT Tax e
MECTHUAT copTt "Okpyrnnya™
(n3BecTeH ouwle kato [Aparaudnya,
PaHka, PaHkoB, MeTnawi), KOWTO
ce oTIexga TpaguuuoHHO B
palioHa okono Yayak u ce m3nosn-
3Ba camMO 3a npepaboTBaHe B
pakua. Tol e TosepaHTEH KbM
BMpYyCa Ha Lapka u nnogoBsete My
ca gpe6Hu (okono 16 g). Koctun-
KaTa He ce oTaensa oT nJo40BOTO
meco. lNMpepaboTBa ce BbB BUCOKO-
kayectBeHa pakusa (MiSi¢, 1996;
NikiCevic and TeSevi¢, 2010).
"BaniieBka" e C/iMBOB COPT Cb3aa-
AeH B 13cnepoBatenckm UHCTUTYT

(related to the methanol content and
content of total volatile components), they
also differ in the content of certain tested
components, thereby featuring different
sensory qualities which contribute to their
appeal for production of brandies with
distinctive cultivar and region-typical
characteristics.

Key words: plum, cultivars, plum
brandies, volatile components, sensory
characteristics

INTRODUCTION

In addition to cultivars that
are widely present in plum
orchards throughout Serbia
(Pozegaca, Crvena ranka, Stanley,
Cacanska  rodna, Cacanska
lepotica) and constitute the
standard raw material for brandy
production, there is also a number
of cultivars with a limited local
production and a smaller share in
the overall assortment being used
for the production of plum brandy
as well. One of these cultivars is
the indigenous Okruglica cultivar
(also known as Dragacica, Ranka,
Rancov, MetlaS), which is
traditionally grown only in the area
around Cacak and is solely used
for processing into brandy. It is
tolerant to the plum sharka virus
and produces small fruits (around
16 g). With the mesocarp firmly
attached to the stone, it is
processed into high-quality brandy

(MiSi¢, 1996; Niki¢evic and
TeSevic, 2010). Valjevka is a plum
cultivar created at the Fruit

Research Institute in Calak (by
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no osowapctso B Yauvak (npu
KpbCTOCBaHe Ha copTtoBe "AreH
707" n "CteHnei"), KOUTO B MaJIKo-
TO paiioHu, B KOUTO € OTrexaaH —
OCHOBHO B Yauak n BaniteBo — ce
M3Mnosi3Ba Hai-seye 3a CylleHe U
npepa6otka B pakma. CopTbT €
TO/IepaHTEH KbM BUpyca Ha Llapka.
CbC cpefHo egpw nnogose (0OKOMO
30 g) n me30kapn, KONTO ce oTaens
NeCHO OT KOCTu/iKata, Toli ce npepa-
60TBa BbB BMCOKOKAYECTBEHA pakus
(Misi¢, 1996; Nikicevi¢ and TeSevic,
2010).

Bbnpeku, ye nponssogutenu-
Te Ha pakusa B paiioHa Ha Yauyak
nMat onpegesnieH onut B npepa-
60TBaHeETO Ha gBara copTta C/unBY,
He e M3BbpLUeHa TOYHa XapakTte-
pUCTMKa Ha nosiyyeHuTe egHocop-
TOBM pakuu. Taka uentTa Ha Hac-
Todwara cratua e ga mscnegsa
CbAbpXaHNeTo Ha noBeye 3Haun-
MU NET/IMBU KOMMOHEHTU W CEH-
30pHOTO KayeCcTBO Ha pakunTe
nosiy4yeHun ot coptose "Okpyramya”
n "BaniieBka", ype3 TpaauLUMOHHM
MeToAu, KOUTO BK/IWYBaT nNpepa-
6oTBaHe Ha Uenu noJoBe C
KOCTU/IKUTE, CMOHTaHHa aJsikKoxosl-
Ha (bepmeHTauus 1 ABONHA gecTu-
nauua B TpaguunoHEH MedeH Cbf,
(anambuik).

MATEPWNAN N METO4WA

MnoposeTe Ha pasrnexgaHu-
Te COpTOBE C/MBM Ca OT OBOLLHMN
rpafvHu No CK/IOHOBETE Ha NiaHu-
Ha Wenuua, 65m30 go Yauak.
Mnogosete ca npubpaHn BbB
hasza Ha Mb/siHa 3pANOCT, T.e. Ha
31-8u tosiv ("Okpyrnuua™) un 25-tn

crossing Agen 707 and Stanley
cultivars), which in the few areas
where it is grown — almost
exclusively in the Cacak and
Valjevo regions — is mostly used
for drying and processing into
brandy. The cultivar is tolerant to
the sharka virus. With a medium
large fruit (around 30 g) and
mesocarp which is easily detached
from the stone, it is processed into
high-quality brandy (MiSi¢, 1996;
Niki¢evi¢ and TeSevic¢, 2010).

Although brandy producers in
the region of CaCak possess
certain  experiences in  the
processing of these two plum
cultivars, no precise
characterisation of the obtained
monovarietal brandies has been
conducted. Therefore the purpose
of this paper was examine the
content of the more significant
volatile components and the
sensory quality of the brandies
obtained from the Okruglica and
Valjevka cultivars using traditional
methods which imply processing
whole fruits with stones,
spontaneous alcoholic
fermentation and double distillation
in traditional copper pot still
(alembic).

MATERIAL AND METHODS

Fruits of the plum cultivars
under consideration were taken
from commercial orchards on the
slopes of the Jelica mountain near
Cacak. The fruits were harvested
at full ripeness, i.e. on 31° July
(Okruglica) and 25"  August
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asryct ("Banieska"), ¢ TMNNYHUTE
3a copTa XapaktepucTtukn. "OKpy-
rmiga" mma maca Ha nnoga ot
16.2 g, CbC CBLOTHOLUEHNE MEeXAay
KOCTW/MIKa-No4 Bb3/M3awo Ha
8.22% ¥ CcbC CbAbPXKaHWe Ha Cyxu
pasTsopumMu BellectBa oT 19.2%;
"BaniieBka" mma maca Ha nsoga
29.8 g, CbOTHOLLUEHNETO KOCTU/IKA-
nnog e 4.66%, a cbabpXaHNeTo
Ha Cyx0 pa3TBOpPMMO BeLLeCTBO
Bb3nm3a Ha 20.9%. lNonueTtnneHo-
B/ CbAoBe ca nbnHeHu ¢ 180 kg
Luenu niogose OT cAnBu (B 2 NOB-
TOopeHus 3a Bcekn copT). CnoHTaH-
HaTa aslkoxofniHa hepmeHTaums Ha
CNMBUTE Ce M3BbLPLUBA B 3aTBOpe-
HW CbA0Be, KaTo ce U3Mnosi3Ba enuv-
dutHa MuKpodpsiopa, npu Temne-
patypa oT 25+3 °C. AnkoxonHarta
depmeHTaymsa npogb/mkasa 10
AHn (npu copT "Okpyrnnua®, Kpa-
HOTO CbAbpXXaHMe Ha Cyx0 pa3TBo-
pumMO BewecTBO B n/ogosaTa
kawa e 9.0%) n 25 gHu (npu copt
"BaniieBka", KpalHOTO CbAbpXa-
HMe Ha CyXO pa3TBOPUMO BeLllec-
TBO B nsiogoBarta kawa e 11.7%).
JectunayuaTta Ha pepmeHTUpana-
Ta Kawa e u3BbpleHa B Tpaau-
LUMOHEH Ccbfh — anaMbuk (BMecTu-
mocT 100 |) BegHara cnep dep-
MeHTauudaTa, npoussexaa ce cy-
poBa paknsa C eTaHO/I0BO CbAbp-
XaHne wmexgy 22 u 25 vol%.
MoBTOpHata  gecTtunauus Ha
cypoBaTta pakua OT ABarta copTa e
M3BbpLUEHA KaTto € W3Mnosi3BaH
CbliMA AecTUNnaunoHeH anapat C
pasgensaHe Ha dpakumn: 1% -—
nbpBak, cpegHa ppakuma (c 55-56
vol% etaHon) m natoku. Camo

(Valjevka), featuring typical
cultivar-specific characteristics.
Okruglica had a fruit mass of 16.2
g, with stone-fruit ratio amounting
to 8.22% and with dry solubles
content of 19.2%; Valjevka had the
fruit mass of 29.8 g, the stone-fruit
ratio of 4.66% and the content of
dry soluble matter amounting to
20.9%.

Polyethylene vessels were filled
with 180kg of whole plum fruits (in
2 replications for each cultivar).
Spontaneous alcoholic
fermentation of the plums was
conducted in closed vessels, using
epiphytic  microflora, at the
temperature of 25+3 °C.

The alcoholic fermentation lasted
for 10 days (in Okruglica cultivar,
the final content of the dry soluble
matter in the fruit mashes was
9.0%), i.e. 25 days (in Valjevka
cultivar, the final content of the dry
soluble matter in the fruit mashes
was 11.7%). Distillation of the
fermented mashes, was performed
in traditional alembic (capacity 100
[) immediately after fermentation,
produced raw soft brandies, with
ethanol content in the range
between 22 and 25 vol%.

Redistillation of raw soft brandies
from both cultivars was performed
using the same distillation
apparatus and with separation of
the fractions: 1% of the head,
middle fraction (with 55-56 vol% of
ethanol) and tail. Only the middle
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cpefHata opakumss ce M3-nosnssa
3a Nno-HaTaTblUeH aHanus.
Fa3oBoxpomaTtorpadckumrte

MEeToAM 3a KOJIMYeCTBEHO onpefje-
NITHE Ha NlekuTe NeT/IMBA KOMIMO-
HeHTU (meTaHon, l-nponaHon, 1-
6ytaHon, 2-meTun-l-nponaHon, 2-
MeTun-1-6yTtaHor, 3-meTnn-1-
6yTtaHon, etun auetaT, mMloamun
aueTtaTr, etun OytaHoat, eTun
XekcaHoar, eTun oKTaHoar,
auetangexug n 6eHsangexun) wu
TEXKUTE IET/INBU KOMMOHEHTU (2-
dheHnneTtaHon, 1-xekcaHosi, kanpo-
HOBa KMCesiMHa, KanpusioBa Kuce-
JINHA, KanpvHoBa KUCesiMHa, eTun
[ekaHoaT, eTun goaekaHoat, eTun
TeTpaZekaHoart, AMeTUN CyKuuHaT
M etun naktar) B npobm Ha
C/IMBOBM paknuy ca onncaHn B
npeaviiHa Hawa cratus (Popovic
et al.,, 2009). CeH30pHUNAT aHann3
Ha npobuTe OT C/MBOBa pakusa e
M3BbLPLLEH NO Mogena Ha Bykcbaym
3a NONOXNUTENHO KnacupaHe
(Popovic et al., 2009).

PE3YJITATUN N OBCBbXXOAHE

Ta6bnmua 1 nokassa pe3ynta-
TMTe OT ras-xpomarorpadyckus
aHa/IM3 Ha C/MBOBUTE pakuu, no-
ny4yeHu o1 copToBeTe "Okpyrivya”
n "BaniieBka". Kato ce nma npeg-
BUA, 4Ye pgectunaumsata Ha dep-
MeHTMpanarta njiogosa kawa ce
M3BbPLUBA BeAHara crief nbjHara
dhepmeHTauuna, aBata Buga pakuu
CbOTBETCTBAT Ha 3aKoHojaTen-
CcTBOTO Ha EC, B K0eTo ce nocou-
Ba, 4Ye MeTaHOJIOBOTO CbAbpXka-
HMEe B pakusitTa He TpsibBa pa
npesuwasa 12000 mg/l a.a. Hesa-

fraction was wused for further
analysis.

Gas chromatography
methods for guantitative
determination of light volatile
components (methanol, 1-

propanol, 1-butanol, 2-butanol, 2-
methyl-1-propanol, 2-methyl-1-
butanol, 3-methyl-1-butanol, ethyl
acetate, isoamyl acetate, ethyl
butanoate, ethyl hexanoate, ethyl
octanoate, acetaldehide and
benzaldehide) and heavy volatile
components (2-phenylethanol, 1-
hexanol, hexanoic acid, octanoic
acid, decanoic  acid, ethyl
decanoate, ethyl dodecanoate,
ethyl tetradecanoate, diethyl
succinate and ethyl lactate) in
samples of plum brandies were
described in our previous paper
(Popovi¢ et al., 2009). The sensory
analysis of plum brandy samples
was conducted by the Buxbaum
model of positive ranking (Popovi¢
et al., 2009).

RESULTS AND DISCUSSION

Table 1 shows the results of
gas-chromatographic analysis of
the plum brandies obtained from
the Okruglica and Valjevka
cultivars. Considering that the
distillation of the fermented fruit
mashes were performed
immediately  upon  completed
fermentation, both brandies comply
with the EU legislation stipulating
that the methanol content in
brandies must not exceed 12000
mg/l a.a.
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BUCMMO OT (pakta, 4ye pas/imyHu
aBTopu (Paunovi¢, 1991) nonyva-
BaT NPOTMBOPEYMBU pe3ynTatu rno
OTHOLWIEHME Ha Bb3AENCTBMETO
OoKazaHO OT MPOABL/MHKUTENHOCTTa
Ha asikoxonHara pepmeHTaums
BbPXY CbAbpPXaHMETO Ha MeTaHos1
B pakusATa, MOXe ga ce npeano-
NIOXKW, 4e no-npogb/ukuTenHara
afikoxosiHa  bepmeHTaumMs  Ha
cnvBu copT "BasieBka”, B cpaBHe-
HVe c nsiogoBeTe Ha copT "Okpyr-
niga”, Boan 40 NO-BUMCOKO CbAbp-
XaHve Ha TO3u HebnaronpuaTeH
KOMMOHEHT B pakuaTta. Cnepnosa-
TeNHO, He MOXe f[a ce Hanpaswu
3aK/loyeHe  gasiv Mo-BUCOKOTO
CbAbpXaHue Ha MeTaHo/ B pakus-
Ta e cneuupnyHa coptoBa Xapak-
TepucTuka Ha "BanieBka", B cpas-
HeHue c¢ "Okpyrnuua”. ToBa npeg-
NoNOXeHNEe Mo-HaTaTbkK e noAkpe-
NMeHo OT OTKPUTMETO, Ye pakuaTa
npounssegeHa ot "Okpyrnvuya" no
TPagULMOHHUA HAaYMH, Ypes n3noJsi-
3BaHe Ha n/ogoBa Kalla, KOATo He
e [JecTunupaHa BefHara cnej
dhepmeHTauuATa, HO MoHsKora u
HSAKOJIKO Meceua cref HeWHOTOo
npuknYBaHe, ce xapakrepusunpa
C MNPEeKOMEPHO ChbAbpXaHue Ha
metaHon ot 12000 mg/l a.a.
(Stojanovska, 1982), ¢ noTeh-
UManHo HebNaronpuATHO Bb3AEN-
CTBME BbpXy pakuata. Cbabpxa-
HMeTO Ha 06Wwun NneTnnByM KOMMO-
HEHTU (C N3KNIYEHNE Ha MeTaHOo)
npu ABaTa BuAa M3cnefBaHa pakus
(5644 mg/l a.a — "Okpyrnuua", 5829
mg/l a.a. — "BanineBka"') CbOTBET-
cTBa Ha m3uckBaHumATa Ha EC (min
2000 mg/l a.a.).

Regardless of the fact that various
authors (Paunovi¢, 1991) obtained
contradictory results regarding the
impact made by length of duration
of alcoholic fermentation on the
methanol content in the brandy, it
may be assumed that the longer
alcoholic fermentation of the
Valjevka cultivar  plum  fruits
compared to fruits of the Okruglica
cultivar resulted in the higher
content of this adverse component
in the brandy.

Therefore, it cannot be inferred
whether a higher methanol content
in the brandy can be treated as a
cultivar-specific trait of the Valjevka
cultivar, compared to Okruglica.

This  assumption is  further
supported by the findings that
brandies produced from Okruglica
in a traditional way, using fruit
mashes which were not distilled
immediately upon fermentation, but
sometimes several months
following its completion, were
sometimes characterised by the
methanol content in excess of
12000 mg/l a.a. (Stojanovska,
1982), with a potential adverse
safety effect upon the brandy.

The content of total volatile
components (excluding methanol)
in both of the examined brandies
(5644 mg/l a.a — Okruglica, 5829
mg/l a.a. — Valjevka) complies with
the EU requirements (min 2000
mg/l a.a.).
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Tabnuua 1. Mas-xpomaTorpaddCku aHa/In3 Ha Hali-BaXXHUTE NeT/IMBU KOMMOHEHTH
Ha C/iMBOBa pakus NnoslydeHa OT C/iMBOBM copToBe ,,Okpyrauua“ un ,,BanineBka“

(mg/l a.a.)

Table 1. Gas chromatographic analysis of the most important volatile
components of plum brandies obtained from Okruglica and Valjevka plum

cultivars (mg/l a.a.)

JleTnne KOMNOHEHT Okpyrnnya  BaniteBka
Volatile component Okruglica Valjevka

MeTaHosn/Methanol 5100 7433
1-nponaHon/1-propanol 834 1592
1-6ytaHon/1-butanol 24 25
2-6ytaHon/2-butanol 15 98
2-meTnn-1-nponaHon/2-methyl-1-propanol 935 310
2-meTun-1-6yraHon/2-methyl-1-butanol 630 211
3-meTun-1-6ytaHon /3-methyl-1-butanol 2455 825
1-xekcaHon/1-hexanol 22 31
2-theHunetaHon/2-phenylethanol 59 22
Bucwn ankoxonu (o6wo)/Higher alcohols (Total) 4974 3114
ETun auetat/Ethyl acetate 157 1256
ETnn 6ytupat/Ethyl butyrate 1 1
ETnn xekcaHoat/Ethyl hexanoate 1 3
ETtnn oktaHoat/Ethyl octanoate 4 11
Etnn pekaHoat/Ethyl decanoate 5 12
Etnn popexkaHoat/Ethyl dodecanoate 4 3
ETtnn tetpagekaHoat/Ethyl tetradecanoate 2 1
ETtnn nakrat/Ethyl lactate 299 1082
M3oamun auetat/Isoamyl acetate 2 2
Onetnn cykumnHat/Diethyl succinate 7 3
EcTtepu (O6wi0)/Esters (Total) 482 2374
EcTtepu (O6wo0 — ETWN ayeTaT — €TWA nakrar) 26 36
Esters (Total — Ethyl acetate — Ethyl lactate)

KanpoHoBa kucennHa/Hexanoic acid 8 12
Kanpunosa kucenuHa/Octanoic acid 24 36
KanpuHoBa kucennHa/Decanoic acid 26 60
KucenuHu (O6wo)/Acids (Total) 58 108
Auetangexua/Acetaldehyde 94 204
BeHsangexun/Benzaldehyde 36 29
Netnueu koMnoHeHTU (O6LWO — MeTaHON) 5644 5829

Volatile components (Total — Methanol)

NHTepecHO e ga ce Habsto-
[laBa, 4e XapakTepucTukuTe Ha
naofoBeTe Ha pasrnexpaHute
COpTOBE C/MBM WMaT 3HA4YMMO
Bb3elNCTBME BbPXY as/IKoXosHarta
hepmeHTauus, npu ycnosmaTa Ha
TpaguuMoHHa CMOHTaHHa TakaBa

It is interesting to observe
that the characteristics of fruits
belonging to the plum cultivars
under consideration make a
significant impact on alcoholic
fermentation in the conditions of
the traditional spontaneous
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Ha uenu nnogose. MNMpu gocturaHe
Ha eTan Ha nbAHa 3pPAIOCT,
nnogosete Ha copt "Okpyranya™
ca noguyepTaHO COYHM M nopagu
CBOSATA ThHKa KOXMLa N1IeCHO OCBO-
6oxaaBaT Coka, KOeTo Mo3BoJisiBa
6BbP30 CTapTMpaHe Ha asikoxos-
HaTa (pepmeHTaums, 6bP30 obpa-
3yBaHe Ha efiMncouaHu ApoXau
npeobnagasawy B njogosara
Kalla, Kakto M Obp30 MPUK/IOY-
BaHe Ha pepmeHTauuATa (LAnocT-
HaTa NPo4BL/HKUTENHOCT Ha dep-
MeHTaumata e 10 gHn). OT gpyra
CTpaHa, nnogosBeTe Ha copT
"BaniieBka", oTrnexnaH B paioHa
Ha Yauvak, obuyaliHO ca MHOro
CyXxu npu [oCTUraHe Ha Mb/Ha
3pSANOCT, NMNCBa COK U ca CbC
cpaBHUTENHO pAebena un Xwunasa
KoXuua, KOSITO 3aTpyaHsiBa
N3NN3aHETO Ha COK OT M/I0JoBeTe
N 3abaBa Ha4yasioTO Ha askoxos-
Hata epmMeHTauus, Kakto U
obpasyBaHe Ha npeobnagasaliu
e/IMNCoOVAHN APOXAN, KOeTO BOAU
[0 hbepmeHTauma npogb/kaBa-
Bala 25 AHW, KOATO Ce KOHTpO-
nmpa oT NpoAb/HKATENHA U NOo-
WHTEH3MBHA [EeNHOCT Ha MUK-
poopraHM3aMy (anukysaTHU [ApOX-
AW, oueTHokucenun 6Gakrtepum wu
M/IEYHOKMCENN OakTepun) Cc Bb3-
MOXHO HebNaronpuAaTHO Bb34eN-
CTBME, BbBPXY KaA4YeCcTBOTO Ha
pakvaTa. VIMEHHO Te3n XapakTte-
PUCTUKN Ha Nao40BeTE Ha CcopT
"BaniieBka"', KOUTO nNpuyMHABAT
yBesinyaBaHe Ha KOMMOHEHTUTE B
pakuaTa, moraTt ga 6baar nokasa-
TeN 3a HauuMe Ha HexesaHu
MUKPOOPraHu3My B MecTHarta MuK-

fermentation of whole fruits.

Upon reaching the full ripeness
stage, fruits of the Okruglica
cultivar are markedly juicy and
owing to their thin skin, easily
release the juice, enabling a fast
onset of alcoholic fermentation,
rapid establishment of ellipsoid
yeasts dominance in the fruit
mash, as well as fast completion
of fermentation (the overall
duration of fermentation being 10
days).

On the other hand, fruits of the
Valjevka cultivar grown in the
Cacak region are typically quite
dry upon reaching full ripeness,
lacking juiciness and with a
relatively thick and tough skin,
preventing the release of the juice
from the fruits and slowing down
the onset of alcoholic
fermentation, as well as the
establishment of the ellipsoid
yeasts dominance, ultimately
resulting in the fermentation
(which lasted 25 days) being
dominated by prolonged and more
intense activity of microorganisms
(apiculate yeasts, acetic acid
bacteria and lactic acid bacteria)
with a potential adverse impact on
the brandy quality. It was due to
these characteristics of the fruits of
the Valjevka cultivar that caused
an increase in the components of
the brandy that may be an
indicator of the presence of
undesired microorganisms in the
indigenous microflora at
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podpsiopa npu cnoHTaHHa dep-
MeHTauusa. C apyrn gymu, pakmsara
npounssefeHa ot copTt "BanieBka"
CbAbpxa noseye l-nponaHon (c
91%), 2-6yTtaHon (c 533%), eTuna-
uetat (c 700%), etun nakrat (C
262%), kanpuHoBa kKucenuHa (c
131%) v auetangexus (c 117%), B
CpaBHeHVEe C pakusaTa npoussepne-
Ha oT copT "Okpyrimya“. OcseH
TOBa 1 npeasua dpakTa, vye AecTu-
naumsata Ha dpepmeHTupanu nso-
[OBe ce M3BbpLUBA BefHara cnep
3aBbpLUBaHe Ha (pepmeHTauuATa,
CbAbpXaHuATa Ha Te3n KOoMMo-
HEHTW B pakus npoussefeHa OT
copT "BanieBka" ocTtaBa Ha 3Ha-
YUTESIHO MO-HUCKO HUBO OT OHe3w,
konto Scholten wn Kacprowski
(1995) nocouBaT Kato rpaHU4HU
HMBa, 3a Bb3HMKBaHe Ha Hebnaro-
MPUATHU CEH30pPHU XapakTepucTu-
KM, T.e. NnosiBA Ha HeYncT u
HeobuyaeH apomart B pakudAta. C
Apyrv AymMu, Ha/IM4yMeTo Ha ornpe-
AeneHn npegBapuTesiHO 3asiBEeHU
KOMMOHEHTM B KOHLUEeHTpauuute
HabnogaBaHN B pakus OT CcopT
"BaniieBka", okasBa OGnaronpuaT-
HO Bb3feiNcTBre BbpXy mMupuca u
apomata Ha pakua: pgokato 1-
nponaHosn npuaasa Ha gectuiara
uBeTeH apomar; eTunauerarbT
JornpuHacs 3a nao40Bus TOHYC Ha
apomara, a eTw1l nakrarbT
npuaasa xybas v NpUAaTeEH apomMar
Ha BMCOKOKa4yeCTBEHUTEe MN1040BU
pakuu.

Kato ce nma npegsug dak-
Ta, Ye TpaauuMOHHAaTa CMOHTaHHa
dhepmeHTauua Ha copt "Okpyram-
ua" nNpoTvya B HaW-TONMMSA nepwu-

spontaneous fermentation. In
other words, the brandy made
from the Valjevka  cultivar
contained more 1-propanola (by
91%), 2-butanol (by 553%), ethyl
acetate (by 700%), ethyl lactate
(by 262%), decanoic acid (by
131%) and acetaldehyde (by
117%), compared to the brandy
made from the Okruglica cultivar.
Apart from this and considering
the fact that the distillation of the

fermented  fruit mash was
performed  immediately  upon
completion of fermentation, the

contents of these components in
the brandy made from the
Valjevka cultivar remain at a
considerably lower level than the
ones which  Scholten and
Kacprowski (1995) state as
boundary levels for occurrence of
adverse sensory characteristics,
i.e. occurrence of impure and
untypical brandy odour. In other
words, presence of certain
previously stated components in
concentrations observed in the
brandy from the Valjevka cultivar,
make a favourable impact on the
brandy odour and aroma: while 1-
propanol gives the distillate the
flowery odour, ethyl acetate
contributes to the odour’'s fruity
tonus and ethyl lactate gives it the
nice and enjoyable odour of high-
quality fruit brandies.

Considering the fact that the
traditional spontaneous
fermentation of the Okruglica
cultivar takes place in the warmest
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o4, OT roguHaTa (nbpeaTa rnosioBu-
Ha Ha aBrycrt), 6ypHata dpepmMeH-
Taums nNpyv Masiko Mo-BUCOKU TEM-
nepatypu (okono 28 °C) Moxe aa
fosefie [0 MOBULWIEHM HMBA Ha
n3oammn ankoxosnu (Moreno et al.,
1988). CnepgoBartesiHO ce ycTaHo-
BW, Ye pakuaTa npomssepeHa oT
copt "Okpyrnuua" cbabpxa 3085
mg/l a.a nsoammn ankoxonu (cyma
OT 2-MeTun-1-6ytaHosn n 3-meTun-
1-6ytaHon), koeto e c 198%
noBeye B CpaBHEHWE C pakusTa
nonyyeHa oT copT "BaniieBka".
Tasn BMCOKa KOHUEHTpauus Ha
N30amMu/1 anIKoxosim MOXe Ja uma
Heb6NaronpusTHO Bb3felicTBme
BbPXYy CEH30PHOTO KayeCTBO Ha
pakuaTa, nog dpopmara Ha Texka
dpakymsa. Scholten n Kacprowski
(1995) yctaHoBsABaT TO3M Hepoc-
TaTbk B pakus, KOATO CbAbpxa
KOHUEHTpaLMM Ha nu3oamus asnko-
xonn B nHTepsana mexay 3000 w
5620 mg/l a.a. [10-BNCOKOTO
CbAbpXaHne Ha 0o6LM Mo-BUCLUU
asnikoxonun,  2-doeHwunetaHon wu
AVeTUN CykuMHat B pakuata oT
copt "Okpyrnuua", B cpaBHeHue c
pakusi oT copT "BaniieBka" moxe
CblLL0 fa Ce Ab/DKM Ha Masiko no-
BMCOKaTta Temnepartypa Ha nioao-
Bara kKawa npu asikoxosiHaTta
hepmeHTauus, Tbii kaTo cnopej
Moreno et al. (1988) Te3n
KOMMOHEHTM ca MoJ CW/IHO u3pa-
3€HOTO Bb3AEelCTBME Ha Temnepa-
Typata Ha (hepMeHTMpawaTa Ka-
wa. Bbnpekn ToBa, Bb3geNcCTBMNE-
TO oOKasaHO OT Te3n pakTopu
BbPXY KAYECTBOTO Ha pakusi MOXe
fa Bapvpa. [okato OT efgHa

part of the year (first half of
August), the turbulent fermentation
at somewhat higher temperatures
(around 28 °C) may result in
increased amounts of isomyl
alcohols (Moreno et al., 1988).
Consequently, the brandy made
from the Okruglica cultivar was
found to contain 3085 mg/l a.a. of
isomyl alcohols (sum of 2-methyl-
1-butanol and 3-methyl-1-butanol),
which is by 198% more compared
to the brandy obtained from the
Valjevka cultivar. This high a
concentration of isomyl alcohols
may have an adverse effect on the
sensory quality of the brandy, in
the form of a heavy tail over-tone.

Scholten and Kacprowski (1995)
established this type of
shortcoming in brandies containing
concentrations of isomyl alcohols
in the range between 3000 and
5620 mg/l a.a. A higher content of
total higher alcohols, 2-feniletanola
and diethyl-succinate in the brandy
from the Okruglica cultivar,
compared to the Valjevka-cultivar
brandy can also be attributed to a
somewhat higher temperature of

the fruit mash at alcoholic
fermentation, since according to
Moreno et al. (1988) these
components are under a
pronounced impact of the

fermenting fruit mash temperature.

However, the impact made by
these factors on the brandy quality
may vary. While on the one side 2-
phenylethanol possesses a
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CTpaHa 2-dpeHnneTaHon nputexa-
Ba [MpuATEH po30B apomar, a
AneTun  CyKuuHaTbT  npugasa
CBEX W NNOAOB NPUATEH MUPUC,
06WOTO CbAbpPXaHME Ha BUCLUU
aJTIKOX0NN B M3nLWbK oT 4000 mg/I
a.a. MOXe fa npukpue ymcrortarta
Ha apomaTa Ha fgecTtunata. Tosa
ce cfyyBa nopagn TEXHUS HaCTOWn-
4y“B apoMart, KaKbBTO € C/y4yasT C
pakusaTa oT c/iMBOB copT "OKpyrnu-
ua", Korto cbaobpxa 4974 mg/l a.a.
006LL0 BMCLUM asIKOXOSIN.

W npn gBata Buaa pakmsa ca
yCTaHOBEHWN MOLOOHN CTOMHOCTM
Ha n3oamun auerar, KOUTo npute-
XaBa cneundmyeH 6aHaHoOB apo-
Mat. Cnopef CbAbpXaHWeTO Ha
MAaCTHU KUCENNHU N TEeXHUA eTUs
ectep, Moxe pa 6bae orvbens-
3aHO, 4Ye pakua OT COpTOBe
"Okpyrnvuya" u  "BanieBka" ca
noBeye CXOOHW Ha pakun nonay4ye-
HW OT COpPTOBE, KOWUTO Ccrnopep,
PopovicC et al. (2009) ce xapakTte-
pu3upart ¢ Nao40B CMBOB PakueH
apomart ("Moxeraya" n "YayaHcka
poaHa"), cnef KOeTo uasaT pakuu
HanpaBeHN OT COPTOBE C OTYeT-
nunB uBeTUCT xapakTtep ("HauyaHcka
nenotuua" n "YauaHcka Hainbonsa").

CobabpxaHneto Ha 6eHsas-
Aexu[ e Maslko Mo-BUCOKO B pa-
Knata OT CnMBOB copT "OKpyriuv-
ua", B CpaBHEHME C pakuAaTa
nonyyeHa oT copT "BaniieBka",
BbIMPEKM 3HAUYUTENHO MO-KPaTKOTO
Bpeme 3a hepMeHTauus, B Cpas-
HEeHMe C njogosBa kKawa oOT
"BaniieBka". ToBa MoXe pga e
6enier 3a Mno-BMCOKO CbAbpXaHue
Ha LUMaAHOTEeHHW [/IMKO3NUON B

pleasant rose odour and diethyl
succinate gives a fresh and fruity
enjoyable smell, a total content of
high alcohols in excess of 4000
mg/l a.a. may conceal the fineness
of the distillate aroma.

This occurs due to their assertive
aroma, and is the case with the
brandy from the Okruglica plum
cultivar, which contains 4974 mg/I
a.a. of the total higher alcohols.

Both brandies were found to
contain the same values of
isoamyl acetate, possessing a
specific banana smell. According
to the content of fatty acids and

their ethyl esters, it can be
observed that brandies made from
the Okruglica and Valjevka

cultivars are more similar to the
brandies obtained from cultivars
which, according to Popovic et al.
(2009) are characterised by a
fruity plum  brandy aroma
(PoZegaca and Cacanska rodna),
then brandies made from cultivars
with  a pronounced flowery
character (Cacanska lepotica and
Cacanska najbolja).

The content of benzaldehyde
was slightly higher in the brandy
from the Okruglica plum cultivar
compared to the brandy obtained
from the Valjevka cultivar, despite
the considerably shorter
fermentation time compared to
that of the Valjevka fruit mash.
This may be an indication of a
higher content of cyanogenic
glycosides in the fruits of the

141



naogose oT copt "Okpyrnvua',
3apagn HeliHUTe KOCTWJ/IKU, KOUTO
nmat no-nopecta 4epynka. M1 Ha
ABara CNMBOBW copTa pakuaTa ce
Anctunnpa BegHara cnepf 3aBbp-
lWBaHe Ha pepmeHTauuATa, 3aTo-
Ba UMa CbAbpXaHue Ha GeH3asl-
aexug no-Hucko ot 100 mg/l a.a.,
KOeTo cnopej no-ctapoTto 3akoHO-
parencteso Ha Cbpbus npeacras-
NnABa rpaHnUyHa KOoHLUeHTpauus,
Ha, KOATO apoMaTbT Ha pakusa ce
noBnnaBa OT MUPUC Ha KOCTUKA.
CboTHOWeEHNATa Ha HAKoU
BuCcLWN ankoxonu (Tabnvua 2) mo-
raT ga ce wu3nonssar 3a no-
JeTalifIHO XapakTepusnpaHe Ha
€e/lHOCOPTOBW C/IMBOBU pakun, npu
onpefensHe Ha KOHKPETHW ycno-
BUA MO BPEME Ha TEXHOJIOTUYHUSA
npowec Ha npom3BoACTBOTO. ToBa
e 0CO06eHO BAPHO 3a CbOTHOLLE-
HUATA BK/IHOYBALLM M30aMU/T as1KO-
XO/IN KaTo eAMH OT KOMMOHEHTUTE,
T.e. 2-mMeTun-lnponaHosn OT efHa
cTpaHa v 1-nponaHos OT Apyra
cTpaHa, KakTo Beuye 6e oTbenssa-
Ho. Cnopep Satora n Tuszynski
(2008), CbOTHOLLUEHMETO M30aMuJ
asIKoxos1/1-nponaHos Mo-HUCKO OT
nnn 6nm3o0 4o 1 e nokasarten 3a
nofyepraHa CrnoHTaHHa epmeH-
Taums, KakBaTtO Bb3HMKBA B ChNy-
yasi Ha "BaniieBka". CbLuMTE aBTO-
pn TBBPAAT, Ye Korato ToBa CbOT-
HOLleHWe e no-Bucoko ot 1, To
cTaBa nokasatesn 3a (oepMmeHTa-
UMA M3BbpLUEHA OT MOHOKYyNTypa
Ha gpoxan. B cnyyaa Ha
"Okpyrnimya", ToBa CbOTHOLUEHME
npesuwasa 1, nopagu pakra, 4e
BbMNPeKN CroHTaHHaTa (hepmeHTa-

Okruglica cultivar, i.e. its fruit
stones, which also have a more
porous shell. Both cultivars’
brandies were distilled
immediately upon the completion
of fermentation, therefore having
the benzaldehyde content lower
than 100 mg/l a.a., which
according to older Serbian
legislation represented a border-
line concentration above which the
odour of a brandy becomes
dominated by the smell of the stone.

Ratios of certain higher
alcohols (Table 2) can be used in
more detailed characterisation of
certain monovarietal plum
brandies, i.e. in defining certain
conditions during the technological
process of their production. This is
especially true of the ratios
involving isoamyl alcohols as one
of the components, i.e. 2-methyl-1-
propanol on one side and 1-
propanol on the other side, as
previously noted.

According to Satora and Tuszynski
(2008), the ratio isoamyl
alcohols/1-propanol lower than or

close to 1 is an indicator of a
markedly spontaneous
fermentation, which was
established in the case of

Valjevka. The same authors state
that when this ratio is higher than
1, it becomes an indicator of a
fermentation conducted using a
yeast monoculture. In the case of
Okruglica, this ratio exceeds 1,
due to the fact that despite the
spontaneous fermentation, the
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uusa, cneuyndouyHUTe Xxapakrepuc-
TVKW Ha nnoga nognomarar 6bp30
yCcTaHOBfIBaHe Ha AOMUHMPaHe Ha
apoxaute Saccharomyces cerevisiae
B nnogosara maca. lNogobHo 3a-
KNHUYEHNe mMoxe aga 6bae uskasa-
HO, MO OTHOLWEHWe Ha CbOTHO-
lWeHneTo 2-metun-1-nponaHosn/1-
nponaHos. B pgonbnHeHue Ha
TOBa, CeH3opHaTa XapakKTepucTu-
Ka Ha pakmsaTa MOXe fa 13nosssa
CbOTHOLUEHNETO Mexay 2-
dheHunetaHon (xapaktepusupaH
CbC cneunuyeH po3os apomar) n
1-xekcaHon (xapaktepusvpaH OT
CBEX U NpUATEH apomMart OT 3eJle-
HaTa 4yacT Ha pacTeHusTa). CToi-
HOCTUTE Ha TOoBa CbOTHOLUEHMEe
nokassart rosiemyn pasnmuusa (2.68
3a "Okpyrnvya", B cpaBHeHue C
0.71 3a "BanieBka"), Bogewm Ao
pas3/iviyHN  XapakTepucTukm  Ha
cneumguyHM COPTOBU apomaTtu 3a
ABara Buga CNvMBOBU pakunu.

specific characteristics of the fruit
enabled a rapid establishment of
the domination of the
Saccharomyces cerevisiae yeast

in the fruit mash. A similar
conclusion can be drawn
regarding the ratio 2-methyl-1-

propanol/1-propanol. In addition to
this, the sensory characterisation
of the brandy can make use of the
ratio between 2-phenylethanol
(characterised by specific rose
odour) and 1-hexanol
(characterised by fresh and
pleasant odour of green part of
plants).

The values of this ratio show large
differences (2.68 for Okruglica,
compared to 0.71 for Valjevka),
resulting in the different
characteristics of the cultivar-
specific aromas of the two plum
brandies.

Tabnuua 2. CbOTHOLWEHME MEeXAY BUCLIN alkoXOoin Mpu CMBOBa pPakus
nosiydeHa oT CMBOBM copToBe ,,OKpyrnmya“ n ,,BanieBka“
Table 2. Ratios of higher alcohols in plum brandies obtained from Okruglica and

Valjevka plum cultivars

CboTHoLweHne/Ratio

Okpyrnvua/Okruglica

BaniiBka/Valjevka

3-methyl-1-butanol/2-methyl-1-butanol
Isoamyl alcohols/2-methyl-1-propanol
Isoamyl alcohols/1-propanol
2-methyl-1-propanol/1-propanol
2-phenylethanol/1-hexanol

3,90 3,91
3,30 3,34
3,69 0,65
1,12 0,19
2,68 0,71

Ot Tabnvua 3 e o4yeBMAHO,
ye pakudaTa nosiydyeHa OT cCopT
"BaniieBka" nosyyaBa MO-BMCOKA
CEH30pHa OueHKa, OTKOMIKOTO pa-
Knata nosyyeHa ot copT "Okpyr-
nmua", Kato CTOMHOCTUTE  Ha
OLeHKMTe OTroBapsAT Ha Hawu no-

It is evident from Table 3 that
the brandy obtained from the
Valjevka cultivar received a higher
sensory grade than the brandy
made from the Okruglica cultivar,
while the values of the grades
correspond to our earlier research
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paHHM u3cneaBaHus (PopoviC et
al., 2012, 2015). Tpsbesa ga ce
oTGenexu, Yye pakus npovssepe-
Ha oT copT "Okpyrnuua" npows-
BeXJa BWCOKOKAYeCTBEHW AUCTU-
natu, 4pe3 CMecBaHe C pakuu
npou3BefeHn OT ApYrh MEeCTHM
CpbOCKM copTOBe CvBU. Tesu
ANCcTunaTn  nputexasar BUCOKM
CEeH30pHM oueHkn — Hag 18.01
(Popovic et al., 2015) — gopwv npe-
AN oTnexasaHe B Ab60BM ObYBW.
ToBa OTroBaps Ha BUCOKOKa4ec-
TBEHWN pakuu, KOUTO ca HarpageHu
CbC 3NnaTHU mMejanu npu odwu-
LUManHO OueHsABaHe Ha CeH30pHO-
TO KayeCcTBO Ha pakumn. Hawata
Heny6mnkyBaHa nHopmaums, Bb3
OCHOBa Ha MNpakTuyeckn OnuTu
nokasea, Ye cnef NpPoAb/KUTENEH
nepvog Ha oTnexaBaHe B Ab6O0OBU
6b4BM U ABeTe  efHOCOPTOBMU
pakun— "Okpyrnvua" n "BaniieBka"—
moraT ga npuaobuaT HMBO Ha Haii-
BMCOKOKauYecTBeHa pakusi.

(Popovi¢ et al., 2012, 2015). It
ought to be noted that brandy
made from the Okruglica cultivar
produces highest-quality
distillates, through blending with
brandies produced from other
indigenous Serbian plum cultivars.

These distillates are awarded high
sensory grades — above 18.01
(Popovi¢ et al.,, 2015) — even
before maturing in oak barrels.
This corresponds to the high-
quality brandies which are
awarded gold medals at official
assessments of sensory quality of
brandies. Our unpublished
information based on practical
experiences indicate that after a
prolonged period of maturation in
oak barrels, both monovarietal
brandies -  Okruglica and
Valjevka— can attain the level of
the highest-quality brandies.

Tabnumua 3. CEH30pHM aHa/IM3M Ha CIMBOBA paknsa (CbAbpXaHne Ha eTaHON 45
vol%) noslydyeHa oT cNMBOBM copToBe ,,Okpyrimya“ u ,,BaniieBka‘

Table 3. Sensory analyses of plum brandies (ethanol content 45 vol%) produced
from Okruglica and Valjevka plum cultivars

Xapaktepuctuku/Characteristics

Okpyrnvua/Okruglica

Banieska/Valjevka

LiBaT/Colour (max 2 pts)
Unctota/Clearness (max 1 pts)
Apomart/Odour (max 7 pts)
Bkyc/Taste (max 10 pts)
O6uo/Total (max 20 pts)

2,00 2,00
1,00 1,00
5,95 6,15
8,50 8,48
17,45 17,63

n3BOAN

Bb3 ocHoBa Ha nonyyeHute
pe3yntatn, MOXe fa Cce Hanpasu
3ak/1lo4eHne, Ye ako nnoLoBeTe Ha
TpaauUVOHHN  COpPTOBE  C/INBYU
"Okpyrnuua" n "BanieBka" ca nog-

CONCLUSIONS

Based on the obtained
results, it can be inferred that if
fruits of traditional plum cultivars
Okruglica and Valjevka are
subjected to traditional method of
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NOXEHN Ha TpaauUMOHEH MeTo[, 3a
npepaboTka, KOWTO BK/IOYBA CMOH-
TaHHa ankoxonHa dpepmMmeHTauus
Ha uUenn nnogoBe W  [ABOIHa
gectunnauma e Bb3MOXHO fga ce
noJsly4aT BMCOKOKAYECTBEHUN pakuu.
Pas3fimknute B TEeXHUA XUMWUYECKN
CbCTaB M CEH30PHN XapaKTepucTu-
KA Npy TO3UM MeTof Ha npepaborT-
Ka, ce 06ycnaBAT W3K/IOUUTENHO
OT XapaKTepucTukMTe Ha NaogoBeTe
Ha gBarta copTa U Hail-BeposATHO OT
npounsniMsawmte pas/sivkm B cbCTa-
Ba Ha MecTHaTa MukKpodiopa,
KOATO MNpUYMHABA  asikoxosiHaTa
depmeHTaymsa. Kato ce nma npeg-
B[, KAa4yeCcTBOTO M cneuuduyHuTe
CEH30pPHU  XapakTepuCTUKM  Ha
noslyyeHuTe gectunartv, Asata
copta C/vMBM, KOMTO B MOMEHTa
3aemaT Ma/lbK As71 B C/NMBOBUA
acopTumeHT Ha Cbpbusi, TpsibBa
fJa Obgar pasnpocTpaHeHn B
NoAXo4ALN paioHn, KaTo copToBe
npegHasHayeHn 3a NpPoun3BOACTBO
Ha BMCOKOKavyeCcTBEHa pakus.

processing implying spontaneous
alcoholic fermentation of whole
plum fruits and double distillation, it
is possible to obtain high quality
brandies.

Differences in their chemical
composition and sensory
characteristics were in this method
of processing conditioned
exclusively by the characteristics of
the fruits of the two cultivars, and
most probably by the ensuing
differences in the composition of
the indigenous microflora causing
the alcoholic fermentation.
Considering the quality and the
specific sensory characteristics of
the obtained distillates, these two
plums cultivars which at the
moment occupy a minor proportion
in the Serbian plum assortment,
ought to be spread to suitable
regions, as cultivars intended for
production of high-quality brandies.
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Raspberry leaf blotch virus —a common
raspberry pathogen in Serbia
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PE3OME

lIncTHn neTHa no MaivHaTa
(RLBV) e HOBOOTKpUT BMUPYC, KOWTO 3apa-
3ABa ManmHuTe. bonectta Ha NUCTHUTE
neTHa Mo ManuHata € u3BecTHa oOT
JeceTuneTns, HO [0 CKOPO efuHCTBEHaTa
nogosvpaHa npuynHa 3a 6onectta no
amcTarta Ha ManuHata 6elwe MasIMHOBUAT
akap (Phyllocoptes gracillis). Xbntu
neTHa W MOBAXBaHE Ha MaslMHOBUTE
imcTa ce oTKpuBaT 4YecTo OT hepmMmepuTe
B MHOro MasMHOBM nosieta B Cbpbus.
Cunta ce, ye Tesu CMMNTOMU ca NPUYU-
HeHn oT P. gracillis, koinTo e onucaH kato
Hali-BaxxHus apebeH BpeanTen B MasIMHO-
BUTE HacaxaeHus.

3a pa ce n3crefsa NPUCHCTBUETO
n pasnpegensHeTo Ha RLBV B Cbpbus e
M3BBbPLUEHO NPOoyyBaHe C ronsam mawab B
nepuoga 2012-2015. HacaxpeHusata B
OCHOBHUTE MaJIMHOBW PalioHn ca uscnepj-
BaHW 3a Ha/nume Ha CUMNTOMW Ha Xb/TU
JINCTHN MEeTHa, 3aKbpXXasBABaHe U U3MbC-
TPEHOCT, KOWUTO MoKassar BEpPOATHO Npu-
cbcTBMe Ha RLBV. Lectgecetr ncTHU
npobu ca cbbpaHu oT 20 wuscnenBaHu
MECTOMOJIOKEHUA U Ca CbXpaHeHu 3a
naboparopeH aHanu3. Bcuykm npobu ca
u3nuTaHun 3a Hanumune Ha RLBV upes

SUMMARY

Raspberry leaf blotch virus (RLBV)
is a newly discovered virus infecting
raspberries. Raspberry leaf blotch disease
was known for a decades, but until
recently the only suspected cause of the
disease was raspberry leaf and bud mite
(Phyllocoptes gracilis). Yellow blotching
and twisting of raspberry leaves have
been commonly found by farmers in many
raspberry fields in Serbia. These
symptoms have been ascribed to be
caused by P. gracilis that was described
as the most important secondary pest in
raspberry plantations.

From 2012-2015, a large-scale
survey was conducted in order to
investigate the presence and distribution
of RLBV in Serbia. Plantations in major
raspberry growing regions were surveyed
for the presence of symptoms of yellow
blotch, patches and mottling indicating the
possible presence of RLBV.

Sixty leaf samples were collected from 20
surveyed locations and stored for
laboratory analysis. All samples were
tested on the RLBV presence by RT-PCR
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RT-PCR (MonnmepasHa BEPMXHA
peakuusi ¢ obpatHa TpaHckpunuus - 6.m),
KatTo ca W3-Non3BaHn  cneuvduyHu
npavimepn yBenu-yaBawym parmeHTa
567 bp ot RNA3. RT-PCR aHanm3bT
paskpvBa ronsaMo  pas-npocTpaHeHune
(76%) Ha RLBV B aHanu-aupaHute
npobu. RLBV e noTBbpAeH npu MaanHu
copT ,Bunamet, "Muitkbp“ n ,Tynamniin®,

FoM1AMOTO  pasnpocTpaHeHne Ha
RLBV nokasBa Hyxjata fga 6bje BbBe-

OEeH  KOHTpON  BBbPXY  pacTuTesHuA
matepuan, 3a RLBV n npegnonaraemus
npeHocuten — Ma/IMHOBUA akap, B

CEeJICKOCTOMaHCKNTE HacaxaeHus.
Knouosn gymun: manvHu, RLBV,
Phyllocoptes gracilis, RT-PCR

YBO/,

Bug Rubus e roctonpuneMHumk
Ha noseye oT 30 BMpyca 1 BUpYyCO-
nogo6Hn areHtn (Martin et al.,
2013). CumnToMUTE MPUYMHEHU OT
BMpycuUTe morat ga 6baaTr NecHo
00bpKaHM C Opyrn npeavsBuKaHu
OT ApYyrn NaTtoreHn Unn HacekomMu.
XXBATOTO HaneTHABaHe No Manu-
HOBWUTE NUcTa 0buyaliHo ce OTKpU-
BaT B HacaxgeHua n ce onucsea
KaTo HallecTBMe OT MasIMHOB akap
(Phyllocoptes  gracilis, Nalepa)
(Gratwick, 1992). AkapuTe ce xpa-
HAT C MaJIMHOBW NNCTa, KaTo npe-
ON3BUKBAT CBET/I03E/IEHN N XBbNATH
neTHa, NoBsXxBaHe U U3KpMBABaHe
Ha NUCTHUTE KpauvLa. Hanocneabk
McGavin et al. (2012) nocouBar 3a
Hasimune Ha HoB PHK Bupyc c
oTpuuartenHa sepura npn YepBeHu
MaJIMHOBU pPacTeHUs, KOUTO MOKas-
Bar CMMMNTOMM Ha JIMCTHW NeTHa.
BupycbT € KPbCTEH JIUCTHMU
neTHa no ManuHaTa (RLBV).
OTKpuT e BbB BenmkobputaHus,
Cbpbusa, duHnaHama, bbarapus,

using RLBV-specific primers amplifying
the 567 bp fragment from RNA3. RT-PCR
analysis revealed the high incidence
(75%) of RLBV in analyzed samples.
RLBV was confirmed in raspberries
'Willamette’, 'Meeker’ and "Tulameen’'.

The high incidence of RLBV
indicates the need to initiate the control of
the planting material for RLBV and
suspected vector raspberry leaf and bud
mite in commercial plantations.

Key words: raspberry, RLBYV,

Phyllocoptes gracilis, RT-PCR

INTRODUCTION

Rubus species are the hosts
of more than 30 viruses and virus
like agents (Martin et al., 2013).
The symptoms caused by viruses
can be easily confused by the ones
induced by other pathogens or
insects. Yellow patches and
blotches on raspberry leaves were
commonly found in plantations and
they were described as the
infestation by the raspberry leaf
and bud mite (Phyllocoptes gracilis
Nalepa) (Gratwick, 1992). The
mites feed on the raspberry leaves
causing pale green and yellow
patches and blotches, twisting and
distortion of the leaf margins.
Recently, McGavin et al. (2012)
reported the presence of a new
negative-strand RNA virus in red
raspberry plants showing leaf
blotch symptoms, The virus was
named Raspberry leaf blotch virus
(RLBV) and it was identified in
Great Britain, Serbia, Finland,
Bulgaria, Poland and Montenegro
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Monwa n YepHa ropa (McGavin et
al., 2012; Bi et al., 2012; PleSko et
al., 2014; Cieslinska & Tartanus,
2014; Zindovi€ et al., 2015).

YepBeHata Ma/iMHa € efauviH
OT Hal-BaXHUTE WKOHOMUYECKHU
niogose B 3emenenveto Ha Cobp-
6us. BupycHute 60onectu no maam-
HaTa He ca nscnefBaHn yCUIEHO B
Cobpbus npes nocnefHOTO AeceTu-
netve, ¢ U3KIKYEHNE Ha HSKOJSIKO
Kpatkn poknaga (Jevremovié &
Paunovi¢, 2012). CumntomuTe Ha
JINCTHN neTHa OBWKHOBEHO ce OT-
KpvBaT B Ma/IMHOBM HacaXeHus
OT npoussoguTenn B Cbpbus npes
nocnegHuTe OBe  AeceTuneTus.
Cunta ce, u4ye akapute ca
NPUYUHUTENN HA TE3N CUMMTOMMU.

OcCHOBHa Lie/1 Ha HacToSALLEeTOo
nscnefBaHe e ga ce aHamsupar
CMMMNTOMATUYHUTE pacTeHus 3a
Hasimune Ha RLBV, HO cbwo ca
n3cnefBaHn U pacteHus 6e3 cum-
nTomn. B HacToswara cratus
npeacraBsme pesysrtaty OT Ma-
lwabHo wu3cnegsaHe Ha RLBV B
Cbpbus.

MATEPVANT N METOON

RLBV ce wu3cnegsa B 20
mMecTonosioxeHns B Cbpbusa 3a
nepmnoga 2012-2015. ManuHosute
HacaX[eHus ca BM3yaslHO n3cneg-
BaHW 3a Ha/mM4ymMe Ha CUMMTOMU Ha
NNCTHM neTHa. O6wo 60 NUCTHK
npo6u ca B3eTn OT MaIMHKU "Buna-
met", "Muiikbp® un ,TynamuniiH“
oTrnexgaHn B MNOJSIEBU YCNOBUS.
[MoBeyeTo OT NPobUTe ca C XbNTK
MeTHa, HO 3HauMTesiIHa YacT OT Mpo-
6uTe ca 6e3 cumntomm (Tabnuua 1).

(McGavin et al.,, 2012; Bi et al.,

2012; Plesko et al, 2014
CieSlinska & Tartanus, 2014;
Zindovic et al., 2015).

Red raspberry IS
economically one of the most
important  fruits in  Serbian
agriculture. Viral diseases of
raspberries have not been

intensively studied in Serbia the
last decade, except for a few short
reports (Jevremovi¢ & Paunovic,
2012). Leaf blotch symptoms have
been commonly found by the
growers in  many raspberry
plantations in Serbia over the past
two decades. It was considered
that the mites are the causative
agents of these symptoms.

The main aim of this study
was to analyze symptomatic plants
for the RLBV presence, but
symptomless plants were also
analyzed. In this paper we present
the results of the large-scale
survey for RLBV in Serbia.

MATERIAL AND METHODS

RLBV was surveyed at 20
locations in Serbia from 2012-2015.
Raspberry plantations were
visually inspected on the presence
of leaf blotch symptoms. In total,
60 leaf samples of raspberries
'Willamette’, 'Meeker’ and
"Tulameen’ grown in the field were
collected. Most of the samples
were with yellow leaf blotches, but
significant portion of samples were
symptomless (Table 1).
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Tabnuua 1. YctaHOBsiBaHe Ha JInCTHM neTHa no masinHaTa (RLBV) upes RT-PCR
Table 1. Detection of Raspberry leaf blotch virus (RLBV) using RT-PCR

Hannume Ha cumMmntTomMmm

Bpoii Copt MecTononoxeHne 3a JINCTHN NeTHa RT-PCR
Number Cultivar Locality The presence of leaf
blotch symptoms
1 Tulameen Apune/Arilje nalyes positive
2 Willamette Apune/Arilje nalyes positive
3 Willamette Apune/Arilje nalyes positive
4 Willamette Apune/Arilje palyes positive
5 Willamette Apune/Arilje nalyes positive
6 Willamette Apune/Arilje palyes positive
7 Willamette Apune/Arilje nalyes positive
8 Meeker Apune/Arilje palyes positive
9 Tulameen Apune/Arilje palyes positive
10 Willamette Apune/Arilje He/no negative
11 Meeker Apune/Arilje nalyes positive
12 Meeker Apune/Arilje nalyes positive
13 Willamette Apune/Arilje nalyes positive
14 Willamette Apune/Arilje nalyes positive
15 Willamette Apune/Arilje nalyes positive
16 Meeker b. banbTa/B. Basta nalyes positive
17 Willamette b. banbTa/B. Basta palyes positive
18 Willamette b. banbTa/B. Basta palyes positive
19 Willamette b. banbTa/B. Basta He/no negative
20 Meeker Yauak/Cacak palyes positive
21 Willamette  MBaHuua/lvanjica He/no negative
22 Willamette  MBaHuua/lvanjica nalyes positive
23 Willamette  MBaHuua/lvanjica He/no negative
24 Willamette  MBaHuua/lvanjica nalyes positive
25 Willamette  MBaHuua/lvanjica nalyes positive
26 Willamette  MBaHuua/lvanjica nalyes positive
27 Willamette  MBaHuua/lvanjica He/no negative
28 Meeker VMeaHuua/lvanjica He/no negative
29 Meeker VMBaHuua/lvanjica He/no negative
30 Willamette  MBaHuua/lvanjica palyes positive
31 Willamette  MBaHuua/lvanjica palyes positive
32 Meeker VMeaHuua/lvanjica nalyes positive
33 Meeker MBaHuua/lvanjica He/no negative
34 Willamette  MBaHuua/lvanjica nalyes positive
35 Meeker  Monbanuiika BaHiia palyes positive
Josanicka Banja
36 Meeker Kociepwmx/Kosjeri¢ palyes positive
37 Willamette  Kotpamka/Kotraza nalyes positive
38 Meeker Kriva Reka palyes positive
39 Willamette Kriva Reka palyes positive
40 Willamette  JlatBuua/Latvica palyes positive
41 Willamette  /llo6oBus/Ljubovija palyes positive
42 Willamette  /llo6oBus/Ljubovija He/no negative
43 Willamette Lucani nalyes positive
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44 Willamette Mpn60oIi/Priboj nalyes positive
45 Willamette Mpuenone/Prijepolje palyes positive
46 Willamette TMpuenone/Prijepolje He/no negative
a7 Willamette TMpuenone/Prijepolje palyes positive
48 Willamette  TMpwuspeH/Prizren palyes positive
19 Willamette  TMpwuspen/Prizren palyes positive
50 Willamette  TMpwuspeH/Prizren He/no negative
51 Willamette PapaiieBo/Radaljevo nalyes positive
52 Willamette PyaHo/Rudno nalyes positive
53 Meeker PyaHo/Rudno He/no negative
54 Willamette ~ Crtanapw/Stapari nalyes positive
55 Willamette Yoxnue/UZice nalyes positive
56 Willamette Yoxunue/UZice He/no negative
57 Willamette Yoxunue/UZice He/no negative
58 Willamette Yoxunue/UZice nalyes positive
59 Meeker BnacuHa/Vlasina palyes positive
60 Willamette Zlodol He/no negative
O6La HyknenHoBa KucesnnHa Total nucleic acids were

€ M3B/leyeHa OT CBeXW aucTa no
npoTokon onucaH ot Li et al.
(2008). 06w 100 mg pacTuTenex
mMatepuan e cmisgH B 1 ml ot 2%
CTAB oOychep, WHKy6upaH npu
65°C 3a 15 MUHYTU 1 LEeHTPYdyrn-
paH npu 10.400 rpm 3a 5 min.
CynepHaTaHTbT € MNPExXBbLP/IEH B
HOBa enpyBeTka U 3aBUXPEH C
e/[lHaKBo KOJINYEeCTBO
xnopodpopm/nzoammn ankoxon.
(24:1). Cmeckata e UeHTpydyru-
paHa npu 12,800 rpm 3a 10 min.
[MonyyeHNAT cynepHaTtaHT e npe-
XBbp/ieH B HOBa enpyseTka ¢ 350
ml wm3onponaHon, ” UeHTpydy-
rmpaH npu 12,800 rpm 3a 10 min.
paHynata e npomuta c 70%
eTaHo/l  4ype3 ueHTpydyrnpaHe
npu 12,800 rpm 3a 5 MuH,
M3cylweHa npu cTaiHa Temne-
paTypa n pasteopeHa B 100 ml TE
6yhep.

Peakunmiute Ha  ob6paTHa
TpaHcKkpunuus 1 nosiMMmepasHa

extracted from fresh leaves with
the protocol described by Li et al.
(2008). A total of 100 mg of the
plant material was grinded in 1 ml
of 2% CTAB buffer, incubated at
65°C for 15 minutes and
centrifuged at 10,400 rpm for 5
min. Supernatant was transferred
to a new tube and vortexed with
the equal volume of
chloroform/isoamyl alcohol (24:1).
The mixture was centrifuged at
12,800 rpm for 10 min. Obtained
supernatant was transferred to a
new tube with 350 ml of
isopropanol, and centrifuged at
12,800 rpm for 10 min. The pellet
was washed with 70% ethanol by
centrifugation at 12,800 rpm for 5
min, dried at room temperature
and dissolved in 100 ml of TE
buffer.

Reverse transcription and
polymerase chain reactions (RT-
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Bepura (RT-PCR) ca un3BbpLUeHU
ype3s RLBV-cneuudmyHa ABoiika
nparimepun yBenuMyasalwm dpar-
MeHTa 567 bp ot RNA3 (McGavin
et al.,, 2012). PCR npogyktute ca
aHanu3upaHun 4pes enektpodoope-
3a B 1.5% araposeH ren, ouseTe-
HW C eTuagmeB 6pomMua U BU3yasiu-
3npaHn nop UV-ocseTsieHne. Ha-
INYMETO Ha (pparMeHT C Heouak-
BaH pasmep ce cuyuTa KaTo Nnosio-
XnTesiHa peakums.

PE3YJITATU N OBCBXXOAHE
Mo Bpeme Ha Bu3yanHarta WH-
cnekumus ca HabnwogasaHu ronemm
pasiMuna  M3mexay MasIMHOBUTe
HacaxaeHns Mo OTHOWeHWe Ha
Ha/IMYMeTo Ha CUMNTOMW 3a JIUCT-
HW neTHa. B MHOro masnko Hacax-
OEeHNA nunceaT pacTeHns CbC
CMMMNTOMW Ha JNUCTHXU neTHa. B
ApYrv, AenbT Ha CUMNTOMATUYHU-
Te pacTeHus Bapupa 3HauuTesiHO
[0 100%. 3abenssaHu ca pasnnd-
HA BUAOBE CUMMTOMU: XbATU U
CBET/I0 3e/IeHN MNeTHa, Cepuo3HO
NOXb/ITABaHe MO simcrara, M3CbX-
BaHe N N3KpMBABaHe Ha KpauwiaTa
Ha nuctata (Purypa 1). 3abenssa-
HW ca CUMNTOMW Ha JIMCTHU MeTHa
Nno MasmHata B MaJIMHOBWU Hacax-
AeHns B Cbpbus 3a npoab/xmuTe-
neH nepvod. B noseyeto cnyvawu,
Te3n CUMMTOMU ce MNpUnUcBaTt Ha
BpeAara npuynMHeHa OT MasMHO-
BUA akap. YecTo NpuCbCTBMETO Ha
Te3n CUMMNTOMW Ce Mpunucea Ha
BUPYCHWN MHpeKLmK, HO 6e3 nabopa-
TOpHO noTBbpPXAeHne (Dobrivojevié
& Petanovi¢, 1985). Milenkovi¢ &
MarCi¢ (2012) nocousaT, 4ye P.

PCR) were done using RLBV-
specific primer pair amplifying 567
bp fragment from RNA3 (McGavin
et al.,, 2012). PCR products were
analyzed by electrophoresis in
1.5% agarose gel, stained by
ethidium-bromide and visualized
under UV-light. The presence of
the fragment of the expected size
was considered as a positive
reaction.

RESULTS AND DISCUSSION
During visual inspection,
great differences among raspberry
plantations regarding the presence
of leaf blotch symptoms were
observed. In a very few
plantations, there were no plants
with leaf blotch symptoms. In
others, the share of symptomatic

plants varied greatly, up to 100%.

Different types of symptoms were
evidenced: yellow and light green
patches, blotches, severe leaf
yellowing, twisting and distortion of
leaf margins (Figure 1).

Raspberry leaf blotch symptoms
were  noticed in  raspberry
plantations in Serbia for a long
time. In most cases, these
symptoms were attributed to the
damage caused by raspberry leaf
and bud mite. Often, the presence
of these symptoms were also
attributed to viral infections, but
without laboratory confirmation
(Dobrivojevi¢ & Petanovi¢, 1985).
Milenkovic & MarCic (2012)
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gracilis e WKMPOKO pa3npocTpaHeH
B MaJ/IMHOBUTE HacCaXAeHus, Hawi-
Beye B 3anagHa Cbpbusa. Akapute
mMoraT fga npUYMHAT 3HauuTesiHa
Bpeda Ha pacTeHusaTa, 0cobeHo
aKo He ce M3BbPLIAT KOHTPOJIHM
MEepPKMU.

reported that P. gracilis is
widespread in raspberry
plantations, especially in western
Serbia. Mites can cause a

significant damage to the plants,
particularly if control measures are
not carried out.

®dur. 1. Cumntomn Ha JIMCTHUM NeTHa NoO MasinHaTa nNpu MaJIMHOB COPT

,Bunnamert*

Fig. 1. Raspberry leaf blotch virus symptoms on ‘Willamette’ raspberry

O6uo 60 npobn OT MasIMHO-
BM QIUCTa ca CbOpaHu U aHann3u-
paHn 3a RNA3 Ha RLBV upes
metoga RT-PCR. Pe3syntatute ot
RT-PCR ca npepcrtaBeHu B
Tabnuua 1. RLBV e notebpaeHa
npn 75% (45/60) oT npobure.

A total of 60 samples of
raspberry leaves were collected
and analyzed for RNA3 of RLBV
by RT-PCR method. RT-PCR
results are presented in Table 1.
RLBV was confirmed in 75%
(45/60) of the samples. All RLBV
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Bcuukn  no3uTMBHM  npobu  3a
RLBV nokassat cumnTomMuM Ha
nncTHu netHa. [pu pacTteHuaTa
6e3 cumntomn (15 npobu) He e
oTKpuT RLBV. fABHaTa acouuauus
Ha CMMNTOMUTE Ha JINCTHU MeTHa
N MNPUCBLCTBMETO Ha BUpPYyC e
oyeBMgHa, KOETO MOTBbPXAaBa,
ye OCHOBHaTa NnpuyMHa 3a cuMmn-
Tomute e RLBV. lonemuatr o6-
XBaT U LUMPOKO pasnpocTpaHeHune
Ha RLBV npegnonara, 4ye T4
npucbCTBa B MasINHOBUTE
HacaxaeHna B Cbpbus oT AbJIro
Bpeme. B HAKoM wu3cnensaHus,
RLBV ce oTKkpuBa 1 npu akapuTe,
Kato Te 6uxa mornMm pga 6baat
npeHocuTenn Ha Bupyca, HO
xunortesaTa M3NCKBa AONbL/IHUTES-
HO u3cnegsaHe (McGavin et al.,
2012, Cieslihska & Tartanus,
2014, Dong et al., 2016).

BupycbT Ha IMCTHU NeTHa no
MasinHaTa € MOTBbPAEH U npu
TpuTe n3cneaBaHn MasIMHOBU COp-
Ta: ,Bunamet”, "Muiikbp“ n , Tyna-
MUIAH®. MannHoBuAT copT "Buna-
MeT" e BoAell, B Npoun3BOACTBOTO
C Asan ot npubnuantenHo 90%,
cnegBaH oT "Mwuitkbp" (5%), u
BCUYKN APYrn COPTOBE C 0KO/10 5%
(Petrovic & Leposavic, 2016).
MpeaBapuTenHuTe HablAeHNA B
Tasn cchepa nokaseat, ye NJo4o-
BeTe Ha 3apa3eHu pacTeHusa c
RLBV ca no-masikm no pasmep ot
34paBuTe pacTteHus. scnegBaHe-
TO Ha Bb34EeNCTBMETO Ha 3apas3ara
¢ RLBV Bbpxy xapakTepuctukuTte
Ha niogoseTe v AobvBa e B X0/,

positive samples were showing
leaf blotch symptoms. In
symptomless plants (15 samples)
RLBV was not detected. The clear
association of the leaf blotch
symptoms and virus presence was
evidenced, confirming that the
primary cause of the symptoms
was RLBV. The high incidence
and wide distribution of RLBV
suggests that it is present in the
Serbian raspberry plantations for a
long time.

In some studies, RLBV was also
detected in mites and they may be
vectors of the virus, but this
hypothesis requires further study
(McGavin et al., 2012, CieSlinska
& Tartanus, 2014, Dong et al.,
2016).

Raspberry leaf blotch virus

was confimed in all three
raspberry varieties tested:
'Willamette’, 'Meeker’ and

"Tulameen'. Raspberry ‘Willamette’
is leading cultivar in the production
with the share of approximately
90%, followed by ‘Meeker’ (5%),
and all other cultivars with about
5% (Petrovi¢ & Leposavic¢, 2016).
The preliminary observations in
the field showed that the fruits
from the RLBV-infected plants are
smaller in size than from the
healthy plants. The research of the
impact of the RLBV infection on
fruit characteristics and vyield is
underway.
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n3BO4U

FronemunAt o6xsat Ha RLBV un
LLUMPOKOTO pasnpocTpaHeHune
npegnosiarar, ye T4 € 4YecTo cpe-
WwaH nartoreH npu MaaMHUTE B
Cobpbus. Lupokoto npucbCcTBUE
Ha RLBV nokasBa HyxpaTta fga ce
OCBLLECTBN KOHTPO/1 BLPXY pactu-
TenHna martepuan 3a RLBV, kakTto
N npeanonaraeMmsa  npeHocuTesn
Ma/IMHOBUSA akap B CesICKOCTOMaH-
CKUTE HacaxeHus.

BNAFO4APHOCTN

Pabotata e puHaHcupaHa
OT MMHUCTEPCTBOTO Ha obpasoBsa-
HMeTO, HayKaTa U TEXHONOTMYHOTO
passuTne Ha Penybnuka Cbpbus
B paMkuTe Ha npoekt TR 1661046
N MWHUCTEPCTBO Ha 3emMeaesiMeTo
n ekonorata Ha Penybnuka
Cobpbus.

CONCLUSIONS

The high RLBV incidence and
wide distribution suggests that it is
a common raspberry pathogen in
Serbia. RLBV wide presence
indicates the need to initiate the
control of the planting material for
RLBV, as well as suspected vector
raspberry leaf and bud mite in
commercial plantations.
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PE3IOME

Ot 2011 r. e 3ano4HaTo npoy4saHe
Ha pasnunyHn mMeToam 3a obHOBsBaHE Ha
AOGBIKOBU TPAAVMHU CbC CUMHO CrbCTEHU
(MpunokprBaLy Ce) KOPOHM B paiioHa Ha
Zhaoyuan n Rongcheng, Kutaii n e ycta-
HOBEH TexHUA edieKT BbpXy CTpyKTypata
Ha OBOLLHaTa rpaguHa, 1u3non3BaHeTo Ha
ChbHYeBaTa €eHeprus U KayecTBOTO Ha
nnogosete. W3nonssaHu ca TPU KOH-
TpacTHM MeTofa: NMpeMaxBaHe Ha AbpBe-
TaTa npes eavH pepg (Metog 1), npemax-
BaHe Ha pfgbpBeTa B peja npes egHo
(MeTtog 1), npemaxBaHe Ha BCSKO YeTBbp-
To AbpBO B pega (Metog lll). Pesyntatu-
Te nokassart, 4ye MeTog | e Hail-gobpusT
HauMH 3a 06HOBSIBAHEe Ha OBOLLHAaTa rpa-
AnHa. Tpu npe3pefoBOTO MpopexjaHe,
WHOEKCHT Ha JicTHaTa n/ow, e HamaseH
3HauYuTesIHO - ¢ 52.1%, HO n3nosi3BaHeTo

SUMMARY

Since 2011 the renovation of
airtight apple orchards had been done in
Zhaoyuan and Rongcheng City to explore
different transformation methods for
airtight apple orchards and their effects on
orchard structure, solar energy utilization
and fruit quality.

Three methods were adopted for contrast:
interlaced thinning (Method 1), septum
strain thinning (Method 1), every four
trees cutting one in the line (Method III).

Results showed that interlaced thinning
was the best way for orchard renovation.

For interlaced thinning, the leaf area index
was reduced significantly by 52.1%, but
the solar energy utilization and the
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Ha CNbHYEBa eHeprys 1 NponycKInBocTTa
Ha CBeT/IMHaTa B KopoHaTa ce yBenunyasa
CbOTBETHO C 38.3% 1 84.1%, a cbLl0 Ta-
Ka 1 CTOMHOCTUTE Ha xsopodmna (n3me-
peHn cbc SPAD-502 xnopocun MeTbp)
ce yBenunyasar.

Ot 2011 po 2013 r., cpefHOTO Ter-
10, UHAEKCHT Ha OLBETSBAHETO, WHAOEK-
CbT 3a rNafgkocT, TBbPAOCTTa M CbAbpXa-
HMETO Ha pa3TBOPMMUTE CyXM BeLLecTBa
B NM0AOBETE Ce yBe/NMyaBaT CbOTBETHO:
npun Metog | ¢ 15,3%, 10,3%, 10,8%,
3,1% un 13,3%, npn Metog Il ¢ 13.7%,
7,7%, 8,5%, 2,9% un 10,5% v npun Metop
I ¢ 4,9%, 1,4%, 5,7%, 3,2% un 5,1%, B
CpaBHEHWe C KOHTposaTa.

KntouoBu oymMu: A6BIIKA,
npopexaaHe, UHAEKC Ha NUCTHaTa NJIoLL,
poTOCKHTE3a, Ka4ecTBO Ha naoga

yBO/,

OT HavyanoTto Ha 1980™ roau-
HW, IbCTOTO 3acaxgaHe Ha A6b/-
KOBW rpaguHu e 61uno nonynsapusmn-
paHo C uen no-paHHo njaogonasa-
He 1 Bucokn gobmsn (Liu and Wei,
1987; Wei et al., 2003; Wei et al.,
2004). Korato gbpBeTaTa u3pact-
HaT TBbPAE MHOr0, KOPOHUTE WM
ce npunokpmear u rpagnHnuTe cTa-
BaT MpekasieHo crocreHn. CBeT-
NMHHWTE YCNOBWS Ce Brolwasart,
nnofofaBaHeTo ce U3Hacsd KbM
nepudepmaTa Ha KOpPOHUTE Ha
AbpBeTata, 6osectute N Henpus-
TenuTe ctasart npobniem, gobmsa n
KayecTBOTO Ha nnogoBeTe ce
HamasisiBa, 3arHMAnTe Na040BeE ce
yBenuyasart (Kikuchi et al., 1994;
Yang et al., 1998; Nie et al., 2011).
Bcuukm Te3m npobsiemn ca npevka
3a YCTOMYMBO pas3BMUTME Ha NPOU3-
BOACTBOTO Ha SA0BLAKM, Taka u4e
npeobpasyBaHETO Ha CrbCTEHUTE
AOBSIKOBN  TPagUHN €  CTaHaslo

intracoronal light transmittance were
increased by 38.3% and 84.1%,
respectively and the values of chlorophyll
(measured by SPAD-502 chlorophyll
meter) increased as well.

From 2011 to 2013, the average
weight, color index, smoothness index,
firmness and soluble solid content of the
fruit were increased respectively on
Method | by 15.3%, 10.3%, 10.8%, 3.1%
and 13.3%; on Method Il by 13.7%, 7.7%,
8.5%, 2.9% and 10.5%, on Method Il by
4.9%, 1.4%, 5.7%, 3.2% and 5.1%,
compared with the control.

Key words: apple, thinning, leaf
area index, photosynthesis, fruit quality

INTRODUCTION

Since the early of 1980°,
close planting of apple orchards
had been popularized for early-
fruiting and high yield (Liu and Wei,
1987; Wei et al., 2003; Wei et al.,
2004). As the trees grew up, the
canopy overlaped each other, and
then the apple orchards became
airtighted. Therefore, the light
conditions within the orchards was
deteriorated, fruiting position of the
canopy movied outward, diseases
and pests problems got worsening,
fruit yield and quality was
decreasing the rotten fruit was
increasing (Kikuchi et al., 1994;
Yang et al., 1998; Nie et al., 2011).
All  of these problems had
restricted the sustainable
development of apple production,
so the transformation of airtighted
apple orchards had become very
important for sustainable apple
production.
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MHOrO BaXHO 3a YCTOWYMBOTO
NPOM3BOACTBO Ha A6BLKN. MNopaam
Tasn npuvyunHa ca pPEHOBUPAHU
HSKOW MbCTU SI6BSIKOBU FpaguHn B
paioHa Ha Zhaoyuan n
Rongcheng 1 ca HanpaBeHW CbOT-
BETHUTE cUCTEMATUYHWN M3CefBa-
HUS Ha pa3NnUYHM MeToAmM 3a 06HO-
BABaHE M TexHus edhekT BbpPXY
CTPYKTypaTa Ha rpaguHute, n3non-
3BaHETO Ha CNbHYeBaTa eHeprus u
KayeCcTBOTO Ha nnojoBeTe.

Llenta 6ewe pga ce msbepe
Hal-g4obpuAaT mMeToq 3a ONTUMU3N-
paHe CTpyKTypaTa Ha oBoOLHaTa
rpagmHa, nogobpssaHe Ha no6uBa
M Ka4yecTBOTO Ha sb6b/KOBaTa

npoayKuums.

MATEPVANT N METO4U

Mpe3 2011r. e HanpaseHa
TpaHchopmaumsaTa Ha CU/THO Crbe-
TEHN A0BNKOBU rpagnHM B paioHa
Ha Zhaoyuan City n Rongcheng
City. O6ekT Ha wuscnegsaHe ca
A6BL/IKOBM AbpBeTa OT copT Fuji Ha
Bb3pacta 17 go 20 roanHu, BbLPXY
nognoxka  Malus  hupehensis
Rhed, n copta Nana kato onpatum-
Ten. B Zhaoyuan City ca npuioxe-
HMW TpU MeToga Ha TpaHcopma-
UMsA: npemMaxsaHe Ha [ObpBeTarta
npes3 eanH pepg (Metog 1), npemax-
BaHe Ha AbpBeTara B pefa rnpes
efHo (Metop Il), Ha BCekn yeTupun
AbpBeTa npemaxsaHe Ha efHo
(MeTog I1ll). B Rongcheng City e
npunoxeH Metog I. Cnep peHoBu-
paHeTo CTpyKTypaTa Ha oBolliHaTa
rpagmHa, M3non3BaHeTo Ha C/TbH-
yeBaTa €Heprus U KayecTBOTO Ha
AOBLKATE Cca W3MepeHu npes

According to this situation, we
transformed some airtighted apple
orchards in Zhaoyuan and
Rongcheng apple  production
areas, and have done systematic
and relevant researches on
different transform methods for
airtighted apple orchards and their
effects on orchard structure, solar
energy, utilization and fruit quality.

The goal was to select the
best method for optimizing the
structure of the orchard, improving
yield and quality of apple
production.

MATERIAL AND METHODS

Since 2011 the
transformation of airtight apple
orchards had been done in

Zhaoyuan City and Rongcheng
City. The studies were carried out
with apple trees of Fuji cultivar on
age 17 to 20 years on the
rootstock Malus hupehensis Rhed,
and Gala cultivar as pollinator. In
Zhaoyuan City, three methods of
transformation  were  adopted:
interlaced thinning (Method 1),
septum strain thinning (Method 1),
every four trees cutting one in the
line (Method IlI).

In Rongcheng City, interlaced
thinning was adopted. After
transformation, the orchard

structure, solar energy utilization
and apple quality were measured
in 201, 2012 and 2013.
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2011-2013 .

B pasinyHuTe OBOWHW rpa-
AVHW ca 1U3Nnon3BaHyn aHasm3aTopu
CI-110 (npou3BoAcTBO Ha kKomna-
HuaTta CID, Amepuka) 3a nsmepsa-
He Ha obema Ha KOpoOHUTE,
pasCToAHMUATa Mexay ObpBeTa U
Mexay pefoBeTe 1 3a ynaBsHe Ha
n306paxeHunaTa. CboTBETEH
cotbtyep u wMeTog Ha Zhang
Jixiang (3a u3TpuMBaHe Ha Haii-
BbHLUHWSA NPBbCTEH Ha YyBCTBUTE/I-
HMA duaMm Ha kameparta) 6sxa
N3MoM3BaHN 3a fa ce aHa/msupar
MHOEKCHT Ha /NuUcTHaTa nsou,
bIb/la HA Hak/I0Ha, KoeduuueHTa
Ha OMPEKTHO najaulara CBeT/iMHa
N KoedomLMeHTa Ha eKCTUHKUMSA Ha
CIrbCTEHUTE M PEHOBUPaHN AOBLI-
KoBU rpaguHu. TpsibBa aa ce otbe-
NeXxn, 4e MHOEKCHbT Ha NUCTHaTa
nnowi, M3MepeH C aHasmsaropa,
He e camMo cymara OT JicTHarta
naow, najawa ce Ha efuHuua
3eMHa MNOBBLPXHOCT, & OT BCUYKU
BUOUMN 0OeKTU Hag obekTmBa Ha
Kamepara Ha aHa/msatopa MU
BK/IlOYBA WHAEKCHT Ha JfiMcTara,
KJIOHUTE U XapTUEHUTEe TOpPOUYKM
(B KOMTO ca NOCTaBEHU AOBLIIKUTE).

doTocMHTE3MpaL, CUCTEMEH
aHanmsatop CIRA S-ll (nponsBog-
cTBO Ha PP- Cuctemun, Bennkobpu-
TaHuA) e N3non3BaH 3a n3mMepsaHe
Ha (poTocuHTesarta. Kbm 10:00 u.
CYTpVHTa Mnpe3 MeceL, CeNTEMBpPMU,
HeTHata (POTOCUHTEe3a, TpaHcnu-
pauusaTa n MexayknetrbyHaTa KOH-
ueHtpauma Ha CO, Ha 3penu
nMcTa oT nepudpepHUTe KNOHU, Ha
1,5 m Hag NOBBLPXHOCTTA Ha MNou-
Bara, ca M3MepeHn ¢ POTOCUHTe-

In different orchards, CI-110
canopy analyzers (made by CID
Company of America) were used
to measure the canopy, spacing
between trees and spacing
between lines of every tree and
capture images.

Relevant software and Zhang
Jixiang’'s method (to delete the
outermost ring of sensitive film of
the fisheye camera) were adopted
to analyze the leaf area index,
mean tilt angle, direct light
projection coefficient and extinction
coefficient of airtight orchards and
renovated orchards.

It should be noted that the leaf
area index, which was measured
by canopy analyzer here, is not the
traditional sum of leaf area per unit
of land but all the visible objects
above the fisheye camera lens of
canopy analyzers including the
covering index of leaves, branches
and paper bags.

CIRA S-l made by PP-
Systems of UK was used to
measure photosynthesis rate.

At 10:00 in the mornings of
September, the net photosynthesis
rate, transpiration rate and
intercellular CO, concentration of
the mature leaves of peripheral
branches which were 1.5 m above
the ground were measured by
photosynthetic system analyzers.
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3upawn CUCTEMHU aHaIn3aTopu.
MexayBpeEMEHHO Ca W34YMCNEHN
edpekTUBHOCTTa Ha kapbokcunmpa-
HEeTO M Ha U3No0/3BaHETO Ha BogaTa.
EdbekTMBHOCT Ha pekapbokcuinpaHe
= HETHOTO KONMYeCcTBO hoToCHHTE3a /
MeXAykneTbyHaTa  KOHUeHTpauus
Ha CO,, eheKTMBHOCTTA Ha M3MNos-
3BaHe Ha Bogarta = HeTHaTa
dooTocMHTE3a [/ TpaHcnupauusTa.
NeTHapeceT nucTta, B3eTU OT
BCUYKN NOCOKU, ca U3MEPEHU U ca
N34YNCNIEHN CPEAHNTE CTOMHOCTHN.

AHannsartop Ha xsiopodguna -
502 (npousBoacTBO Ha Konica
Minolta, AnoHnsa) e mM3nonseBaH 3a
n3mepBaHe CTOMHOCTUTE Ha X/10p-
odmna (SPAD cTOMHOCTN) Ha 3pe-
M nucta OoT KbCUM WM CpedHo
Abnrn,  6e3nnogHn  nepudbepHn
KNoHn Ha 1,5 m oT noyBeHaTa
NnoBbPXHOCT. [BajeceT W net
N1cTa, B3€TU OT pas/iIMyHu NOCOKN,
ca U3MepeHu TpU MbTU N CpeHUTe
cToiiHocTM ca SPAD cTtonHocTUTE
Ha nucrarta.

Konopumetpu CR-400 (anoHx-
CKO MpOu3BOACTBO), Ca M3MNon3Ba-
HA 3a u3MepBaHe Ha UuBeTa Ha
nnogosarta kopa u ca 3anucaHu L,
a n 6 ctoiHoCcTU. B cbLIOTO Bpe-
Me, co(pTyep e u3nosi3aBaH 3a ga
ce aHanm3upa ugeTta Ha nnopgosa-
Ta KoXxuua.

3a n3mepBaHe KO/IM4ecTBOTO
Ha nnogoBeTe OT BCAKO AbPBO ca
N3M0N3BaHN  €JIEKTPOHHW  nnart-
dhopmMeHN BE3HW; OUTNTATHN Kasln-
6paTopu ca 13nos3BaHn 3a U3Mep-
BaHe Ha Ab/iKMHaATa U HanpeyHus
AnameTbp Ha nnogose; TBbPAOCT-
Ta Ha njodoBeTe e Wu3MepeHa

Meanwhile, carboxylation
efficiency and water use efficiency

were calculated. Carboxylation
efficiency = net photosynthesis
rate / intercellular CO;

concentration, water use efficiency
= net photosynthesis rate /
transpiration rate. Fifteen leaves of
each place were measured and
average values were calculated.

Chlorophyll analyzer -502
(made by Konica Minolta of Japan)
was used to measure the SPAD
values of the mature leaves of
short or average peripheral
fruitless branches which were 1.5
m above the ground.

Twenty five leaves of each place
were measured three times and
the average values were the
values of the SPAD values of
leaves.

CR-400 tristimulus
colorimeters made by Japan were
used to measure the peel color
and put down the L, a and b
values. Meanwhile, softwares were
used to analyze the peel color.

Electronic platform scales
were used to weigh out the fruits of
single trees, digital calipers were
used to measure the longitudinal
and transverse diameter of fruits;
fruit flesh firmness was measured
after peeling the fruits, digital
saccharimeters were used to
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cnepn obensaHeTo MM; 3a M3Mep-
BaHe Ha pasTBOPUMO TBbLPAO
CbAbpXaHMe ca  U3MNon3BaHu
ANrnTanHn 3axapomepu. NHaekcbT
Ha ouBeTsaBaHe Ha nogoBara
koxuya = Z(OPOSAT Ha BCUYKM
nnoaoBe X TUNU4YHA CTOWHOCT) /
(cymata OT BCUYKM N0A0BE X HaWi-
BMcOoKaTa CTOMHOCT) X 100%.
Kputepunte, no CcTeneHn Ha
ouetaBaHe ca: 0 knac, 0~5%
ougeTaABaHe; 1 «knac, 5~25%
ougeTtaBaHe, 2 knac, 25~50%
ougeTaABaHeTo; 3 knac, 50~75%

ougeTtaBaHe; 4 «knac, 75~100%
oLBeTABaHe. NHOoekcuT 3a
rnmagkoct Ha njaogosete = 2

(bpoAT Ha BCMYKM nnogose X
TUNMYHA CTOMHOCT) / (cymaTa OT
BCUUKM M/I0[0BE X Haii-Bucokata
CTOMHOCT) X 100%. Kputepuute,
no crteneHn Ha rnagkoct: O knac,
0~10% rnagkocT; 1 knac, 10~30%

rnagkoct; 2  knac, 30~60%
rnagkoct; 3  knac, 60~85%
rnagkoct; 4 knac, 85~100%
rnagkoct. O6wmMTe pasTBoOpPUMM
3axapn ca onpegeneHn u4pes

Xngponusa CbC COJIHa KUCeNuHa -
penykuua Ha mepn (Mo meToga Ha
BepTpaHa), a TUTpyemuTe Kucesu-
HW Ype3 KUCeSIMHHO-asIKa/iHa HeyT-
pansauns (TUTPUMETPUYHO).

PE3Y/ITATN N OBCbXAAHE

MHOEeKCcHhT Ha nucTHaTa n/oLy,
(LAI) e »1M3HeHOBaXeH WHAEKC 3a
CTPYKTypaTa Ha KopoHaTa Ha Abp-
BeTaTa. llpy CUNHO CrbCTEHUTE U
peHOBMpaHUTe rpagvHu Ton e
3HaunTesiHo pasnudeH. Npu MeTop,
| TOli e o04yeBMAHO C MO-HUCKM

measure soluble solid content.

Peel coloring index = > the
number of each kind of fruits x
typical value / the sum of all fruits x
the highest value x 100%.

The criteria of grades of coloring: 0
grade 0~5% peel coloring, 1 grade
5~25% peel coloring, 2 grade
25~50% peel coloring, 3 grade
50~75% peel coloring, 4 grade
75~100% peel coloring.
Smoothness index = Ythe number
of each kind of fruits x typical value
/ the sum of all fruits x the highest
value x100%.

The criteria of grades of
smoothness: 0 grade 0~10% peel
smoothness, 1 grade 10~30% peel
smoothness, 2 grade 30~60% peel
smoothness, 3 grade 60~85% peel
smoothness, 4 grade 85~100%
peel smoothness. The total soluble
sugar determination was done by
hydrochloric acid conversion -
copper reduction - direct titrimetric
method (by Bertrand’s method)
and titratable acids by acid-base
neutralization titration.

RESULTS AND DISCUSSION

Leaf area index (LAI) is one
vital index for canopy structure.
The leaf area index of airtight
orchards and renovated orchards
were significantly different. In
Method |, it is evident with lower
values than the control (C) and the
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CTOMHOCTK OT KoHTponata (C) n ot
apyrute asa metoga (Tabnuua 1).
Hali-manbKk €  UHOEKCHT  npu
MeTtopg |, nocnegsaH ot MeTtog |l,
Il n koHTponata. lNpu MeTog |,
CWIHOTO HamMasleH/e Ha JicTHarta
nnow, B penosete BOAM M 00
Hama/sifiBaHe Ha WHAEeKca W Ha
LesiMTe peHoBMpaHu rpagunHun.

other two methods (Table 1). The
LAI of Method | is the smallest,
which is followed by Method I,
Method Il and the control C. By
Method I, the dramatic decrease of
leaf area index of lines results in
the decrease of leaf area index of
the whole renovated orchards.

Ta6r||/|u,a 1. BnnaHuve Ha pPasnMnyHnNTE MeToan BbpPXYy MHOEKCA Ha JIMCTHaTa nJjioL

" CpegHnA bl'b/1 Ha HakK/1OHa Ha JIncTtarta

Table 1. Effects of different methods to leaf area index (LAI) and mean leaf angle

(MLA)
MeTtoan MHaekc Ha bren Ha lNponyckaHe Ha CToliHOCT Ha
Methods QCTHaTa  Hak/JOHa Ha  CBeT/IMHa B KOpoHaTa xnopodmna
naoLL nicrata Canopy light SPAD value
LAI MLA transmittance rate
%

Method | 1.19 56.12 40.39 61.2

Method Il 1.37 45.29 34.26 59.8

Method IlI 1.55 43.27 23.75 58.6

KoHTpona/ C 1.81 21.48 21.94 58.1
HaknoHbT Ha nuctata € bib- Mean tilt angle is the

NbT, CK/TOYEH MeXay OCTa Ha J1c-
Tata M XOpPU3OHTa/IHA MNOBBLPX-
HocT. OcBeTsABaHMTE 4acTu Ha
pacTteHusaTa umart npska Bpb3ka C
bIb/la HA HakKNOHa Ha fiucrarta, a
CbW0 W C nagawara CNbHYEBA
paguauma. KoraTo bBrbabT  Ha
HaknoHa N C/TbHYEBUAT MOTOK ca
LUMPOKN, OCBETEHUTE 30HU Ha
pacteHusa we 6baat ronemu. OT
Tabnuua 1 ce BWXAa, Ye bIbNbT
Ha Hak/ioHa Ha JucTata npu
O6HOBEHUTE TpafvHM € MNO-LUMPOK
OT TO3M Ha T[bCTUTE T[PaaVHU
(koHTpOnata) W crnopeg Tasu
cutyaums, npu Metoga | cpegHuAT
BbIb/1 HA HaK/IOHA € Hal-LNpPOoK,
nocnegsaH ot Metopg I, MeTogp Il
n koHTponara (C).

included angle between leaf axis
and horizontal surface. Light areas
of plants have direct relation with
mean tilt angle and also have
relation with the solar elevation of
incoming radiation. When the leaf
tit angle and the solar elevation
are wide, the light areas of plants
would be large.

From Table 1, the mean tilt angle
of renovated orchards is wider
than that of the airtight orchards
and among these situations, by
Method | (deleting one line
between two lines), the mean tilt
angle is the widest, which is
followed by Method Il, Method Il
and C.
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Mpn MeTop |, NpOUEHTBLT Ha
NMpOHMKBaLLaTa CBET/IMHA B KOpPO-
HATE e Hal-BMCOK — O0KoMo 84%
Mo-BMCOK OT TO3M MpPU KOHTpoNaTa,
nocnegsaH ot Metop Il u MeTtoz
[l (Tabnnuya 1).

3cnepgBaHnATa  nokassar,
ye SPAD cTOiiHOCTMTE WUMaT
CUIHa NOJNIOXUTEeNHa Kopenauus
CbC CbAbPXaHNETO Ha Xs10podunsi
N ACHO OTpa3dABaT HeroBaTa KOH-
LueHTpaumsata B nucrara. OT Tab-
nvua 1 ce Bmxpaa, ye npu Metog |,
SPAD cToliHOCTTa Ha siuctaTta e
0YeBMAHO MO-BMCOKa OT Tasu Ha
koHTponata (C). Mpun Metopg Il n
MeTog lll, cToiiHOCTUTE ca MaJslko
no-BMCOKM OT Te3n Ha C. Moxe ga
ce Kaxe, cnepn 06HOBSABAHETO Ha
MbCTUTE OBOLUHW TrpafuHU, YCro-
BUATA B TAX Ce NPOMEHAT, Taka ye
SPAD cToiHOCTTa ce nosuwasa 1
B CbLLOTO BPEME U CbAbpPXaHNEeTo
Ha Xxnopotun B Jmuctarta ce
yBeniMyaBa.

Mo Bpeme Ha u3cnepBaHeTo
Ha KOPOHUTE ce yCTaHOoBU, Ye pas-
NNYHUAT BIb/ HA 3eHUTA CbOTBET-
CTBa Ha pas/inyeH KoemuneHT Ha
npoekunaTa Ha AMpeKTHaTa CBeT-
nuHa. Moxe fga ce Kaxe, ye Kora-
TO nonaga CBeT/IMHa C pasfinyeH
bIb/1 Ha 3€eHWUTa, CBET/IMHHAaTa
MPONycKINBOCT, LWe 6bae pas3nnu-
Ha. AKO NPOHWKBAHETO Ha CBET/U-
Ha B OBOLLHWTE rpaguHu e [o6po,
NPUNOKPMBAHETO Ha K/IOHN U
nvcTa we 6bae manko. OrpsaBaHe-
TO Ha CpefHUTE U HUCKUTE YacTu
Ha AbpBeTaTa We 6bae no-4o6po
MW  KN3NON3BaHe Ha C/ibHYeBa
eHeprus we 6bae nogobpeHo. OT

From Table 1, by Method I,
the canopy light transmittance rate
is the highest, about 84% higher
than that of C, which is followed by
Method Il, Method IIl and C.

Researches show that the
SPAD value has strong positive
correlation with chlorophyll content
and clearly reflects the chlorophyll
concentration of leaves.

From Table 1, by Method I, the
SPAD value of leaves is obviously
higher than that of C. By Method Il
or Method Ill, the SPAD value is a
little higher than that of C. That is
to say, after renovation of airtight

orchards, the environment of
orchards has changed, so the
SPAD value of leaves has

increased and the chlorophyll
content has increased at the same
time.

During the research of
canopy, different zenith angle
corresponds to different direct light
projection coefficient.

That is to say, when light enters
with different zenith angle, the light
transmittance would be different.

If the light transmittance of
orchards is good, the overlapping
of branches or leaves would be
little and then the illumination on
the middle and low parts of trees
would be more and the solar
energy utilization would be
improved.
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JaHHUTe B Tabnuua 2 ce Buxaa,
ye koedhmUMeHTa Ha npoekuuATa
Ha [QuUpekTHaTa CBeT/IMHa npu
Te3n Tpu MeToda Ha obHoBsABaHe-
TO € MNO-BUCOKa OT Ta3n Ha KOH-
TPONHUA BapuaHT, [0 W3BECTHa
cTeneH. Han-BUCOKMAT koedunum-
€eHT Ha npoekuma e 0.837, korato
BIBNBT HA 3eHUTa e 6 rpagyca, a
Hal-HUCKMAT KoedhmumeHT e 0,262,
Korato TO3M brbn € 54 rpagyca.
MocnepoBarenHocTTa OT BWUCOKO
KbM HWCKO HOBO € cnepjHaTa:
Metopg | > MeTog Il > MeTtog Il > C
(koHTpoOnaTa).

From Table 2, the direct light
projection coefficient of these
three methods of renovation was
higher than that of control (C) to
some degree.

The highest projection coefficient
is 0.837 when the zenith angle is 6
degrees and the lowest projection
coefficient is 0.262 when the
zenith angle is 54 degrees. The
sequence from high to low:
Method | > Method Il > Method Il > C.

Tabnuua 2. BnusiHne Ha pas/nyHuTe MeToAaM BbpPXY KoeduuMeHTa Ha

NpPoeKunsaTa Ha ANPeEKTHaTa CBET/IMHA

Table 2. Effects of different methods to direct light projection coefficient

MeToam brbn Ha 3eHuTa CpegHo
Methods Zenith angle

6 18 30 42 54 Average
Method | 0.837 0.723 0.637 0.513 0.493 0.641
Method II 0.657 0.631 0.616 0.567  0.547 0.604
Method IlI 0.463 0.458 0.434 0.421  0.398 0.435
KoHTtpona/C 0.218 0.248 0.287 0.287 0.262 0.260

EKCTUHKUMOHMAT  koedonum- Light extinction coefficient (K)

eHT Ha ceeTnunHarta (K) e BaxeH
rnokasaTesi, 3a fa ce onuvwe pas-
npefensHeTo Ha  CBeT/MHaTta.
To3n koehmuMeHT Ha fucTaTta B
KOpOHMUTE OTpassiBa JiMCTHaTa
naowl, BepTUKa/IHOTO pasnpege-
NIeHe Ha JIMCTHUTE bINM N agua-
6aTHO pasceiiBaHe Ha CBeT/IMHa-
Ta. Noa BNuaHME Ha pasnuyHata
NMPOCTPaHCTBEHA OpMeHTauua Ha
ajcTtata M rnocokara Ha MocCTbIl-
BallaTa C/ilbHYeBa paguauns, pas-
NINYHUTE yyacTbLUM OT NuUcTa LWe
nMart pasnimyeH otcnabésaly, ehekT
BbpXy npsikata c/bHYeBa pagna-

IS one important parameter to
describe group light distribution.

The light extinction coefficient of
levels of canopy reflects the
leaves area, vertical distribution of
leaf angles and adiabatic lapse of
light.

Under different leaf spatial
orientation and different direction
of incoming solar radiation, group
leaf areas would have different
weakening effects on direct solar
radiation. If K is small, it is
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uma. AKo K e manbk, ToBa € OT
nosi3a 3a CBET/IMHHaTa MPOMnyck-
NUBOCT N HeTHaTa acumMmuniauusa e
BMCOKa. EKCTUHKUMOHHMAT Koedu-
LUMEeHT npun Te3n Tpn meTtoga € no-
HUCBHK OT TO3N Ha KOHTPOIHUA Bapu-
aHT (Tabnuua 3). Haii-BucokuaT
koedmuneHT e 0.962, korato 3eHuT-
HUAT b1 € 54 rpagyca (Mpy KOH-
Tponata), a Hauh-Huckmsat e 0.203,
KoraTo bIbNbT Ha 3eHuTa e 6
rpagyca (Metopg 1). MpunoxeHute
MeToAu ce noapexgar B cregHus
Hu3xoaaw, pea: C > Mertog Il >
MeToga Il > MeTog, I.

Tabnuya 3. BnusaHue
KoedMLVEHT Ha cBeT/IMHaTa

Ha pas/imyHnTe

beneficial for light transmittance
and net assimilation rate is high.

From Table 3, the extinction
coefficient of these three methods
is lower than that of C. The highest
extinction coefficient is 0.962 when
zenith angle is 54 degrees in C
and the lowest one is 0.203 when
the zenith angle is 6 degrees in
Method I. The sequence is from
high to low: C > Method Il >
Method Il > Method I.

MeToan BbpPXYy EKCTUHKLUMOHUA

Table 3. Effects of different methods to light extinction coefficient

MeToam brbn Ha 3eHuTa CpegHo
Methods Zenith angle
6 18 30 42 54 Average
Method | 0.203 0.290 0.413 0.590  0.863 0.472
Method II 0.397 0.467 0.561 0.694  0.899 0.604
Method 11 0.535 0.578 0.634 0.703  0.912 0.672
Kowtpona/C  0.835 0.850 0.873 0.905  0.962 0.885
doTocuHTE3aTa, Mexayke- The photosynthetic rate,
TbyHaTa KOHUeHTpauua Ha CO2, | intercellular CO, concentration,
kapbokcunupaHeTo, TpaHcnupa- | carboxylation, transpiration rate

umaTa 1 eqeKTMBHOCTTa Ha WU3-
non3BaHe Ha BogaTa mmaT Npeku
NN KOCBEHM BPB3KM CbC CbCTOA-
HMETO W NPOAYKTUBHOCTTA Ha
AGBNKOBUTE AbpBeTa.

HeTHata (oTOCMHTE3a nNpU
BCUYKUTE TPU MEeTo4a Ha pPeHOoBU-
paHe e TMo0-BMCOK OT TO3M Ha
KOHTponata (Tabnvua 4). Cnopep,
n3cnenBaHuATa,  KOJIKOTO  MO-
ronama e nabTHOCTTa Ha rpaju-
HaTa, TOJIKOBa MO-HUCHK e Koediun-
uMeHTa Ha (poTocmHTesaTa. Haii-

and water use efficiency of apple
trees would have direct or indirect
relations with state and
productivity of trees.

The net photosynthetic rate
after all three methods of
renovation is higher than that of C
(Table 4). According to research,
the greater the density is, the
lower the photosynthetic rate is.
The highest rate is 15.65umol-
m?s™ in Method I, which indicates
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BUCOKWAT pbCT e 15.65umol m?2s™

npn MeTog |, KoeTo nokassa, 4ye Me-
TOABLT MOXe Aa nofobpu NpoBeTps-

that Method | could improve airing
and lighting and then increase the
photosynthetic rate.

BaHETO K orpAaBaHETO M MO TO3U
HauuH ga ysenuuu potocmHTesarta.
Tabnuya 4. BnusaHue Ha

hoTOoCHHTE3AaTA
Table 4. Effects of different methods to photosynthesis indexes

Ha pas/imyHnTe MeToaAnM BbpPXYy UWHOEKCUTE

MeTtoan doTocuHTe3a MexaykneTbyHa Kapb6okcunvpaHe TpaHnupauns EdekTuBHoCT
KOHLeHTpaums Ha Ha n3nonssaHe
Methods  Photosynthetic CO2 Carboxylation  Transpiration  Ha BogaTa
rate Intercellular CO2 rate Water use
concentration efficiency
pmol.m?.s™ pmol.mol™” mol.mol™ mmol.m?.s?  pmol.mol™
Method | 15.65 200.32 0.078 2.48 6.31
Method Il 15.33 212.58 0.072 251 6.11
Method IlI 14.24 218.36 0.065 2.37 6.01
KoHTpona/C 13.35 221.45 0.060 2.40 5.56

OT pgaHHuTe B Tabnuua 4 ce
BMXAA, Ye KoraTo MibTHOCTTa Ha
OBOLUHUTE rpagnHN ce yBennyasa
N MexaykneTbyHata KOHUEeHTpa-
uma Ha CO, ce yeBenuyasa. Koh-
ueHTpauma Ha CO, B nuctata u
npu Tpute meToga Ha obHoBsABaHe
e Mo-HMCKa OT Tasu Ha KOHTpona-
Ta. Hali-Bucokarta KoHueHTpaums
Ha CO, e 221.45umol mol™ npu
KOHTposiHMA BapuaHT (C), a Haii-
Huckata e 200.32umol mol™ npu
MeTogp, I.

KapbokcunupaHeTo oTpass-
Ba HMBaTa Ha MeXAayk/lerbyHarta
acumunaumna Ha CO,. To e no-
BMCOKO W Mpu TpuTe NpoyyBaHu
MeTo4a, B CpaBHEHME C KOHTPO/I-
HnA BapunaHT (Tabnuua 4). C yBe-
/inyaBaHe Ha NAbTHOCTTA Ha rpa-
AvHarta kapbokcuMpaHeTo Hama-
N1iBa 1 TO € B NOJIOXMTEsTHA Kope-
nauyMsa c HeTtHaTta QooTocuHTe3a.
Hai-HMCKOTO HOBO Ha kapO6OKCu-
nupaHe e 0.060 molemol™ npm

From Table 4, as the density
of orchards increases, intercellular
CO5 concentration would increase.

The intercellular CO,
concentration after all these three
methods of renovation is lower
than that of C. The highest
intercellular CO, concentration is
221.45umol-mol™ in C, and lowest
intercellular CO2 concentration is
200.32umol-mol™ in Method I.

Carboxylation reflects the
levels of intercellular CO,
assimilation. The carboxylation

after all these three methods of
renovation is higher than that of C
(Table 4). As the density
increases, the carboxylation
decreases and the carboxylation
has positive correlation with net
photosynthetic rate. The lowest
carboxylation is 0.060 mol-mol™ in
C and the highest carboxylation is
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BapuaHT C, a Hail-BMCOKOTO €
0.078 molemol™ npu MeTog I.

He cvuwectByBaT onpeperne-
HW pas3iMuma Mexay Tpute MeTo-
AN N KOHTponara no OTHOLUEeHue
Ha TpaHcnupaumata (Tabnvua 4).
EdektnBHoctta Ha wu3nosi3BaHe
Ha BOJaTa CbOTBETCTBa Ha KO/U-
4eCcTBOTO Ha (poTocuHTE3aTa W
kapbokcunupaHeto. [pu Tpute
MeToja TA e Mo-BUCOKa OT Tasun Ha
KOHTpO/siaTa M Korato NabTHOCTTa
Hamansasa, epekTMBHOCTTa Ha U3-
non3saHeTo Ha Bojara ce MnoBwu-
lWwaBa. Han-Huckata eqyeKkTUBHOCT
Ha M3nos3BaHe Ha BogaTa e 5.56
pmole mol™ npu C, a Haii-BucokaTa
e 6.31pmole mol™ npu MeTog |.

BbLbHWHMAT BUA N mMacata Ha
nnofoBeTe, UHAEKCUTE Ha ouBeTA-
BaHe W rnajkocT cnep obHoBsABa-
HeTO ca No-A06pu OT TE3W Ha KOH-
Tponata C. OT m3cnegBaHuATa B
paiioHa Ha Zhaoyuan City Te3u
napamMeTpy OT BUCOKO KbM HWUCKO
HMBO ca: Metopg | > MeTopg Il >
MeTtog Il > C. OT uscnegpaHmata
B paiioHa Ha Rongcheng City Te
ca: Metog | > C (Tabnuua 5).
Bcuukn pesyntatun nokassaTt, u4e
PEHOBMPAHETO Ha CrbCTEeHUTe
rpaguMHu BOAW A0 HamMansiBaHe Ha
NAbTHOCTTA, NOJ06pPABAHE  Ha
CBET/IMHHUA pPexumM N B KpalHa
cMeTka [0 nopobpssaHe Ha
BCUYKU napameTpu OTHOCHO
KayecTBOTO Ha A0BbJIKUTE.

0.078 mol-mol™ in Method 1.

There are no definite
differences between three
methods and C in terms of

transpiration rate which is irregular
(Table 4). Water use efficiency
corresponds to photosynthetic rate
and carboxylation. The water use
efficiency after all these three
methods of renovation is higher
than that of C and as the density
decreases, the water use
efficiency increases. The lowest

water use efficiency is 5.56
umol-mol™ in C and the highest
water use efficiency IS
6.31pmol-mol™ in Method 1.

From Table 5, the
appearance quality, single fruit
weight, coloring index and

smoothness index after renovation
are better than those of C. From
the research in Zhaoyuan City,
those parameters of apple from
high to low were: Method | >
Method Il > Method Il > C. From
the research in Rongcheng City
those parameters of apple from
high to low were: Method | > C. All
the results indicate that the
renovation of airtight orchards has
reduced the density, improved
light illumination and then
improved all the parameters of
apple quality.
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Tabnuua 5. BAvsHne Ha pas3fiMyHnTe MeTOAN BbPXY Ka4eCTBOTO Ha A6bAKOBUTE
niopose
Table 5. Effects of different methods to apple fruit quality

o
T o 2
e = e a S
= K=y % x }U—: N 8 zl<.; o~ = §
£2 P 8% §E 5 8% e
c == = ) = = - (O
o= o O35 ) o =T (SR
© 2 SO g¢c p %) 3 =3 E S
= = e = 82 54 So <0
) () e o o
=0T © T 5 v 2 e£ 98 oo s ®
ey §2 t. &8 3§ st £8 S B2 3%
cE B3 55 2 35 32 ¥2 gE 53 §°
Sa =3 CL 62 &aZ =8 =6 BT £33 &3
Method | 2011 206.3 0.87 93.7 984 10.1 1446 20.16
2012 2104 0.88 942 979 938 1470 22.34
2013 2228 090 940 980 74 1345 23.48
Method I 2011 200.1 0.88 918 972 102 1421 19.96
S 2012 209.8 0.88 936 963 938 1420 20.14
S 2 2013 2211 0.83 900 950 7.3 13.14 22.14
cco\j O  Method I 2011 1929 0.88 885 96.2 10.2 13.24 19.53
N 2012 1976 0.87 901 96.1 838 13.50 19.42
2013 1920 092 810 890 7.1 12.79  22.06
KoHTpona/C 2011 1816 0.88 856 923 105 1224 19.10
2012 1905 0.88 894 922 93 12.80 19.12
2013 183.0 0.89 81.0 820 6.9 12.59 20.15
o Method | 2011 2014 0.87 935 954 84 13.30 20.15
e 2012 205.6 0.88 954 948 8.6 14.20 21.15
%-‘5 2013 1965 0.87 896 90.6 9.2 15.82 19.89
5 KoHTpona/C 2011 1958 0.88 90.2 923 8.0 12.70 19.42
o 2012 1927 0.88 899 906 8.2 12.80 19.68
2013 183.6 0.87 90.0 96.0 95 15.22 19.14
Ot 2011 po 2013 r., B cpaB- From 2011 to 2013,

HEHNE C KOHTPOJiaTa, 4pes3 Tlipe-
MaxBaHeé Ha AbpBeTaTa npes3 eanH

compared with C, by deleting one
line between two lines, single fruit

pen (Metog ), cpegHaTta maca Ha | weight, coloring index,
nnogoseTe, ouBeTsaBaHeTo, rnag- | smoothness index, firmness and
KOCTTa, TBbpAocTTa M pasteopu- | soluble  solid content have
MOTO CyXO BellecTBO, ca ce yBe- | increased by 15.3%, 10.3%,
nvmumnm  cbotBeTtHo C  15.3%, | 10.8%, 3.1%, and 13.3%,

10.3%, 10.8%, 3.1% 1 13.3%. MNpwu
npemaxsaHe Ha AbpBeTa B peaa
npe3 egHo (Metog Il) Te3n nokasa-
Tenn ca ce yBeNn4muam CbOTBETHO

c 13.7%, 7.7%, 8.5%, 2.9% wun

respectively. Compared with C, by
deleting one tree between two
trees, the same parameters have
increased by 13.7%, 7.7%, 8.5%,
2.9%, and 10.5%, respectively. By
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10,5%. Npu npemaxBaHe Ha BCAKO
4eTBBLPTO AbPBO B pepa (Metop
[ll), cbwuMTe nokasarenu ca ce
yBeNnnMymunm CcboTBEeTHO C 4.9%,
1.4%, 5.7% wn 5.1%, no oTHoLle-
HMe Ha KOHTponaTa.

MHoekcbT  Ha  /INCTHaTa
nnow, (LAI) oT aHa/nmsatopa Ha
ob6ema Ha KOpOHUTE K OT B3ETU
JINCTHN NPO6U OT HacaxXAeHWeTo
nmaT O4YeBUAHO JIMHENHa 3aBUCK-
MOCT. AKO flaHHMTe OT aHam3arto-
pa He ce kopurmpar, 6u umano
ronsAmMo pasmuHaBaHe C UCTUHCKa-
Ta cToiHocT. ETo 3au0, MmeTtoabT
Ha Zhangjixiang (Zhang et al.,
2010) e npusioXeH B TO3WN ekcne-
pUMEHT. [lJaHHUTe ca W34YUC/IEHU
ypes3 u3TpmBaHe Ha Hal-BbHLIHUSA
NMPBCTEH (CPEOHUAT bIbJ1 HA 3EHU-
Ta e 68 rpagyca) Ha OKOTO Ha
obektnBa. Cnep ToBa rpeLukute
Mexay Te3u AaHHM U JaHHWUTEe OT
B3eTUTE M3BafKM ca Hamaenun u
ca ce Ao6GNMXMNN A0 UCTUHCKaTa
CTOMHOCT W OTpassBarT CbLUMH-
CKUAT UHOEKC Ha /iMcTHaTa Mol
Ha oBoOLyHaTa rpagunHa.

CnbHuyeBaTa cCBeT/IMHa €
OCHOBEeH (hakTop 3a KayecCTBOTO
Ha nsofoBeTe, KOWTO 3acsara He
camMO OuBeTsABaHeTo, HO CblUO
Taka v NpuUAaBMXBAHETO U HaTpyn-
BaHeTo Ha Bbrnexuvgpatute (Ellis
and Grindle, 1981; Zhang et al.,
1999; Sun et al., 2000). NMpwn peHo-
BMPAHETO Ha CIrbCTEHUTE OBOLLHU
rpagnHu, npemaxsaHeTo Ha Obp-
BeTara npes peg nogobpsisa orps-
BaHETO M HamansaBa MHAeKca Ha
nucta nnow, (Tabnuya 1), no-
HUCKATE N BbTPELUHUTE 4YacTu Ha

deleting every four trees in the
line, they have increased by 4.9%,
1.4%, 5.7%, and 5.1%, compared
to the control.

LAl by canopy analyzer and
LAl by block sampling have
obvious linear correlation.

If data by canopy analyzer are not
adjusted, there would be a great
distance from true value.

Therefore, Zhangjixiang’s method
(Zhang et al., 2010) was adopted
in this experiment.

Data were calculated by deleting
the outermost ring (the average
zenith angle is 68 degrees) of
fisheye lens and then error
between these data and data by
block sampling decreased, which
were closer to the true value and
reflected the true leaf area index of
orchards.

Light illumination is one
primary factor for fruit quality,
which affects not only the coloring
but also the transportation and
accumulation of carbohydrate
(Ellis and Grindle, 1981; Zhang et
al., 1999; Sun et al., 2000).

In  the renovation of airtight
orchards, interlaced thinning has
improved the light illumination,
reduced the leaf area index (Table
1) to make low and interior parts of
canopy get more illumination,
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KopoHaTa nosiyyaBaT noseye CBeT-
/INHa, yBenMyaBa ce CbAbpXaHueTo
Ha xnopodunia (Tabnuua 1) u

napametTpute Ha  (POTOCUHTE3a
(Tabnuua 4), nosuwasar ce
WHOEKCUTE 3a KayecTBOTO  Ha

nnogosete (Tabnuua 5), 6poAT Ha
CTOKOBWTE NI0A0BE Ce yBe/MYaBa.

MpemaxBaHeTO Ha AbpBeTaTa
npes eavH peg W NpemMaxBaHe B
pefa npe3 eAHo BOAST OO0 OTCTpa-
HsiBaHe Ha eguH 1 Cbly, 6poi Abp-
BeTa, HO B [AENCTBUTENHOCT Mbp-
BUAT HauMH € Nno-A406bP OT BTOPUS.
BepositTHaTa npuunHata € brbabT
noA KOMTO maga cnbHYeBaTa CBET-
NIMHa BBbPXY /ncTarta, KOeTo U3NCK-
Ba NO-HaTaTbLUHW U3CN1eABaHus.

n3BO4U

[Mpu TpuTe meToda 3a peHo-
BMpaHe Ha rbCTu AO0BLIKOBU rpaan-
HA C MpenokpMBallyM ce KOPOHU
NHOEeKcuTe Ha (poTocMHTe3aTa ca
no-gobpu OT Te3n Ha KoHTposata.
MeTog Il nma Hain-manka pasnvka
C KOHTpPO/HUA BapuaHT. He e
KOPEKTHO Ja ce npaBu U3BOf4, 4e
doTocMHTE3aTa 6M Morna ga ce
nogobpn, ako He ce npemaxHar
JocTtaTbyHO AbpBeTa. Camo Kora-
TO Ce OTCTpaHAT JocTaTbyeH 6poi
AbpBeTa € Bb3MOXHO (poTocuHTe-
3aTa fa ce nofobpu 3HaUYNTESHO.

[0 OTHOLWIEeHMe Ha uHAekca
Ha nnctHaTa nsow, PoToCMHTEe3a-
Ta, CTOMHOCTUTE Ha Xxnopodwmna
(SPAD cTOWHOCTUTE) 1 KA4YeCcTBOTO
Ha A6bAKoBUTE nnogose, Metop |
e Hal-[obpuat meTtog, nocnenBaH
oT MeTog Il u MeTogp Ill.

increased the chlorophyll content
(Table 1) and parameters of
photosynthesis (Table 4), the
number of commodity fruits is
increased.

Interlaced  thinning  and
septum strain thinning delete the
same number of trees in orchards,
but actually the former one does
better than the latter one.

Probably the reason has relation
to solar incident angle, which
requires further research.

CONCLUSIONS

After all these three methods
for renovation of airtighted apple
orchards the indexes of
photosynthesis are better than that
of the control (C). Among these
three methods, Method Il has the
least difference with C. It is safely
concluded that the photosynthesis
might improve a little if we do not
delete enough trees. Only when
we delete enough trees does the
photosynthesis greatly improve.

In terms of index of the leaf
area, photosynthesis, chlorophyll
values (SPAD values) and the
quality of apple fruits, Method | is
the best method, followed by
Method Il and Method III.
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PE3HOME

B1OMOrMYHOTO NPOM3BOACTBO  Ha
arogm Fragaria x ananassa (Duch.)
Decne. & Naudin ce yBenuuaBa B
CBETOBEH Mallab, HO BbMpPekM ToBa
no3HaHuMATa OTHOCHO B/IMSHMETO Ha
KyNTypasiHM NPakTUKM BbPXy nosesHara u
BpegHa payHa ca HegocTaTbuyHu. [lpu
arognte BpegAT peavua Buaose putoHe-
MaToauTe, KOMTO ca TACHO CBbp3aHu C
pacTteHus rocTonpuemMHuum. Te yecTo ce
cpewar B CbBMECTHM Monynaumm cbe
CBOOOAHO XMBEELWMTE MOYBEHU HEMATO-
an. Llenta Ha HacToslwaTa pabota e ga
Ce npoyyn B/USHMETO Ha OPraHW4HOTO
TOpPEHE BbPXY pacTUTE/THO-NapasuTHUTE
HemMatognm npu 6GWMOOTMYHO MPOU3BOA-
CTBO Ha Aroau.

Ha6niogeHneTo BbpXy HeMaTogHa-
Ta (payHa O6ewe OCHLLECTBEHO Mpe3
BereTauMoHHua nepuog Ha nnow, 10 ha,
6MONOTMYHO OTINEXAAHN Aroan B paoHa
Ha Crtapa nnaHuHa, ceno Cpegorpus

SUMMARY

Organic production of strawberry
(Fragaria x ananassa (Duch.) Decne. &
Naudin) is increasing world-wide, but
knowledge about the influence of cultural
practices especially organic fertilization
and amendments on the beneficial and
harmful fauna is empirical rather than
field-based. Some species of plant-
parasitic nematodes, which are closely
related to the host plants, damage
strawberry plants. They can occur in
populations with joint free-living soil
nematodes. The aim of this work was to
study the organic fertilization effects on
plant-parasitic nematodes in organic
strawberry production systems.

The investigation of the nematode
populations was carried out in the region
of Balkan Mountain Range, village
Sredogriv (43.549 N, 22.786 E) during the
vegetation period on an area of 10 ha,
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(43.549 N, 22.786 E)), copt"3eHra-
3eHraHa". MaeHTudunympaHm 6sxa
cnepgHute pogose hToHEMOTOAM
Pratylenchus, Tylenchorhynchus,

Hoplolaimus, Helicotylenchus. YctaHoBe-
HWTE nokasarenn OTHOCHO CTpyKTypaTa
Ha HemaTogHWTe cbobliecTBa Morat Aa
ce u13nonseat kaTo GuouHamkaTopu 3a
30paBHOTO CbCTOSAHME HA HACaXKAEHNEeTO.

OpraHn4HOTO  TOpeHe  MOoTWCKa
BpegHaTa AeliHOCT Ha huToHemaToauTe
W npeactaBnsBa WMHCTPYMEHT 3a YCTOl-
UMBO YNpaB/fieHWe Ha HemaroguTte, OT
KoeTo credsa fga 6ObAe BKIHOYEHO B
cTparermute 3a ynpas/ieHVe Ha Bpeau-
Tenute npu 6MOMIOTMYHO NPOM3BOACTBO
Ha arogu. Bbnpekn ToBa, € He06XxoanMo
no-406po NpoyyBaHe Ha MexaHu3MuTe Ha
B/IMSIHME BbPXY CbLUECTBYBaLLMTE NoyBe-
HW ycnosusi. Hanpumep, HOBUTE uscneg-
BaHuA TpsbBa ga 6bAaT HACOYEHU KbM
ONTUMM3NPaAHE Ha MuHepasusauusaTa B
noysara v 3a4b1604YEHO aHa/IM3npaHe Ha

B3aMMOAENCTBMATA MeXay MNOYBEeHUTe
OpraHn3mu.

Kntoyosu AyMU: aroau,
6MONOTMYHO 3eMefenune, KOHTPON Ha
ouToHemaToam

yBO/

BuonornyHoto  oTrnexpaHe

Ha drogn Fragaria X ananassa
(Duch.) Decne. & Naudin e HOBO ¥
MepcrnekTMBHO  Hanpas/ieHne B
NPOM3BOACTBO Ha Tas3u Kyntypa B
Bbnarapua. YcnewHoTo Npou3BoA-
CTBO ce 6a3npa OCHOBHO Ha n36op
Ha NoaxoAsLwiM Mowm n CopToBe,
n3non3BaHe Ha 34pasB nocagbyeH
mMaTepuasn, npuiaraHe Ha 6u0s0-
TMYHU W APYrA eKoJsIorocbobpasHu
MEeTOoAM 3a KOHTPO C bonectute u
HenpuaTenute. OCBEH TOBa € Heob-
X0o4MMO [06pO0 ynpaBfieHne Ha xpa-
HWTEe/NHMTe BelecTBa B noysara.
OpraHn4yHOTO TOpPEHe noao6-

with cultivar ‘Senga Sengana’. The
following genera of plant-parasitic
nematodes were dominated:
Pratylenchus, Tylenchorhynchus,
Hoplolaimus, Helicotylenchus. The

established indicators of the nematode
communities can be used as bioindicators
for changes in soil and health status of the

plantation.
Organic fertilization suppresses
harmful activity of the plant-parasitic

nematodes and a tool for sustainable
management of nematodes, which should
be included in strategies for pest
management in organic production of
strawberries. Although, it is better study
the mechanisms of influence on the
existing soil conditions.

New researches for example should be
directed towards optimizing the
mineralization in soil and thorough
analysis of interactions between soil
organisms.

Key words: strawberry, organic
farming, plant-parasitic nematodes
management

INTRODUCTION

In  Bulgaria, the organic
cultivation of strawberries Fragaria
x ananassa (Duch.) Decne. &
Naudin is a new and promising
direction in the production of this
crop. The successful production is
based mainly on the selection of
appropriate areas and cultuvars,
the use of healthy seedlings,
application of organic and other
environmentally friendly methods
to control diseases and pests. In
this context, it is also necessary to
create the better management of
soil nutrients.

The

organic  fertilization
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psBa  XPaHUTESTHUA  PexuMm U
Cb3faBa YC/lI0BUA 3a [MOBULUEHA
610/10rMYHa aKTMBHOCT B Nnoysara.
N3cnepsaHnsaTta OTHOCHO — B/vS-
HMETO Ha OpraHMyHOTO TOpOBE
BbpXy MnoysBeHata payHa ca MHO-
robpoHM 1 BKNHOYBAT pPas/INYHU
rpynu XmBoTHn (Burmeister et al.,
2015). W3nonssaHuUTe OpraHn4Hu
TOpOBE He ca npefHa3HavyeHu 3a
KOHTPO/ C BpeauTennte, HO mmar
KOCBEHO Bb3OENCTBME BbPXY TeX-
HUTE nonynauumn.

Mpu aroguTte BpedAaT peavua
BMAoBe puTOHEMaToauTe, KOUTO
obuTaBar noysara. Te yecto ce
cpellar HepaBHOMEPHO N OBUKHO-
BEHO MMaT LUMPOK KPbI OT rOCTO-
npuemHuun (Sikora & Schuster
2000).

BHacAHeTO Ha opraHunyHa
MaTepus Kato MspKa 3a KOHTPOJI
Ha duToHemaToauTe e 00eKkT Ha
ronam 6poi npoyuBaHus (Akhtar &
Malik, 2000; D’Addabbo, 1995;
Litterick et al., 2004; Oka, 2010).
PegyumpaHe Ha HemMaTtogHUTE Cb-
obuiecTBa MOXe fa ce Habnwogasa
npu pasrpaxjaHe Ha opraHuyHaTa
matepus B noysata (Noling, 2001).
OpraHn4yHOTO TOpeHe MOXe Ja
foBefle [0 Hama/siaBaHe uucrie-
HOCTTa Ha  duToHemarogute
(Jaffee et al., 1994; McSorley &
Gallaher, 1995a), HO B HSKOW
cryyail Moxe pga ce Habnwopasa
yBenuyasaHe (Kimpinski et al.,
2003; Belair and Tremblay, 1995).
Mpegsua nutepaTtypHuTe cBege-
HAS MOXe [fa Cce 3ak/iouu, ye
Aokato npu ynotpeba Ha opraHuy-
H/W TOpOBE He BUHarn ce Habo-

improves availability of nutrients
and creates conditions to increase
the biological activity in the soil.
The studies on the effect of organic
fertilizers on soil fauna are
numerous and include various
groups of animals (Burmeister et
al.,, 2015). The application of
organic fertilizers is not intended to
pest control, but has an indirect
effect on their populations.

Strawberries are attacked by
number of species plant-parasitic
nematodes that inhabit the soil.
The nematodes are often spread
irregularly over a large area and
usually have a broad host range
(Sikora & Schuster 2000).

The introduction of organic
matter as a measure to control of
plant-parasitic nematodes is the
subject of numerous studies
(D’Addabbo, 1995; Akhtar & Malik,
2000; Litterick et al., 2004; Oka,
2010). Reduction of nematode
populations can be observed in the
decomposition of organic matter in
the soil (Noling, 2001). The organic
fertilizers can decrease the number
of plant-parasitic nematodes
(Jaffee et al., 1994; McSorley &
Gallaher, 1995a), but in some
cases it can lead to increasing
numbers of nemathodes (Belair
and Tremblay, 1995; Kimpinski et
al.,, 2003). According to the
literature findings, it can be
concluded that while the use of
organic fertilizers not always
observed suppressive effect on the
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JaBa notuckal, edqekT BbpXy
dutoHemaTogute (Thoden et al.,
2011), 7O N3MEHeHusATa B
OMOXMMWNYHMA CbCTaB Ha noysara
BOAAT [0 NPOMEHN B CTpyKTypaTa
Ha HemartogHute cbobulecTBa
(Chauvin et al.,, 2015). BbB Tasu
BPb3Ka onpenensHeTo Ha BULOBUSA
CbCTaB Ha HemaToguTe € OT Cb-
LLLeCTBEHO 3HA4YeHue 3a YCTOMUYNBO
61OI0rMYHO NPON3BOACTBO Ha Aro-
AW, OT KOeTo npousTuya u uenta
Ha HacTosiwarta paborta: ga ce
npoy4” BNNAHMETO Ha OPraHnUYyHoO-
TO TOpeHe BbpXy BUAOBUAT CbCTaB
Ha pacTUTesIHO-NapasuTHUTE
HemaToAHM cbobLecTBa B noysara.

MATEPVANT N METOON

HabnwogeHneto Bbpxy Hema-
TogHaTa (payHa 6elle ocbllecTBe-
HO npe3 BereTaunoHHUA Nepunop,
(2012-2014 r.), B paitoHa Ha CTtapa
nnaHuHa, ceno Cpepgorpus (43.549
N, 22.786 E). ArogoBOTO Hacax-
AeHne e cb3gageHo npes3 2012 r.
Ha naow, 10 ha, ¢ oCHOBEH copT —
3eHra 3eHraHa. Npean 3acaxgaHe
Ha pacTteHusiTa He 6e M3BBbPLLUEHO
npegnocagbyHo MUHEPASIHO Tope-
He. BCUYKM U3N0/3BaHU MPOAYKTU
3a pactutenHa 3awuTta n TOpoBe
3a noaxpaHsaHe ca paspeLlueHn 3a
61onNpPon3BOACTBO.

3non3saHn ca cnegHute
TopoBe Hemofol N 4, Hemosym
NK n Hemosym BIO N5. ToposeTe
6sxa BHacsH/W No yTBbpAeHa cxe-
Ma. HacaxpgeHneTto e ceptudunum-
paHo 3a OuOJIOTMYHO  Npou3-
BOACTBO Ha dArogn oT basnkaH
Buocept-MNnosane (Balkan Biocert

nematode populations (Thoden et
al.,, 2011), the variations in the
biochemical composition of the soil
always lead to changes in the
structure of nematode communities
(Chauvin et al., 2015).

In this regard the determination of
the species composition  of
nematodes is essential for
sustainable organic production of
strawberries. Hence, the objective
of this work is to study the
influence of organic fertilization on
species composition of plant-
parasitic nematode communities in
the soil.

MATERIAL AND METHODS

The monitoring of the
nematode fauna was carried out
during the vegetation period
(2012-2014), in the region of
Balkan Mountain Range, village
Sredogriv (43.549 N, 22.786 E).
The strawberry plantation was
established in 2012 on an area of
10 ha, with major cultivar ‘Senga
Sengana’. Before planting, the
plants were not fertilized pre-
sowing with mineral fertilizer. All
the plant protection products and
fertilizers  to nourish were
authorized for use in the organic
farming.

These fertilizers were used
Hemofol N 4, Hemosym NK and
Hemosym BIO N5. The fertilizers
were imported under an approved
scheme. The plantation is certified
for organic farming by Balkan
Biocert Plovdiv (Balkan Biocert
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BGO02).

BpemeTo 3a B3emaHe Ha
pacTUTENHN M MOYBEHU Npobu 6Ge
CbO6pa3eHo C MpenopbYaHOTO OT
Knuth et al. (2003). lNMouyBeHuTe
npobu ce B3emMaxa Ha CryvyaeH
NPVHUMN OT pefoBeTe N mexaype-
AnsaTa ¢ nouseHa coHga. Abvnbouu-
HaTa Ha B3emaHe Ha npooute 6e
oT 0-15 cm. PactutenHute npobu
(kopeHu n nucta) ce B3emaxa Ha
c/y4daeH npuHumn. Nocrassxa ce B
HaMMOHOBM M/IMKOBE, MIBLTHO 3aT-
BOPEHM N Ce CbXpaHsABaxa B X/a-
AnnHWK npu 4-5°C o n3sbpLuBaHe
Ha nabopaTtopHuTe aHanun3n. Cnep,
cMecBaHe Ha npobute, ¢ nomouita
Ha MepuTeneH uUWIMHABP 65axa
CbCTaBeHn cpegHn npobwu ot 100
cms3. T1oslyyeHnTe KONMYeCcTBeHN U
KayeCTBEHW [aHHW, Ce OTHacsT
KbM TO31 06em. 3a M3BNNYAHETO
Ha NoABWXHUTE cTagun Ha dunTo-
HemaToguTe 6Gewe  MU3MOM3BaH
meTtoga Ha Cobb 1 moandmumpaH
dyHueBngHNA MeTo/, Ha
Baermann (Townshend, 1963). B
JOMbJ/IHEHME npobuTe 6O6AXa U3-
cnefBaHu 3a Ha/iMune Ha UUCTu Ha
LuMcTtoobpasysalin Hemaroamn vpes
donotaymMoHHn metogu. 3a ga ce
ob6xBaHe TOYHO 6pos Ha m3onmpa-
HATE WMHAMBUAMW, TEYHOCTTa C He-
mMaroauTe 6e HanbsiHeHa Ao 100
ml ¢ Boga. lNosydyeHaTa cycneH3us
6e npexsbpnsaHa (5 nbTM no 1 ml)
B Bogorov Modified Counting
Chamber. Tog ctepeomukpockon
MbpBOHaYa/IHO ce un3bposiBaxa
BCUYKN HEMATOAM M NPU NOBTOPHO
npebposiBaHe nNpu Hanuune ce
oThenaxa pacTutesniHATe napasut-

BGO02).

The period of sampling of
plant and soil samples was
recommended by Knuth et al.
(2003). The soil samples were
taken randomly from rows and row
spacing with soil probe. The depth
of sampling was from 0-15 cm.

Plant samples (roots and leaves)
were taken randomly. The samples
were placed into plastic bags,
sealed and stored in a refrigerator
at 4-5 °C to perform laboratory
analysis. After mixing the samples,
the average samples of 100 cm?3
were determined by means of a
measuring cylinder.

The resulting quantitative and
gualitative data was related to this
volume. For the extraction of the
mobile stages of plant-parasitic
nematodes, the method of Cobb
and the Baermann pan method
were used (Townshend, 1963).

In addition, the samples were
examined for the presence of cyst
nematodes by flotation methods.
The liquid nematode culture was
filed to 100 ml with water to
include the number of extracted
individuals. The suspension was
transferred (5 times per 1 ml) into

Bogorov Modified Counting
Chamber.
Initially, all nematodes were

counted under stereomicroscope
and the plant parasitic nematodes
were separated at recount. The
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HW Hematoan. CpepHuAT 6poi
XnBn Hematoan B npobata (100
cm®) B n3xogHata cycneHsuata ot
100 ml 6e onpepeneH no Peters
(2013). 3a onpepnensHe Ha Takco-

HOMMYHATa MPUHAANEXHOCT Ha
dutoHemaToguTe 65axa n3-
non3BaHu onpegenutenite Ha

Andrassy (1998), Ruess (2003),
Castillo & Vovlas (2007) v ppyrw.
Mopaan cnoXxHocTTa Ha npoueca
Ha unaeHTUdUKauMsa HemaToau
6sxa onpepgesnieHn 4o poA.

PE3YJITATUN N OBCBbXXOAHE
Mpn HemMartosiorMyeH MnoYBeH
aHanu3 npeav 3acaxpjaHe Ha
Aarogute 6e yCcTaHOBEHO Hasmune
Ha mMurpupawy eHgonapasuTHU
Hemaroau ot cem. Pratylenchidae,
Kato BbB BCUYKM Npobu Tesun
Hematogn 6sixa nog npara Ha
MKOHOMWYecka BpefHOCT. YCTaHo-
BEHM 6siXxa U eKkTonapasuTHU Hema-
Togn oOT pop Paratylenchus B
MHOI0 MaJsika MIbTHOCT U He Guxa
npeacTasnsABa/in 3annaxa 3a Ha-
caxaeHneTto. He 6sixa yctaHOBEHU
HemaTo4un-BMpPYyCOMNpeHoCcuTenn ot
cemeiictBata Longidoridae u
Trichodoridae, kakTo U MHBa3WOH-
HW NnapBW Ha rasioBUTe HemaToAm
oT poZ4 Meloidogyne.

Mpn o6paboTka Ha Nouy-
BEHUTE W pacTUTenHuTe npoéwu
6sxa ekcTpaxupaHu obwo 1114
nHA./100 cm?® HemaTto-gu, OT KOUTO
460 1HA./100 cm?® cduToHemaToaw.
Haii-ronsam 6poii  dmToHemMoToAM
HemaTogmn 6sixa ycTaHOBEHU Mpe3
2013, cnenBaHu oT 2012

average number of live nematodes
in the sample (100 cm?) in the
starting suspension of 100 ml was
determined by Peters (2013). The
taxonomic identity of plant-parasitic
nematodes was determined by
using the identification books by
Andrassy (1998), Ruess, (2003),
Castillo and Vovlas (2007) and
others. Due to the complexity of
the process of identification, the
extracted nematodes were
determined up to genus level.

RESULTS AND DISCUSSION

The nematological analysis of
soil samples before planting of
strawberries shows pretense of
migratory endoparasitic nematodes
of the family Pratylenchidae, and in
all samples these nematodes were
below the economic threshold.
Ectoparasitic nematodes of the
genus Pratylenchus were also
present, but in very low density
and would not pose a threat to the
plantation. The virus-vector
nematodes of families
Longidoridae and Trichodoridae
were not found, and invasive
larvae (2" juvenile stage) of plant-
parasitic root-knot nematodes of
the genus Meloidogyne.

During processing of the soill
and plant samples, a total number
of 1114 ind./100 cm® nematodes
were extracted, 460 ind./100 cm® of
them were plant-parasitic
nematodes. The largest number of
plant-parasitic nematodes was
established in 2013, followed by
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CbLOTBETHO 144 nHA./100 cm® n 215 | 2012 resp. 144 ind./100 cm® and
MHA./100 cm®. Haii-nucka 6e umc- | 215 ind./100 cm3. The lowest was
neHocTTa Ha HematoauTe npes3 2014 | the number of nematodes in 2014

r. 101 uka./100 cm?® (durypa 1).

(101 ind./100 cm®) (Figure 1).
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dur. 1. YarcneHOCT Ha HeMaToguTe npes nepuoa Ha nscnenBaHeTo
Fig. 1. Density of nematodes in the sturdy period

B nouseHuTe npobu 6GsaXa
naeHtTuuumpaHu cnegHite pono-
Be (omtoHemoToan Pratylenchus,
Tylenchorhynchus, Hoplolaimus,
Helicotylenchus. B pactutenHure
npobu wutoHemaTogm He 65axa
OTKPUTU, C U3K/TOYEHNE Ha npobuTe
oT 2014, kbaeTo 6aAxa yCTaHOBEHU
2 6poa HematoguM OT  pof
Paratylenchus, konto ca cbc cnabo
n3paseHa naToreHHoCT npu pacTe-
HUATa. JIMCTHU (pUTOHEMATOAN He
6aXa OTKPUTHW.

YCTaHOBEHUTE TaKCOHU Cce
nogpexaar cucTeMaTU4yHO  no
CNEAHUS HAUVH:

The
plant-parasitic
Pratylenchus, Tylenchorhynchus,
Hoplolaimus, Helicotylenchus
were identified in soil samples.
The plant-parasitic nematodes in
the plant samples were not found,
apart from 2014. In these samples
2 nematodes of Paratylenchus sp.
were established, which have a

following genera of
nematodes

slight pathogenic effect. Leaf
nematodes were not found.
The identified taxa are

arranged systematically as follows:
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Kingdom: Animalia
Subkingdom: Eumetazoa
Phylum: Nematoda
Class: Secernentea
Order: Tylenchida

Suborder Hoplolaimina
Superfamily Hoplolaimoidea

Family: Pratylenchidae
Genus: Pratylenchus Thorne 1949
Pratylenchus sp.
Family: Hoplolaimidae
Genus: Hoplolaimus Daday 1905
Hoplolaimus sp.
Genus: Helicotylenchus Steiner 1945
Helicotylenchus sp.

Superfamily: Dolichodoroidea

Family: Telotylenchidae
Genus: Tylenchorhynchus Cobb 1930
Tylenchorhynchus sp.

Suborder: Criconematina
Superfamily: Criconematoidea

Ha ®urypa 2 e npegcraBeHo
CbOTHOLLUEHMETO MeX/y ycTaHoBe-
HATE poJOBeTe Ha pacTUTESHO-
napasvtHM Hematogu. Bupgosete
Paratylenchus spp. npucbcTBaxa
npes TpuTe roguHM Ha u3cnepnsa-
HeTo, pokato Tylenchorhynchus
spp. u Helicotylenchus spp. camo
npes 2013 .

2012 m2013 = 2014
80% -
60% -
40%
20% -
0%
Pratylenchus  Tylenchorhynchus  Hoplolaimus Helicotylenchus

Family: Paratylenchidae
Genus: Paratylenchus Micoletzky 1922
Paratylenchus sp.

The Figure 2 shows the
relationship between the
established genera of plant-
parasitic nematodes. The species
Pratylenchus spp. were present
over the three years of the study,
while Tylenchorhynchus spp. and
Helicotylenchus spp. only in 2013.

dur. 2. OTHOcKTeneH asan (%) Ha ycTaHOBEHUTE poAoBe huToHemaToan
Fig. 2. Relative proportion (%) of identified genera of plant-parasitic nematodes
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MonyyeHute pesyntatm B
TOBa npoyysaHe onunceart PUTOHe-
mMaTofHuUTe cbobuectsa B MNpo-
AbJ/DKEHVE Ha Tpy roAnHU B Arof0-
BO HacaxzjeHue npu ycnosusrta Ha
opraHn4yHo TopeHe. Te ce oTHacAT
[0 NPOMEHUTe B 4UC/IEHOCTTa U
CTpyKTyparta, Ccnyysam ce Mo
BpemMe Ha nepuopga Ha uscnepsa-
HusaTa. OT Hawus aHa/iM3 e BUA-
HO, Ye Npu npunaraHe Ha opraHny-
HUTE MOYBEHW TOPOBE YMC/IEHOCT-
Ta Ha UTOHemaToAuTe ce npomMe-
HS, KaTo 3Ha4YMMO NnoBuLLABaHe Ha
TAXHATa YNCMIEHOCT He 6e Habso-
faBaHo. lNoBuwasaHe 6e oTveTe-
Ho npe3 2013 n cnap npes3 2014 r.
B HawwuTe wu3cnegBaHusa 6sxa
yCTaHOBEHW MpeAcTaBuTeNn npe-
AMMHO OT pop, Pratylenchus, unaTo
nObTHOCT 6e nofg npara Ha
BpeAHOCT. 3a Nnofgo6Hu pesyntatu
cbobwasar ” Opyrm aBTOpU
McSorley, (2011). Thoden (2011)
o6oblaBa epekta OT OpraHNUYHoO-
TO TOpeHe npu  BuAoOBeETE
Meloidogyne spp. Globodera spp.,
Heterodera spp., Xiphinema spp.,
Pratylenchus spp. Cnopepg aHanu-
3upaHuTe nNuTepaTtypHn WU3TOYHK-
LU¥ opraHn4yHUTE TOPOBE W MpoMme-
HUTE, KOUTO HacTbMNBaT B rnoysara
TpsbBa pga ObaaT BHUMATESHO
npeLeHeHn OTHOCHO M0/1e3HOTO
UM Bb3OENCTBME U MEXaHU3MUTE,
KOUTO NpefocTaBAT 3a ynpasse-
HVe Ha hbuToHemaToauTe.

OT nonyyeHuTe pesyntaru e
BMAHO, Y€ OpPraHWYyHOTO TOpeHe
BIsie  BbPXY UUC/EHOCTTa U
CTpyKTyparta Ha putoHemaroauTe.

The obtained results in this
study describe the nematode
communities during three years in
the strawberry crop wunder of
organic fertilization. It is about
changing the density and structure
that occurred during the study
period. A key result from our
analysis shows that the application
of organic fertilizers changes the
number of plant-parasitic
nematodes and a significant
increase in their number was not
observed. Increase was recorded
in 2013, and a decrease in 2014 In
our researches we found that most
abundant species were of the
genus Pratylenchus, whose
density was below the economic
threshold.

Other authors reported for similar
results (McSorley, 2011). Thoden
(2011) summarizes the effects of
organic fertilization on species
Meloidogyne spp. Globodera spp.,
Heterodera spp., Xiphinema spp.,
Pratylenchus spp.

According to the literature data,
the organic fertilizers and all
changes that occur in soil must be
carefully evaluated regarding to
their beneficial impact and control
mechanisms of plant-parasitic
nematodes.

From the results obtained
during this investigation, it can be
concluded that organic fertilization
influences the density and
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To mMoxe fga ObAe BK/IOYEHO B
cTpatermmTe 3a Yynpas/ieHuMe Ha
Bpeautenute npu  GUONOTMYHO
NPOM3BOACTBO Ha srogn. Hosute
nscneaBaHua Tpabea pa 6bvaar
HacoyeHn KbM ONTUMU3MpPaHE Ha
MUHepasM3auusita B nouysara U
3a4bNO0YEHO aHaM3MpaHe Ha
B3aMMOAENCTBMATA MexXay noyse-
HUTE OpraHn3mu.

n3BO4n
. UucneHoctta Ha (oMTOHe-
mMartoauTe 6e pasnnyHa npes ne-
puoga Ha uscnepgsaHe. Hai-Buco-
Ka yncneHocT 6e otyeteHa 2013 r.,
cnepgaHa oT 2012 r. 1 Ha-HUCKa 6e
yncneHocTTa npes 2014 r.
° BnpoBuAT cbCTaB ce Xapak-
Tepusmpa CbC CPaBHUTENHO MasIKo
TakCoOHM [0 5 poga, npuHaanexa-
WM KbM 4 cemeictBa. Hait-yecto
cpewaHn ca BuaoBeTe OT poa
Paratylenchus.
° Pesyntatnte npepocrtaBat
Ha npousBoAuTENNTE akTyasnHa
NHpopMauna 3a Nosie3H NPakTu-u
3a KOHTPO/ST C Bpeputenurte npu
6MOIOrMYHOTO MPOU3BOACTBO Ha
aroan.

structure of plat-parasitic
nematodes. It can be incorporated
into the management process for
pest control in organic production
of strawberries. Future work
should be directed towards to
optimize the soil mineralization
and to analyze the interactions
between soil organisms and plant.

CONCLUSIONS

. The density of plant-
parasitic nematodes was different
during the study. The highest
density was recorded in 2013,
followed by 2012 and the lowest
density was in 2014.

. The species composition is
characterized by relatively few taxa
to 5 genera belonging to four
families. Most common are species
of the genus Paratylenchus.

. The results provided the
farmers current information on best
practices to control pests in
organic production of strawberries.
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PE3IOME

Llenta Ha ToBa npoy4BaHe € ga ce
nscnenBa BAUSHUETO Ha npegBapuTesnHa-
Ta 060paboTKa Ha CcypoBMHaTa BbpXY
CbAbpPXaHNETO Ha 06wy nonmdeHonn,
06LWM MOHOMEPHWN aHTOLMaHW U aHTUOK-
CUfaHTHa akTMBHOCT Ha COKOBE OT Tpu
copTa KbnuHu — JupkceH”, “bnek CatunH’
n ,Xyn TopHnec”. V3non3saHn ca pnAsa
TEXHO/IOTMYHM NOAX04a — KIaCUYeckn u C

obpaboTka 4pe3 (UHHO CMuNaHe npwu
nosyyaBaHe Ha MOHOKOMMOHEHTHW
COKOBe.

CypoBuHMUTE Cca oOTriejaHn U
nogbpaHn oT cneunanuctn ot NHCTutyT
Nno  NNAaHWHCKO  >XMBOTHOBBLACTBO M
3emepenive-TPosH.

YcTaHoBM Ce, Ye C NPUIOXEHUAT
TEXHO/MOrMyYeH noaxon BkOYBall eTana
Ha wuHO cMmuiaHe ce yBenuuyasart
CTOMHOCTUTE Ha MnokasaTesiTe Chpsmo

SUMMARY

The aim of this study was to
investigate the effect of pre-treatment of
the raw material on the content of total
polyphenols, anthocyanins and
antioxidant capacity of juices of three
varieties blackberries — "Dirksen", "Black
Satin® and "Hull Thornless". Two
technological approaches were used —
classic and processing through fine
grinding in obtaining mono-component
juices.

Raw materials were grown and
selected by experts from the Research
institute of mountain stockbreeding and
agriculture-Troyan.

It was found that the applied
technological approach with stage of fine
grinding increases the values of tested
parameters compared to raw material,
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n3xo4HaTa CypoBuMHa, [0KaTo Npu COKoBe-
Te€ NOMyYeHM NO Knacuvyecknss MeTof ce
Habnogasa obpaTHaTa TeHaeHuus. Cneg
cTatucTmyecka 06paboTka Ha gaHHUTE 3a
BCUYKM pa3paboTeHn BapmaHTh Ha COKOBe
MEeTOAbLT Ha NnoJjlyyaBaHe okassa BANSHUE
BbpPXY CbObPXaHWETO Ha M3cnegBaHuTe
nokasatenu (p<0.05).

C Hail-BUCOKO CbAbpPXaHWE Ha
06wy nonudgpeHoNM U aHToUMaHu e
pa3paboTeHnAT coK OT copT ,JupkceH”
CcboTBETHO 643.40 mgGAE/100g n 98.90
mg CGE/100g, a  onpegeneHusart
aHTnokcmpaHT KanaumteTt ypes DPPH n
FRAP TectoBe € C Hail- BUCOKM
CTOMHOCTM NPU MOHOKOMMOHEHTHUAT COK
ot copt ,bnek CatnH’, cboTBeTHO 3515
pumMolTE/100g 1 3178.30 umolTE/100g.

KnovoBn oymun: aHTUOKCUAAHTHA
aKTMBHOCT, COK, KbNuHa, o6LM
NoMAIEHON, aHTOLNAHM

YBO/

MoTpebuTteniMte BCe MnoBeye
TbPCAT NPOAYKTU C BUCOKO Kauyec-
TBO U CbCTaB 6/IM3bK 40 NpecHuTe
niogose. XapakTepuUCTUKM KaTo
CBEXEeCT, BMCOKO CbAbpXaHne Ha
BUTaMWHN, BMOaKTUBHM BeLlecTBa
N o6pu XpaHUTENHU KayecTBa ca
npuyMHa npes nocnegHUTe roguHw,
nasapbT Ha M/J1I040BU COKOBE Aa ce
yBennuu (Patras et al., 2009).

KbnuHute (Rubus fruticosus
Sp.) npeAcTaBnsABaT  UHTEpec
nopagu BMCOKOTO CbAbpXaHue Ha
nonugeHon n aHToumaHn, KoUTo
AonpuHacaT 3a TexHUA
aHTUOKCcnpaHTeH kanauyuteT (Wang
& Lin, 2000).

[MoBeyeTo CBEXW KbMUHU ce
N3M0a13BaT KaTo CypoOBMHA 3a 3aM-
pa3eHun, CyLIeHn, N KOHCepBupaHu
NPoAyKTU, NN ca npepadcoTeHn B
KOHOUTIOPK, XeneTa, U COKoBe 3a

while the juices produced by the classic
method show the reverse trend.

After statistical analysis for all developed
variants of juices the method of obtaining
has influence of the studied parameters
(p<0.05).

With the highest content of total
polyphenols and anthocyanins is the
developed juice from variety "Dirksen"
643.40 mgGAE/100g and 98.90 mg
CGE/100g respectively, the determined
antioxidant capacity by DPPH and FRAP
assays have the highest values in the
monocomponent juice from variety "Black
Satin", 3515 pymoITE/100g and 3178.30
MmMoIlTE/100g respectively.

Key words: antioxidant activity,
juice, Dblackberry, total polyphenols,
anthocyanins

INTRODUCTION

Consumers are increasingly
looking for products with high
quality and composition similar to
fresh fruit. Characteristics such as
freshness, high vitamin content,
bioactive compounds and good
nutritional quality are cause to
increase the market of fruit juices
in the recent years (Patras et al.,
2009).

Blackberries (Rubus fruticosus
sp.) are of particular interest in this
regard, due to the high
anthocyanin and phenolic contents
that contribute to its noted
antioxidant capacity (Wang & Lin,
2000).

Most fresh blackberries are
used as raw material for frozen,
dried, and canned products, or
processed into jams, jellies, and
juices for longer storage to satisfy
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Nno-4bJ/IT0 CbXpaHeHWe, 3a pga ce
3a40BOMIAT U3NCKBaHWATA Ha Mo-
Tpebutenute 1 pasnuyHu nasapu
(Rickman et al., 2007).

TexHonoruaTa 3a npepaodoT-
Ka 3HaunTesIHO Ce oTpassiBa BbpXy
KayecTBOTO Ha MNOJlyYeHUTe npo-
AyKTn. HAkon n3cneasaHus ca [o-
Knagesanu, ye obpaboTkara Moxe
[a fosefe [0 3HaYUTesHU 3aryom
Ha BOAOpPa3TBOPUMU  (PEHONHU
cbeanHeHus (Skrede et al., 2000;
Rossi et al., 2003; Lee et al,
2002), oco6eHo aHToumMaHn, KoeTo
ce oTpassiBa He6NaronpuATHO Ha
uBeta W XpaHuUTesIHUTEe UM
KayecTBa.

Bcekn TexHoNOrnyeH etan ot
npoM3BOACTBOTO Ha COK (M3MuMBa-
He, cMunaHe, npecoBaHe, TEPMUY-
Ha obpaboTka U Apyrn) Moxe Aa
fosefe OO0 NPOMEHW B KOM4yec-
TBaTa Ha 6GMOaKTMBHUTE CbCTaBKM
Ha nony4veHunsa cok (Thomas et al.,
2015).

Llenta Ha HacToAWOTO Mpo-
yuyBaHe e fa ce YCTaHOBM B/US-
HMeTO Ha npepgBapuTenHara obpa-
60TKa Ha KbMUHW BbPXY CbAbpXKa-
HMEeTO Ha o6wmn nonudeHonu,
O6LWN MOHOMEPHN aHTouMaHn u
aHTMOKCUAAHTEH KanauuTeT B Mo-
/ly4yeHuTe OT TAX MOHOKOMIO-
HEHTHW COKOBe.

MATEPVANT N METOON

CypoBuHU

3a nosiyyaBaHeTO Ha BCEKM
OT pa3paboTeHnTe MOHOKOMIMO-
HEHTHW COKOBe ca M3MNo/s3BaHu Mo
300 g nsiogoBe OT Tpu copTta
KbnuHn: Jupkcen”,“bnek CatuH” u

various markets and consumer
demands (Rickman et al., 2007)

The processing technology
significantly affects the quality of
the products. Some studies have
reported that treatment may result
in a significant loss of water-
soluble  phenolic  compounds
(Skrede et al., 2000; Rossi et al.,
2003; Lee et al., 2002), particularly
anthocyanins, which adversely
affects the color and their
nutritional qualities.

Each process step in the
manufacture of juice (washing,
milling, pressing, heat treatment,
etc.) can lead to changes in the
amounts of bioactive ingredients in
the obtained juice (Thomas et al.,
2015).

The purpose of this study
was to determine the influence of
pre-treatment of blackberries on
the content of total polyphenal,
total monomeric anthocyanins and
antioxidant capacity in
monocomponent juices.

MATERIAL AND METHODS

Raw materials

For the preparation of each of
the developed mono-component
juices were used 300 g raw material
of three blackberry varieties:
"Dirksen,” "Black Satin" and "Hull
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Xyn TopHnec”, oT
NIMXK3 - rp. TposH.

NMonyyaBaHe Ha COK

3non3saHu ca gBa TEXHOO-
rMYHKU noaxoa 3a nosiydyaBaHe Ha
MOHOKOMMOHEHTEH COK OT KbIVHMW.
[MbpBMAT Noaxon € Knacuyecku u
BK/IOYBA CllefHUTE TEXHOIOTNYHM
eTanu: npMemaHe, u3mvBaHe, npe-
TersisHe, nosiyyaBaHe Ha COK (rpe-
COBaHe), MbJ/IHEHE U CbXpaHeHue.
BTopuaTt nogxon BKNHOYBA ChLyuTe
TEXHOJIOTMYHN eTanu, KaTto npean
eTana 3a nosjlyyaBaHe Ha COK ce
M3BbPWBA (PUHO CMWIaHe Ha
CypoBMHaTa.

®MHOTO CMUIaHe ce U3BbLP-
WwBa C nmnomowta Ha 6neHgep
Nutribullet, koinTo n3nonssa nHoBa-
TMBHO OCTpve 3a M3BMMYaHe Ha
XpaHuUTesIHUTE BelecTBa 1 UUKIOH
TEXHOsMorMa 3a pasgpobsiBaHe Ha
nynna, Koxara M cemeHata Ha
nnogoseTe.

3a COKOM3B/IMYAHETO N npu
ABaTa TexHO/IoTMYyHM noaxoja e
13Mon3BaHa COKOM3CTMCKBaYKaTa —
“NS -750 Kuvings Silent Juicer”,
yneto npeguMMCTBO € HUCKOCKO-
POCTHOTO W3B/IMYAHE Ha CoKa, C
KOeTo ce noctura 3anasBaHe Ha
XpaHuUTesIHUTE BeLLecTBa.

MoarotoBka Ha nNpob6aTta 3a
aHanm3

OT BCeku BapuaHT Mosy4yeH
COK ce npeTernAar no 5 g n konu-
4YeCTBEHO Ce NPEeXBbPAT C NOAKUN-
ceneH (0.1% HCI) metaHon B
mMeputenHa konba ot 50 mL.
CobabpxaHveTto Ha konbara ce
posexpaa o 2/3 v cnef npecroun
oT 12 yaca npu 10°C cbabpxa-

nosly4YeHn

Thornless”, from Research institute
of mountain stockbreeding and
agriculture - Troyan.

Juice extraction

Two technological approaches
were used for obtaining a mono-
component juice from blackberries.
The first approach is a classical
method and includes the following
steps: receiving, cleaning, weighing,
obtaining juice (pressing), filling and
storage. The second approach
comprises the same processing
steps, such as before the step for
the juice extraction is done finely
grinding of the raw material.

The fine grinding is carried

out by means of a blender
Nutribullet, which uses an
innovative blade to extract

nutrients and cyclone technology
for crushing the pulp, the skin and
the seeds of the fruit.

For the juice extraction in
both technological approaches is
used the juice extractor — "NS -750
Kuvings Silent Juicer", whose
priority is low-speed extraction of
the juice, that achieves retention of
nutrients.

Preparation of sample

Before analyses 5 g from
each variant juice was diluted into
50 mL volumetric flask.The content
of the flask is filled with acidified
(0.1% HCIl) methanol. After
extraction for 12 h at 10°C the flask
is filled to the mark.
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HMETO Ha konbaTa ce gosexpaa A0
mMapkarta. EkcTpaktute ce ountpy-
BaT npes3 HarbHaT UNTLP U ce
aHanmsnpatr 3a CbAbpXaHue Ha
06U NONANGEHONN N OBLLUN MOHO-
MEPHM aHTOUMaHMW W aHTUOKCU-
[AHTHUAT KanayuTer.

PeakTnBu 1 XiMmnkKanu

3a aHa/mMTM4yHM uenn ca
M3NON3BaHN ClefHUTE peakTUBK:
DPPH (2,2-pndperHnn-1-
nukpunxugpasuwn), TPTZ (2,4,6-
Tpu(2-nupnaunn)2-tpuasunHd) u Trolox
[(£)-6-xnpgpokcn-2,5,7,8-
TeTpaMeTU/IXpoMaH-2-kapbokcuiHa
KncesnvHaj (Sigma-Aldrich,
Steinheim, Germany); peakTB Ha
Folin-Ciocalteau (FC-peakTtuB)
(Merck, Darmstadt, = Germany);
rafoBa  KMCeNMHa  MoHoxuapar
(Fluka, Buchs, Switzerland). Bcuuku
OCTaHa/IM peakTUBM 1 pas3TBoOpUTENN
ca C aHa/IMTMYHa uncroTa.

MeToaun 3a aHann3

OnpegensHe Ha o6wuTe
nonudpeHonn
CbaobpxaHMeTo Ha  o6wm

nonudeHonn e onpegeneHo no
mMetoga Ha Singleton and Rossi
(1965) ¢ HAkon moaudpmkaumn. B
enpyeeTka nocrefoBaTesiHO ca
cmeceHn 0.1 mL ekcTpakt oT
npobara ¢ 0.5 mL FC-peaktns
(paspepeH 1:4 c pectunupaHa
Boga) 1 1.5 mL BoaeH pasTBop Ha
HaTpueB kap6oHat (7.5%, wiv),
kKato 06eMbT e gosegeH o 10 mL
C pectunvpaHa Boga. PeakuuoH-
HaTa cMec npecrtosiBa 3a 2 h Ha
TbMHO MpU CcTaliHa TemnepaTypa
npean ga 6bvae namepeHa abcopob-
umata npum 750 nm. lony4vyeHute

The extracts was filtered through a
paper filter and analyzed for
content of total polyphenols and
total monomeric anthocyanins and
the antioxidant capacity

Chemicals

For the analytical purposes
DPPH (2,2-diphenyl-1-
picrylhydrazyl), TPTZ (2,4,6-tri(2-
pyridyl)2-triazine) n Trolox [(x)-6-
Hydroxy-2,5,7,8-
tetramethylchromane-2-carboxylic
acid](Sigma-Aldrich, Steinheim,
Germany); Folin-Ciocalteau’s (FC)
reagent (Merck, Darmstadt,
Germany), Gallic acid
monohydrate(Fluka, Buchs,
Switzerland) was used. All the
other reagents and solvents used
were of analytical grade.

Methods of analysis

Determination of total
polyphenols
The content of total

polyphenols (TPP) was determined
by the method of Singleton and

Rossi (1965) with some
modifications. In test tube
appropriately diluted sample

extract (0.1 mL) was mixed with
0.5 mL of FC-reagent (diluted with
distilled water 1:4, v/v) and 1.5 mL
of sodium carbonate solution
(7.5%, wlv) and the volume was
made up to 10 mL with distilled
water; the mixture was incubated
for 2 h at room temperature before
the absorbance was measured at
750 nm. The results were
presented as mg gallic acid
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pesyntatu ca npefcTaBeHu KaTo

eKBMBaA/IEHTUN Ha rasioBaTa Kucenu-

Ha (GAE) B mg 3a 100 g npob6a.
OnpegensiHe Ha o6wmTe

aHToumaHu

KonuyectBoto Ha ob6wurte
MOHOMepHK aHToumaHu (TMA) e
onpegeneHo ypes pH-

andpepeHuymandna  meton (Giusti
and Wrolstad, 2001). EkcTpakTa oT
npobaTa e paspefeH napasnesnHo c
6ychep ¢ pH 1.0 (0.025 M kanveB
xnopua) n 6ycep ¢ pH 4.5 (0.4 M
HaTtpueB aueTtart). Cnep npecros-
BaHe 3a 1 h Ha TbMHO Npwu CTalHa
Temnepatypa ca wu3MmepeHu ab-
copbuumte npu 520 n 700 nm.
Pesyntatute ca u3dncneHn upes
n3nos3BaHe Ha KoeMUUMEHT Ha
MonapHa abcopbuua 26900 L/(mol
cm) M MonekynHa maca 449.2
g/mol n ca n3paseHn kaTto ekBuBa-
NEHTU Ha UnaHWOUH-3-1NKo3un4,
(CGE) B mg Ha 100 g npob6a.

OnpegensHe Ha o6wWwMSA
aHTUOKCUAaHTeH KanauuteTt

OOWMAT aHTUOKCUAAHTEH Ka-
nauuTeT e OLEeHEeH ypes onpeaens-
He Ha pajgukanoynassuiara cno-
cobHocTt (DPPH-TecT) n metano-
peayumnpaliaTa CMoco6HOCT
(FRAP-TecT). Bogopa3stsopum
aHasnior Ha ButamuH E (Trolox) e
M3MoM3BaH KaTo CcraHgapt MU
pesyntatute ca Wu3paseHu Karto
ekBnBanieHTM Ha Trolox (TE) B
pmol 3a 100 g npo6a.

DPPH-TecT npouegypata e
6asupaHa Ha meToga Ha Brand-
Williams et al. (1995), npunoxeH B
cnepHata moandpmkauma: 2250 ulL
MeTaHo/1eH pa3TBop Ha DPPH (6 x

equivalents (GAE) per 100 g of
sample.

Determination of total
monomeric anthocyanins
The amount of total

monomeric anthocyanins (TMA)

was determined by the pH-
differential method (Giusti &
Wrolstad, 2001). The sample

extract was diluted in parallel with
buffer pH 1.0 (0.025 M potassium
chloride) and buffer pH 4.5 (0.4 M
sodium acetate). After 1 h of
incubation at room temperature,
the absorbance was measured at
520 and 700 nm. Results were
calculated using a molar extinction
coefficient of 26900 L/(mol cm) and
molecular weight of 449.2 g/mol
and expressed as equivalents of
cyanidin 3-glucoside (CGE) in mg
per 100 g sample.

Determination of  total
antioxidant capacity

The total antioxidant capacity
was determined by the free radical
scavenging activity (DPPH) and
ferric reducing antioxidant power
(FRAP) assay. Trolox, a water-
soluble vitamin E analogue, was
used as a reference in both assays
and the antioxidant capacity was
expressed as umol  Trolox
equivalents (TE) per 100 g npoba.

DPPH assay was based on
the method of (1995) modified as
follows: 2250 uL of a DPPH
methanolic solution (6 x 107 M)
was mixed with 250 yL of sample
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10° M) ca cmeceHn c 250 pL
eKCTpakT oT npobara (paspefeH ¢
JecTunupaHa Boja B CbOTHOLUE-
Hne 1:3, v/v); abcopbumdata npwu
515 nm e mn3mepeHa cnepg 15 min
npecTosiBaHe Ha peakunoHHaTa
CMeC B 3aTBopeHa KiBeTa Ha
THMHO MpKU CTailHa Temneparypa.

FRAP-TecTt npoueaypata e
6a3vpaHa Ha meTofa Ha Benzie un
Strain (1996), NpPUNOXeEH C HAKOWU
n3veHeHma. FRAP peaktmB e
NPUroTBeH cfefl cMecBaHe Ha 2.5
mL pa3steBop Ha TPTZ (10 mmol/L)
B coNnHa kucenuHa (40 mmol/L),
2.5 mL BogeH pa3stBop Ha FeCl3
(20 mmol/L) n 25 mL auertareH
6ycep (0.3 mol/ L, pH 3.6). 3a
peakuymara, 2250 ppL  FRAP
peaktue M 250 pL eKkcTpakT oT
npobaTa (paspefeH ¢ gectunupa-
Ha BoAa B CbOTHOLleHne 1:3, v/v)
ca CMeCeHn B KioBeTa U e u3Me-
peHa abcopbumaTta npu 593 nm
cneq 4 min Ha TbMHO Npu cTariHa
Temneparypa.

Bcnukn um3mepBaHna ca u3-
BbplieHn ¢ UV-Vis cnektpogoTo-
MeTbp Helios Omega ¢ uHcTanm-
paH codotyep VISIONIite (Thermo
Fisher Scientific, Madison, WI,
USA), u13non3eaiikm KoBeTU C
onTnyeH NbT 1 cm.

CratucTnyecku aHan3

[MpeactaBeHnTe  pesyntaTtu
ca cpefHoapUTMETUYHN CTOMHOCTH
OT Hal-masiko Tpu onpeaeneHus,
Kato KoemumeHTn-Te Ha
Bapuauma ca no-masikm ot 5%.
Cratuctnyeckara o6paboTka Ha
[aHHUTe e OoCbllecTBeHa C npor-
pamn ANOVA, Microsoft Excel.

extract (diluted with distilled water
1:3, v/v); absorbance at 515 nm
was measured after 15 min of
reaction in a cap-sealed cuvette
kept in the dark at room
temperature.

FRAP assay was performed
according to Benzie and Strain
(1996) with some modifications.
The FRAP reagent was prepared
by mixing 25 mL of a TPTZ
solution (a0 mmol/L) in
hydrochloric acid (40 mmol/L), 2.5
mL of a FeCl; water solution (20
mmol/L) and 25 mL of an acetate
buffer (0.3 mol/L, pH 3.6). In the
assay, 2250 yL of FRAP reagent
and 250 pL of sample extract
(diluted with distilled water 1:3, v/v)
were mixed in a cuvette and
absorbance at 593 nm was
measured after 4 min in the dark at
room temperature.

All measurements  were
performed with a Helios Omega
UV-vis spectrophotometer

equipped with VISIONIite software
(all from Thermo Fisher Scientific,
Madison, WI, USA) using 1 cm
path length cuvettes.

Statistical analysis

The presented results are the
average of at least three
determinations, the coefficients of
variation were less than 5%. The
statistical analysis of the data were

performed wusing the statistical
apparatus  ANOVA, Microsoft
Excel.
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PE3YJITATU N OBCBb)XOAHE
Ha durypa 1, 2, 3 n 4 ca
npeacTaBeHn pesystatute OT Ha-
npaBeHUTe CpaBHUTENIHN aHasIM3K
Ha nosilyyeHuTe ypes ABaTa TEXHO-
NIOTUYHN  nogxofda  MOHOKOMIMO-
HEHTHM N/I040BM COKOBE WU CYpO-
BMHa OT TpW COpTa KbMUHU CbHOT-
BETHO 3a CbAbpXaHWe Ha 06w
nonupeHonn, CcbAbpXaHue Ha
O6LWN MOHOMEPHN aHTouuaHn u
aHTUOKCUOAHTEH KanauuTeT oue-
HeH no pasata wmetoga (DPPH-
TecT u FRAP- TecT).

RESULTS AND DISCUSSION
Figure 1, 2, 3 and 4 presents

the results of a comparative
analysis of total polyphenols
content, total monomeric
anthocyanin and antioxidant

capacity measured by two assays
(DPPH and FRAP) of mono-
component fruit juices obtained
through two technological
approaches and of raw material
from three blackberry varieties.

800
€00

nnoa,/fruit

400

200 +—

mgGAE/100g

Bnek Catan
Black Satin

Ouprecen Dirksen

O6wm nonndeHanmn
Total polyphenols,

i . . M coK upes du-o crmnane/juice
0 . == __ byfine grinding

Xyn TopHaec
Hu'l Thornless

M COK YPEe3 KNacu4ecka
metod/juice by classical method

dur. 1. CbabpXaHme Ha obwm nonudeHonn (TPP) B nnogoBe M cOKoBe OT
KbMNuHU OT copT AupkceH, bnek CatuH n Xyn TopHnec

Fig. 1. Total polyphenols content (TPP) of blackberry fruits and juices from
variety Dirksen, Black Satin and Hull Thornless

OT paHHuUTe Ha durypa 1 ce
BMX/a, Ye CTOMHOCTUTE Ha 06Ln-
Te nonndpeHonn B MUHUMAsIHO
npepaboTteHnTe M/I040BM COKOBE
OT BCUYKN COPTOBE KbMUHWU MNOJIY-
4yeHu Mo meToa 13nonssaiy puHo
CMWIaHe ca 3HauyuTesIHo no-
BMCOKN OT W3XOOHUTE CYPOBUHW.
[Npn knacuyecknsa meTopn Ha nosy-
yaBaHe ce Habnwopgasa ob6paTHa
TeHgeHuusa. [laHHuTe ca cTaTucTu-
4eckn pasnnuumu, AbKawmn ce Ha
TexHonornyHuTe peweHuns (p<0.05).

Hali-BMCOKM ca CTOMHOCTUTE

From the data in Figure 1 it is
seen that the values of total
polyphenols in minimally
processed fruit juices of all
blackberry varieties prepared by
the process using a fine grinding
are considerably higher than the
raw materials. In the classical
method of obtaining seen the
opposite trend. The data are
statistically distinguishable due to
technological solutions (p<0.05).

The highest values of total
polyphenols has variant with fine
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Ha obLwmTe nonndeHoNn npu copt
[VpKceH, BapuaHT ¢ (OUHO CMU-
naHe (643.40 mgGAE/100g).

grinding from variety Dirksen
(643.40 mgGAE/100g).

< 150
E oF . nnog/fruit

TEEE] 100

25858 0L - oBm "B

5 gf g2 ] W coK upe3 OuHO cvuna-e/juice by
E £ E % © 0 . . —1 fine grinding

FCEGE Ouokeced  brek Catun  Xyn TopHaec ‘ -

8 = Dirksen Black Satin  Hull Tharnless WCORMpes KidcHHOLKIMETOL JUICe

by class'cal method

dur. 2. CbabpXaHMe Ha 00WM MOHOMeEpHM aHToumaHm (TMA) B nnogose w
COKOBe OT KbMUHU OT copT AnpkceH, bnek CatuH n Xyn TopHsiec

Fig. 2. Total monomeric anthocyanins content (TMA) of blackberry fruits and
juices from variety Dirksen, Black Satin and Hull Thornless

CokoBeTe OT BCUYKM COPTOBE
KbMUHN NokasBaT yBe/IMYyeHne Ha
06LLMTEe MOHOMEPHW aHTouuaHu u
3a gBara TexHOJI0rMYyHM nogxoaa
CNpsMO  m3xogHata  CypOBUMHA
(Purypa 2). CTOMHOCTUTE UM
BapupaT oT 66.90 mg CGE/100g
no 98.90 mg CGE/100g, kaTo
cnef, HanpaseHaTa cTaTucTuyecka
06paboTKa Ha AaHHUTE ce yCTaHo-
BM, 4Ye COPTOBOTO pasmune u
MeTofa Ha noslyyaBaHe He oOKas-
BaTt BnunsaHue (p>0.05).

4000

The juices from all blackberry
varieties  obtained by two
technological approaches showed
an increase in content of total
monomeric anthocyanins (Figure
2). The values were in range from
66.90 mgCGE/100g to 98.90
mgCGE/100g, after statistical
analysis was established that the
variety and the method has no
effect (p>0.05).

3000
000

naogn/fruit

(DPPH),
umolTE/100g

AHTUOKCUOAHTEH
KanauurteTr

Oupkcen
Dirksen

antioxidant capacity

pi
1000 — - L
O T M 1

baek Catun Xyrs TopHnec
Black Satin

M cok upes duHD cvmunaHe/juice
by fine grincing

M COK Ype3 KNacKv4ecku
Hul meToa/ uice by classical method

Tharnless

dur. 3. AHTUOKcnaaHTeH kKanaumteT (DPPH- TecT) B nnopnose m cokoBe OT
KbMNuHU OT copT AupkceH, bnek CatuH n Xyn TopHnec

Fig. 3. Antioxidant capacity (DPPH-test) of blackberry fruits and juices from
variety Dirksen, Black Satin and Hull Thornless
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naog/fruit

2000 ~

1000 +

AHTH OKCMOaHTEH
Kanauurer

Antioxidant capacity
{FRAP), umalTE/100g

Brek Catin
Black Satin

Oupkcen Dirksen

W COX = pes ¢rHo Crunane/juice by
fine grind'ng

B COX 4 pes KNZCULecsk meTog/juice
by classical method

Xyn TooHnec
Hull Thorn!ess

dur. 4. AHTMOKCnaaHTeH kanauuteT (FRAP- TecT) Ha njiog U COKOBE OT KbMUHA
OoT copT AupkceH, bnek CatnH u Xyn TopHnec

Fig. 4. Antioxidant capacity (FRAP-test) of blackberry fruits and juices from
variety Dirksen, Black Satin and Hull Thornless

OnpepeneHnaT aHTNOKCU-
AaHTeH kanaumtetr (DPPH-TecT u
FRAP-TeCcT) Ha nonyyeHute Mu-
HAMa/IHO npepaboTeHn n/I040BM
COKOBE 3a BCUYKM U3CnenBaHu
COpPTOBE MokKasa yBenuyeHue npu
nogxoa BkYBaLL (PUHO cMmunia-
He 1 HaMaJsleHne npu Knacuyeckms
MeToj, CnpsAMOo cypoBuHaTa (Pury-
pa 3 n 4). JaHHUTe ca cTaTUCTu-
yeckn pasnnummm (p<0.05), aobn-
Xauwio ce Ha TexHonormyHara
o6paboTka.

C Hali-BMCOKM CTOMHOCTM Ha
nokasatens aHTUOKCUAAHTEH Ka-
naumTeT oueHeH ype3 DPPH-Tect
n FRAP-TecT e cok oT copT bnek
CatvH BapuaHT C UMHO cMuiaHe
(3515 pmolTE/100g n 3178.30
MMOITE/100g).

Ha durypa 5 n 6 ca nokasa-
HW pagapHu guarpammn Ha nosyde-
HATE MOHOKOMMOHEHTHN COKOBe
OT TpX copTa KblMWHA, CbOTBETHO
3a K/acuyeckn MeTon Ha nosyya-
BaHe W MeTo4a BK/IOYBaL, eTana
donHO cmunaHe.

The antioxidant capacity
(DPPH and FRAP assays) of
received minimally processed fruit
juices for all studied varieties
obtained by fine grinding showed
an increase and decrease in the
classical method (Figure 3 and 4).

Significant effect on the
antioxidant capacity has the
processing technology (p<0.05).

The highest values of
antioxidant capacity assessed by
DPPH and FRAP assays were
observed in juice from variety
“Black Satin” obtained by fine
grinding (3515 pymolITE / 100g and
3178.30 umoITE / 100g).

Figure 5 and 6 show radar
diagrams of the received mono-
component juices from three
blackberry varieties, respectively
for the classical method and the
method with fine grinding.
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TPP

mgGAE/100g
20000

DPPH
LmolTE/1C0g

FRAP
AmolTE/100g

= jlice Dirksen
= | uice Black Satin

Juice Hull Thornless

dur. 5. PagapHa guarpama Ha COKOBe OT KblMHa MOJIYYEHU MO K/laCUYecKu
MeTon OT copT AupkceH, bnek CatuH u Xyn TopHnec

Fig. 5. Radar diagram of blackberry juices obtained by classical method from
varieties Dirksen, Black Satin and Hull Thornless

Mpn Knacuyeckuss NOAXop4,
AHTMOKCUOAHTHUAT KanauuTeT ce
Ab/DKM  OCHOBHO Ha aHTUOKCU-
[aHTV AeicTBallm KaTo AOHOPU Ha
enektpoHn (FRAP-TecT), Kakto w”
Ha BEPOSATHUTE B3aMMOAENCTBUSA
Mexay (eHosHUTe CbeanHeHus
(Purypa 5).

TPP mgGAE/100g
4000,0

2000,0 !

DPPH pmolTE/100g"

= FRAP pmolTE/100g

In the classical approach, the
antioxidant capacity is mainly due
to the antioxidants act as electron
donors (FRAP-test), and the
possible interactions between
phenolic compounds (Figure 5).

= jlice Dirksen
= | Jice Black Satin

Juice Hull Thornless

dur. 6. PagapHa gmnarpama Ha COKOBE OT KbMMHa NOJIyYeHW Mo MeTo/, BK/1to4YBalll
thrnHO cMunaHe oT copT AnpkceH, bnek CatnH n Xyn TopHnec

Fig. 6. Radar diagram of blackberry juices obtained by method with fine grinding
from varieties Dirksen, Black Satin and Hull Thornless

Mpu noaxoga Ww3nNon3BaLy
MHO cMunaHe aHTUMOKCUMAAHT-
HUAT KanauuTeT ce Ab/HKM OCHOB-
HO Ha aHTMOKCMAAHTU AelcTBalm
KaTo [OHOpM Ha BOJOPOAHM Ka-
TMOHW, HA CUHEPTNYHU edeKTN Ha
APYrM KOMMOHEHTM B cucTtemara
(Purypa 6).

In the other method the
antioxidant capacity is mainly due
to antioxidants acting as a
hydrogen donor cations and of
synergistic effects of the other
components in the system (Figure
6).
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n3BO4UN

Pa3paboTeHn ca MOHOKOMIO-
HEHTHW COKOBe OT Tpu copTa
KbnuHn — , [inpkceH”, “bnek CatnH”
n ,Xyn TopHnec”,. no ABa TeXHO-
JIOTUYHN MoAxofa — K/1acuyeckn u
c 06paboTKa upes3 (PMHHO CMUNaHe.

YcTaHOBM ce, 4ye 3a BCUYKMK
pa3paboTeHn BapuaHT! Ha COKoBe
MEeTOA4bT Ha nosiyyaBaHe oOKa3Ba
B/INAHNE BBbPXY CbAbPXAHNETO Ha
o6WwM nonneHoNn n aHTUOKCU-
AaHTeH kanauyuteT (p<0.05).

C Hail-BMCOKO CbAbpXaHue
Ha o6LWW NoMEHONN N aHToLUMa-
HN e pa3paboTeHUAT COK OT CopT
~JdVpKceH”  cboTBeTHO  643.40
mMgGAE/100g u 9890 mg
CGE/100q, a onpeneneHuaT aHTn-
okcupaaHT Kanaumtet ype3 DPPH n
FRAP TectoBe € C Hail-BMCOKM
CTOMHOCTM MpPU  MOHOKOMMOHEHT-
HUA CcoK oT copT ,bnek CatuH”,
cboTBeTHO 3515 pmolTE/100g u
3178.30 umolTE/100g.

CONCLUSIONS

There are developed mono-
component  juices of three
blackberry varieties "Dirksen”,
"Black Satin" and "Hull Thornless",
by two technological approaches —
classical and by fine grinding.

It was found that for all
variants of developed juices the
method of processing affects the
content of total polyphenols and
antioxidant capacity (p <0.05).

The developed juice from
variety "Dirksen" by fine grinding
has the highest values of total

polyphenols content and
anthocyanins, respectively 643.40
mgGAE/100g and 98.90
mgCGE/100g, the antioxidant

capacity measured by DPPH and
FRAP assays has the highest values
in juice from variety "Black Satin",
respectively 3515 pmolTE/100g and
3178.30 umoITE/100g.
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