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PE3OME

EkcnepuMeHTbT oueHsiBa Bb3fei-
CTBMETO Ha KNMMatuyHute dpaktopu (Tem-
nepatypa Ha Bb3fyxa W Basiexu) BbpXy
XMUYHUTE CBOICTBa (MHBEPTHa 3axap,
OPraHWYyHN KUCEesIMHW, O6LM aHTouuaHu-
HU, 06WwKn (peHoMM n aHTUOKCUOAHTHU
CBOIiCTBa) B N/I0A40OBETE Ha ceaem copTa
kacuc (,beH JlomoHp®, ,beH Capek”,
Ldema®, TutaHua", ,YavaHcka LbpHa',
.tucen" n ,TnbeH"). CoptoBeTe nokaseaT
3HaYUMK pasnmuma no mexgy cu. B copt
.DeH JloMoHA® ca YCTaHOBEHM BUCOKU
HuBa Ha rnokosa (92.3 mg g'l), hpykTO3a
(133.7 mg g'l) 1 3axapo3a (19.9 mg g'l). B
copt ,Tucen" ca ycTaHOBEHW OpraHuWyHU
KNcenuHun (NMmMoHeHa kucenunHa - 1.62 mg
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SUMMARY

This experiment evaluated the effect
of climatic factors (air temperature and
precipitation) on the chemical properties
(individual invert sugars, organic acids, total
anthocyanins, total phenols, and antioxidant
capacity) of the fruit of seven black currant
cultivars (‘Ben Lomond’, ‘Ben Sarek’,
‘Tsema’, ‘Titania’, ‘CaCanska Crna’, ‘Tisel
and ‘Tiben’).

The cultivars showed highly significant
differences. High levels of glucose (92.3 mg
g"), fructose (133.7 mg g') and sucrose
(19.9 mg g'l) were found in ‘Ben Lomond’,
and tested organic acids were recorded in
‘Tisel’ (citric acid - 1.62 mg g™ and malic acid -
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g* n Aa6bnyena kucenuHa - 0.40 mg g*). OT
gpyra cTpaHa, ,HayaHcka LUbpHa" u
»TUTaHNS" CbAbpPXaT Ha-BUCOKOTO  KOMU-
4ecTBO Ha BTOpPUYHM MeTabonutu. Knuma-
TUYHUTE DaKTOPU OKasBaTt 3HAYMTESTHO Bb3-
JelicTBMe BbpXY XMMWYHWTE CBOWCTBA Ha
nnogosete. Bucokute temneparypu Ha Bb3-
AyXa W HUCKMTE KONMMYecTBa Basiexu Mo
Bpeme Ha obpa3yBaHeTO Ha nnoja un y3ps-
BaHeTO 6r1aronpuATCTBAT 3a HaTpynBaHe Ha
WHBEPTHa 3axap, A0KaTto HUCKUTE Temne-
patypv Ha Bb3fyXa W BUCOKUTE KO/MyecTBa
BaNIeXN MMaT MOMIOKUTENHO Bb3AelcTBME
BbPXY CMHTE3a Ha OpraHn4YyHn KUCEsSIMHU U
BTOPUYHM MeTaboNnTK Ha nioga.

KnoyoBu Aymun: Kacuc, KnnmatuiHm
chakTopm, XMMUYeCKn cBoliCcTBa

YBO/[,

UepHuat kacuc (Ribes nigrum L.) e
foraT M3TOYHWK Ha 3axapy U OpraHW4HU
KNCENVHWN, BaXHW MbPBUYHM MeTabonutw,
KOUTO UrpasitT KIK4voBa posis B KNETbYHMUS
MeTabonn3bM K penpoaykumsa (Hartmann,
2007; WCRF/AICR, 2008). YepHuaT kacuc
ce OTKposiBa cpef, MekuTe Ma040Be Mo
OTHOLLEHME Ha BUCOKOTO CbAbpXaHue Ha
6V10NOrMYHO aKTUBHW CbeguHeHus. Tol e
6orat M3TOYHUK Ha BUTaMuH C, KOWTO 3aen-
HO C 6MOaKTMBHUTE (PEHONHW CbeAUHEeHUA
JonpuHacsl 3a BuUcOKaTa aHTUOKCUAAHTHA
aKTMBHOCT Ha nnopa (Karjalainen et al.,
2008; Hummer and Dale, 2010). UepHuat
Kacuc BMpee BbB BAAXHW MIAHWUHCKU
paiioHun, XxapakTepusvpalim ce C X1afgHu
neTa, BUCOKM KONMYECTBA BasieXu U BUCOKM
HVBa Ha BM&XHOCT. KnumaTnyHuTe ycnosus
B [aeHO MecTopacTeHe BNMVSAT BbPXY
NPOABL/KMTENIHOCTTA Ha XMBOT Ha pac-
TeHusITa, NPOM3BOAMTE/THOCTTA, KauecTBOTO
Ha nnoposete M obwaTta peHTabuHOCT Ha
nponssoactBoto Ha kacuc (Nikoli¢ and
Milivojevi¢, 2010). XMMUYECKMAT CbCTaB Ha
nnoga ce onpefens oT reHeTU4YHUTE Mpus-
Hauwu Ha copta (Bordonaba and Tery, 2008 )
¥ eTana Ha 3psiaIoCT, HO U A0 rofisiMa cTeneH
oT knumatuyHute cpaktopu (Walker et al.,
2010; Vagiri et al., 2013). Zheng et al. (2009)
n Kruger et al. (2011) nocousar, 4ye Cbabp-
XaHMEeTO Ha hEHO/THN CheAVMHEHUS], 3axapu,
OpraHvyHN KUCeNVHU 1 ackopbuHoBa Kuce-
/IMHa e MNOBMWSHO OT reHoTWna, okKosHarta

0.40 mg g™). On the other hand, ‘Caganska
Crna’ and ‘Titania’ contained on average the
highest contents of secondary
metabolites.Climatic ~ factors had a
significant effect on the chemical properties
of the fruit. High air temperatures and low
precipitation amounts during berry formation
and ripening promoted the accumulation of
individual invert sugars, while low air
temperatures and high  precipitation
amounts had a positive effect on the
synthesis of organic acids and secondary
metabolites in the fruit.

Key words: black currant, climatic
factors, chemical properties

INTRODUCTION

Black currant (Ribes nigrum L.) is a
rich source of sugars and organic acids,
important primary metabolites which play a
key role in cell metabolism and reproduction
(Hartmann, 2007; WCRF/AICR, 2008).
Black currants stand out among soft fruit crops
in terms of high contents of biologically active
compounds. Also, they are a rich source of
vitamin C, which contributes, along with
bioactive phenolic compounds, to the high
antioxidant activity of the fruit (Karjalainen et
al., 2008; Hummer and Dale, 2010). Black
currants thrive in humid mountainous areas
characterised by cool summers, high rainfall
amounts and high humidity levels. Climatic
conditions in a particular environment
affect plant longevity, productivity, fruit
quality and overall profitability of black
currant production (Nikoli¢ and Milivojevi€,
2010).

The chemical composition of the fruit is
governed by the genetic predisposition of
the cultivar (Bordonaba and Tery, 2008) and
maturity stage, but also to a large extent by
climatic factors (Walker et al., 2010; Vagiri
et al., 2013). Zheng et al. (2009) and Kruger
et al. (2011) determined that the contents of
phenolic compounds, sugars, organic acids
and ascorbic acid are affected by genotype,
environment and agronomic practices. Also,
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cpefa n arpotexHukata. CbLyo Taka, Scalzo
et al. (2008) n Veberic¢ et al. (2012) ycTa-
HOBABAT, Ye BGMOXMMWUYHUAT CbCTaB 3aBUCK
OT pa3nnyHu akTopu, KaTo reHoTun, ycso-
BMS Ha pacTeX, BKIUUTENHO dhakTopy Ha
OKOMHaTa cpefia 1 TEXHUKUN Ha KyNTUBUPAHE.
Llenta Ha HacTosLLeTO n3scneasaHe e
[Ja ce OLEeHW BUSIHUETO Ha KAUMaTU4HUTE
hakTopm BbPXY HacaxieHne ¢ YepeH Kacuc
BbpPXY XUMWYHUTE CBOMCTBA W KayecTBOTO
Ha NnofoBeTe Ha U3cfnefBaHnTe copToBe

MATEPVAT N METOOU

Mpoy4yBaHeTo e u3BbLpLUEHO B M3cne-
JoBaTeNICKM  MHCTUTYT MO  OBOLLAPCTBO,
Yauvak, 3anagHa Cbpbus, npe3 nepuopa
2012-2014 r. Bk/yeHu ca cefem copra:
.beH JlomoHg', ,beH Capek”, ,TutaHusg",
.,HavaHcka LUbpHa", ,Tucen”, ,TubeH" un
.Lema“. ExkcnepumMeHTbLT e 3a/lokeH B
paHaomusmpaH 6710k CbC cefem copTa, Tpu
penavkauum n TpU cuctemu 3a  noanabp-
XaHe Ha no4ysaT M 0bwo Ha 315 xpacTa C
YyepeH Kacuc.

CpefHvTe MEeceyHn U roguliHn TeM-
nepatypu Ha Bb3fyxa 3a eKCcrnepumeH-
TanHua nepuog 2012-2014 r. ca NoCoOYeHN B
Tabnuua 1, a cpegHata MeceyHa 1 roguLl-
Ha cyma Ha BanexuTe B Tabnuua 2.

Scalzo et al. (2008) and Veberic et al. (2012)

found that biochemical composition s
influenced by various factors, such as
genotype, growth conditions, including
environmental  factors, and cultivation
techniques.

The objective of this study was to
evaluate the effects of climatic factors in a
black currant planting on the chemical
properties and fruit quality of the tested
cultivars.

MATERIAL AND METHODS

The research was conducted at the
Fruit Research Institute, Cacak, Western
Serbia, during 2012-2014. Seven cultivars
were included: ‘Ben Lomond’, ‘Ben Sarek’,
Titania’, ‘Cacanska Crna’, ‘Tisel', ‘Tiben’ and
‘Tsema’. The experiment was laid out in a
randomised block design with seven cultivars,
three replications and three soil management
systems, giving a total of 315 black currant
bushes.

The mean monthly and annual air
temperatures for the experimental period
2012-2014 are given in Table 1, and the
average monthly and annual precipitation
totals are presented in Table 2.

Tabnuuya 1. CpeaHn meceuyHn Bb3aylHU Temnepatypu (°C), cpegHun roguiiHun
Temnepatypn Ha Bb3gyxa (B/A) n cpegHun Temnepatypy Ha Bb3gyxa npes

BeretaumoHHus nepunog, (Br/Gs)

Table 1. Mean monthly air temperatures (°C), mean annual air temperatures (A) and
mean air temperatures during the growing season (GS)

Fopuralmecey 1, vV V. VI VI VIl IX X X Xui A GS
Year/ month
2012 18 25 6.8 122 173 241 266 254 209 138 95 14 131 200
2013 35 38 66 132 182 206 233 241 172 145 89 20 130 187
2014 40 66 102 128 161 211 227 221 175 135 89 31 132 180

Ta6nuua 2. CpefHV MeceuHn CTOMHOCTY Ha BaniexuTe (mm m’), roguiiHa cyma
Ha Banexute (A) U CyMa Ha BasiexuTe MO BpPeMe Ha BeretaTMBHUA Mepuom,

(BMN/GS)

Table 2. Average monthly precipitation totals (mm m™), annual precipitation
totals (A) and precipitation totals during the growing season (GS)

FognHa/mecey,

| 1] 1] v \% VI VIl VI IX X Xl Xl A GS

Year/month
2012 60 70 10 47 68 38 22 0 7 30 24 88 464 212
2013 51 68 66 37 78 61 10 62 87 17 40 4 581 352
2014 21 6 52 104 125 103 163 56 101 50 19 90 890 702
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XUMU4YeckuaT aHanus Ha nnogosete
BKIOUBa: 1. WHAMBUMAY&/THU WHBEPTHU
3axapu (rnokosa, OpykTo3a, 3axaposa),
onpegeneHn Ypes BUCOKOEEeKTMBHA TeuHa
xpomarorpacpua (HPLC, Waters Breeze,
Milford, USA), ¢ abcopbuma n3mepeHa B
obxeaTta OT 210 - 327 nm. 2. opraHu4yHu
KUCeNIMHW (IUMOHEeHa kucenuHa, s6bnyeHa
KACeNMHA), aHa/IM3npaHn CcbCc cuctema
Hewlett-Packard HP1100, o6opyasaHa c
jetektop ¢ dotoamogHa matpuua (Palo,
Alto, CA, CALL), c abcopbuus, nsmepeHa B
obxeata 490-600 nm. 3. obwm deHonu,
OUEHEeHN  CneKTpoOTOMETPUYHO  4pes3
meToga Folin-Ciocalteu (Singleton et al.,
1999), c abcopbumnsa nsmepeHa npu 765 nm.
4. obWwy aHToOUMaHUHW, onpefesieHn ypes
MeToauTe 3a oTAenHo pH n audepeHuman-
HO pH, c abcopbuma namepeHa npu 515 nm
n 700 nm. 5. aHTVOKCUAAHTEH KanauuTer,
OLEeHeH CnekTpooTOMETPUYHO Ype3 hoc-
omonubaeHosma metog (Prieto et al.,
1999), c abcopbuusa nmepeHa npu 695 nm.

EkcnepMMeHTasiHuTe fdaHHW, nony-
YeHW Mo Bpeme Ha TPUroAuLLIHUA U3Cefo-
BaTesicku nepuoj, ca MNOAJ/I0KEHN Ha
CTaTUCTMYEeCKN aHanu3, W3MNon3BaH e
OBY(bakTOopeH AUCNEepPCUOHEH aHaM3 Ha
Fisher - ANOVA. 3HauuTenHu passivku
Mexay cpegHuTe CTOWHOCTW Ha u3cnepn-
BaHUTe (hakTopu M cpefcTBara 3a B3au-
mMogeiicTBue ca onpegeneHn 4pes LSD
TEeCT, Karo HuBaTa Ha 3Ha4YuMMoCT ca
onpezenexn npu P <0,01 n P< 0,05.

PE3YJITATN N OBCBXAAHE

MHBepTHMTE 3axapu urpasT Kwoyosa
pons B CTpyKTypata Ha pacTeHusita u
MeTabonm3Ma Ha KNEeTbYHO HUBO U Ha
uenua opraHnsbMm. nokKo3aTa, pykrosarta
M 3axapo3aTa ca rnasHWTe 3axapu B MJo-
JoBeTe OT yepeH kacuc (Perez et al., 1997,
Rubinskiene et al., 2006). Cpef opraHuyHu-
Te KucenvHW npeobnajaBa JIMMOHeHaTa
KACenMHa, [A[okato s6bnyHata  KucenvHa
npucbCTBA B MaJIKW  KOHLEHTpauum B
nnogoseTe Ha yepHusa kacuc (Hummer and
Barney, 2002; Rubinskiene et al., 2006).
CbabpXaHNEeTO Ha CbefMHeHusATa B eKc-
TpakTuTe OT MJof40oBeETE ca uaeHtTuduumpa
ype3 HPLC-DAD aHanu3, a CbOTBETHUTE
pesynrtaty 3a UHBEPTHW 3axapu 1 OpraHuy-
HW KMCeNVHU ca nocoyexn B Tabnuua 3.

The chemical analysis of the fruit
included the following: 1. individual invert
sugars (glucose, fructose, sucrose), as
determined by high-performance liquid
chromatography (HPLC; Waters Breeze,
Milford, USA), with absorbance measured in
the range of 210 - 327 nm. 2. organic acids
(citric acid, malic acid), as analysed using a
Hewlett-Packard HP1100 system equipped
with a photo diode array detector (Palo, Alto,
CA, USA), with absorbance measured in the
range of 490-600 nm. 3. total phenols, as
assessed spectrophotometrically by the
Folin—Ciocalteu method (Singleton et al.,
1999), with absorbance measured at 765
nm. 4. total anthocyanins, as determined by
the single pH and pH differential methods,
with absorbances measured at 515 nm and
700 nm. 5. antioxidant capacity, as
evaluated spectrophotometrically by the
phosphomolybdenum method (Prieto et al.,
1999), with absorbance measured at 695
nm.

The experimental data obtained
during the three-year research period were
subjected to statistical analysis using
Fishers two-factor analysis of variance -
ANOVA. Significant differences between the
mean values of the tested factors and the
interaction means were determined by LSD
test, with the significance levels set at
P<0.01 and P<0.05.

RESULTS AND DISCUSSION

Individual invert sugars play a
central role in plant structure and
metabolism at the cellular and whole
organism levels. Glucose, fructose and
sucrose are the major sugars in black
currant fruits (Perez et al.,, 1997,
Rubinskiene et al., 2006). Among organic
acids, citric acid is dominant, and malic acid
is present in minor concentrations in black
currant berries (Hummer and Barney, 2002;
Rubinskiene et al., 2006). The contents of
compounds in berry extracts were identified
by the HPLC-DAD analysis, and the
corresponding results on individual invert
sugars and organic acids are shown in Table 3.
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Tabnuua 3. CbaobpxaHWe Ha WHBEPTHW 3axapu W OpraHuyHW KUCENVHU B
nionoseTe
Table 3. Contents of individual invert sugars and organic acids in the fruit

JlnmoHeHa A6byeHa
CopT/FoanHa ntoko3sa PpyKTO3a 3axaposa KncennHa KncenunHa
Cultivar/Year Glucosle Fructo§e Sucrosle Citric Malic
(mgg’) (mgg’) (mgg’) acidl acidl
(mgg) (mgg)
‘Ben Lomond’ 92.3t4.76 a  133.7+3.74a 19.9+2.79a 1.04+0.14c  0.35+0.09 ab
‘Ben Sarek’ 75.2¢526e 126.9+2.65b 9.73t1.64d  1.00+0.11c  0.35+0.09 ab
‘Tsema’ ‘Titania’ 82.0£6.31 bc  120.6+3.40c 13.8+3.48bc  1.23+0.30bc  0.31#0.07 b
CopT(A)  ‘CaanskaCrna’ 80.9+5.39cd 125.6+4.35b 13.9#2.64bc 1.40+0.25ab  0.32+0.06 b
Cultivar (A) ‘Tisel’ 79.9£2.69cd 135.7+546a 16.5:3.30ab 1.45:0.21ab  0.38:0.06 a
‘Tiben’ 78.2¢6.07d  119.5+350c 12.5+3.32cd 1.62+0.27a  0.40+0.07 a
84.6+3.49b  128.6+2.90b 152+3.51bc 1.36+0.20b  0.35+0.08 ab
2012 95.2+1.88a 140.3+t2.08a 6.24+0.49a 0.59+0.02 ¢ 0.13+0.01c
FopnHa (B) 2013 65.5+2.42b  117.9+199b  13.6+1.38b  1.4440.10b  0.33+0.03b
Year (B) 2014 86.1+1.63c  125.6+1.59c 25.3+1.17c  1.94+0.08a  0.63+0.02 a
ANOVA
Cultivar (A) *e * * * *
Year (B) *%k *% *% *% *%k
A X B *%k *% ns * *%k

- CroliHoCcTUTe, nocnefsaHy OT pa3NvyHN GykBM B KO/IOHUTE 3a COPTOBETE M 06paboTkMTe Mmar
3HauuTesHn pasnvkm npu P < 0.01 n P < 0.05 cnopepg LSD Tecta u pesyntatute ot ANOVA (F-TecT)
- Means followed by different letters within the cultivar and treatment columns are significantly

different at P < 0.01 and P < 0.05 according to LSD test and ANOVA (F-test) results

Kakto ce Bmwxpa OT aHa/M3a Ha WH-
BEPTHUTE 3axapn N OpraHNYHUTE KUCEsIMHU
B njiofoBeTe, hpykTo3aTa e npeobnagasa-
la 3axap, a JIMMOHeHaTa KucenuHa e
OCHOBHarta opraHuyHa kucenvHa. Konu-
4ecTBOTO IpYyKTO3a Bapvpa LIMPOKO W
3HauMTeNHO Cpef COPTOBETE Ha YepHus
Kacuc, KoeTo e Haii-Bucoko B ,YauaHcka
LibpHa" n ,beH JloMoHA®, a Hail-HUCKO B
Ldema“ n ,Tucen". CbLo Taka nma 3Hauu-
TeJIHM Pas/IKn Mexay COpTOoBeTe B HMBOTO
Ha T[floKo3a W 3axapo3a. Haii-Bncoko
CbAbpXaHue Ha r1Ko3a U 3axaposa ca
OTKpuTK B "BeH JIoMOHA", a Hal-HUCKOTO B
"beH Capek". KonnyectsoTto 3axaposa e
MHOIO HMUCKO BbB BCUYKM COpPTOBE. HacTos-
lnTe pesyntatu ca CpaBHUMM C Tesu,
nony4yenmn ot Milivojevi€ et al. (2009), konTto
oTumnTaT NoJo6HO CbAbpPXaHUe Ha MHBEepT-
Ha 3axap. o ce oTHaca 0O opraHuyHuTe
KucesnmHu, , Tucen" nva Haii-BMCcoKo cpesHo
CbAbpXaHue Ha JMMOHeHa W A6bAYHA
KncenuHa. Pesynrtatute, npefcrtaBeHN OT
Mladin et al. (2009) cbwo noco4yBaT, ye
CopTOBETE OT YEepeH Kacuc ce xapakTe-
pu3npaT C BWCOKM HUBA HA OPraHU4yHU Ku-
cenvHu. Cnopepg nocoveHeTo oT Bordonaba
and Terry (2008), cbAbpXaHNETO Ha 3axap

As revealed by the analysis of
individual invert sugars and organic acids in
the fruit, fructose was the dominant sugar,
and citric acid was the major organic acid.
The amount of fructose varied widely and
significantly among black currant cultivars,
being highest in ‘Catanska Crna’ and ‘Ben
Lomond’, and lowest in ‘Tsema’ and ‘Tisel'.
There were also significant differences
among cultivars in the levels of glucose and
sucrose. The highest glucose and sucrose
contents were found in ‘Ben Lomond’, and
the lowest in ‘Ben Sarek’. The amount of
sucrose was very low in all cultivars. The
present results are comparable to those
obtained by Milivojevi¢ et al. (2009), who
recorded similar invert sugar contents. As
for organic acids, ‘Tisel' had the highest
average content of citric and malic acid.

The results presented by Miladin et al.
(2009) also indicated that black currant
cultivars were characterised by high levels
of organic acids. As suggested by
Bordonaba and Terry (2008), sugar and
acid contents and sugar to acid ratio in

134



U KUCEe/IMHA W CbOTHOLEHMeTo 3axap /
KNCEeNMHA B YEpHUS1 KACUC Ca BaXHW MOKa-
3arenn 3a Bb3NPYEMaHNs BKYC, 3pPSNOCT U
06L10 KauyecTBO, KOETO MOXEe Aa Cyxu
KaTo OLleHKa OT CTpaHa Ha noTpe6utenute.

B ponbnHeHWe KbM OCHOBHWUTE Me-
Tabonutn, pacTteHuaTa npovssexgar pas-
HoObGpa3eH Habop OT OpraHNyHU Cbeau-
HeHWs, N3BECTHUN KaTo BTOPUYHW MeTabonu-
W, 3a ga ce npegnasear OT TPEBOMACHM
XVBOTHU N MUKPOOHa MHekumna. PesynTa-
TUTE OTHOCHO BTOpPUYHMTE MeTabonuTu B
COpTOBETE YEepeH Kacuc ca npeacTaBeHn B
Tabnuua 4.

black currants are important indicators of
perceived taste, maturity/ripeness and
general quality, which may serve as an
index of consumer acceptance.

In addition to primary metabolites,
plants produce a diverse array of organic
compounds, known as  secondary
metabolites, to defend against herbivory
and microbial infection. The results on
secondary metabolites in black currant
cultivars are presented in Table 4.

Tabnuua 4. CbabpXaHWe Ha BTOPMYHM MeETabo/IUTM B COPTOBETE Ha 4epeH

Kacuc
Table 4. Contents of secondary metabolites in black currant cultivars
OpT/ OANHA Total ¢heronm Total antioxidant
Cultivar/Year . Total phenols .
anthocyanins (Mg GA g?) capacity
(mg C3G g% (mg AA g)
‘Ben Lomond’ 2.50+0.43 ¢ 12.2+0.64 b 10.4+0.31b
‘Ben Sarek’ 1.70+0.08 d 12.5+0.75b 10.6£0.41b
CopT () ‘Tsema’ 2.42+0.12 ¢ 11.9+0.61 b 10.5+0.53b
Cultivar (A) _ ‘Titania’ 3.2240.24 b 14.1+0.67 a 12.5+0.51 a
‘CacanskaCrna’ 3.60+0.12 a 14.6+£0.92 a 12.4+0.13 a
“Tisel’ 3.26+0.23 b 12.0+0.59 b 10.7+0.16 b
‘Tiben’ 3.25+0.26 b 11.9+0.61 b 10.5+0.25 b
2012 2.15+0.15¢ 8.88+0.47 c 8.55+0.26 C
FropvHa (B) 2013 3.01+0.16 b 12.7+0.47 b 11.5+0.27 b
Year (B) 2014 3.46+0.19a 17.3+0.48 a 13.6+0.28 a
ANOVA
Cultivar (A) ki * bl
Year (B) hid o **

- CToliHOCTUTE, nocneABaHn OT pas3MyHu ByKBW B KOJIOHUTE Ha COPTOBETe M 06paboTkuTe umat
3HaumnTesHn pasnvkm npu P <0.01 n P <0.05 cnopepg, LSD Tecta n pesyntatute oT ANOVA (F-TecT)

- Means followed by different letters within the cultivar and treatment columns are significantly different at
P <0.01 and P < 0.05 according to LSD test and ANOVA (F-test) results

HadaHcka UbpHa" n ,TutaHunsa"
CbAbpXaT CpefHO Hali-BMCOKO HUBO Ha
BTOPUYHN MeTabonutn (06wo aHTOouMa-
HUHW, o6wWN eHonn ©n o6l aHTWOo-
KCuAaHTeH kanauuTeT), AoKaTo gpyrute
copToBe MokKa3BaT MPOMEH/IMBOCT B U3-
cnepBaHvuTe napameTtpu. NnogoseTe Ha
YepHNs Kacuc MMat BMCOKM HMBa Ha no-
NNPEHONMHN CbeUHEHNST, OCOBEHO aHTO-
UMaHWHKW, Npou3BOAHM Ha eHonHata
KucenvHa, pnaBoHOMN U NPOaHTOLMaHN-
OVHW, B CpaBHeHWe C gpyrn nnogose
(Hanpumep, Aroaum 1 manuHu) (Karjalainen

‘Catanska Crna’ and ‘Titania’
contained on average the highest contents
of the secondary metabolites (total
anthocyanins, total phenolics, and total
antioxidant capacity), whereas the other
cultivars exhibited variability in the studied
parameters. Black currant berries had high
levels of polyphenol compounds, especially
anthocyanins, phenolic acid derivatives,
flavonols, and proanthocyanidins,
compared to other berries (e.g.,
strawberries and raspberries) (Karjalainen
et al 2009; Mattila et al. 2011). Phenolic
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et al.,, 2009; Mattila et al., 2011.). deHon-
HUTE CbeAUHEHUS ca NpUYMHA 3a MHOIo OT
NONOXMUTENHWUTE, 34paBOC/IOBHU Bb3fei-
CTBMS Ha 4YepHUs Kacuc 1 JONpUHACAT 3a
NMOBEYeTO CEH30pHM CBOICTBA Ha NoAo-
BeTe OT u4epHuss kacuc (Schwarz and
Hofmann, 2007, Laaksonen et al., 2013).
Hai-B1CcoKn HMBa Ha UHBEPTHU 3axa-
pn ca onpegeneHn npes 2012 r. n Haii-
Huckute npe3 2014 r. CToiHOCTMTE 3a
OPraHUYHNTE  KUCENIMHW W BTOPUYHUTE
MeTabonutu ca Hali-Bucoku npe3 2014 r. n
Hali-Huckn npe3 2012 r. [pe3 ekcnepu-
MeHTanHWTe roAuHW, Temnepatypata Ha
Bb3ayxa e 6unia no-sucoka ¢ 2.1°C n obLo-
TO KOIMYECTBO Ha Banexute npes3 2012 r. e
Nno-HUCKO ¢ 122.5 mm m-2 B cpaBHeHue C
2014 r., KOeTo uma cTumynupau, ediekT
BbpPXy CMHTE3a Ha WHBEPTHW 3axapu. 3a
pasnuka oT cuHTe3aTa Ha OpraHWyHUTE Ku-
CeNMHU N BTOPUYHUTE MeTabonmnTu, KOWTo e
no-sucok npe3 2014 r., korato Bb3ayluHaTa
Temnepatypa e no-Hucka Ha Bb3fyxa, a
CTOMHOCTU Ha BasieXute ca M0-BUCOKW B
CpaBHeHVWe C ppyrute [Be eKCrNepumeH-
TanHu roguHu. B ycnosusaTa Ha Yadak, no-
BMCOKM/ HMBA Ha 3axap, HO MO-HUCKM HMBa
Ha KucenuvHu ca onpegeneHu B u3cnen-
BaHWTe  COpPTOBE B  CpaBHEHWe C
pesyntatute OT MHOro6poiHWTE aBTopU
(Zurawicz et al.,, 2000; Kampuss and
Strautina, 2004; Siksnianas et al., 2006;
Mladin et al., 2009; Raudsepp et al., 2010),
KOUTO npoBexgaT u3cnefBaHuaTa cu B
CeBepHUTE 1 CEeBepoU3TOYHUTE 4YacTu Ha
EBpona Ha BMCOKa HagMoOpCKa BUCOYMHA.
Tes3un pasnvkn B CbAbpPXaHMETO Ha UHBEPT-
HWTe 3axapu, OPraHNYHNTE KUCEIMHU 1 BTO-
pyYHUTE MEeTaboNnTM ce Ab/KaT Ha BAUS-
HMETO Ha KNuUmartuyHute dakTopu BbpXY
6MOXMMUYHMA CbCTaB Ha nnogosete OT
n3cneasaHuTe COpTOBE YepeH kacuc. Ha-
cTosILmMTE pesyntaTn ca cpaBHUMK C Tesu,
nosyyeHn ot Rubinskiene et al. (2006),
KOMTO HabnogasaT MNofoXUTesIHa 3aBuUCK-
MOCT Mexy TemnepartypaTta Ha Bb3fyxa u
CbAbpXaHWeTo Ha 3axapu W oTpuuartesn-
Hata 3aBMWCMMOCT Mexay [AbXAoBeTe W
Te3n napameTpu. [ogo6HM Ha Hawwute
pesyntatn ca nonyunnn Kaldmae et al.
(2013), KouTO ycTaHOBSIBAT, Y€ CbAbpXa-
HMETO Ha 3axapu Cce MoBAUABa MOJIOXU-
TENHO OT TemnepaTypara W oTpuuaTesHO

compounds are responsible for many of the
positive, health-supporting effects of black
currants, and contribute to most sensory
properties of black currant berries (Schwarz
and Hofmann, 2007; Laaksonen et al,
2013).

The highest levels of invert sugars
were determined in 2012, and the lowest in
2014. The values for organic acids and
secondary metabolites were highest in 2014
and lowest in 2012. Over the experimental
years, air temperature was higher by 2.1°C
and precipitation totals were lower by
122.5 mm m? in 2012 than in 2014, which
had a stimulating effect on the synthesis of
invert sugars. In contrast, the synthesis of
organic acids and secondary metabolites
was higher in 2014, which had lower air
temperatures and higher precipitation
amounts compared to the other two
experimental years.

Under the environmental conditions of
Cacak, higher levels of sugars, but lower
levels of acids were determined in the
tested cultivars compared to the findings of
numerous authors (Zurawicz et al., 2000;
Kampuss and Strautina, 2004; Siksnianas
et al., 2006; Mladin et al., 2009; Raudsepp
et al., 2010), who conducted their research
in northern and northeastern parts of
Europe at high altitudes.

These differences in the contents of invert
sugars, organic acids and secondary
metabolites are attributed to the effect of
climatic factors on the biochemical
composition of the fruit of the studied black
currant cultivars. The present results are
comparable to those obtained by
Rubinskiene et al. (2006), who observed a
positive correlation between air
temperature and the content of sugars, and
a negative correlation between rainfall and
these parameters.

Similarly, as determined by Kaldmae et al.
(2013), the content of sugars is positively
correlated with temperature and negatively

136



oT Banexute. Vagiri et al. (2013) otuntat
MO-HUCKN HMBA HA KUCEJIMHU, HO MO-BUCOKO
CbAbpXaHWe Ha BCUYKN AHTOLMAHWUHWU W
cheHonM Npu Kacuca, OTIIEXJaH B HXHaTa
yacT Ha LBeuus, OTKONKOTO B Te3w,
oTINexzaHn B ceBepHara yacT Ha Llseuusi.
Kakto e nocoueHo oT aBTopuTe, nosnyye-
HWTE CTOMHOCTM ca pe3ynTar OT MO-BWCO-
KMTe TemnepaTypu Ha Bb3gyxa No Bpeme
Ha y3psiBaHETO KOeTo He Gelle NoTBbPAEHO
B HacToAwoTo uscnensaHe. Zheng et al.
(2009) onpegenaT MO-BMCOKM CTOMHOCTM
Ha VHBEpPTHWTE 3axapu W JIMMOHEeHUTe
KACENMHN B YEPHWUS Kacuc, OTINexgaH B
IOKHaTa 4acT Ha ®uHNaHaWsA, OTKOMKOTO B
Tesu, OTriexAaHW B CeBepHaTa 4acT Ha
®duHnaHana. ABTOpuUTE YyCTaHOBABAT, ue
CbAbPXAHNETO Ha 3axapy W KUCENNHU e
MOMOXMTENHO NOBAMSHO OT TemnepaTypaTa
Ha Bb3flyxa, HO OTpULATE/IHO CBbP3aHO C
KONn4yecTBOTO Ha Banexute. Oancea et al.
(2011) KoHCTaTMpaT, 4Ye uYepHust Kacuc
npoubTaBa BbB B/I&XKHU 30HU C BUCOKU
KO/IMYecTBa BasIeXU 1 Ye Te3n yC/ioBuUs Ha
oKonHaTa cpefa MMaT MOMOXMTENHO Bb3-
[JeficTB/e BbpPXy HMBOTO Ha 06LMSI aHTO-
unaHvH. OT gpyra ctpaHa, Kazimierczak et
al. (2008) cbobuiaBaT, Ye BMCOKUTE Temne-
paTypu Ha Bb3fdyxa WU HUCKUTE Konmnyectsa
Ba/ieXn JOMPUHACAT 3a MNOBMWLLIEHOTO
CbAbpXaHve Ha aHTouMaHuHW. M3BoguTe,
HanpaseHu OT Te3n aBTopu, NOTBbPXAABAT
pe3yntaTiTe OT HaCTOALWUS EKCNEPUMEHT.
Pasnukata B UW3MepeHOTO CbAbpxaHue
MOXe Aa ce 065ICHU CbC CU/IHW Bapuauum B
CUHTE3a U HATPYMNBaHETO Ha XUMUYHU Cbesu-
HEeHNs MPY Pa3NINYHN KTMMATUYHW YCIOBUS.

N3BOAN

MnogoBeTe Ha u4epHMA Kacuc ca
U3K/IIUYNTENIHO BoraT M3TOYHUK Ha 3axapw,
OpraHMyHN KUCENIMHU U BTOPUYHN MeTabo-
NNTK; KaTo TakuMBa, Te ca WHTepecHa Xpa-
HUTENMHA Bb3MOXHOCT.

.beH JlomoHa", ,TutaHua" n ,YavaH-
cka LbpHa" npossaBar yyLecHW XUMWUYHU
XapakTepucTUK1M Ha naoJoBeTe, rnaBHO Mo
OTHOLLIEHME Ha THAXHaTa BUCOKa aHTUOKCU-
JaHTHa aKTMBHOCT, KaTo ,YayaHcka LibpHa"
ce OoT/iMyaBa C Hali-BUCOKM CTOWMHOCTM 3a
NnoBeYyeTo OT U3cseBaHnTe napameTpu.

KnumaTtnyHute ghaktopu mmart BaxKHO
Bb3AeNCTBNE BbLPXY pacTuTesiHmsa meTtabo-

correlated with rainfall. Vagiri et al. (2013)
reported lower levels of acids but higher
contents of total anthocyanins and phenols
in currants grown in the south of Sweden
than in those grown in the north of Sweden.
As explained by the authors, the values
obtained were the result of higher air
temperatures during harvest season, which
was not confirmed in the present study.
Zheng et al. (2009) determined higher
values for invert sugars and citric acids in
black currants grown in southern Finland
than in those grown in the north of Finland.

The authors found that the contents of
sugars and acids were positively correlated
with air temperature, but negatively
correlated with the amount of rainfall.
Oancea et al. (2011) found that black
currants thrive in humid areas with high
rainfall amounts, and that these
environmental conditions have a positive
effect on the level of total anthocyanins.
On the other hand, Kazimierczak et al.
(2008) reported that high air temperatures
and low rainfall amounts contributed to the
increased content of total anthocyanins.
The conclusions drawn by these authors
provide a full explanation of the results of
the present experiment. The difference in
the measured contents can be explained by
strong variations in the synthesis and

accumulation of chemical compounds
under different climates.
CONCLUSIONS
Black currant berries are an

exceptionally rich source of sugars, organic
acids and secondary metabolites; as such,

they provide an interesting nutritional
alternative.

‘Ben Lomond’, ‘Titania’ and ‘Cacanska
Cma’ exhibited excellent chemical

characteristics of the fruits, primarily in terms
of their high antioxidant activity, but ‘Cacanska
Crna’ stood out for its highest values for most
of the tested parameters.

Climatic factors have an important
effect on plant metabolism, and promote the
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IM3bM M CTUMYNMPAT CUHTE3a Ha Pas3NNyHK
XVIMUYHU CbeAMHEHUS B NI0OBETE, KaTo Mo
TO3M HAYWH BAVSAAT MOMOXWTENTHO BBPXY
KauecTBOTO U TbproBckaTa CTOWHOCT Ha
nnogoBeTe.

WN3cnepsaHnTe copTtoBe ca noaxoas-
WM 3a arpoekosiorMyHuTe YCMoBUA Ha
Yavak, umankn npeg Bug [oépute um
XMMWYHN XapaKTePUCTUKM.

TpsbBa pfa ce B3emar npegsug
KAMmMaTuyHUTE hakTopyu npu Cb3haBaHeTo
Ha OBOLUHMW rpafuHN C Kacuc 3a TbpProBCKU
uenu.

BJTATOAAPHOCTWU
ToBa npoyyBaHe e 4YacT OT NPOeKT
Ref. Ne 3109, cbuHaHcupaH oT MuHucTep-

synthesis of different chemical compounds in
the fruit, thus positively affecting the quality
and commercial value of the fruit.

Given their good chemical
characteristics, the tested cultivars are suitable
for the agroenvironmental conditions of
Cacak.

Climatic factors should be
considered when establishing commercial
black currant orchards.
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PE3IOME

HacTtoswoTto u3cneaBaHe, npose-
AeHo npes nepnoga 2013-2016 r. B onut-
HOTO noJsie Ha OnNuTHa CTaHLMA NO XWUBOT-
HOBBACTBO U 3emefenve - CMOMAH, UMma
3a Uesl fa ce YCTaHOBAT  eduKacHu
pes3nTbeHn onepaumm U CBbP3aHU C TAX
HauyMHW 3a Hanpas/fieHne pacTexa Ha
pacTeHusaATa OT apoHUS.

B npoyuBaHeTo ca B3eTu cTapu U
MAaauM nnogofasalliy HacaXAeHus, Cb3-
JafeHn un  oTriexgaHu npu  noyYBeHo-
KnuMmatnyHmte ycnoBusa Ha 1530 m
HagMOopCcKa BUCOUYMHA.

lMpe3 BeretauMoHHMUA nepuog ca
N3BBbPLUBAHN OGUOMETPUYHU U3MEPBaHNS
n heHonormyHn HabwaeHnss OTHOCHO
BYCOYMHATA Ha pacTeHusATa U HAKOU
penpoaykTMBHU  NPOSABA  —  UbQTEX,
nnogofasaHe.

[JaHHuTe OT uscnegBaHeTO couarT,
ye OTCTPaHABaAHETO Ha cuyneHuTe, 3annu-
TaHuTe W KNOHUTE Ha Bb3pacT Hapg 6
roOAVHKN, KaKTO U CbKpallaBaHe Ha CU/IHO
HapacTBaluTe BbB BUCOYMHA K/IOHU [0
20-25 cm 1 pecnekTMBHO OrpaHmMyaBaHe
pacTtexa Ha CTpaHWYHUTE OCHOBHMU KNOHMU

Accepted: 07.02.2018

Published: 20.09.08.2018

SUMMARY

This study, conducted in the period
2013-2016 in the experimental field of
Experimental Station Stockbreeding and
Agriculture-Smolyan, aims to establish
efficient pruning operations and related
methods for plant growth direction of
chokeberry.

In the investigation were taken old
and young fruit-bearing plants, created
and grown in soil and climatic conditions
typical for 1530 m above sea level.

During the vegetation period there
are carried out biometric measurements
and phenological observations on plant
height and some reproductive
manifestations — flowering, fruiting.

The data from the study show that
the removal of the broken, splicing and
branches over the age of 6 years, and
shortening the greatly increasing in height
tends to 20-25 cm and respectively limit
the growth of side main branches by
removing 30 to 35 cm from them in old
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ype3 npemaxsaHe Ha 30-35 cm OT TAX B
cTapy nnogofasalln HacaxaeHus ot
apoHusa cb3gasart no-61aronpusATHY ycso-
BMA 3a pacTex W pasBuThe Ha pacTe-
HuATa. B pesynrtar Ha ToBa ce obpa3sysar
efipn 1 nosevye LBETOBE W M/040OBE C
OorpaHnyeHo neputepHo pasnosioxkeHue.
MpemaxBaHeTo Ha efHOroAMLLHN
U30bHKM B ohopmeHn xpactm ¢ 4, 5 un 6
OCHOBHW K/IOHW B Mnaau mnaofofasalin
HacaxJeHuss OT apoHWa npefoTeparasa
obpasyBaHe Ha TronsiM OGpoOW  K/IOHWU,
CroCcTsiBaHe Ha xpacTta ¥ cnomara 3a rno-
[06po NpOCBET/NIsIBaHE Ha pacTeHusATa u
Mo-Mb/IHOLLEHHO U3MON3BaHe Ha Mpo-
CTPaHCTBOTO OKoslo TAX. O6pasyear ce
no-efpu 1 Ka4ecTBeHu nnogyeTa.
Kniouosu gymn: apoHus, ctapu u
M1a4u HacaxkaeHns, pe3nToeHn onepawum

YBO/[,

Pe3nTbata e BaXXHO arpotexHuyec-
KO MeponpusaThe, Ypes KoeTo ce perynmpa
pacTtexa u nao4ofaBaHeTO Ha OBOLLHUTE
AbpBeTa. Mpu apoHus KbMm pesuTba ce
npuésarea npes 5-ta - 6-Ta roguMHa Ha
oTrnexgaHe cnep kato € opopmeH xpact
¢ okono 30-35 knoHu (Mondeshka, 2005;
Mondeshka et al., 2008).

B ctapu nnogogasalim Hacaxge-
HWSI OT apoHMs, Ha Bb3pacT Hag 25 rogu-
HW, NOAABbPXAHETO Ha TO3U GPOWA U3ALH-
K4, npuet 3a [o6po nnogofasaHe, ce
oKasBa TpygeH npouec. ToBa Ha NbpBO
MSACTO Ce O06siCHfBa C pas3BuTME Ha
06EeMUCTN XPacTu KakTo B XOPU3OHTasTHO,
Thka W BbB BEPTUKASIHO HanpasfieHue.
OcHoBHUTE KNOHM pgocturat go 3.0 m
Ob/DKMHA, KaTo ce gonvpaT MOMeXAay Cu
BbTPE B pefa u Mexay pepoBeTe, 1 cTa-
Ba HEBB3MOXHO MPEMMHABAHETO MEXAY
TAX NO BpEME Ha M3BbpLUBAHE Ha arpo-
TexHuyeckn MeponpuaTua. KnoHute c
nepudepHoO pas3nosioXeHne Nog TexecTra
Ha LBeTOBeTE, MN/I04OBETE M CHera, 0Co-
6eHO B roguHuTe ¢ 06WAHW CHeroBe ce
HaBexgart [0 NOBbPXHOCTTAa Ha 3emMaTa U
4ecTo ce npedynear.

Hakom oT Hamwupawmte no-6a130
[0 cpepfata Ha XxpacTa K/NOHM MbK ce

fruit-bearing plants of chokeberry create
more favorable conditions for the growth
and development of plants. As a result are
formed large and more flowers and fruits,
with limited peripheral location.

Removal of annual shoots in the
formed bushes with 4, 5 and 6 main
branches in the young fruit-bearing plants
of chokeberry prevents formation of a
large number of branches, compression of
the bush and helps for better clearance of
the plants and making better use of the
space around them. There are formed
larger and good quality fruits.

Key words: chokeberry, old and
young plantations, pruning operations

INTRODUCTION

Pruning is important agrotechnical
measure, which regulates the growth and
fruiting of fruit trees. In chokeberry,
pruning is needed to be done during the
5" - 6" year of cultivation, after having
been formed bush with about 30-35
branches (Mondeshka, 2005; Mondeshka
et al., 2008).

In the old fruit-bearing plantations
of chokeberry, over the age 25 of years,
maintaining this number shoots adopted
for good fruiting, appeared difficult
process. Firstly, this is explained by the
development of bulky shrubs in both
horizontal and vertical directions.

The main branches reach up to 3.0 m
length, while touching each other in the
rows and between the rows, causes the

movement  between  them during
conducting of agrotechnical measures
become impossible. Branches with

peripherial position under the weight of
flowers, fruits and snow especially in
years with heavy snow bend to the ground
and often break down.

Some branches located closer to
the middle of the bush are even tangling
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3annuTaT 1 ce OpueHTMpaT HenpaBuHO B
NpPOCTPaHCTBO. MpemaxBaHeTO Ha BCUYKK
Te3n K/IOHM € CbMPOBOAEHO OT pasBUTME
Ha ronsim Opoii efgHOroAMULLIHN U3ObHKN,
XapakTepusmpaliy ce CbC CUMEH pPacTex.
Bcuuko ToBa B/owWaBa yc/10BMSATa Ha Npo-
CBET/NIsSIBaHE W aepupaHe, KOeTo BoAW A0
cnabo nnogopasaHe U y3psiBaHe Ha No-
[I0BETE Ha pas/nyHM gatu. ABHO e, Ye ce
Hanara M3BbplIBaHE Ha MoAXoAsLM pe-
3UT6KU, KOMTO cromarat 3a [06po pas3su-
TWe, naogoAaBaHe M NO-NPOABbIKUTENEH
XXMBOT Ha pacTeHusiTa.

Llenta Ha w3cnegBaHeTo € U3NuT-
BaHe 1 YCTaHOBsiBaHe Ha edhmkacHu pe-
3UTOGEHM onepauun 1 CBbP3aHU C TAX Ha-
UMHM Ha HanmpaB/ieHME pacTexa Ha pac-
TeHusATa, ocurypsisaliy 4o6po passuTne u
nnogonasaHe.

MATEPVAJT N METOOU

B npoyyBaHeTo ca B3eTu cTapu u
MaaaM  naofojaBalliy  HacaxeHusa oT
apoHus, OoTrexaaHu npu  MOYBEHO-
KNUMaTU4yHMTE YCNOBUS Ha OMUTHOTO
nosie Ha cTaHUMATa, Haxosauwo ce npwu
1530 m HagMOpCKa BMCOYMHA.

1. B crapu nnogojasally Hacax-
JeHua Ha Bb3pact Hag 20 roguHu e
npoyyeH edyekta OT nNpUIoXeHne Ha
cnefHuTe pesntbeHn onepaumu:

- MNMpemaxBaHe Ha cnabu, cuyneHu,
3acrtapesim 1 HenpasU/IHO OPUEHTUPAHN B
NPOCTPAHCTBO KNOHW;

- MNpemaxBaHe Ha IbLCTO U Hepas-
HOMEpPHO pPasnofioXeHn eAHOroAULIHN
U30bHKY,

- CbKpawaBaHe Ha CU/IHO HapacT-
BallM BbB BepTUKA/IHO HanpasfeHue
KNoHu go 20-25 cm;

- OrpaHMyaBaHe pacTtexa Ha cTpa-
HUYHMUTE OCHOBHW KMOHW 4pe3 cbkpalia-
BaHe Bbpxa um o 30-35 cm;

- Pesntba 3a nogmnagsiBaHe Ha
pacTeHusTa, CbCTOSLLA Ce B NpemaxsaHe
Ha K/IOHM Ha Bb3pacT Hag, 2 roauHuN.

2. B mMnagn 4etupuroguiHu Ha-
CcaXJeHns OT apoHuA 3a nogAbpXKaHe Ha
odpopmeHn xpactn ¢ 2, 3, 4, 5 1 6 OCHOB-
HW KNOHW Cca npoBefeHn cnegHute

and they orient themselves incorrectly in
space. Cutting of all these branches is
accompanied by development of a large
number of annual shoots characterized by
vigorous growth. All this worsens the
conditions of lightening and aeration,
which leads to poor fruiting and ripening
of fruits on different dates. It is obvious, it
is necessary to carry out suitable pruning
that contribute to better development,
fruit-bearing and longer life of plants.

The aim of the study is testing and
establishment  of  efficient  pruning
operations and connected with them ways
of direction the plant growing, providing
better development and fruit-bearing.

MATERIAL AND METHODS

In the study have been taken young
and old fruit-bearing plantations of
chokeberry grown in the soil and climatic
conditions of the experimental field,
located at 1530 m above sea level.

1. In the old fruit-bearing
plantations aged over 20 years it has
been studied the effect of application of
the following pruning operations:

- Removing weak, broken,
outdated and incorrectly oriented in space
branches;

- Removing densely and evenly
spaced annual shoots;

- Shortening the vigorously
increasing in a vertical direction branches
to 20-25 cm;

- Limiting the growth of side main
branches by cutting of their top to 30-35
cm;

- Rejuvenation pruning of plants,
consisting of removing branches over the
age of 2 years.

2. In young four fruit-bearing
plantations of chokeberry for maintaining
the formed bushes with 2, 3, 4, 5 and 6
main branches have been conducted the
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BMAOBeE pe3utba;

- [lpemaxBaHe Ha CcuyyneHu u He-
NpaBu/IHO OPUEHTUPaHN B MPOCTPaAHCTBO
N3 BHKM;

- NpemaxBaHe Ha efHOroAWLLIHM
U3 BHKN.

PacTteHusTa ca oTrnexgaHu Ha ¢o-
Ha Ha TopeHe C opraHuWyHW Topose (2-2.5
t/da obopckn TOp), NPUNOXEHN Npe3 Tpu
rOAMHW W PECNneKTUBHO C MUHepasHu
Topose (N — 5-6 kg/da, P,Os — 6-8 kg/da)
Npu exerofHoO BHacsHe.

Pe3ntbeHunTe onepauumn ca
M3BBPLUEHN B Kpas Ha 3UMHMA Nepuos,
npeay COKOABWXKEHME U pas3NMCTBaHe Ha
pacteHusTa.

HabnwogeHnata n 6uomMeTpuvHmTE
n3MepBaHus ce CbCTOSAT B:

- OnpepgensHe cTeneHTa Ha pasBu-
TWE Ha K/TOHUTE U CbOTBETHO Ha XpacTuTe
ypes3 M3MepBaHe BMCOYMHATA Ha pacTeH-
NATa;

- MpocnegssaHe Ha hasuTe UbKh-
TexX 1 nnogoaasaHe ypes M3BbpLUBaHe Ha
nepuognyHn heHonornyHn HabnwgeHus
W NpeTernisiHe Ha NoJslyyeHaTa npoaykumsaTa.

PE3YNTATV N OBCBbXOAHE

B cTapuTe nnogofasaliy Hacax-
[eHns OT apoHWMs CbKpallasaHe Ha CwW/l-
HO HapacTBalluMTe BBbB BMCOYMHA KMOHU
00 20-25 cm 1 pecneKkTMBHO Ha CTpaHuny-
HUTE OCHOBHW K/10HM o 30-35 cm o6yc-
NaBs pa3BuTMeE Ha No-HUCKKM (2.55-2.75 m)
MU C no-orpaHnyeH gmametbp (1.50-1.55
m) Xxpactu (Tabnuua 1).ToBa ynecHsiBa
npeMvHaBaHeTO Mpe3 Mexaypeaus o
BpeMe Ha u3BbPLUBAHE Ha pas/vyHu
arpoTexHNYeckn MeponpuaTUha, OCOBEHO
Ha 6eputbata. OcBeH TOBa XpacTute
npugobmusaT M3BeCTHA  3[4paBuvHa U
CTabUNHOCT KbM KIMMaTUYHUTE hakTopu
KakKTo npes BereTauuvoHHWUS nepuog, Taka
1 npes 3umara.

following pruning:
- Removing broken and incorrectly
oriented in space shoots;

- Removing of annual shoots.

The plants are grown in a
background of fertilization with organic
fertilizers (2-2.5 t/da manure) applied every
three years, and respectively with mineral
fertilizers (N — 5-6 kg/da, P,os — 6-8 kg/da)
annually introduced.

The pruning operations are
performed at the end of the winter period
before movement of nutrients and
appearance of the leaves.

Observations and biometric
measurements consist in:

- Determining the degree of
development of the branches and

respectively of bushes by measuring the
plant height;

- Studying of flowering and fruiting
by performing periodic phenological
observation and weighing of the resulting
production.

RESULTS AND DISCUSSION

In the old fruit-bearing plantations
of chokeberry the cutting of vigorously
increasing) in height branches up to
20-25 cm, and respectively of lateral main
branches up to 30-35 cm determines the
development of lower (2.55-2.75 m) and
with a limited diameter (1.50-1.55 m)
bushes (Table 1). This facilitates the
passage between the rows while the are
performing various agrotechnisal
activities, especially harvesting. Moreover,
bushes gain strength and stability to
climatic factors as well as during the
growing season and during the winter.
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Ta6nvua 1. laHHM 3a pacTex 1M pa3BMTUE Ha pPacTeHMsTa OT apoHWUsl, CPeAHO 3a

ONnnMTHUA nepmnong

Table 1. Data on growth and development of chokeberry plants, average for the

experimental period

BapuaHt BucounHa [OnamveTbp LibthTeHe MnopopasaHe
Variant Ha pacTeHusTa| Ha xpacta Flowering Fruitfulness
(xpacTa) Diameter Hauano Ha HauuH Ha [Jara Ha 6eput6eHa
Height of of bush ubdTexa | pasnonoxeHue Ha [3pSNOCT Ha NIOA0BETE
the plants m Beginning of | useTtoBeTe no k1oHK | Date of harvesting
(bush) flowering Available way of maturity of fruits
m blossoms on
branches
Ctapo
HacaxaeHue
Old plantation
KOHTPOHK 2.80-3.00 2.65-2.70 | 27.05-3.06 MpeanmHO 27.08-3.09
pacTeHus nepudepHo 4-7.09
Control plants Mainly peripherial
PacTeHus ¢ 2.55-2.75 1.50-155 [27.05-3.06 TeHaeHUNs KbM 25-30.08
pe3nTba PaBHOMepHO
Plants with Tendency toward
pruning evenly
Mnago
HacaxaeHue
Young plantation
KOHTPOHU 1.31 1.27 27.05-3.06 TeHaeHUNs KbM 25-30.08
pacTeHus nepucepHo
Control plants Tendency toward
peripherial
PacTteHus ¢ 2 1.20 1.25 27.05-3.06 PaBHOMepHO 25-30.08
OCHOBHW K/10HU Evenly
Plants with 2
main branches
PacTteHunsi ¢ 3 1.25 1.05 27.05-3.06 PaBHOMepHO 25-30.08
OCHOBHM K/TOHU Evenly
Plants with 3
main branches
PacTteHns c 4 1.36 1.25 27.05-3.06 PasHOMepHO 25-30.08
OCHOBHW K/1OHU Evenly
Plants with 4
main branches
PacTteHusi ¢ 5 1.40 1.25 27.05-3.06 PaBHoMepHO 25-30.08
OCHOBHM K/TOHU Evenly
Plants with 5
main branches
PacTteHns c 6 1.38 1.21 27.05-3.06 PaBHOMepHO 25-30.08
OCHOBHM K/TOHU Evenly
Plants with 6
main branches

MpemaxBaHe Ha crabute, cuyne-
HUTE U HenpaBW/IHO OPUEHTUPAHU B NPO-
CTPaHCTBO K/IOHM Cb3haBaTt YCNOBUSA 3a
[0O6po npocBeT/NiiBaHE U aepupaHe Ha
pacteHusaTa. B pesyntar Ha TOBa Cce
obpasyBaT noseye paBHOMEPHO pasmno-
NOXEHU BbPXY K/IOHMTE LBeToBe. Miogose-
Te cTaBaT no-efpu M BCTbNBaT B 6eput-
6eHa 3psnocT egHoBpeMeHHo (25-30.08).

The removing of weak, broken and
incorrectly oriented in space branches
create conditions for good lightening and
aeration of plants. As a result of this,
there are formed more blossoms evenly
located on the branches. The fruits are
larger, and they enter in harvesting
maturity simultaneously (25-30.08).

145



M3ps3BaHeTo Ha U3NULWHUTE efHo-
roAVWHNA M3ObHKM crnomara 3a noaabp-
)XaHe Ha onTMMasieH Gpoil KIoHM B Xpac-
Ta (30-32), Heobxoaum 3a A06po niofo-
JaBaHe. Pesut6arta 3a nogmnagsBaHe
JoBexaa [0 pasBuMTUE Ha XU3HEHW pac-
TEHUSA, KaTo npe3 NbpBUTE ABE roANHU ce
HabnogaBa CWUMHO BeretatMBHO pasBu-
TMe Ha wu3gbHKM 6e3 obpasyBaHe Ha
PenpoayKTUBHY OpraHu.

MpW KOHTPONHUTE pacTeHusi — 6e3
pesntba (Potoc 1) ce 3abensssa CWIHO
BEretaTMBHO pasBuTUE, Taka Ye OCHOBHUTE
KMOHW cTturat cpefHo go 2.80-3.00 m gbn-
XWHa, a XpacTuTte B AMameTbp ca CpegHo
2.65-2.70 m. B pesynrar Ha TOBa MHOIO OT
KOHUTE Ce HaBexgaT [0 3emaTa U ce
npeyynesar BC/IeACTBME Ha KOETO NpemMu-
HaBaHeTO Mpe3 Mexaypeavs e npakrmyec-
K/ HEBB3MOXHO. MNuenuTe npu netexa cu
MbK ca BBb3NPENATCTBAHU U NOBeye OT TAX
Ce OpueHTMpaT KbM CbLBETUSITA W LBETO-
BeTe, PasnosiokeHn B ropHata u nepudep-
HaTa 4acT Ha pacTeHuaTa.

The excising of annual shoots
helps maintaining optimum number of
branches in the bush (30-32) needed for
good fruit-bearing. The pruning for
rejuvenation leads to the development of
vital plants as in the first two years it is
observed vigorous vegetative growth of
shoots without formation of reproductive
organs.

In the control plants — no pruning
(Photo 1) there is vigorous vegetative
development, as the main branches
reach average 2.80-3.00 m length, and
the bushes in diameter are average
2.65-2.70 m. As a result of this, many of
the branches bend to the ground and
break in consequence of which the
passage through rows is practically
impossible. The bees in flight are
prevented, as more of them are
orientated to the inflorescenses and
flowers located at the top and on the
periphery of the plants.

®oToc 1. KOHTPO/IHU pacTeHnsa
Photo 1. Control plants
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OTHOCHO MOMEHTa Ha HacTbneaHe
Ha ubTexa He ca 3abenasaHn pasnu-
yma CnpsIMO pacTteHusiTa ¢ pe3ntba, HO
y3psiBAHETO Ha MNM0J0BETE HacTbMNBa Ha
pasnuuHm gatm (27.08-3.09 n 4-7.09).

B mnagnTe 4eTUPUroAMLLHK MS10-
JofaBally HacaXXaeHNs 0T apoHUsA OTCT-
paHaBaHeTO Ha pa3Bwuau ce efHOoroauLl-
HU U34BbHKM € OT 3HayeHue 3a 3anasBaHe
Ha odopmeHUTE npe3 nNbpBUTe [ABe
roAVHW Ha pa3suTtue xpactmc 2, 3,4, 5n
6 OCHOBHW K/10HK (PoTocu 2, 3, 4, 5 1 6).

doToc 2. PacTeHne ¢ 2 OCHOBHU KJ/TOHU

Regarding the time of the flowering
there are no differences compared with
pruning plants, but the fruit ripening
occurs on different dates (27.08-3.09 and
4-7.09).

In the four young fruit-bearing

plants of chokeberry the removing of
evolved annual shoots is important for
maintaing the bushes formed during the
first two years of development with 2, 3,
4, 5 and 6 main branches (Photos 2, 3, 4,
5 and 6).

Photo 2. Plant with 2 main branches
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doToc 3. PacteHune ¢ 3 OCHOBHU KJ/TOHU
Photo 3. Plant with 3 main branches
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doToc 4. PacTeHne ¢ 4 OCHOBHU KJ/TOHU
Photo 4. Plant with 4 main branches

doToc 5. PacTeHne ¢ 5 0CHOBHU KJ/TOHU
Photo 5. Plant with 5 main branches
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Photo 6. Plant with 6 main branches

MNMpemaxBaHeTO Ha cuyneHuTe pas-
K/IOHEHMA M CbKpalllaBaHe Ab/hKMHaTa Ha
CUNHO HapacTBawuTe KoHuM o 10-15 cm
crnomara 3a cb3fasaHe U nogfbpxaHe Ha
[o6pa chopma Ha xpacTute. XapakTepHo 3a
BCUYKM Te3n pacTeHuss e efHOBPEMEHHO
ubTeHe (27.05-3.06) ©n y3psiBaHe Ha
nnogosete (25-30.08), 1 paBHOMEPHOTO UM
pasnonoxeHve no knoxHute (Tabnuua 1).

The removing of broken branches
and shortening the length of the
vigorously growing branches to 10-15 cm
helps creation and maintaining good form
of bushes. Characteristic for all these
plants is  simultaneously flowering
(27.05-3.06) and ripening of fruit
(25-30.08), and their uniform placement
on the branches (Table 1).
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Mpy xpactute ¢ 3 OCHOBHU K/OHM
CblLEeCTByBa OMacHOCT OT npeyynsaHe
nopagn Ccb3gaiva ce MNo-rofIiM  blibil
Mexay TAX u cnaboTo MM CcnosisaHe B
JonHara yacrT.

Xpactute ¢ 4, 5, n 6 OCHOBHU KJ/10-
HM ce noka3BaT MepCcrnekTUBHU, KaTo npu
TAX YCNOBMATA 3a pacTex W pasButme
3HauuMTenHo ca no-gobpu. Te ce oTAu-
yaBaT C MO-rofisMa 3apasBuHa KbM KIMma-
TUYHWUTE PaKTOpW BATHP, CHAT U C TOBA,
ye TexecTTa Ha njoJoBeTe U nuctara e
pasnpefgenieHa MNo-paBHOMEPHO BBbPXY
K/IOHUTE.

MonyueHaTa npogykumaTa npes
yeTBbpTaTa rogyHa Ha oTrnexgaHe npu
XpacTtute ¢ 4 1 5 OCHOBHW K/IOHW focTura
0o 300 kg/da n pecnektneHo 350 kg/da,
[0KaTo nMpu Te3n ¢ 6 OCHOBHM K/IOHU €
mexay 400-450 kg/da. Mpu pacteHusaTa ¢
pe3utba B cTapo HacaxaeHue
npoaykuunsata e mexay 350 n 400 kg/da.

N3BOAN

- OTCTpaHsiBaHe Ha cuyneHute,
3anneTeHnTe, KNOHUTE Ha Bb3pacT Hag 6
FOAVHW W U3NIULIHUTE efHOTOAMLLHN U3-
ObHKM B CTapu naogoAasaliy Hacaxie-
HAS OT apoHWa cb3gasar no-6naro-
NPUSATHW YCNOBUSA 3a pacTeXx u passuTue
Ha OCHOBHMTE KnoHW. O6pasysaT ce
noseye LBETOBE M N/040BE, Pasnoso-
XXE€HV paBHOMEPHO MO K/IOHMUTE.

- OTCTpaHsiBaHe Ha efHOroAuLLIHN-
Te u3gbHKM B Xxpactute ¢ 4, 5 n 6
OCHOBHMW K/IOHW B Maaau nnogofasalin
HacaxaeHuss OT apoHWa npefoTBpaTsaBa
obpasyBaHe Ha ronisaM Opoi KMOHWU W
CrbCTABaHe Ha xpacTta, 1 cnomara 3a no-
[06po nNpocBeTNsiBaHE Ha pacTeHusATa u
NO-Mb/IHOLLEHHO U3M0/3BaHe Ha npo-
CTPaHCTBOTO Okono TaAX. O6pasysar ce
no-eApu 1 Ka4ecTBeHu naogueTa.

In the bushes with 3 main
branches there is a risk of breaking due
to a greater angle between them and
their poor soldering at the bottom.

The bushes with 4, 5, and 6 main
branches show themselves as
perspective, because for them the
conditions for growth and development
are considerably better. They are
distinguished by higher strength to
climatic factors wind, snow and that the
weight of fruits and leaves is distributed
on the branches more evenly.

The resulting production in the
fourth year of cultivation in the bushes
with 4 and 5 main branches reaches 300
kg/da respectively 350 kg/da, while in
those with 6 main branches it is between
400-450 kg/da. In the plants with pruning
in the old plantation the resulting
production is between 350 and 400
kg/da.

CONCLUSIONS

- Removing broken, tangling
branches over the age of six years and
extra annual shoots in old fruit-bearing
plantations of chokeberry create more
favourable conditions for the growth and
development of the main branches. There
are formed more flowers and fruits, evenly
distributed on the branches;

- Removing of annul shoots in the
bushes with 4, 5 and 6 main branches in
the young fruit-bearing plants of
chokeberry prevents the formation of
large  numbers of branches and
compression of the bush, and helps for
better clearance of the plants and making
better use of the space around them.
There are formed larger and good quality
fruits.
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PE3IOME

Mpe3 nepnoga 2012-2017r. ce Cb3-
fapoxa 1470 ha HOBM OBOLLHU Hacaxae-
HUSA C eBPOMNENCKN N TPaAULUMOHHN 6bi-
rapckm coptoBe. 3a npegoTBpaTsABaHe
€BEHTYa/IHOTO  pasnpocTpaHeHue  Ha
KapaHTMHHNW N WKOHOHOMWYECKN BadKHU
6onectn, BABX cb3faje MOHUTOPUHIOBA
nporpamMa 3a KapaHTUHHW BpeauTenu no
OBOLUHWTE BWUAOBE, BK/OYBaWla U UTO-
nnasmeHute uHdekuun. O6CregBaHeTo
npe3 rogvHute BrIO4YM 330 OBOLLHWU Ha-
CaxXeHus, KOUTO C KOCTUNKOBW BUOOBE —
235 Ha nnouw, Hag 14000 da, cemkoBwU
nnogogasalin rpaguHn — 84 ¢ nnow, ot
okono 3500 da, 5 opexoBu HacaxaeHUs —
91,5 da, 4 CMECEeHN OBOLLHM TpaguHu —
65,2 da n 2 HacaxaeHus OT Wwunka — 644
da. OcbluecTBsIBa Ce NOCTOSAHEH KOHTPO/
npu [OBWKEHME W BHOC Ha OBOLIEH
nocagbyeH mMatepvas n obcnegBaHe Ha
BCUYKM pa3cagHuum B Bunrapua. B LIJIKP
3a outonsIa3mMeH aHa/M3 ca NocTbnNuAn
2726 6pos pactutenHy npodu ot FKMM m
20 OBbX n 54 6posA Hacekomu, BEKTOPWU
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SUMMARY

In the period 2012-2017 new
orchard plantations of European and
traditional Bulgarian varieties  were
planted on an area of 1470 ha. To prevent
a possible spread of quarantine and
economically significant diseases, the
Bulgarian Food Safety Agency launched a
monitoring programme for quarantine
pests on fruit trees, including phytoplasma
infections. Throughout the years 330
orchard plantations, of which stone fruit
varieties — 235 on an area of 1400 ha,
pome orchards — 84 on an area of about
350 ha, 5 walnut plantations — 9.15 ha, 4
mixed orchards - 6.52 ha and 2
plantations of dog rose — 64.4 ha were
controlled. The circulation and import of
orchard planting material was constantly
monitored and all nurseries in Bulgaria
were controlled. 2726 plant samples (from
Border Inspection Points and 20 Regional
Directorates) and 54 numbers of insect
vectors (Cacopsylla pyri, Psylla pyri, etc.)
were performed in Central Laboratory of
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Ha dwmTonnasmu (Cacopsylla pyri, Psylla
pyri n ap.). TotanHa OHK 6Gewe ekcTpa-
XvpaHa OT pacTuTesiHa TbKaH Win npeg-
BapuTe/IHO [eTepMUHUPaH WHAMBUA B
CTAB 6ydep. JlabopaTopHuUAT aHanms
6ewe u3BbpwBaH 4pe3 Nested PCR c
ABe [BOWKW YHMBEpPCa/IHM npairimepu
(P1P7/U3U5) u cneundmyHn TakmBa
(f01/r01) ¢ nocnepggauw, RFLP aHanu3 3a
OKOHYaTenHa uaeHTudvkauma n BuaoBa
npuHagexHocT. Pesyntatnte NOTBbPX-
JaBaT paspacTBaHeTO Ha MHpekuusaTa oT
Apple Proliferation, Pear decline, European
Stone Fruit Yellows phytoplasmas upe3
OTKPVBAHETO MM B HOBM 061acTu, a CbLo
M paswvpsiBaHe apeana Ha pasnpocTpa-
HeHne Ha TexHuTe BekTopy B CeBepHa
Bvnrapusa (Twprosuuwe, BuavH, LLymeH).
PailoHuTe c ycTaHOBeHa WHOEKUNA W
npunaraHn Mepku 3a orpaHuyaBaHe W
YHULLOXaBaHe Ha MNPpUYMHUTENNTE KaTo
KiocteHgun, Tnosgue, CnuseH, Byprac,
Pyce octaBaT € noTeHuuasiHa OnacHocT
OT pasnpocTpaHeHune. MpuunHUTEe ca no-
crneguumn OT HeW3NbJIHEHVE Ha npejnuca-
HUATa Ha (UTOCAaHUTApHUTE MHCMNEKTOPY
3a YyHuUOXaBaHe Ha WHEeKTUpaHuTe
ObpBeTa, 3abpaHa 3a [JgobuBaHe Ha
Kanemy 1 fimnca Ha nNpeBaHTUBHU MeEpPKU
KaTo o6e33apa3sBaHe Ha WHBEHTapa,
KOHTPOJ1 Ha BEKTOPUTE U ApYIU.

KnouoBn aymu: dutonnasmeHu
naToreHu, oBoLWHW, Bbnrapus

YBO/[,

B bBbarapusa 3a nNpbB NbT Cce
cbobLasa 3a MUKorniasMeHu 60s1ectu no
pacteHusaTa npe3 1970 r. (Kowachevski,
1971). TakvBa 3a60/19BaHNs ca cbobLa-
BaHW UK 3a oBowHK kynTypu (Trifonov,
1965; Hristova, 1973). C nogobpsiBaHeTO
Ha MeToauTe 3a ugeHTudmkauns Ha dn-
TOonsasMuTe ce ycTaHOBSIBAT HOBMW BUAO-
Be Ha TeputopusAta Ha Bwbarapua, kato
Hanpumep dmTonNasMaTa Ha Kpywara
(Topchiiska and Sakalieva, 2001), European
stone fruit yellows phytoplasma (Topchiiska
and Sakalieva, 2002), Stolbur no yepelata
(Avramov et al., 2011), Pear decline
(Etropolska, 2011), Apple proliferation

Plant  Quarantine for  phytoplasma
analysis. Total DNA was extracted from
plant tissue or a preliminarily determined
specimen in CTAB buffer. The laboratory
analysis was performed by Nested PCR
with  two universal primer pairs
(P1P7/U3U5) and specific ones (f01/r01)
with following RFLP analysis for final
identification and species affiliation.

The results confirm the spread of the
following infection: Apple Proliferation,
Pear decline, European Stone Fruit
Yellows phytoplasmas, which were found
in new regions, as well as an extended
range of spreading of their vectors in
Northern Bulgaria (Targovishte, Vidin,
Shumen). The regions where infections
were found and measures taken to isolate
and destroy the agents, such as
Kyustendil, Plovdiv, Sliven, Burgas, Ruse,
remain potentially dangerous in terms of
disease spreading.

This is the result of the non-compliance
with the instructions of the phytosanitary
inspectors to destroy the infected trees
and ban the collection of cuttings, as well
as of the lack of preventive measures
such as equipment disinfection, vector
control, etc.

Key words: phytoplasma
pathogens, fruit threes, Bulgaria

INTRODUCTION

Mycoplasma diseases in plants in
Bulgaria were first reported in 1970
(Kowachevski, 1971). Such diseases
were reported in fruit plants as well
(Trifonov, 1965; Hristova, 1973). With the

improvement of the methods for
identification of phytoplasmas, new
species have been detected on the

territory of Bulgaria such as phytoplasma
in pears (Topchiiska and Sakalieva,
2001), European stone fruit yellows
phytoplasma (Topchiiska and Sakalieva,
2002), Stolbur in cherries (Avramov et al.,
2011), Pear decline (Etropolska, 2011),
Apple  proliferation  (Borisova and
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(Borisova and Kemenova, 2016).

Mpe3 nepuoga 2012-2017 r. ce
cb3ganoxa 14.7 xun. Xxekrapa HOBY OBOLLHU
HacaxeHns ¢ eBpPOnenckn 1 TpaauLUoHHN
6barapckn coptose. 3a npegoTBparsaBaHe
€BEHTYa/IHOTO pasnpocTpaHeHne Ha KapaH-
TUHHM U MKOHOHOMMWYECKN BaxKHWU 60necTy,
LleHTpanHa nabopartopus no kapaHTvHa Ha
pacteHnsata (UJIKP) ot bBwbarapckata
AreHuma no besonacTHOCT Ha XpaHute
(BABX) cb3nane MOHUTOPMHIOBa nporpama
3a KapaHTUHHM BpeauTesin No OBOLYHUTE
BMAOBE, BK/IOYBaWA W duTOoNNa3MeHuTe
nHpekuun (Etropolska et al., 2012; Avramov
et al, 2013). Tpute Buga utonnasmu,
06eKT Ha Ta3u nporpama Apple Proliferation,
Pear decline n European Stone Fruit
Yellows phytoplasma ca kapaHTUHHM K ca
onucaHn B lMpunoxeHne Nel Ha Hapepb6a
Ne 8 3a dutocaHuTapHus koHTpon (2015).
Te ca efHVN OT UKOHOMUYECKN HaW-BaXXHUTE
60/1eCTH, KakTo 3a MHOrO OBOLLLAPCKN pano-
HW Ha EBpona, Taka cbLo 1 3a bbnrapus.

Llen

OcHoBHa Uen e ja ce u3Bbpwar
obcnefBaHns Ha TeputopusaTa Ha uanara
CTpaHa 3a M3siCHABaHe pa3npocTpaHeHUeTo
Ha puTonnasMuTe MO OBOLUHUTE KYNTYpU Y
Hac. ToBa LWe Aosefe A0 NPOrHo3upaHe Ha
doutonnasmeHa WHpekuns Bb3 OCHOBA Ha
nosyyeHnTe pesyntatm W wWe noanomorHe
npegnpvemaHe Ha afeKkBaTHM Mepku 3a
KOHTPO/ B OBOLLHUTE HacaxaeHus, cbagane-
HW C BHOCEH Martepuasl U B pascagHuum, npo-
n3BexJally OBOLLEH NocagbyeH MaTepuar.

MATEPVAJT N METOOU

ExerogHo utocaHuTapHuTe WHC-
nektopu ot O6nacTHUTEe Aupekuun no
6e3onacHocT Ha xpaHute (O4BX) n3BbLP-
weaTt obcnefBaHua Ha TepuTopuATa Ha
usnata ctpaHa. O6ekT Ha u3cnefBaHeTo
ca pascajHuum, npoussBexgally OBOLLEH
nocagbyeH Martepyasi U PUCKOBU
OBOLWUHWUTE HacaxieHusa. KoHTpon ce
OCbLLECTBABA U NPW BHOC Ha nocagbyeH
maTepuan Ha [KIMM, koiTo o6xBawa
OOKYMeHTaslHa U MAeHTUdIMUKaUMOHHA
NnpoBepkKa, KakTo 1 npobos3emaHe.

Kemenova 2016).

In the period 2012 — 2017 there
were planted 14700 ha of new fruit plants
of European and traditional Bulgarian
varieties. To prevent the potential spread
of quarantine and economically significant
diseases, the Central Laboratory of Plant
Quarantine with the Bulgarian Food
Safety Agency launched a monitoring
programme for quarantine pests in fruit
plants, including phytoplasma infections
(Etropolska et al., 2012; Avramov et al.,
2013). The three phytoplasma species
included in this programme, namely Apple
Proliferation, Pear decline and European
Stone Fruit Yellows phytoplasma, are
quarantine types and are described in
Annex No 1 to Ordinance No 8 on
Phytosanitary Control (2015). They are
some of the most economically significant
diseases both for many regions of
Europe, and for Bulgaria itself.

Aim

The main purpose is to carry out
surveys throughout the country to clarify
the distribution of phytoplasma on
orchards in Bulgaria. This will lead to
prognosis of phytoplasmic infection based
on the results obtained and will help to
undertake measures of control in orchards
created with imported material and in
nurseries producing fruit propagation
material.

MATERIAL AND METHODS

The phytosanitary inspectors of the
Regional Food Safety Directorates (RFSD)
perform annual monitoring in the whole
country to identify the spread of
phytoplasma in Bulgaria and take adequate
control measures in the orchard plantations
created with imported materials and mainly
in nurseries producing fruit trees planting
material. Control is exercised also over
imports of planting material at border
inspection points (BIP) and covers
inspection of documents and identification,
as well as sampling.
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dwur. 1. O6cneaBaHn OBOLLHM FpagviHM MO NPOU3X0[4 Ha MaTepuasnia
Fig. 1. Observed orchards by origin of the planting material

Meproamn n 06ekTn Ha obcneasaHe

O6cneaBaHnsaTa ca W3BbpLUBAHMU
npes3 eceHTa, Korato KoHLUeHTpauusTa Ha
utonnasmara B Haj3emMHata 4acT Ha
pacTteHusita e Hali-Bucoka. O6cnegBa-
HeTo BkMOUM 330 OBOLLHW Hacax4eHus
OT KOMTO C KOCTWU/IKOBM BuAoBe — 235 Ha
nnouw, Hag 14000 da, cemkoBu BuAOBE-
84 ¢ nnow, ot okono 3500 da, 4 cmeceHun
OBOLLHM rpagnHn — 65,2 da. n 5 opexosu
HacaxgeHusa — 91,5 da, B nocodveHuTe
HacaxaeHusa npes nepuoga 2012-2017 r.
ca usBbpweHn 2044 wHcnekuMnm n ca
B3eTM 2726 6pos pacTtutesnHy npobu.
Mpu B3MMaHeTo Ha Npobute BHUMAHUETO
€ Haco4yeHo KbM pascafjHUUM ¢ MaTo4YHU
AbpBeTa M NUTOMHUUM 2 roauHa W
HacaxaeHus, Cb3gafeHn C BHOCEH
nocagbyeH martepuasn, Kato npoboHabu-
paHeTo ce M3BbpLIBA OT CMMNTOMATUYHU
N acMMNTOMaTUYHK AbpBeTa.

Monitoring periods and objects

The monitorings were made in the
autumn, when there is highest
concentration of phytoplasma in the aerial
parts of the plants. The monitoring
covered 330 orchard plantations, out of
which 235 with drupe varieties on over
1400 ha, 84 with pome varieties on
around 350 ha, 4 mixed orchards on 6.52
ha and 5 walnut plantations covering 9.15
ha, In the period 2012-2017 there were
2,044 inspections in the mentioned
plantations and 2,726 plant samples were
taken. During the sampling the main
focus was on nurseries with mother trees
and 2™ year nursery plants and on
orchards created with imported planting
material, and the samples were taken
from symptomatic and asymptomatic
trees.
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Tabnuua 1. dutocaHUTapeH KOHTPOJ npe3 nepuoaa 2012-2017 r.

Table 1. Phytosanitary control during the period 2012-2017

Fruit nurseries/plots Orchards/plots

Year Apple and Pear Stone fruits

Units da Units da Units da
2012 262 2526,4 88 3738,1 155 11781,2
2013 276 2207,4 114 4370,9 171 10948,2
2014 274 2168,3 90 4831,2 168 12503,5
2015 264 2328,2 82 3799,1 182 132219
2016 264 2210,4 84 3592,5 233 14353,9
2017 243 1988,6 84 3060,4 238 13928,5

Mpob6oB3emaHe Sampling

B LJIKP 3a dmtonnasmeH aHanus
ca noctbnunm 2726 6posi pacTuTesnHu
npobu ot [KMM (BHOC nNpeaVMHO OT
Cobpbusa n Typumsa) n OABX n 54 6pos
HacekoMu, BEKTOpM Ha uTonaasMm
(Cacopsylla pyri, Psylla pyri (Carraro et
al., 1998; White et al., 1998; Etropolska,
2011; Etropolska, 2015).

3a aHa/mM3 Ha  pacTuTesHuA
MaTepuan ce B3e MpoBOAALLA TbkaH WK
nmctHn gpbxkn ot 0,5 go 1 g, a ot
BEKTOpPUTE — LieNIn UHAMBUAN.

PCR meTopf

ToTtanHa AHK 6Gelle ekcTpaxupaHa
oT pacTtutenHa TbkaH (Doyle and Doyle,
1990) wnim npefBapuTenIHO AeTepPMUHU-
paH nHaueug B CTAB Gydiep cneapaiikm
npotokon no Marzachi et al., (1998).
NabopaTopHuaT aHanns Gelle M3BBLPLL-
BaH 4pe3 Nested PCR c pgBe [BOIiKM
yHMBepcanHu npanmepu P1/P7 (Deng
and. Hiruki, 1991; Schneider et al., 1996),
U3/U5 (Lorenz et al. 1995) un cneuyu-
¢uuum Takmea f01/r01 (Lorenz et al.,
1995) c¢ nocneppauw, RFLP aHanu3 c
nomowia Ha Rsal\Alul pecTpuKUNOHHNK
€H3MMW 3a OKOHYaTesHa naeHTUgrKaLmns
n Buaosa npuHagnexHoct (Lee et al.,
1998).

PE3YJITATU

Ha noctbnunute 3a nabopaTopHa
ekcneptmMsa obwo 2780 6poA npobu B
LleHTpasiHa nabopartopusi No kapaHTUHA Ha
pacTeHusiTa 3a Hannuve Ha chuTonnasmeHa

For phytoplasma analysis in the
Central Laboratory of Plant Quarantine
there were submitted 2726 plant samples
from border checkpoints (imported mainly
from Serbia and Turkey) and from the
Regional Food Safety Directorates and 54
insects, phytoplasma vectors (Cacopsylla
pyri, Psylla pyri (Carraro et al., 1998; White
et al.,, 1998; Etropolska, 2011; Etropolska,
2015).

For analysis of the plant material
there was taken conductive tissue or stalks
of 0.5 to 1 g, and from the vectors — entire
insects.

PCR method

Total DNA was extracted from
plant tissue (Doyle & Doyle, 1990) or
preliminarily determined insect in a CTAB
buffer following the protocol of Marzachi
et al. (1998). The laboratory analysis was
made through Nested PCR with two pairs
of universal primers P1/P7 (Deng &.
Hiruki, 1991; Smart et al., 1996;
Schneider et al., 1996), U3/U5 (Lorenz et
al. 1995) and specific primers f01/r01
(Lorenz et al., 1995) with a subsequent
RFLP analysis with the help of Rsal\Alul
restriction enzymes for conclusive
identification and species identification
(Lee et al., 1998).

RESULTS

A total of 2817 PCR analyses were
made on the 2780 samples submitted to
the Central Laboratory of Plant
Quarantine for laboratory tests for
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UHEKUMS Cca U3BbPLUEHU
aHannsa ype3 PCR meTop.

B npo6u, noctbnuau ot FKMMN npu
BHOC Ha nmnocafbyeH wmartepuan 6sxa
yCcTaHOBeHM 3apa3n oT Pear Decline
Phytoplasma MLO B kpyLun, copT AHKapa,
BHeceHn OT Typuwmsi n Apricot chlorotic
Leaf Roll MLO /syn. ESFY/ BbB BULLHMN,
copT O6naymHcka, BHeceHn oT Cbpbous.

B cTtpaHaTa 6e npe3 nepuoga 2012-
2017 6elwe ycTaHOBeHa  criegHarta
WHbekuus:

- oT Apple Proliferation B palioHuTe
Ha KrocteHaun, Masapmxuvk u Nnosamvs;

- oT Pear Decline Phytoplasma B
paiioHnTe Ha KiocteHann, [MNasapoxuk,
Mnoegue, Ctapa 3aropa, XackoBo, Am601,
LymeH, Cunuctpa, Pyce n MoHTaHa;

- oT Apricot chlorotic Leaf Roll
phytoplasma /European Stone Fruit Yellows/
B paiioHuTe Ha Bnaroesrpag, Masapmkuk,

o6uwo 2817

phytoplasma infections.

In the samples taken at border
checkpoints upon imports of planting
material there were identified infections
with Pear Decline Phytoplasma MLO in
Ankara pears imported from Turkey and
Apricot chlorotic Leaf Roll MLO /syn.
ESFY/ in Oblacinska sour cherries
imported from Serbia.

In the country the following infection
was identified over the period 2012-017:

- with Apple Proliferation in the
regions of Kyustendil, Pazardzhik and
Plovdiv;

- with Pear Decline Phytoplasma in
the regions of Kyustendil, Pazardzhik,
Plovdiv, Stara Zagora, Haskovo, Yambol,
Shumen, Silistra, Ruse and Montana;

- with Apricot chlorotic Leaf Roll
phytoplasma /European Stone Fruit Yellows/
in the regions of Blagoevgrad, Pazardzhik,

Mnosams, Ctapa 3aropa, CnueeH, byprac, | Plovdiv, Stara Zagora, Sliven, Burgas,
Cunuctpa, Tobprosuule, Jlosed, Benuko | Silistra, Targovishte, Lovech, Veliko
TbpHOBO, MOHTaHa 1 BuauH. Tarnovo, Montana and Vidin.
Tabnumua 2. YcTaHOBEHM 3apasu no rognHu B ObX
Table 2. Confirmed phytoplasma infection each year in RFSD
OOBX/RFSD 2012 2013 2014 2015 2016 2017 roa
Pathogen |AP | Pd |Esfy| AP |Pd |Esfy|AP|Pd|Esfy|AP|Pd|Esfy|AP|Pd|Esfy| AP | Pd |Esfy| Year
Blagoevgrad 2| 2
Kjustendil 1 4 4 2 11
Pazardjik | 2 1 3 1 1 8
Plovdiv | 3 20 1 24
St. Zagora 1 1 1|3
Haskovo 2 2 4
Yambol 1 1
Sliven 6 1 1|8
Bourgas 3 3 1 7
Silistra 2 2 1 5
Shumen 2 2 4
Russe 4 5 9
Targoviste 2| 2
Lovech 1)1
V. Tarnovo 1 1
Montana 2 1 1 4
Vidin 1)1
Total 510/ 9 |0(33]3|0/8|3|2|4,2]0]2]3|0|3]|8]9
24 36 11 8 5 11

157



N3BOAN

Mpe3 nepnoga 2012-2017 rogmHa ca
YHULLOXEeHN 06wo Hag 10000 6pos pacrte-
HWS OT MaToYHN AbpBeTa, NUTOMHULKY |-Ba 1
ll-pa rognHa — obnaropofeHn ¢ Kanemu ot
WH(DEKTUPaHN COPTOBE MAaTOYHU AbPBETA,
KakTo 1 nnogojasallin OBOLLHW Buaose. Ha
BCUMYKM npoussoautenn Ha OIFM, npu
KOWTO e ycTaHoBeHa doutonsiasmeHa nHgek-
uns, npegBapuTesiHO e BpbUYeHO npeanuca-
HMe 3a YHULlOXaBaHe Ha 3apa3eHuTe Abp-
BeTa M 3a npeanpuemMaHe Ha npeBaHTUBHU
Mepkn (ob6e33apassiBaHe Ha  HaN4YHUA
WHBEHTap, BoAeHe Ha 6opba Cc NUCTHUTE
6b/xM 1 3abpaHa 3a 3acaxgaHe Ha Apyro
pacTeHne Ha MACTOTO Ha YHULLOXEHOTO
ObpB0). 3apaseHnTe abpBeTa 65xa YHULLO-
XeHn, 4ype3 u3rapsHe. B3eTn ca nocnepg-
BaLLV AOMb/HUTESHN NPO6K.

Ha 6a3a u3BbpleHua aHaim3 oT
pasnpocTpaHeHNeTo Ha Te3u BpeauTenu,
KakTO M HAKOW NMbpBM pe3ynTatun oT U3BbLP-
LWEeH MOHWTOPVHI Ha BEKTOPUTE Ce HasIoXu
pa3paboTBaHETO Ha AOMb/HUTETHN MEPKM B
OdwmumanHata MoHUTOpPUHIOBa nporpamMa.
LianoctHata cTpaTterMs  BKIYBalla —
nosuLlaBaHe 6pOs Ha pacTUTEeNHUTE Npobu
1 NpobuTe OT BEKTOPU B PUCKOBU PaioHu;
paspaboTBaHe Ha NpPeBaHTVBHU MeEPKN U
aKueHTMpaHe B MOHUTOPWHIA Ha BbPXY
BEKTOpUHE B Lfnara cTpaHa, 3a fda ce
noslyun LAMOCTHA KapTuHa Ha pasnpocTpa-
HEeHMeTo MM No paioHM W 3a nonyna-
UMOHHaTa MM nabTHOCT. Heobxogumo e
N3roTBAHETO Ha edpekTMBHa cxema 3a 6op-
6a, Tbil KaTO B MOMEHTa npobsiem ca mas-
KOTO perucTpvpaHy NpoaykTn 3a pactutes-
Ha 3awmTa.

MoCTOSHCTBOTO, C KoeTo ce
nposiBABaT Te3n BpeauTenn npes roguHuTe,
nokassa TeHOEHUMA KbM TpalkHOTO WM
HacTaHsiBaHe B OBOLUHWUTE HACaxXAeHWs Ha
cTpaHaTa.

OcHoBeH npob6nem cropes Hac B
OBOLLL@APCTBOTO € Jincara Ha crneuuanmsn-
paHu matouyHun 6a3u. HanoxutenHo e ga ce
npegnpvemar Mepku 3a Ccb3fjaBaHe Ha
TakMBa MaTO4YHM 6asu — pas3nosioKeHU Ha
MecTa ¢ gobpa npocTpaHCTBEHA M3onaums,
C B/IOXEH cepTuduumpaH K3XoneH MaTe-
pvan n npunarade Ha BCUYKM [O6pPK npak-
TUKM 3a onasBaHe 3paBHOTO CbCTOSIHUE Ha

CONCLUSIONS

In the period 2012-2017 there were
destroyed a total of over 10,000 mother
trees and 1% and 2™ year nursery plants —
improved with grafts from infected mother
tree varieties, and fruit bearing varieties.
All producers of orchard planting material
where  phytoplasma infection  was
identified were given instructions in
advance to destroy the infected trees and
to take preventive measures (disinfection
of the existing tools, control for Cacopsylla
vectors and prohibition on planting a new
tree on the place where the destroyed
tree was planted). The infected trees were
destroyed with incineration. Subsequent
additional samples were taken as well.

Based on the analysis of the spread
of these pests, as well as on some first
results of the monitoring of vectors it
became necessary to develop additional
measures in the Official Monitoring
Programme. The overall strategy
including — increase of the number of
plant samples and vector samples in risk
regions; development of preventive
measures and focusing the monitoring on
vectors in the whole country to obtain a
complete picture of their spread by
regions and of their population density.
There has to be prepared an effective
scheme for fighting them, because one of
the problems currently is the few
registered plant protection products.

The persistence demonstrated by
these pests over the years shows a trend
of their permanent establishment in the
orchard plantations in the country.

A major problem in fruit production
in our opinion is the lack of specialized
bases for mother trees. There occurs
need to be taken measures for the
creation of such bases at well-isolated
locations with certified base material and
application of all the good practices for
protection of the trees’ health. Such a
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abpBetata. [lMopobeH npoekt we ce | project will need a legislative and financial
Hy)XXlae OT 3aKoHOBa W dmHaHcoBa nog- | support with the involvement of all
Kpena C yyacTue Ha BCUYKM 3amHTepeco- | stakeholders —  producers, control
BaHW CTpaHM — Npou3BoAUTENN, KOHTPON- | institutions and science.

HU UHCTUTYLIMN W HayKa.

Regions with established phytoplasma infections
in Bulgaria in 2012 — 2017

dur. 2. PaiioHn B Bbnrapus ¢ yctaHoBeHU couTonnasmenun nHdekumm npes 2012-2017 r.
Fig. 2. Regions with established phytoplasma infections in Bulgaria in 2012-2017
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