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PE3IOME

Pythium spp. ca BogHW nneceHun,
NpUCHCTBALLM B MoyBaTa Ha KynTMBMPaHu
NAOWM N B €CTECTBEHUN MPUPOAHU PaOHW.
MHOro OT TAX Ca M3BECTHW KaTo MKOHOMMU-
YecKM 3Ha4YMMK pacTUTENTHU NATOTEHU C LUK-
POK KPbr rOCTONPUEMHULIM, NPUYMHABALLM
OMacHO KOPEHOBO THMEHE MO pacTeHusTa.
Kato Oomycotes Te obpasyBart CropaHruu,
KOUTO OCBOGOXJaBaT MHOXECTBO NJyBaLiy
3oocnopu. MNpuunHaBaHWTe OT TAX 6onectu
ca Hali-onacHu B MPOABL/HKMTENIHA Nepuoau
C BMCOKA MO4YBEHA BMAAKHOCT UM C
M3MN0/13BaHETO Ha BOJHWN CUCTEMU, TbiA KaTo
noaBwXHMUTE 300CMOpM  MoraT Ja ce
npeHecart uype3 Bogarta v fa WHdekTnpar
30paBu pacTeHus. o TO3M HauuH Te3n
pacTuTesIHM NaToreHu ce pasnpocTpaHsBat
C NonvBHaTa BoAa 1 upes 3apaseHa noysa.

Hue npoyunxme Ha/Mumeto Ha
Bugose ot pog Pythium B nouseHn npobw,
acoumupaHn € pas/iMyHU rocTONpPUEMHULM,
npou3xoxgalin oT pa3HoobpasHN NPUPOAHN
MEeCTO0BUTaHNA W KyATMBMPaHW NowmM, a
CbLIO Taka M BLB BOAHW NPOGU OT peku
npemMvHaBsallym npes pasHoobpasHu pened-
H/A W KIMMATUYHW paiioHn B Bbarapus.
YcTaHOBEHO e, Ye npefctaButeny OT poj
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SUMMARY

Pythium spp. are water moulds,
present in most cultivated soils, but also in
natural environment. Many of them are
recorded as plant pathogens of economic
importance in agriculture with large range
of hosts and are more devastating by
causing the root rot on plants. As
Oomycotes they produce sporangia which
release numerous swimming zoospores.
The caused diseases are more severe
during an extended period of high soil
moisture, or in water systems, as motile
zoospores move and spread through the
water to infect healthy plants. Thus these
plant pathogens can spread in irrigation
water as well as by contaminated soil.

We have investigated the presence
of Pythium species in soil samples
associated with different plant hosts,
derived from natural habitats or cultivated
areas, and in water samples from rivers
passing through diverse environments
and regions in Bulgaria. Oomycotes
organisms of genus Pythium were found
to be largely spread across the country.
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Pythium ca wWM1poKo pasnpocTpaHeHn Ha
TepuTOopMaTa Ha usnarta ctpaHa. OT nouse-
HUTe Npobu ca nosy4veHn obLo 22 nsonara
npyHagnexawm kbm Pythium spp. OT Tax 7
ca OT rpagvHCK/N TbProBCKW LEHTPOBE Wu
ropcku pascagHuum, 10 ot ropcky naowy, 3
OT OBOLLHW TPaAvHN, eAnH OT rpaackn napk
W eauH OT YacTeH agsop. Apyrun 20 n3onata
ca HamepeHW B peks K ca onpefeneHun
cbwo karo Pythium spp. cnopeg [AHK
cekBeHUuATa Ha ITS pernoHa.

[laHHuTe noka3BarT rosisiMo Konmyec-
TBO WHOKY/lyM OT Pythium spp. HasimyeH B
nousarta u pekuTe no usnara Teputopust Ha
Bbarapus, KoliTo MMa noTeHuman ga npuuu-
HY paspyLuMTesniH1 60M1ecTn No pacTeHusiTa
B pascafHuuUM ¥ NAOLWM C NOAMBHU KyNTYpH
npu NOAXOAALLM KNMMATUYHN YC/TOBUSI.

KntouoBu pgymu: Pythium, nousa,
peku, pa3npocTpaHeHue

YBO/,

BuaoBeTe npuHagnexaiiy KbM 0oMu-
ueTHus pog Pythium ca BogHM nneceHw,
LUIMPOKO pas3npoCTpaHeHN Mo CBeTa, KOWUTO
npucbCTBaT B MOBEYETO  KyNTMBMPAHU
MOYBK, HO CbLUO U B €CTECTBEHWN NPUPOLHU
mMectoobutaHma (Van der Plaats-Niterink,
1981; Mathew et al., 2003). Hakoun To T5X ca
canpodutun (Martin and Loper, 1999), apyru
MoraT Ja WH(peKTMpaT >XUBOTHWUTE WK
yoseka (Chen et al., 2005; Sati, 1991; De
Cock et al.,, 1987; Vanittanakom et al.,
2014). Mexpay npefcTtaBuTenute Ha pog
Pythium ca ngeHTndmympatHn gopu Myukona-
pasutn no gpyrm oomuuetn (Paulitz and
Baker, 1987; Horner et al., 2012) wnu
TakMBa MHAyUMpaLy 3alWUTHUTE CUCTEMMU
Ha pacTeHuaTa, 6e3 camuTe Te Ja ca napa-
3utn (Yacoub et al., 2016). EgHa OT Haii-
MHOro6poliHUTe rpynu BuAOBE OT pof
Pythium ce cbcTOM OT pacTUTeNHW narore-
HY, BK/IOYBALLYM NPUYUHMTENN Ha onycToLua-
BallM pacTutenHn 601ecTu No LUMPOK Kpbr
roCTONPUEeMHULW, KaTo FHWeHe Mo naogo-
BeTe, KOpeHWTe U cTbbNara, 3arMBaHe Ha
noKb/BalMTE CEMEHA U CeyeHe no pascaja
(Uzuhashi et al., 2010). YcTtaHoBEHO €, 4ye
Te3n naToreHn nHgekTmpart cos (Zhang and
Yang, 2000; Zitnick-Anderson and Nelson
Jr., 2015), uapesuua (Zhang and Yang,
2000), kapTogn, 3axapHO LIBEKNO, MOPKOBH

Totally 22 Pythium spp. were isolated
from soil samples. Among them 7 isolates
were obtained from garden trade centers
and forest nurseries, 10 from forests
areas, 3 from orchards, one from a city
park and one from a private yard. Another
20 isolates from rivers were also collected
and determined as Pythium spp.
according to the DNA sequencing of the
internal transcribed spacer (ITS) region.
Data shows the high inoculum
potential of Pythium spp. present in soil
and rivers throughout entire territory of
Bulgaria, possible to trigger destructive
plant diseases in nurseries and watering
crops areas under favorable conditions.

Key words: Pythium, soil, rivers,
distribution

INTRODUCTION

The members of oomycete genus
Pythium are water moulds known as
widely spread throughout the world, which
are present in most cultivated soils and
natural environments (Van der Plaats-
Niterink, 1981; Mathew et al., 2003).
Some of them are known as saprophytes
(Martin and Loper, 1999), but others can
infect animals or even humans (Chen et
al, 2005; Sati, 1991; de Cock et al, 1987;
Vanittanakom et al., 2014). Among Pythium
representatives there are identified even
mycoparasites on other oomycetes (Paulitz
and Baker, 1987; Horner et al.,, 2012) or
inducers of plant defense systems although
they are not parasites themselves (Yacoub
et al.,, 2016). One of the largest groups of
Pythium species is composed of plant
pathogens, including many causal agents
of devastating plant diseases on a broad
plant host range generally causing rot of
fruit, roots and stems, and pre- or post
emergence damping-off of seeds and
seedlings (Uzuhashi et al., 2010).

These pathogens are recorded to infect
soybean (Zhang and Yang, 2000; Zitnick-
Anderson and Nelson Jr., 2015), corn
(Zzhang and Yang, 2000), potato, sugar
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(Suffert and Guilbert, 2007; Schroeder et al.,
2013), kpactaBuum (Cherif et al., 1994),
Kokosim, aHaHac (Perneel et al.,, 2006),
TioTioH (Khan and Haque, 2013; Bian et al.,
2016), pxuHmkndun (Le et al., 2014), Mbx
(Barbula unguiculata) (Ueta and Tajo, 2016)
n ap. Te CbLO NpUYNHABAT KOPEHOBO THME-
He Mo uaaHkMTe B rOPCKUTE pascagHuum
(Weiland et al., 2015) u npu XMAPONOHHO
oTrnexaaHe Ha peguua kyntypu (Sutton et
al., 2006).

Kakto octaHanMte Oomycotes, Taka
1 npeacrtasutenute Ha pog Pythium o6pa-
3yBaT CnopaHrum, OcBOGOXAaBalM MHO-
XXECTBO M/yBaLlln 300CMNOpKU, KOUTO Ce ABK-
XaT M pasnpocTpaHsBaT 4ype3 BojaTa M
WHEKTUPAaT 34paBn pacTeHUA-roCToNpPUeM-
HUUW. 3oocnopute ce NpuaBMXBaT 4pes
donarenn B NOYBEHO-BOAHMA NPOGUN U BbB
BOAHUS (OUIM OKOJI0 MOYBEHUTE YacTULM U
ce npuBnuyat OT eKcyaatu, OTAENAHW OT
KOpeHuTe 1 Nokb/BaluTe ceMeHa, obpasy-
BaT LMUCTW, chopmupaT K/eTbyHa CTeHa U
WHpeKTUpaT pactTuTenHarta TbkaH (Schroeder
et al., 2013).

Tes3n napasntu ce cpeLlaTt CbLlo BbB
BOLHM €eKOCUCTEeMW, KaTo C/lafKOBOAHM
esepa, notounm n pekn (Nechwatal et al.,
2008) n HanoutenHu cuctemmn (Hong and
Moorman, 2005) n ce pa3npocTpaHsaBar
ype3 BojaTa M3Mosi3BaHa 3a HanosiBaHe, a
CbLLIO Taka 1 ypes3 3apaseHa noysa.

Llenta Ha HacToALWOTO n3cnegsaHe
e [a yCTaHOBM Ha/IN4YMEeTO Ha BUAOBE OT
pog Pythium B peyHu n nouBeHn npoodw,
acouuupaHu ¢ pas/iM4yHU rocTonpueMHu-
UM, npousxoxgawy OT pasHoo6pasHu
NpUPoOAHN MecToobuTaHus.

MATEPWNAN N METO4WA

CbbupaHe Ha npobu. CrbupaHeTo
Ha npobu OT pekuTe € W3BbPLUEHO C
Y/IOBKU BK/IKOYBALLM /ICTA Ha POAOAEH-
OPOH 1 Ab6, NOoCTaBeHW B Mpexuyka nna-
Ballla BbpXy BogHaTa NOBbPXHOCT 3a 3 A0
7 OHV Wan OT cBOGOAHO nnasawy nucta
oT enwa. OTaeneHuTe ¥ Naysawy BbB
Bogara 300CMopy ce NpuBAMYaT OT na-
BalMTe siMcTa M UHGEKTUpaT smcTHaTa
TbKaH, B pe3ynTar Ha KOeTo Nno sucrara
ce obpasysaT KatheHuKaBmn neTHa.

bean, carrot (Suffert and Guilbert, 2007;
Schroeder et al.,, 2013), cucumbers
(Cherif et al., 1994), cocoyam, pineapple
(Perneel et al., 2006), tobacco (Khan and
Haque, 2013; Bian et al.,, 2016), ginger
(Le et al., 2014), moss (Ueta and Tajo,
2016) etc. They were also the reasons for
root rot in forest nurseries (Weiland et al.,
2015) and hydroponic crops (Sutton et al.,
2006).

As Oomycotes they produce
sporangia which release numerous
swimming zoospores, which move and
spread through the water to infect healthy
host plants. Zoospores move via flagella
in the soil water profile and water films
around  soll particles, and are
chemotactically attracted to exudates from
roots and germinating seeds, where they
encyst, form cell walls, and initiate an
infection of the plant tissue (Schroeder et
al., 2013).

The parasites also occupy aquatic
ecosystems such as freshwater lakes and
streams (Nechwatal et al.,, 2008) and
irrigation systems (Hong and Moorman,
2005). Thus these plant pathogens can
spread in irrigation water as well as by
contaminated soil.

The aim of this study is to
investigate the presence of the Pythium
species in rivers and soil samples and
associated with plant hosts, originating
from diverse habitats.

MATERIAL AND METHODS

Sampling. Sampling in rivers was
done by baiting with rhododendron and
oak leaves, placed in a mosquito nets and
floating on the water surface for 3 to 10
days, or from collected free floating alder
leaves. The released and swimming
zoospores are attracted by the floating
leaves, infect the leaf tissue and cause
brownish lesions.
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MpuxBalwlaHeTo Ha nartoreHute ot
noyseHn nNpobwu e npoBefeHO Cblo C
mcTa oT PofoAEHAPOH, Ab6 unn enwa B
nabopartopHu ycnosus. MNoyseHaTta npoba
ce noctaes B MjacTtMacoBa KyTus u ce
3a/MBa CbC CMOI JecTuimpaHa Bofa oT
oKosio 1 cm Hag noysara M fucTaTta ce
OCTaBAT Ha MOBBPXHOCTTA Ha BOAHUSA
cnoii 3a nepuog ot 3 o 7 gHn (Themann
and Werres, 2000). WHdekymata Ha
nmctata oT 300cCrnopuTe, 0CcBO60AEHU OT
Hamypawy ce B rmoysaTa OOMULETHU
opraHu3mn, ce u3passBa CbLUO KaKTo U
npu nucrara B Y/OBKATE B PeKuTe, B
nosisata Ha KahsiBu NneTHa no Tsx.

M3onupaHeTo Ha Pythium spp. oT
JINCTHWUTE neTHa ¥ B ABara cny4das (npu
NoYBEHNTE 1 BOAHMTE NPO6BU) € n3BbpLLe-
HO AOupekTHO Bbpxy KAA (kapTodheHo-
JekctposeH arap, Difco). Yuctn kyntypu
Ha n3onaTtuTe ca NoslyyeHun, uypes oTAensHe
Ha eMHWNYHO BPbXYe OT Xxundha Ha BCAka Mu-
LesiHa KOJIoHWSA, BbpXy HOBO netpu ¢ KOA
nnu 3eneHyykoB arap V8 (Werres, 2015).

NoeHTndmumpaHe Ha wu3onartuTe.
Cbb6paHuTe m3onatum ca ugeHtuduumpa-
HW KaTo NpuHagexawm kbM pog Pythium
Ha ocHosaTa Ha MopdIONIorMyYHK Habso-
peHna n AHK aHanusw.

MuLenHn Ko/IoHMW Ha un3onaruTe
ca pas3BuUTU Ha pPas/IMYHN XPaHWUTEsHK
cpean — MOPKOBEH arap, 3e/ieHYykoB V8
arap, oBeceH arap, KapTo)eHo-feKCTpo-
3eH arap M arap C MasLoB EKCTPakKT.
dopmMypaHeTo Ha crnoparmu e cTumynupa-
HO upe3 3a/MBaHe Ha MWLESTHUTE KOJIOo-
HAM C M3BOpHA BOAdA U WHKyGMpaHe Ha
CTaiiHa Temnepartypa 3a 1-2 gHu. Mopdo-
NIOTUYHUTE HABNIAEHNA Ca U3BBPLLEHN C
nomouita Ha MuKpockon Zeiss Axio
Imager cHabgeH ¢ AxioVision 4.8.2
codhTyep.

OHK e ekctpaxupaHa ot 7-10
JHeBeH muuen ¢ nomouwita Ha DNeasy
Plant Mini Kit (QIAGEN GmbH). PCR
amnindukaumsata Ha ITS pervoHa e
usBbpweHa c¢ npanvepn ITS5 (5-GGA
AGT AAA AGT CGT AAC AAG G-3) u
ITS4 (5-TCC TCC GCT TAT TGA TAT
GC-3) B PuReTaqT'VI Ready-To-GoT'VI

Baiting from soil samples was
performed also by rhododendron, oak and
alder leaves and maintained in the
laboratory. Each soil sample was placed
in a separate plastic box, covered by
water layer about 1 cm depth and the
leaves were positioned on the surface of
the water for 3 to 7 days (Themann and
Werres, 2000).

Released and swimming zoospores are
attracted by the leaves, infect the plant
tissue and cause brown lesions on the
leaves.

In both cases (soil and river
samples) isolation of Pythium spp. from
leaf spots was made directly on PDA
medium (Potato Dextrose Agar, Difco).
The single isolates were obtained from
transferring hyphae tips from each
mycelium colony of fresh PDA or V8
media (vegetable agar) (Werres, 2015).

The assignment of the isolates.

Attribution of the collected isolates to
genus  Pythium was based on
morphological observations and DNA
analyses.

The mycelium mats of the isolates
were developed of different media - Carrot
agar, V8 agar, Oatmeal agar, Potato
dextrose agar and Malt extract agar.
Stimulation of the sporangia formation
was performed by flooding mycelia plugs
with spring water and incubation at room
temperature for one-two days.
Morphological observations of the formed
sporangia and oospores were performed
using a microscope Zeiss Axio Imager
supplemented with software AxioVision
4.8.2.

DNA isolation was done from 7 to
10-days old mycelia using DNeasy Plant
Mini  Kit (QIAGEN GmbH). PCR
amplification of the ITS region was
performed with primers ITS5 (5-GGA
AGT AAA AGT CGT AAC AAG G-3) and
ITS4 (5-TCC TCC GCT TAT TGA TAT
GC-3) using PuReTaq'™ Ready-To-Go™
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PCR beads (GE Healthcare Life
Sciences), cnopef MHCTPYKUMMTE Ha npo-
N3BOOUTENSA U NpuiaraHeTo Ha cnegHarta
PCR nporpama: 96 °C — 2 min, cneasaHo
ot 35 uukbna of 96 °C — 1 min, 55 °C - 1
min, 72 °C — 2 min 1 nocnegHa CTbhNka 3a
enoHrauus npu 72 °C — 10 min. Mpeunc-
TeHnte PCR npoayktu ca cekBeHupaHu B
GATC Biotech AG (F'epmaHus), a aHanu-
3bT Ha [AaHHUTE OT CEKBEHMpPAHETO €
NnpoBeAEH MNOCPEACTBOM CpaBHEHWE C
6a3zata gaHHu NCBI (National Center for
Biotechnology Information), upe3 BLAST
(Basic Local Alignment Search Tool).

PE3SYNTATV N OBCBbXOAHE

O6wo 22 nsonarta Pythium spp. ca
noslyyeHn OT no4yseHuTe npobu. Cenem
npomusxoxagar oT rpagvHCKU TbProBCKu
LleHTPOBE M ropckM pascagHuum, gecet ot
rOPCKKN SloKaLmu, Tpy OT OBOLLHW FpaguHu,
€efMH OT rpajCckn napk N eguH ot yacTeH
aBop. Apyrn 20 usonata ca cbbpaHu OT
Y/NOBK/ MoOCTaBeHW BbLB BoAguTe Ha 12
pekn Ha TeputopusAta Ha bBbvnrapua -
Vckbp, Ctpyma, Mecta, But, Ocbwm, lNep-
noecka, BegeHna, Bnapgalicka, MeTtpoBuy-
Ka, KanHnk, KaHuHa v benn Jlom. Te ca
onpegeneHn kato Pythium spp. cnopepg
OHK cekBeHupaHeTo Ha ITS pervoHa.
MonyyeHnTe pesyntatn nokasear, u4e
OOMULIETHU OpraHu3Mu oT poga Pythium
ca LUMPOKO pasnpocTpaHeHu K3 usanara
CcTpaHa, NPeMMyLLeCTBEHO B Xb/IMUCTU U
nnaHWHCKM palioHn (durypa 1). Cnopeg
Haamopckarta BMCOYMHA, rnosevyeTo
Pythium n3onatn npousxoxgar oT mecTta
pasnonioxeHn mexay 200 n 750 m Hapg,
MOPCKOTO paBHULIE, BBMNPEKUM Ye unMa
n30/1aTu HamepeHu 1 Ha BucoumHa 1550
m (®urypa 2). He ca nsonnpaHu opraHus-
MU OT pog Pythium oT cbbpaHuTe peyHu
UMM NOYBEHM NPO6K OT nokauun nog 200
m HaaMopcKa BMCOYMHA UIN HA MOPCKOTO
HMBO. [OBEYETO OT U3onarTuTe ca rnosyqe-
HAW OT JloKauMu B 3anagHata 4acT Ha
CcTpaHara, KoATo uma npeavMHO NiaHuH-
Cku pened.

PCR beads (GE Healthcare Life
Sciences), according to the
manufacturer's instructions and the

following PCR program: 96 °C — 2 min,
followed by 35 cycles of 96 °C — 1 min.,
55 °C — 1 min., 72 °C — 2 min. and final
elongation at 72 °C — 10 min. Purified
PCR products were sequenced in GATC
Biotech AG (Germany) and sequencing

data analyses was performed by
comparing with data base in NCBI
(National Center for Biotechnology

Information) using BLAST search.

RESULTS AND DISCUSSION

Totally 22 Pythium spp. were
isolated from the soil samples. Among
them 7 isolates were obtained from
garden trade centers and forest nurseries,
10 from forests areas, 3 from orchards,
one from a city park and one from a
private yard. Another 20 isolates were
collected from 12 Bulgarian rivers — Iskar,
Struma, Mesta, Vit, Osam, Perlovska,
Vedena, Vladaiska, Petrovichka, Kalnik,
Kanina and Beli Lom. They were
determined as Pythium spp. according to
the DNA sequencing of the internal
transcribed spacer (ITS) region. Collected
data showed that Oomycotes organisms
of genus Pythium appeared to be largely
spread across the country presumably in
hilly and mountain areas (Figure 1).
Depending on the altitude, the most
Pythium isolates originated from locations
between 200 m and 750 m a.s.l., although
some isolates were found as high as 1550
m a.s.l. (Figure 2) There were no Pythium
organisms isolated from rivers’ or soil
samples collected at low altitude bellow
200 m a.s.l. or from locations at the sea
level. Most of the isolates were found in
the western part of the country, probably
due to the fact that this is predominantly
mountain part of the country.
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OTtgenHute wu3onatu  opmupar Various types of colonies were
pa3sHoobpaseH Tun MuuenHu konoHum | formed by different isolates grown on
npu pactex Ha cpega KOA (Purypa 3), | PDA medium which indicates different
KOETO nokKasBa BEPOSTHO HanuumMe Ha | species composition of the created
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pasnnyHu BugoBe oT pog Pythium cbeTa-
BALWM Cb3fjageHata konekumsa. OT TecT-
BaHWTE cpeau Hai-noaxofswmn 3a pac-
Tex Ha Muuena Ha Pythium n3onartute ca
MOPKOBEH arap W 3efieHuykoB V8 arap,
cnefBaHu OT OBeceH arap u kapTodeHo-
JeKkcTpoHeH arap. ArapoBa cpega C
MasILlOB eKCTPaKT e Haii-masiko noaxoas-
lWa 3a pactexa Ha mMuuena Ha cbbpa-
HUTE B KOJeKUMATa wu3onatm OT pPof
Pythium. (durypa 4).

collection (Figure 3).

The most appropriate media for mycelium
growth of collected Pythium isolates
appeared to be carrot agar and V8 agar,
followed by oatmeal agar, and potato
dextrose agar. The malt extract agar is
less suitable medium for the development
of the Pythium mycelium (Figure 4).

@ur. 3. Paznuuua B MmopdiosiornsaTa Ha MULETHUTE KOMTOHMM Ha U30/1aTh BbpXy

MOPKOBEH arap

Fig. 3. Different morphology of mycelium colonies of Pythium isolates on carrot

agar
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dur. 4. N3onat Pythium 1/1 Ha pa3nnyHu arapoBu cpegn (OT rope MBO KbM
[OoNny [ACHO): MOpPKOBeH arap, V8 arap, oBeceH arap, KapToeHO-4eKCTPO3eH
arap, arap ¢ MaJlLlOB eKCTpakT

Fig. 4. Pythium isolate 1/1 on different agar media (from top left to the bottom
right): Carrot agar, V8 agar, Oatmeal agar, Potato dextrose agar, Malt extract

agar

MoBeyeto wu3onatn  gopmupar
MHOXECTBO  CMNOPaHrMm  pasnonoxeHu
cpep, Muuen, NokKpuT ¢ M3BopHa Boja U
MHKyOMpaH Ha cTaliHa Temnepartypa 3a
eavH-aBa gHu. CnopaHrumTe umat TMnuy-
Hata 3a popg Pythium spp. ccepuuHa
opma ¢ nanuna (Purypa 5). basupa-
HMAT Ha ITS pervoHa dunoreHeTnYeH
aHa/nn3 nocTaBs nNoJjlyyeHuTe OT Hac
nusonatn Mexay wusonatute OoT  poj
Pythium o1 konekumata Ha CBS n MHoOro
67130, HO OTAENHO OT ApYrn CPOAHM
oomMuLLIETHM opraHu3mu kaTo Phytophthora
sp. n Phytopythium spp. (durypa 6).

Most of the isolates formed
numerous of sporangia in mycelia plugs
flooded with spring water at room
temperature for one-two days. Sporangia
demonstrated typical for the Pythium spp.
spherical shape with papilla (Figure 5).
Phylogeny of the isolates based on the
ITS region is situating them among the
Pythium isolates from CBS collection and
close but separate from the other
oomycete organisms such as
Phytophthora sp. and Phytopythium spp.
(Figure 6).
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dur. 5. DopmMmpaHe Ha cnopaHrum ot Pythium spp
Fig. 5. Sporangia formation of the Pythium spp

Pythium pectinolyticum CBS122643

Hll — Pythium capillosum CBS 22384
'— Pythium flevoense CBS 234.72

Pythium coloratum CBS 154 64
Cosensus BG isolates

520 — Pythium pyrilobum CBS 158.64
=) i “— Pythium inflatum CBS 168.68

Fythinm ultimum var. ultimum CBS 291,31
m Phytopythium litorsle CBS1713360-1
‘E“_l Phytopythium vaxans CES 119.80

—— Phytophthara infestans

dur. 6. PUIOreHeTMYHO ABbPBO Ha BUAoBeTe OT pog Pythium Hamepenun B

Bbnrapus 6asmpaHo Ha ITS4u 5

Fig. 6. Phylogeny of Pythium species found in Bulgaria based on the internal

transcribed spacers (ITS) 4 and 5

N3BOM

OomMuLEeTHUTE oOpraHusMuM OT  pof
Pythium ca Wwnpoko pa3npocTpaHeHn Kak-To
B €CTeCTBEHW W Ky/J1TUBMPAHU MOYBEHU
ekocucTemu, Taka U BbB BOAHW eKocucTeMu
Kato peku M noTouM Ha TeputopusaTa Ha
Bbarapusa. TO4HOTO onpeaensHe Ha Buga u
naTtoreHHoCcTTa Ha MosjyyYeHuTe uK3onatu
npeacTton aa 6baaT NOTBbPAEHU, HO NOBCe-
MECTHOTO pasnpocTpaHeHWe Ha BUAOBE OT
Pythium spp. B nousarta n pekute e npea-
noctaeBka 3a pasBUTMETO Ha BPELOHOCHU
6051€CTM N0 pacTeHusiTa, OTrNexX4aHu B pas-

CONCLUSIONS

Oomycote organisms of genus
Pythium were found to be largely spread
in natural and cultivated soil ecosystems
as well as in aquatic ecosystems such as
rivers and streams across the territory of
Bulgaria. The exact species determination
and pathogenicity of the obtained isolates
still needs to be confirmed, however the
existing inoculum potential of Pythium
spp. present in soil and rivers is a premise
of the occurrence of destructive plant
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CafHNLUM U MpW NOMVBHM 3eMeaescku no-
LY, 0COGEHO NPU HaNMUMeTo Ha noaxoas-
LM 32 pa3BUTUETO Ha NATOrEHUTE YCIIOBUSI.
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PE3OME

WN3cnepgBaHmATa ca  npoBedeHu
npe3 2013-2014r. B WHcTuTyTa nO
oBoulapcteo - lMnosave. B ycnoBusa Ha
MOJICKA ONUT 6sXa MPOoyYeHu BAUAHWETO
Ha MOYBEHUS CeNeKTUBEH CUCTEMEH Xep-
o6uuyng neHgmmetanmH (Ctomn 33 EK —
400 ml/da), BbpXy 3anneBensiBaHETO U
pacTexHute nposBM Ha BeretaTuBHarta
yepewloBa noanoxka Msena 6 u edek-
THT HA KOHTaKTHWUA Xepouung ¢ NoYBEHO U
NMCTHO peiicTBue okcudpnyopgeH (MFoan
40 — 250 ml/da), Bbpxy OKynaHTuTe B Nu-
TOMHWK BTOpa rogvHa. NpunoxeHute noy-
BEHV Xepouuman ycnewHo enMMuHupar
nnesenHara pacTUTE/IHOCT B MUTOMHUK
nbpBa W BTOpa roguvHa. lMpogbrxuren-
HOCTTa Ha XepbuumgHo nocnegencrTeve
Ha nNeHgMmeTanuH e okono 120 gHu, Koe-
TO ocurypsisa [o6pv ycrnosus 3a passu-
TMETO Ha MOAJIOKKATE B Hal-paHHUTE
eTanu Ha BereTauusi, KOrato KOHKypeH-
uusaTa mexay nnesenn v KyntypeH Buf
MMa Hail-CMNHO YrHeTsBallo JeicTBue.
MouBeHOTO AeicTBMe Ha okcudpnyopdeH
npoab/ixasa okosio 150 gHu 1 ocurypsasa
ynucToTa OT NeBesin Npe3 BereTaunoHHNA

Accepted: 05.09.2018
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SUMMARY

The study was carried out in
2013-2014 at the Fruit-Growing Institute -
Plovdiv. The effect of the soil selective
systemic herbicide pendimethalin (Stomp
33 EC - 400 ml/da) on weed infestation
and on the growth habits of the vegetative
cherry rootstock Gisela 6 and the effect of
the contact herbicide of a soil and foliar
effect oxyfluorfen (Goal 4F — 250 ml/da)
on the grafted plants in a second-year
nursery garden were investigated in a
field trial. The applied soil herbicides
successfully killed the weed vegetation in
the first- and in the second-year nursery
gardens.

The post-effect of pendimethalin lasted for
about 120 days, which provided good
conditions for rootstock development at
the early stages of vegetation when the
weed-crop competition exerts the most
suppressing effect.

The soil effect of oxyfluorfen lasted for
about 150 days, it controlled weeds during
the vegetation period and provided good
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nepvog 1 fo6pn ycnosus 3a pasBUTUE Ha
OKynaHTWTe. He e yCTaHOBEHO NoATUCKa-
WO BNMsIHME BbPXY pacTexa cnep npu-
naraHeTo Ha Tesu [Ba Xepbuuuaa KakTo
npy pacTeHusiTa Ha BereTaTtMBHaTa noj-
noxka r'msena 6, Taka u npu oKyMpaHuTe
BbPXY HESl UepeLLOoBY COPTOBE.

KntoyoBn  gymn:  xepbuumau,
nneesenu, vsena 6, pacTeXHW MNposiBu,
nocafbyeH MaTepuan

yBO/[,

Mpon3BoACTBOTO Ha  KayecTBeH
OBOLLIEH nocaZibyeH mMaTtepuasl e CTapToB
eTan oOT nM/040BOTO MNPOU3BOACTBO W
onpenena Ao ronsma CTeneH HerosaTa
epeKTMBHOCT. OCHOBEH arpoTexHuyecku
npo6siem B OBOLLHWUTE pa3cajHuLm e 6op-
6aTa c nnesenHara pacTUTESTHOCT, KOATO
€ KOHKYpPEeHT Ha MOANIOXKKATE CnpsMO
Bojara, CBeT/MHata W XpaHuTenHute
enemMeHTu. [pun cunHoO 3ansesensBaHe ce
noslyyaBaT HeKauyeCTBEHU MOAJIOXKM, KOU-
TO He wmoratr fga 6bgar oKynuMpaHu B
roguHata Ha 3acaxfjaHe. bopb6ata c
nnesesiHaTa pacTUTENIHOCT ce cBexAa [0
npunaraHe OCHOBHO Ha MexXaHW4Hu cpef-
cTBa (OKonaeBaHe WM PBYHO MNJIEBEHE),
KOUTO ca TPyAOEeMKM MeponpusatTus wu
HamasiaBaT WKOHOMUYeckaTa edIeKTUB-
HOCT Ha pa3cafonpou3BOoACTBOTO. ToBa
Hanara HeobxoAMMOCTTa OT Mpoy4yBaHe
BNIMSAHVUETO Ha pas3/IiHN aKTUBHU Bellec-
TBa Ha xepbuunan, BbpXy pasBUTUETO Ha
NOAJIOXKUTE C Les NPUNoXEHNETO UM Npu
Npon3BOACTBOTO Ha nocafjbyeH wmaTe-
puan. B nutepatyparta CblUecTBYBaT [aH-
HW 3a pas/InyHO BNUSAHWE Ha peaumua nou-
BEHV N JIMCTHU Xepouuunamn BbPXY pacTe-
Xa Ha OBOLLHW BUAOBE, N3MOJ3BAHN KaTo
NoAJI0XKN - OT /inca Ha (PUTOTOKCUYHOCT
W nosiyyaBaHe Ha KauyeCTBeH nocafbyeH
mMaTtepuas, A0 MHOr0 CW/IHa TOKCUYHOCT
cnej npunaraHe Ha HAKOWM  akTUBHMU
BellecTBa Ha xepouuman u 3armeaHe Ha
pacTteHusaTa (Rankova, 2004; Hanson and
Schneider, 2008; Rankova, 2011; Rankova
and Tityanov, 2013; Rankova and
Zhivondov, 2013; Rankova and Tityanov,
2014). Pe3yntatute OT peauua npeauiHn

conditions for the development of the
grafted plants. The application of those
two herbicides did not cause an inhibitory
effect on the growth of the vegetative
rootstock Gisela 6 and the cherry cultivars
grafted on it.

Key words: herbicides, weeds,
Gisela 6, growth habits, planting material

INTRODUCTION

The production of good quality fruit
planting material is the starting point of
fruit production, determining to a large
extent its effectiveness. The main agro-
technical problem in fruit nurseries is the
control of weed vegetation, which
competes with the rootstocks for water,
light and nutrients.

In case of strong weed infestation, the
produced rootstocks are of low quality and
they cannot be grafted in the year of
planting. Weed control is limited to
applying mainly mechanical means
(hoeing or manual weeding), which are
labor consuming and reduce the
economic efficiency of the production of
planting material.

That necessitates the study of the effect
of different active substances in
herbicides on rootstock development with
the aim of their application in the
production of planting material. In
literature, there are data about the
different effect of a number of soil- and
foliar-applied herbicides on the growth of
fruit species used as rootstocks — from
lack of phytotoxicity and the production of
good quality rootstocks to a very strong
toxicity after the application of some
active substances contained in the
herbicides, causing plant death (Rankova,
2004; Hanson and Schneider, 2008;
Rankova, 2011; Rankova and Tityanov,
2013; Rankova and Zhivondov, 2013;
Rankova and Tityanov, 2014). The results
of a number of previous studies showed
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n3cneaBaHus NokaseaT, Ye NMOYBEHUAT Xep-
6UUMa NeHANMETAIMH NPOSBSIBA 33/10BO/N-
TeNHa CeNeKTMBHOCT CNPSIMO OCHOBHU MOA-
JIOXKW 32 OBOLUHWTE BUAOBE — Xb/Ta AXaH-
Ka, mpackoBa, Maxanebka, AvMBa 4epelua.
MpenopbyBa ce KaTo noaxoAsiy xepouuma
M nNpu Npou3BOACTBOTO Ha /1030B Nocafb-
yeH martepuan (Prodanova-Marinova, 2012;
Dimitrova et al., 2014; Prodanova-Marinova

et al.,, 2014; Tsvetanov et al.,, 2014;
Prodanova-Marinova et al., 2016).
MNpe3 nocnegHuTe TrOAWHU  ce

HabnwgaBa MHTEpeCc KbM Cb3gaBaHe Ha
HOBM YepeLLoBU HacaXAeHNA BbPXY Bere-
TatnBHata nognoxka msena 6. Ta uHay-
umpa no-cusieH pactex B CpaBHEHWe ¢
Nno-mMacoBO pasnpocTpaHeHaTa noaaoXxkKa
oT cbluata cepus N'msena 5 (Popov, 2008).
Llen Ha HacToAWOTO npoyyBaHe e
[a ce uscneasar B/IVSHUETO Ha NMOYBEHUA
xepbuuma neHgnmetanud (Ctomn 33 EK -
400ml/da) Bbpxy pacTexHuTe MposiBx Ha
BeretaTusHata nogfnoxka Iunsena 6 B
NMATOMHWUK NbpBa rofMHa U eqekTbT Ha
KOHTaKTHUS Xepbuumg C MOYBEHO W
NMCTHO faelicTBue okcudpnyopdoeH (Moan 4
® — 250 ml/da) Bbpxy pasBuUTMETO Ha
OKy/laHTUTE B NUTOMHUK BTOpPA rogunHa.

MATEPVAJT N METOOU

N3cnegHusata ca nposefeHn npes
2013-2014 r. B VIHCTMTYTa NO 0BOLLAPCTBO -
Mnosame. B ycnosua Ha MOACKA onuT
651xa NPOy4YeHN BJIMAHMETO HAa MOYBEHUS
CeNleKTUBEH CUCTEMEH Xepbuuua neHau-
mMeTasimH (Ctomn 33 EK — 400ml/da) Bbp-
Xy 3ansieBensiBaHeTo 1 pacTeXHUTe npos-
BM Ha BereTatuBHaTa uyepeluoBa NOA0XKa
Mmzena 6 u edekTta Ha KOHTaKTHUA Xep-
6VLMA C NOYBEHO U JIMCTHO AEWCTBME OKCU-
donyopdoeH (Moan 4 @ — 250 ml/da), Bbpxy
OKyNaHTUTe B MMTOMHWK BTOPa romHa.

NMuTomMHUKK I-Ba rognHa

PacteHuss oT BeretaTtuBHata nog-
noxka 'msena 6 6sxa 3acafeHun B nepuo-
fa 15-25 mapTt B NMUTOMHMK Ha pascTos-
Hue BbLTPe B pefa 15cm. Henocpencrtse-
HO cnepj 3acaxiaHeTo Ha pacTeHusTa ce
U3BBPLN TpeTupaHe C MoYBEHUS Xepobu-

that the soil herbicide pendimethalin
exhibited satisfactory selectivity in the
major rootstocks for fruit species — yellow
plum, peach, mahaleb, wild cherry. It is
also recommended as a suitable herbicide
in the production of vine planting material
(Prodanova-Marinova, 2012; Dimitrova et
al.,, 2014; Prodanova-Marinova et al.,
2014; Tsvetanov et al., 2014; Prodanova-
Marinova et al., 2016).

In recent years there has been an
increased interest in establishing new
cherry plantations on the vegetative
rootstock Gisela 6. It induces more
vigorous growth than the common
rootstock of the same series Gisela 5
(Popov, 2008).

The aim of the present study was to
investigate the effect of the soil herbicide
pendimethalin (Stomp 33 EC — 400 ml/da)
on the growth habits of Gisela 6
vegetative rootstock in the first-year
nursery garden and the effect of the
contact herbicide with soil and foliar
activity oxyfluorfen (Goal 4F — 250 ml/da)
on the development of the grafted plants
in the second-year nursery.

MATERIAL AND METHODS

The study was carried out in
2013-2014 at the Fruit-Growing Institute -
Plovdiv. The effect of the soil selective
systemic herbicide pendimethalin (Stomp
33 EC - 400 ml/da) on the weed
infestation and the growth habits of the
vegetative cherry rootstock Gisela 6 and
the effect of the contact herbicide with soll
and foliar activity oxyfluorfen (Goal 4F —
250 ml/da) on the grafted plants in a
second-year nursery were studied under
the conditions of a field trial.

First-year Nursery

Plants from the vegetative rootstock
Gisela 6 were planted in the period 15-25
March in a nursery at a planting distance
in the row strip of 15 cm. Treatment with
the soil herbicide pendimethalin — Stomp
33 EC — 400 ml /da was carried out
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uma neHgmmetanimH — Ctomn 33 EK — 400
ml/da. OnNnTBLT ce 3a10kKn No CTaHAapPTeH
MeToA Ha ObaruTe pefose, B 4 NOBTO-
peHus. KoHTponara ce nogabpxalle
yucTa OT NeBesn, Ypes PbYHO MeBeEHE
npe3 30 gHu. To Bpeme Ha Beretaumata
NoAsIOKKUTE Ce OTrexaaxa no ctaHaapT-
Ha TEXHOOrs.

3a oueHka Ha xepbuungHata edu-
KaCHOCT Ha NpWIOXeHUTe xepbuumuan no
BpEMe Ha Beretauusita ce oTyeTe 3anse-
BE/IIBAHETO B OTAE/IHWTE BapuaHTu B
OnHamuka npe3 30 AHM OT pgararta Ha
TpeTvpaHe, 4O MpuKIOYBaHe Ha xepbu-
LUMAHOTO nocnepencTeme.

Mo Bpeme Ha Beretayusatra ce us-
BbpLUBaxa HabNaeHNA BbPXY pacTexa u
pasBUTMETO Ha pacTeHusTa - pacTex,
BbHLUIHA MNpu3HaUM Ha TOKCMYHOCT —
X/10p03a, HEeKpPOo3a, AenpPecust Ha pactexa.

Mpe3 mecey, aBryct (15-20 aBrycr)
Ce U3BbPLIN OKayecTBABaHE Ha MOASIOX-
KATE, KaTo 6sXxa OTYETEHU GUOMETPUYHU-
Te nokasaTeny BUCOYMHA Ha pacTeHusTa
(cm) n pebenuHa B 30HaTa Ha npucax-
AaHe (mm). OkayecTBsIBAaHETO Ha pacTte-
HMATa B TO3M Nepuoz cbBnaja ¢ nepuoja
Ha npucaxgaHe, onpefesieH kato Haii-
noaxoAsily 3a U3BbplIBaHe Ha obnaropo-
[AsiBaHe B HallaTa OBoLapcka npakTuka.

Moonoxkute 6sxa okynupaHu ¢ 6
6posi yepewoBun coptoBe: CbmuT, Burapo
Biopna, Posuta, PosanuHa, Tpakuiicka
xpywanka n Kocapa.

MTOMHUK 2-pa rogmnHa

B nUTOMHUKK 2-pa roguHa pacTteHus
OT BereTaTvBHaTa noanoxka msena 6 c
OKyNuMpaHu 4yepeLloBu COpPToBE ce TpeTu-
paxa C KOHTaKkTHWS Xepbuumz ¢ noyBeHo
W NIMCTHO aeiicteue okcndpayopdeH (Foan
4 ® — 250 ml/da). TpeTnpaHeTo ce N3BbLP-
WM B Kpasi HA Mecel mapT, npeayu Hava-
I0TO Ha Beretauusa Ha okynaHTute. lMpo-
yyeHO 6e BANSHMETO Ha KOHTaKTHUA
Xepounuug ¢ NoYBEHO U NINCTHO AENCTBUE
okcndpnyopdoeH BbpXy 3anseBensiBaHeTo,
pacTtexa, pasBWTMETO U KavyecTBOTO Ha
OKynaHTuTe BbpXy nopsioxka vsena 6.
3anoxeHn 6sixa cnegHute BapuaHtu: 1.

immediately after planting. The
experiment was set by the standard long-
row method, in 4 replications. Control was
maintained free of weeds by manual
weeding every 30 days. During the period
of vegetation the rootstocks were grown
following the standard technology.

The efficacy of the applied
herbicides during the vegetation season
was assessed by reporting the weed
infestation in the separate variants in
dynamics, every 30 days from the date of

treatment until the herbicide effect
subsided.
During the vegetation period,

observations were made on the growth
and development of the plants —growth,
external symptoms of toxicity — chlorosis,
necrosis, growth suppression.

In the period 15-20 August, the
rootstocks were graded for quality, taking
into account the biometric parameters of
the plant height (h-cm) and the thickness
at the place of grafting (mm). Grading for
quality of the plants in that period
coincided with the grafting period,
determined to be the most suitable in our
fruit-growing practice.

The rootstocks were grafted with 6
cherry cultivars: ‘Summit’, ‘Bigarreau
Burlat’, ‘Rosita’, ‘Rosalina’, ‘Trakiiska
hrushtyalka’ and ‘Kossara’.

Second-year Nursery

In the second-year nursery garden,
the cherry trees of different cultivars on
the vegetative rootstock Gisela 6 were
treated with the contact herbicide with a
soil and foliar activity oxyfluorfen (Goal 4F —
250 ml/da). Treatment was carried out at
the end of March, before the vegetation
season. The effect of the contact
herbicide with a soil and foliar effect
oxyfluorfen on weed infestation, growth,
development and quality of the plants
grafted on Gisela 6 rootstock was studied.
The following variants were set: 1.
‘Summit’/Gisela 6 (control); 2.
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Cobmut/In3ena 6 (koHTpona); 2.
Cobmut/Tusena 6 (TpetupaHo); 3. burapo
Biopna/lnsena 6 (koHTpona); 4. burapo
Biopna/luzena 6  (TpetupaHo); 5.
Posuta/lnusena 6 (koHTpona); 6. Posuta /
M'mzena 6 (TpetupaHo); 7. Tpakuiicka
xpywsnka/fusena 6 (koHTpona); 8.

Tpakuiicka xpywsanka/l' msena 6
(TpetupaHo); 9. Kocapa/Tuzena 6
(koHTpONa); 10. Kocapa/l'msena
6(TpeTupaHo); 11. PosanvHa/Tuszena 6
(koHTpona); 12. PosanuvHa/Tuszena 6

(TpetupaHo). ONUTHLT Ce 3a/10XM MO CTaH-
JapTeH meTo4 Ha ObaruTte pepose, B 4
nosTopeHus. KoHtponara ce noggbpxa-
Wwe uyucta OT MJEeBENN 4pe3 PbYHO
nneseHe npe3 30 gHn. o Bpeme Ha
BereTaumaTa NnognoxkuTe ce oTrnexgaxa
no cTaHgapTHa TEXHOJIOTUS.

3a oueHka Ha xepbuympHata
eMKacHOCT Ha MNPWIOXKEHNs Xepouunsg
Mo BpeMe Ha Beretayusita ce oT4yeTe
3an/sieBefsiBAHETO B OTAE/THUTE BapuaHTu
W BpeMeTo [0 NpuKIlYBaHe  Ha
XepbnumaHoTo nocnegeiicTane.

Mo Bpeme Ha BeretaumsATa ce
u3BbpLBaxa BulyanHu HabnwgeHus
BbpXy pacTtexa ”n pasBuTMeTO Ha
pacTteHusiTa — TeMMN Ha pasBuUTHe, BbHLUHU
npuM3HauM Ha TOKCUYHOCT — X/10p03a,
HEKpPO3a, AeNnpecus Ha pacTexa.

Mpe3 mecel, HOEMBPU Ce U3BBLPLUN
OKa4yecTBsBaHe Ha [gpbBuyeTara, Karo
6siXxa OTYETEHU OUOMETPUYHUTE MOKa3a-
TeNN: BMUCOYMHA Ha pacTeHuaTa (cm) u
pebennHa (Ha 15 cm Hajg 3o0Hata Ha
npucaxpaHe, mm).

PE3YJITATU N OBCBXXOAHE

MneBenHaTa acouuauusi B OBOLL-
HUS pascafHuWK B EKCMEepPUMEHTa/THOTO
nosne Ha MO - MNnoBanMB ce xapakTepusu-
pa kaTo acoumaums ot “okoneH Tun’, T. e.
B HesA npeobnagasaTt MnaeBesin OCHOBHO
OT rpynara Ha egHOrogULLIHUTE PaHHU Y
KbCHU nponeTHn Bugose. OTuyeTeHo 6Ge
pasBuTMe Ha crefHuTe egHOroAUWHN BU-
[OBe nneBesin: 6pPbLUISAHOMNCTHO BEUK-
peHue (Veronica hederifolia L.), 06MKHO-
BeH cnopex (Senecio vulgaris L.), 6sna

‘Summit’/Gisela 6 (treated); 3. ‘Bigarreau

Burlat/Gisela 6 (control); ‘Bigarreau
Burlat'/Gisela 6 (treated); 5.
‘Rosita’/Gisela 6 (control) 6.

‘Rosita’/Gisela 6 (treated); 7. ‘Trakiiska
hrushtyalka’/Gisela 6  (control); 8.
‘Trakiiska hrushtyalka'/Gisela 6 (treated);

9. ‘Kossara’/Gisela 6 (control); 10.
‘Kossara’/Gisela 6 (treated); 11.
‘Rosalina’/Gisela 6 (control); 12.
‘Rosalina’/Gisela 6  (treated). The

experiment was based on the standard
long-row method, in 4 replications. Control
was kept free of weeds by manual
weeding every 30 days. During the
vegetation period, the rootstocks were
grown following the standard technology.

The efficacy of the applied
herbicides during the vegetation season
was assessed by reporting the weed
infestation in the separate variants and
the duration of the period of herbicide
efficacy.

During vegetation, visual
observations were made on plant growth
and development: development rate,
external symptoms of toxicity — chlorosis,
necrosis, growth suppression.

In November the trees were graded
for quality, reporting the biometric
characteristics of plant height (h - cm) and
thickness (15 cm above the place of
grafting, mm).

RESULTS AND DISCUSSION

The weed association in the fruit
tree  nursery established in the
experimental field of the Fruit-Growing
Institute — Plovdiv is characterized as an
association of an arable type, i.e. the
predominant weeds are of the group of
annual early and late spring species. The
following annual weed species were
reported: ivy leaf speedwell (Veronica
hederifolia L.), common groundsel
(Senecio vulgaris L.), white goosefoot
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no6boga (Chenopodium album L.), 06MKHO-
BeH wup (Amaranthus retroflexus L.), Tyue-
Huua (Portulaca oleracea L.), 3noneTtHuua
(Erigeron canadensis L.), CBUHMLA
(Xanthium strumarium L.) n 3eneHa Kowps-
Ba (Setaria viridis L.). Mpe3 nbpeute Tpu
Mecela OT BHacAHeTO Ha Xxepbuumga He
651Xxa yCcTaHOBEHW pa3BuBaLLM Ce N/eBesHU
pacTteHus B TpeTupaHua BapuaHT. [louse-
HUAT xepbuumg Ctomn 33 EK B npuioxeHa-
Ta gosa 400 ml/da peanusnpa mHoro gob6pa
xepéuumnaHa edgurkacHOCT BbpXy 3anse.se-
NIABAHeTo, Kato MNpoAb/KMTENHOCTTa Ha
xepbuumgHoTo aelicteme 6e 3,5-4 meceua.
ToBa fJajile Bb3MOXHOCT fa Cce enMMuHupa
KOHKYPEHTHOTO B/MSAHWE Ha nfeBenuTe
BbPXy Hayas/lHUs nepuoj Ha pasBuThe Ha
noanoxkure. TpuknouBaHe Ha xepouuuma-
HOTO pelicTBMe ce Habnwogasalle OKOMo
120 gHu cnep TpeTMpaHeTo - B Ha4as10To Ha
Mecel, aBrycT. lpu TOoBa OTuuTaHe OGelle
YCT@HOBEHO Ha/Munme Ha eAuMHUYHWU pacTe-
HWA Ha Ty4YyeHuua 1 3e/ieHa Kowpssa B Tpe-
TMpaHus BapuaHT. Peanu3npaHeTo Ha npo-
Ob/XUTENEeH XepbuunaeH edekt okono 4
Mecela cnef TpeTupaHe ocurypsisa 4o6pu
YCNoBUA 3a pa3sBUTUETO Ha MOLJIOXKUTE B
Hali-paHHWUTEe eTanu OT BereTauusaTa, Korato
KOHKYpeHUuaTa mexzay nnesenu n KyntypeH
BW/, UMa Hail-CU/THO YrHeTsBaLlo AencTeme.

B nuTOMHMK BTOpa roAmHa KOHTaKT-
HUAT Xepbuumua ¢ NOYBEHO W JIMCTHO Aeid-
CTBME OKcuhyopeH peanusvpa MHOro
pobpa xepbuuugHa akTUBHOCT  CMPSAMO
nnesenHWTe BWAOBE B pejoBaTa MBMLA.
Mopaay HanMuMeTo Ha JSIUCTHO felicTBue
651Xa YHULLOXEHN U NOHMKHANUTE B Nepuo-
[Ja Ha TpeTupaHe epeMepHu U paHHO npo-
NeTHW nneBesiHU BuUAOBe (nosicka nucuya
onawka,  3Be3guua,  OpPBLLUIAHONNCTHO
BesimkaeHue). [loYyBEHOTO [AelcTBME  HO
oKcudpnyopheH Npoab/kM 0Koslo 5 mecela.
ToBa ocurypy uymuctoTa OT MfeBenn npes
BeretauvoHHUsA nepvog v [o6pu ycrioBus
3a pasBuTME Ha OKyNaHTUTe. B KOHTPONHUSA
BapuaHT npe3 BTopara nosioBUHa Ha meceL|
IOHW 6€e OT4YeTeHO pas3BuUTME Ha BULOBETE
3n0neTHMLA, TyvyeHuua n éanyp.

BnnaHne Ha noyBeHUTe Xxepobuum-
O BbpXy BeretatMBHUTE NPOSABU Ha
BeretatmBHara nog/soxka N'msena 6 B nu-
TOMHUK NbpBa rognHa n pasBUTMETO Ha
OKYy/laHTUTE B MMTOMHWK BTOpa rognHa

(Chenopodium album L.), redroot pigweed
(Amaranthus retroflexus L.), purslane
(Portulaca oleracea L.), horseweed
(Erigeron canadensis L.), rough cockle-
bur (Xanthium strumarium L.) and green
foxtail (Setaria viridis L.). No developing
weed plants were found in the treated
variant during the first three months after
the herbicide treatment. The soil herbicide
Stomp 33 EC at the applied rate of 400
ml/da showed very good herbicide
efficacy of weed control, the duration of
the herbicide activity being 3,5-4 months.
That enabled the elimination of the
competitive impact of weeds on the initial
stage of rootstock development. The
herbicide activity subsided about 120
days after treatment — at the beginning of
August. Single plants of purslane and
green foxtail were found in the third
variant. Achieving a continuous herbicide
effect for about 4 months after treatment
provided good conditions for rootstock
development at the earliest stages of
vegetation when the weed/crop
competition had the most suppressing
effect.

In the second year nursery, the
contact herbicide with a soil and foliar
activity oxyfluorfen showed a very good
control of the weed species in the row
strip. Thanks to its foliar effect, ephemeral
and early spring weed species (foxtail
grass, common chickweed, ivy leaf
speedwell), which had emerged during
the treatment period, were destroyed. The
soil activity of oxyfluorfen lasted about 5
months. Satisfactory weed control was
achieved during the vegetation period and
good conditions for the development of
the grafted plants were provided. In the
second half of June the development of
the following species was reported in the
control variant: horseweed, purslane and
Johnson grass.

Effect of the soil herbicides on
the vegetative habits of Gisela 6
rootstock in the first-year nursery and
the development of the grafted plants
in the second-year nursery
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TpeTupaHute ¢ NeHgUMeTasiMH Noj-
Nnoxkn Ha Mv3ena 6 He ce pasnuyaBaxa B
pacTtexa 1 pasBUTMETO CU B CPaBHEHWE C
KOHTponata. He 6sixa HabnwgaBaHn K
BU3ya/IHA CUMMNTOMM Ha (OUTOTOKCUYHOCT
npw pacTeHnsTa oT TpeTupaHus BapuaHT.

Pesyntatute oT 6uomMeTpuyHMA aHa-
N3 NoKasBart, ye TpeTupaHute ¢ xepouuma,
pacTeHus umar BMCOYMHA, 6nm3ka 4O Ta3n
Ha NOAJI0XKKNTE OT KOHTpoNaTa. AHa0rMYHK
ca JaHHuUTe ¥ 3a B/UAHWETO Ha MNeHgume-
TaNMH BbPXY MNokasatensa pgebenuHa B
30HaTa Ha npucaxpgaHe. TpeTupaHeTo C
neHgumMeTayIMH  He OKa3Ba HeratuBHO
gelictBne Bbpxy pactexa (durypa 1 n
durypa 2). Pasnuknte mMexay BapuaHTuTe
He ca cTaTucTMyecku fdokasaHw. Nonyyasa
Ce KayeCTBEH nocagbyeH mMartepuasn, rogeH
3a OKy/iMpaHe B rogmMHaTa Ha 3acaxpjaHe Ha
NOASTOXKHUTE.

B nuTOMHMK BTOpa roguHa BuUAuMHU
CMMNTOMMW Ha (PUTOTOKCUYHOCT NPU OKy/aH-
TUTE He 06Axa HabnwgaBaHW, Kakto w
pasmumsa B TEMNOBETE Ha Pa3BUTUETO UM
cnep TpetupaHe ¢ okcudnyopdeH.

Gisela 6 rootstock treated with
pendimethalin, did not differ in growth and
development compared to the control. No
visual symptoms of plant phytotoxicity in
the treated variant were observed.

The results of the biometric
analysis showed that the herbicide-treated
plants had a stem height close to that of
the control plants. Similar data were
reported about the effect of pendimethalin
on the other studied characteristic —
thickness at the place of grafting.
Treatment with pendimethalin showed no
negative effect on growth (Figure 1 and
Figure 2). The differences between the
variants were statistically insignificant.
Good quality planting stock was obtained,
suitable for grafting in the year of planting.

In the second-year nursery, no
visual symptoms of phytotoxicity were
observed in the grafted plants, as well as
no differences in their growth rates after
treatment with oxyfluorfen.

7z pebennHa (mm) /
thickness (mm)

® BUcoduHa (cm) /
height (cm)

100 -~

10 A

KOHTpona
control

ns

Stomp 33 EK
(400ml/da)

our.l. BnvsaHue Ha nouseHus Xepbuuup neHammetanmH (Ctomn 33 EK — 400
ml/da) BBbpXy BucouMHaTa W pebennHata B MSACTOTO Ha npucaxiaHe Ha

BeretatmBHaTta nogsioxka Nnmsena 6

Fig. 1. Effect of the soil herbicide pendimethalin (Stomp 33 EC — 400 ml/da) on
height and thickness at the place of grafting of the vegetative rootstock Gisela 6

Pe3yntatute oOT GUOMETPUYHUSA

The results of the biometric

aHanM3 nokaseaT, Ye npuioxeHneto Ha | analysis showed that the application of

Foan 4 ® B po3a 250 ml/da He npeaus-

Goal 4F at the rate of 250 ml/da did not
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BMKBa Jenpecus Ha pacTtexa. Habnwoga-
Ba ce TeHAEeHUMA pacTeHusTa OT TpeTu-
paHuTe BapvaHTu fda umat 6513ku [0
KOHTpO/1aTa unn no-BMCOKN CTOMHOCTU Ha
oTYyeTEHMTE OBMOMETPUYHM MoKasaTenu,
KOeTo NnoTBbpXJaBa, 4ye TpeTupaHeTo C
okcudpnyopheH He okasBa (PUTOTOKCK-
yeH epekT BbpXy pactexa Ha copTonoa-
JIOXXKOBUTE KOMBUHAL MW,

90

BucouuHa (cm) / Height (cm)

cause growth suppression. A tendency
was observed that the values of the
biometric characteristics of the plants in
the treated variants were close to the
control or higher, which confirms that
treatment with oxyfluorfen had no
phytotoxic effect on the growth of the
cultivar/rootstock combinations.
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Fig. 2. Effect of oxyfluorfen (Goal 4 F — 250 ml/da) on the tree height (cm)
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dur. 3. BnusaHue Ha okcndonyopdoeH (MToan 4 @ — 250 ml/da) Bbpxy gebennHata
Ha gpbBYeTata (Ha 15 cm Hag 30HaTa Ha npucaxgaHe, mm)
Fig. 3. Effect of oxyfluorfen (Goal 4 F — 250 ml/da) on the tree stem thickness (15

cm above the place of grafting, mm)
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OueHeHa 6e  MKOHOMMYeEcCKaTa
e)eKTVBHOCT Ha us/i0cTHaTa cuctema 3a
XUMWUYHUA KOHTPO MPU NPOU3BOACTBOTO
Ha nocagbyeH maTtepuan OT COpTOBeETE
Kocapa, burapo bBiopna un Tpakuiicka
XpyLwsanka, npucageHun Ha M'msena 6, kato
ce BK/IWOYM W [BYKpaTHO TpeTupaHe c
dy3unan ¢opte 140 ml/da 3a KoHTpon
Ha eHOrOAMLIHM N MHOTOTOAMLLIHUN XUTHK
naeeBenn MO BPeEME Ha BeretayusATa
(Rankova et al., 2016). OaHH/Te nokas-
BaT, Ye eeKTVBHOCTTA M Bb3BpbLiae-
MOCTTa Ha pa3xoguTe ca CbOTBETHO: 8%
n 7% no-Bncokn. [JobaBeHaTa CTOMHOCT
Ha XMMMyeckaTa 6opba B pascagHuka e ¢
320 ne/da no-BMcOKa OT Ta3n Ha KOHTPO-
narta, Kato CblUEeBPEMEHHO a/TepHaTuB-
HUTe pa3xogu ca MHOro Huckm — 0,85%
oT gobwuBa. ToBa gaBa OCHOBaHWe Aa ce
npenopbyBa ynotpeba Ha M3NUTBaAHWUTE
Xepoémuugn npu NpPovM3BOACTBOTO  Ha
OBOLUHM ObpBeTa BbpXy BeretaTtuBHarta
nognoxka [u3ena 6. lNpunaraHeto Ha
XMMU4yHaTa 60pba C nneBenute MNO3BO-
NsBa NPOM3BOACTBO Ha NO-eBTMH U Ka-
YyecTBeH nocagbyeH martepuas, ¢ U3nos-
3BaHe Ha Mo-Manko HenpuBnekaTeneH

PBYEH TPYA.

N3BOAN

1. TpunoxeHnte no4BeHN Xxepbu-
uman neHgmmvetanunH (Ctomn 33 EK) un
okcudpnyoppeH (foan 4 &) ycnewHo
e/IMMVHMPAT NnneBenHara pacTUTesIHoCT B
NMATOMHWK NbpBa W BTOpa roguHa. llpo-
Ob/MKUTENHOCTTa Ha XepbuunaHo nocne-
[OeNCTBME Ha NeHaMeTaNIMH e okoso 120
OHW, KoeTo ocurypsisa gobpu ycnoeus 3a
pasBUTMETO Ha MOAJIOKKUTE B Hali- paH-
HUTEe eTanu Ha BereTauus, KOraTo KOHKY-
peHUmnsTa mexay nnesenu u KyntypeH
BUA, MMa Hal- CU/IHO YrHeTsBallo Aein-
cTtBve. [OYBEHOTO [JelicTBME Ha OKCU-
donyopdeH npogb/hkasa 0kono 150 gHu n
ocurypsisa 4yucrtota OT [MJIeBenin npes
BereTalMoHHMA nepuos 1 fobpu ycnosus
3a pa3BuTME Ha OKyNnaHTuTe.

2. He e ycTaHOBeHO noAatuckallo
BNNsiHME BbpXy pacTtexa cneg
npunaraHeTo Ha Te3n fABa xepbuumaa,

The economic efficiency of the
overall chemical control system for the
production of planting material of
‘Kossara’, ‘Bigarreau  Burlat’ and
‘Trakiiska hrushtyalka’ cultivars grafted
on Gisela 6 was evaluated, including a
double treatment with Fusilade forte at
the rate of 140 mi/da for the control of
annual and perennial grassy weeds
during vegetation (Rankova et al., 2016).
Data showed that cost effectiveness and
return on investment were 8% and 7%
higher, respectively. The added value of
the chemical control in the nursery was
320 BGN/da more than the control, while
the alternative costs were very low:
0,85% of the yield.

That gives reason to recommend the use
of the studied herbicides in the production
of fruit trees on the vegetative rootstock
Gisela 6. The application of chemical
weed control allows the production of
cheaper and good quality planting
material using less manual labour, which
is quite unattractive

CONCLUSIONS

1. The applied soil herbicides
pendimethalin  (Stomp 33 EC) and
oxyfluorfen  (Goal 4F) successfully
eliminated weed vegetation in the first-
and second-year nurseries. The duration
of the herbicide effect of pendimethalin
was about 120 days, which provided good
conditions for the development of the
rootstocks at the earliest stages of
vegetation, when the  weed/crop
competition had the most suppressing
effect. The soil activity of oxyfluorfane
continued for about 150 days and ensured
weed free growing conditions for the
development of the grafted plants during
the vegetation season.

2. A suppressing effect on the tree
growth was not established after the
application of those two herbicides either
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KaKTo Npu pacTeHusiTa Ha BeretatmBHarta | on the plants of the vegetative rootstock
nognoxka 'msena 6, Taka u npu okynmpa- | Gisela 6 or on the cherry cultivars grafted
HWUTE BbPXY HES YepeLLoBM COPTOBE. on it.
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PE3HOME

BbHWHMAT BUA Ha M104oBeTE €
efHa OT BaXHUTE XapaKTepucTUKu onpe-
Jenswy  TbproBckata WM CTOMHOCT.
ATpakTMBHOCTTA 3aBWCKM OT ejpuHarTa,
chopmata u oupeTsBaHeTo MM. HacTos-
LLOTO M3cfefBaHe e NpPoBeAeHO B CENek-
UMOHHA TrpagvHa B MWHctutyta Mo
oBowlapctBo - Ip. [noeBgue, npe3
nepnoga 2015-2017 r. O6ekT Ha Habnto-
OeHVsTa 6sixa Tpu XM6pUAHN Kaicmeswn
nonynauun. WMscnepggaHn 6sixa 6uomeT-
pusaTa, cdhopmara, OUBETABAHETO Ha KOXM-
uara M MNOKPOBHMAT LBSAT Ha NnjofoBeTe
Ha Xubpuaute N pPoaMTEsICKUTE COPTOBE.
Haii-egpn nnogose 6sixa MNOMyyeHW OT
poauTenckata kombuHaums MogecTo X

XapkoT, a Hali-gpebHn — oT JImTo X
CwnucTtpeHcka paHHa. logoseTe nosny-
YeHM OT popguTesnckaTa KoMmbuHaums

XapneliH X XapKoT CbLL0 ca eapu, HO npu
TAX ce Habngasa TEHAEHLMA KbM CUTHO
nsgpebHsBaHe, Korato pgbpBeTata ca
npetosapeHn. B nokoneHneto Ha J/into X
CvnuncTpeHcka paHHa AOMUHMPAT N1o40-
BeTe CbC 3akpbrieHa dopma, CBeT0
OpaHXeBOTO OLUBeTABaHe W JesvkaTeH
NokpoBeH UBAT. [Npu ocTaHanuTe [ABe
XMbpngHN cemelicTtBa AOMMHMpawa e
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SUMMARY

Fruit appearance is one of the most
important characteristics which determine
their commercial value. Fruit
attractiveness is highly dependent on their
size, shape and colour. The study was
conducted at a breeding orchard of the
Fruit Growing Institute - Plovdiv, Bulgaria
and describes fruit biometry, shape,
ground colour and over colour of three
apricot hybrid families.

The largest fruits were obtained out of the
parental combination ‘Modesto’ x ‘Harcot’
and the smallest — from ‘Lito’ x
‘Silistrenska ranna’.

The fruits obtained from the hybrids of the
crossbreed ‘Harlayne’ x ‘Harcot’ were also
large but tend to get smaller when the
trees are overloaded.

The shape that dominates for the ‘Lito’ x
‘Silistrenska ranna’ hybrids is the round
one. These fruits are with light orange
ground colour and very delicate over
colour.

For the other two hybrid families, the
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aiiuesngHata dopma. onsama vact oOT
nnogoBe ca OUBETEHW B OpaHXeBo,
MOKPUTU C aTpakTUBEH YepBEH MOKPOBEH
uBAT. 3a Obaelin CenekunoHHn nporpa-
MM, Lendwmn nosiyyaBaHe Ha reHotun c
npuenekaTenHn nnogose, npernopbysamve
KaTto poautenu ga ce M3nosssat copTo-
BeTe MozecTo n Xapkor.

Kntoyosu Aymu: Prunus
armeniaca, nN1040Be, yHacneassaHe

YBO/,

KauecTBOTO Ha KalicmeBute niopo-
BE Ce acouuupa C BbHLWHWAT UM BUg,
LBAT, BKYC M KOHCUCTEHLMS Ha Na1og0oBOTO
Meco. KauecTBOTO Ha nnojoseTe e efHa
OT Hali-BaxkHUTe W Hail-npecnegsBaHuTe
Luenu npu cenekumsTa Ha HOBW COPTOBE
(Bassi and Audergon, 2006) 1 e ocHOBHa
npeanocTaeka 3a NnpMemMaHeTo UM OT KOH-
cymatopute (Egea et al.,, 2010). Tpagu-
LUMOHHWTE MEeCTHMW COpTOBE, KOWUTO ca
[ob6pe ajantupaHy KbM YyCnoBMATa Ha
cpefarta, 3a CbxaneHue ocurypssart
CpesHO HMBO Ha KaueCcTBOTO Ha TO3M Taka
nonynspeH M BWUCOKO LUeHeH nnog. [lo
othuumnanHnTe cTtaHgapTy, Ka4ecTBOTO Ha
Kaiicuite 3a cCBexa KOoHcymauus ce
oueHsBa Mo kasmébpa um. B Bbarapus,
cnopes Hapegbata Ha MUHMCTEPCTBOTO
Ha 3emegenueto u ropute (2002),
nnogoseTe ¢ AvameTbp Hag 35 mm 6uxa
Mor/iM Aa ce knacudmumpar ¢ OT/IMYHO
KauyecTBO. BBbHLWHMAT BUA Ha NI0LOBETE,
MoYTU M3LANO ONpeaens TaxHara Tbpros-
CKka CTOMHOCT. XapakTepuUCTUKUTE KaTo
UBAT, egpuHa, dopma 1 HaMumMeTo unu
OTCbCTBMETO Ha BBHWHM Aedektn no
naofoBeTe U 3eeHdyunTe onpegensT u
n3bopa HanpaseH OT moTpebuTenute Ha
nasapa (Azodanlou et al., 2003). Mpoyu-
BaHMA NokasBar, Ye Kalicumte ca BKyCeH
n04, HO Na3apHUAT UM BBHLUEH BUA He
BMHArm OTroBaps Ha O4akBaHuATa Ha
KoHcymaTtopute (Moreau-Rio, 2001). 3a
Ja Obae peanusvpaHa nNpoaykuuata, B
[JHelHaTa cuTyaumsa Ha ronsMa KOHKY-
peHuns Ha nasapute, NPUCHCTBMETO Ha
Apyr1 N1040BE M BHOCHT Ha MHOMO HOBU
copToBe, Kaiicunte Tpsbea ga ca W3kto-

dominant fruit shape is ovate. Most of
their fruits are with medium orange
ground colour and attractive red blush.
For future breeding programs facing to a
genotype with attractive fruit appearance,
we recommend as parental cultivars
‘Modesto’ and ‘Harcot'.

Key words: Prunus armeniaca,
fruit, inheritance

INTRODUCTION

Apricot fruit quality is associated
with attributes such as appearance,
texture, taste and colour. Fruit quality is
one of the most important and highlighted
breeding perspectives (Bassi and
Audergon, 2006) when a new cultivar is
created. It is also fundamental for the
acceptance of apricot cultivars by
consumers (Egea et al, 2010). The
traditional cultivars, which are adapted to
the environment, provide standard quality
levels for this very popular and highly
appreciated fruit.

The official standard of apricot quality for
fresh consumption relies on the fruit
caliber. In Bulgaria according to the
Ministry of agriculture, food and forestry
(2002) fruits with diameter above 35 mm
could be classified with excellent quality.
Fruit appearance is the fruit quality
attribute  which  determines  apricot
commercial value. Characteristics such as
colour, size, shape and external defects of
the fruits predominantly determine the
choice made by the customers on the
market (Azodanlou et al., 2003).

Surveys  conducted on  consumer
appreciation indicate that apricots have
the image of a tasty fruit, but with market
quality not always up to the consumers’
expectations (Moreau-Rio, 2001). Due to
the current situation of high competition in
the markets with the presence of
numerous new cultivars and other fruits
and foods, to realize the apricot
production the fruits should be very
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YyMTEesIHO NpuBNEKaTENHN 3a noTpebute-
nute. CenekuMoHHUTE nporpamu n map-
KETUHIbT TpsibBa fa paboTAT 3aedHo 3a
Ja 6baar cb3faBaHM W pasnpocTpa-
HABaHW COpTOBe, rOTOBU Aa 3a0BOSAT
e[HOBPEMEHHO HYXAuTe Ha nasapa "
npounssoguTenute (Gatti et al.,, 2009).
Kalicunte ce KoHcymupar Haii-yecTo B
CBEXO CbCTosHME. OT cenekuMoHHa rnes-
Ha Touyka e HeobxoauMMo fa ce nogyep-
TadAT HAKOM Npu3Hauu  onpegenswm
aTpakTMBHOCTTa Ha M04oBeTe, KaTo
MOKPOBEH LUBAT W efpuHa, a CblWo U
KOHCUCTeHUMATa Ha N/1040BOTO UM MEeCco
(Krska et al., 2009). NMoBeyeTo napameTpu
onpejensawmn npusnekaTesnHoctTra (UBAT,
eflpvHa, dopma 1 Ap.) ca reHeTUYecKn
BMCOKO BapuabwusiHn ¥ CWUHO 3aBUCUMU
oT ycnosusita Ha cpepaTta (Dirlewanger et
al., 1999). TlpusHauuM karto UBAT Ha
KoXuuaTa, MNOKPOBEH LBAT W Tersio Ha
nnoga ce yHacnegssaTt KOSIMYECTBEHO U
ca noj KOHTPO/Aa Ha MHOXECTBO [eHU
(Salazar et al, 2013). 3HaHMeTO 3a
HauMHUTE Ha yHacnepgsAsBaHe Ha Tes3n
ocobeHoCTM 61 noanomorHan cenekuymo-
Hepute npu n3bopa UM Ha POAUTESICKU
CcopTOBE, B OMuUTUTE MM Aa cb3gagar
reHOTUN C NpUB/EKaTEeIHU M/100BE.
MoTpebutenute B  pasMyHUTE
CTPaHW UMaT 1 pasnyHu npeanoynTaHms
OTHOCHO Kalicunte, kouTo kynyeat. C
BHOCA Ha HOBM COPTOBE TEXHUTE XenaHus
yecto ce cmeHaT. Crnopen Egea et al.
(2010), B VicmaHusi Han-BUCOKO LiEeHEHM ca
KpacvsuTe U apoMaTHu NIoL0Be C BUCOKO
KauyecTBO, Te3M C OPAHXEB LIBAT Ha KOXMW-
uara, CUJHO WHTEH3WBEH YEpPBEH MOKPO-
BEH LBAT, OPaHXeBO W COYHO MNI040BO
Meco ¥ MHOro [o6pu opraHosenTUYHU
KayecTBa. B 0TroBOp Ha M3NCKBaHUATA Ha
nasapa, CenekunoHHWTe nporpamu BbB
®paHuusa cb3gasar HoB copT ‘Rubisco®’,
KOMTO ce XxapakTepusnpa C TbMeEH
YepBEHO-/IMIaB MOKPOBEH LBAT, MOKPK-
Balll, NOYTW LsAnaTa NOBbPXHOCT Ha M/o-
posete (Audergon et al., 2010). B pamku-
Te Ha HaweTo u3cneasaHe, MNpoyvymxme
npegnoynTaHusaTa Ha Obarapckite no-
TpebuTenn n M cpaBHUXME C MOCTUrHa-

attractive for the customers. Breeding and
marketing should work together to release
new cultivars able to face both
horticultural and market requirements to
get and maintain long-term premium
prices (Gatti et al., 2009).

As apricot fruits are mostly consumed
fresh, for the breeders, it is necessary to
enhance the fruit attractiveness traits like
the shade of over colour, fruit size and
also flesh firmness (Krska et al., 2009).

Most  parameters  determining  the
attractiveness (colour, size, shape etc.) of
the fruits are genetically highly variable
and highly  dependent  on the
environmental conditions (Dirlewanger et
al., 1999). Traits such as skin ground
colour, over colour and fruit weight are
inherited quantitatively and are under
polygenic control (Salazar et al., 2013).

The knowledge of the ways of inheritance
would help the breeding process by
making a proper choice of parental
cultivars in order to create genotypes with
highly appreciated fruits.

Customers in different countries
have different requirements for the fruits
they buy and with the introduction of new
cultivars, their preferences often change.
According to Egea et al.(2010)
consumers in Spain appreciate the beauty
and aromatic flavor of high-quality
apricots, those with an orange ground
colour, intense red blush, orange and
juicy flesh and high organoleptic qualities.

The breeding programs meet the market
requirements and in France, a new apricot
line characterized by a deep red-purple
over colour covering nearly the whole
surface of the apricot fruit was developed
under the frame of a ‘Rubisco®
trademark (Audergon et al., 2010). In this
study, we investigated more detailed the
Bulgarian consumers’ preferences and we
collated them with the results from the
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TUTEe pe3yntatM OT  CcefnekuumoHHaTa
nporpaMa B VHCTUTYTa No OBOLAPCTBO -
rp. Nnosau..

MATEPWNAN N METO4WA

Llenta Ha n3cnegsaHeTo 6e fa ce
npoyyv yHacnegsBaHeTO Ha  HSKou
npusHauu onpejensaumy KayecTBoTo Ha
KalicmueBute nnoAoBe B TpU XnbpuaHu
nonynauun, nosiy4eHn B CeseKkLMoHHaTa
nporpaMa Ha VHcTMTyTa No oBoOLWLApCTO -
rp. Nnosgus. NMpoyysaHeTo Ha Npeanoyun-
TaHusTa Ha noTpebutennTte 6elwe Hanpa-
BEHO C Le/1 Aa ce npeueHn Kou nnonose
ca TbpCeHM ¥ Aa ce onpefesnv Ko oT
TpUTE POOUTENCKM KOMOBUHALMM € LeHHa
3a 6baeLnTe cenekLMoHHU NporpamMu.

HacTtosawoTo u3cnefBaHe e
nposeneHo npes nepuoga 2015-2018 r. B
CenekuMoHHa rpagnHa B WHcTuTyTa no
oBowapcTteo - rp. lMNnosgus, Bbarapus.
PasnagaHeTto Ha npusHauute onpeje-
NAWM NpUBNEKaTesIHOCTTa Ha naogoBeTe
B TpU XnbpnaHn cemeinctea — XapnemH X
XapkoT, Mogecto x Xapkot u JMto X
CunucTpeHcka paHHa 6elle npocneneHo,
C Uen wu3syyaBaHe Ha HauyvHUTEe Ha
yHacnegsasaHeto wuMm. Xubpuaute ca
noslydeHn Mo Knacuyeckn CesieKuNOoHHN
MeTtoanm u ca 3acageHn npes 2011 r.
MapameTpuTe Ha nnojoBeTe ca onpeje-
NsHW OT cpefgHa npoba ot 25 6p. 3a
onucaTenHuTe  XapakTepucTukW,  KaTo
OCHOBEH UBAT, (hopMa 1 MOKPOBEH UBAT
ca usnonssaHun geckpuntopute UPOV u
IBPGR. 3a usmepBaHe 6uomeTpusTa Ha
nnogosete Gelle M3NOM3BaH AUTrUTaNEH
wy6nep. Mpe3 2018 r. 6ewe nposegeHa
aHKeTa 3a YycTaHOBsIBaHe nMpejnoynTa-
HuATa Ha Obarapckute notTpebutenn.
BromeTpnuHuTe AaHHW 3a nnofoBeTe, B
paMKnMTe Ha TpUTe KPbCTOCKM, Ca CTaTUCTU-
yeckn 06paboTeHn upe3 TecTa Ha [bHKaH
(Steele and Torrie, 1980) Ha cTaTUCTK-
yeckua codptyep IBM SPSS Statistics 19.

PE3YJITATU N OBCBXXOAHE
Mpe3 TpuTe roAvHN Ha wn3cnegBa-
HeTo 6siXxa MosydeHn naoJoBe OT MasTbk
6poii xmbpuan OT KpbCTOCKaTa JIMTO X

apricot breeding program of the Fruit
Growing Institute - Plovdiv.

MATERIAL AND METHODS

The aim of this study was to
investigate the ways of inheritance of
some fruit quality traits in three apricot
hybrid populations, obtained in a breeding
program of the Fruit Growing Institute -
Plovdiv. The consumers’ preferences
study was conducted to assess which
fruits are most valuable and to determine
which of the parental combinations would
be more wuseful in future breeding
programs.

This investigation was conducted
during the period 2015-2018, in a
breeding orchard of the Fruit Growing
Institute - Plovdiv, Bulgaria. In order to
analyze the genetic control of fresh
market apricot quality, the genetic
variation of some attractiveness attributes
was analyzed in tree apricot hybrid
families — ‘Harlayne’ x ‘Harcot’, ‘Modesto’
X ‘Harcot’ and ‘Lito’ x ‘Silistrenska ranna’.
The hybrids were obtained by the method
of classical fruit breeding and planted in
2011. To determine the fruit traits an
average sample of 25 fruits, of each
hybrid was taken. To determine the
descriptive characteristics of the fruits
descriptors UPOV and IBPGR were used.
The biometric data on all average
samples of fruits were measured with a
digital calliper. In 2018 a poll was
conducted for a precise study of the
Bulgarian consumers’ preferences. The
fruit biometry data, for the three
crossbreeds, were statistically processed
by Duncan’'s test (Steele and Torrie,
1980) using IBM SPSS Statistics 19
software.

RESULTS AND DISCUSSION
During the three years of the study,
were obtained fruits from a small number
of hybrids from the crossbreed ‘Lito’ x
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CunucTtpeHcka paHHa (Ta6bnuua 1). Mpes
2015 r. 6poAT Ha gbpBeTaTa, KOMTO N1oA0-
fapoxa 6ewwe 4, npe3 2016 - 5 n npe3 2017-
11. OT xmbpugHoTO cemelictBo Mogecto X
Xapkot npe3 2015 r. 6axa HabnwgasaHu
nnogosete Ha 37 xubpuga. MNpes 2016 r.
npogykums 6Gewe nonyyeHa ot 46 oT
xnépunante, a npes 2017 r. - ot 50. Mpe3
2015 r. oT TpeTtaTta poauTesicka KoMbuHa-
uus, XapneH x XapkoT, naogogagoxa 44
OT cemMeHauyeTaTa, npe3 2016 - 50 un npes
2017 - 72.

Cneps OGvOMETpUYHMA aHauiM3  Ha
naogoBeTe, MNOMyd4eHU OT XubpuauTte OT
KpbcTockaTa /InTo x CUNNCTPEeHCKa paHHa,
U3MepeHuTe cpeHU CTOMHOCTU 3a TAXHaTa
BucoumnHa (FH) ca mexay 38,73 mm un 39,16
mm, wupounHa (FWD) - 35,59 mm u 38, 63
mm un pge6enuHa (FT) - 37,66 mm un 40,99
mm. CpefHOTO Terno0 Ha nnojoseTe B
KpbcTockaTta (FW) npe3 2015 r. e 30,97 g.,
37,78 rp. npe3 2016 r. n 34,97 g. npe3 2017
r. Mpun xnbpugHoTo cemeiicTBO MogecTo X
XapkoT, pa3mepute Ha njogoseTe Bapupar
B MO-LUMPOKM TPaHULUW Npe3 TpUTe ToAUHW.
CpefHata YM BMCOYMHA B pamMKuUTe Ha ToBa
XMobpnaHO cemelicTBo Bapupa oT 46,16 mm
jo 43,69 mm, wupuHata - 39,05 mm pgo
41,91 mm, gebenuHaTta - 42,19-45,27 mm n
TernoTo Ha nioga - 44,12 g. go 45, 95 g. 3a
TpeTaTa KpbCTOCKa XapneliH X XapkoT,
npe3 Tpute OTAESIHW TOAMHWU, U3YUCTIEeHUTE
cpegHM CTOMHOCTM 3a BUCOYMHaTa Ha
niofoseTte ca Mexapy 42,76 mm wn 45,59
mm, TAXHaTa LWMpoyuHa e cpefHo ot 37,06
mm go 40,22 mm, aebenuHa - 40,74 mm -
43,90 mm n TernoTto nm Bapupa ot 38,49 g.

0o 45,54 g.
Crnopefi BapuauMOHHMA  aHanus,
CTaHAapTHOTO  OTK/IOHEeHWe Ha  Tpute

NIMHEWHN OMMEHLUMM € C HWUCKa CTOMHOCT,
KOeTo nokasea no - cf1laboTo UM BapupaHe B
pamMkuTe Ha  XMGPUAHOTO  CEMEWCTBO.
Ternoto Ha njogoBeTe e Mpu3Haka, KonTo
nokasea Mno-CU/IHO pasnagaHe B NOKosieHue-
TO Ha TpWUTEe POAMTENICKM KOMOBUHaLuK. Haii-
efpu ca nnogoBeTe MOMYYEHU OT XMBpUA-
HOTO cemeiicTBO MogecTo X XapKoT, a Hali-
Ape6HM OT JIuTo X CUIMCTpEHCKa paHHa.
Cnef, efHOhaKTOPHUSI AWCNEPCMOHEH aHa-
M3 Ha 6MOMETPUYHWUTE AAaHHWM 3a NoAo-
BeTe Ha TpuTe XMbpMAHW cemelicTBa MOXe
[la ce Kaxe, ye pas/IMKUTE Mexay niopao-

‘Silistrenska ranna’ (Tablle 1). In 2015 the
number of trees that had fruits was 4, in
2016-5 and in 2017-11. From the hybrid
family, ‘Modesto’ x ‘Harcot’ in 2015 were
measured the fruits of 37 hybrids. In 2016
were obtained fruits from 46 of the hybrids
and in 2017 — from 50. In 2015, from the
third parental combination, ‘Harlayne’ x
'Harcot’ fruited 44 of the seedlings, in
2016 - 50 and in 2017 - 72.

After the biometric analysis of the
hybrid fruits obtained from the crossbreed
‘Lito’ x ‘Silistrenska ranna’, the mean
values for their height (FH), in the three
years of the study, were between 38,73
mm and 39,16 mm, width (FWD) - 35,59
mm and 38,63 mm and thickness (FT) -
37,66 mm and 40,99 mm. Fruit weight
(FW) varied from 30,97 g in 2015 to 37,78
g in 2016. In ‘Modesto’ x ‘Harcot’, the
linear dimensions of the fruits were widely
variable between the years. The average
height of the fruits in the hybrid family was
46,16 mm to 43,69 mm, width - 39,05 mm
to 41,91 mm, thickness - 42,19-45,27 and
fruit weight - 44,12- 45, 95 g. For the third
crossbreed ‘Harlayne’ x ‘Harcot’, the
calculated mean values for fruit height
were between 42,76 mm and 45,59 mm,
their width was on average from 37,06
mm to 40,22 mm, thickness - 40,74 mm -
43,90 mm and the fruit weight varied from
38,49 g to 45,54 g.

The variation analysis clearly
shows that the standard deviation of linear
dimensions in the offspring of the three
parental combinations is of lower value,
i.e. these traits show low segregation
rates in the offspring. The fruit weight is
the characteristic that shows higher
segregation rates. Largest fruits were
obtained from the parental combination
‘Modesto’ x ‘Harcot’ and the smallest from
‘Lito’ x ‘Silistrenska ranna’. After Duncan’s
multiple range test between the data for
the three crossbreeds, it can be said that
differences between ‘Modesto’ x ‘Harcot’
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BETE MONYYEHN OT XMOpMAMTE OT KPbCTOC-
KaTa Mopecto X XapkoT u Te3u oT JIuto x
CunncTpeHcka paHHa ca CTaTUCTUYECKM
pokaszaHu. lMpe3 2015 n 2016 r. nnogosete
Ha xubpuaute oT XapneiiH X XapkoT CbLo
ca egpu. Mpe3 2017 r., Korato BCUYKMK
AbpBeTa njnogogasaxa 06UNHO M 6GsAxa
npeToBapeHn, pasnNnkuTe Mexay cpegHute
CTOAHOCTX 3a JIMHERHUTE AMMEHUMW Ha
niogosete  OT  XUOPUAHO  CEMENCTBO
XapneiiH x XapkoT u JIuto x CuancTpeHcka
paHHa He ca CTaTUUYCTUYECKM fOKA3aHU.

and ‘Lito’ x ‘Silistrenska ranna’ are
statistically significant. In 2015 and 2016,
the fruits obtained from ‘Harlayne’ x
‘Harcot’ hybrids were large sized. In 2017,
when the trees were overloaded, all
hybrids showed a tendency to produce
smaller fruits. In this year the difference
between the mean values for ‘Harlayne’ x
‘Harcot’ hybrid family and those for ‘Lito’ x
‘Silistrenska ranna’ was statically non-

significant.

Ta6nvua 1. BMOMeTpUYEH aHa/IM3 Ha NJI0A0BETE MOJTYYEHUN OT TPUTE XUGPUAHM

cemeincTBa

Table 1. Biometry analyses of the fruits obtained of the three hybrid families

BuomeTtpusa Ha nto x Cun. PaHHa

MogecTto x XapKkot XapneiiH x Xapkot

nnogosete Lito x Sil. Ranna Modesto x Harcot Harlayne x Harcot
Fruit biometry Bpoii Bpoii Bpoii
(mm) xnépuam xnépuam xnépuam
Number XIS Number XIS Number XIS
of of of
hybrids hybrids hybrids

2015

BucounHa (FH) 6 37,83+5,04 b 39 46,16+4,64 a 46 45,59+3,77 a

LnpuHa (FWD) 6 35,59+522 b 39 40,18+3,86 a 46 39,49+2,95 a

Le6enuHa (FT) 6 37,66+£5,64 b 39 43,97+4.27 a 46 43,90+3,23 a

Terno (FW) 6 30,97+12,74 b 39 45,95+11,88 a 46 44,2849,21 a
2016

BucounHa (FH) 7 39,16£2,44 b 48 45,98+3,75 a 52 44,69+4,14 a

LvpuHa (FWD) 7 38,63+4,02 b 48 41,91+3,87 a 52 40,22+3,18 ab

Je6envna (FT) 7 40,99+3,78 b 48 45,27+3,82 a 52 43,45+3,17 a

Terno (FW) 7 37,78+£10,28 b 48 52,15+11,72 a 52 45,54+9,34 a
2017

BucounHa (FH) 13 38,76+£3,37 b 52 43,69+4,60 a 74 42,76+4,52 a

LnpuHa (FWD) 13 38,04+2,78 a 52 39,05+4,61 a 74 37,06£3,65 a

Je6envna (FT) 13 40,48+3,35 a 52 42,1945,18 a 74 40,74+4,06 a

Terno (FW) 13 34,97+7,62 b 52 44,12+13,56 a 74 38,49+10,12 ab

*Different letters in the same row indicated significant difference ( p<0.05)

dopmaTa Ha NnofOBETE € reHe-
TUYECKM MHOr0  CTabwieH npu3Hak
(Paunovi¢, 1987). fAiiuesngHata copma
Ha KaicusiTa e goMmvHupawa (Balan et al.,
2006). Cnepg onpefgensHeTo Ha hopmuTe
Ha noJ0BeTe No AECKPUNTOP, NPY rofisM
6poit xmbpmam nonyyvyeHm OT poauTen-
cKaTa KoM6uHaLus JInTo x CUnncTpeHcka

Fruit shape is a genetically very
stable trait (Paunovi¢, 1987). The oval
apricot shape is the dominant one (Balan
et al, 2006). After the visual
determination of the shapes of the fruits
obtained from the parental combination
‘Lito’ x ‘Silistrenska ranna’, we can say
that the great number of hybrids has fruits
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paHHa, NA04OBETE Ca CbC 3akpbr/ieHa
opma (Tabnmua 2). B Hawwusa cnydaid,
[Barta poauTesncky copTa ca CbC 3aKpbr-
NeHV N/10A0Be U Korato ce KOMbuHupat 2
peLecrBHM reHoTUna, € HOpMasiHO B MOo-
TOMCTBOTO [a AOMWHUpPA MMEHHO onpeje-
NAHWAT OT TAX dheHoTun. MNMpes Tpute rogu-
H/ Ha nNpoy4yBaHeTo, B ABETe XMOpPUAOHW
cemeicTBa MogecTo X XapKoT 1 XapnenH x
XapKoT, 3akIlYEeHUEeTO, HamnpaBeHo OT
Balan et al. (2006), e MOTBbPAEHO - B
TEXHWUTE MOKOMIEHNS AOMUHUPAT N/I0A0BETE
c giiueBugHa chopma. Mpes 2015 r. B
XapneiiH X XapkoT nma oTAesiH Xxmbpuam ¢
enuncosugHa opma Ha nnogoseTe. ToBa
He ce Habnwgasa npes3 crnegpawute Ase
rOAVMHW W Hain-BepoATHO Ce Ab/KM Ha
Bb3JECTBMETO Ha KAMMaTU4HUTE haKTo-
pu. Mpe3 cnepgawute roguMHyW nnogosete
Ha Te3n xmbpuam ca c AnueBmgHa dpopma.
He ca manko aBTopuTe, KOMTO oOTuuTaT
BapvpaHeTo Ha dopmata nof Bb3fein-
CTBMETO Ha (hakTOopUTE Ha OKOSHAaTa cpeja.
Noé and Eccher (1996) oTkpuBaT, ue
hopmata Ha sAbb/KkaTa MOxe fa Obae
noB/AMsiHA [OpW OT CBET/IMHATa - KoraTo
ObpBeTata ca 3aceHYeHuW ce yBenmuyasa
CBHOTHOLLEHMETO Ab/DKUHA / AMaMeTbp Ha
nnogoBseTe.

LlBeTbT Ha M/1040BETE € WU3K/H0UU-
TEe/IHO BaXeH 3a u3bopa Ha noTpebute-
nute. CoptbT CUIMCTPEHCKA paHHa uma
NnogoBE C MHOTO  [JeNMKaTeH CBETbH/
OpPaHXeBO-XbT LBAT Ha KoXuuara, nokput
CbC CpefeH N0 WHTEH3VBHOCT YepBeHO-
opaHxXeB pymeHel,. [pyrMsat poavTesncku
copT JIMTO wMMa nnoJoBE C HaCUTEHO
OpaHXeB LBAT Ha KoxuuaTa v SipKo YepBeH
NoKpoBeH UBAT. lMoAoBeTe, NOAyYeHN OT
NMOTOMCTBOTO Ha Te3n [Ba copTa, Hamnogjo-
651BaT B no-ronsama creneH CuanctpeHcka
paHHa - AOMWHMpA CBET/IOTO OLBEeTABaHe
Ha nnoposeTe. [MOKPOBHMAT UM LBAT €
YyepBeH, C PasNNYHN HIOAHCK - PO30BO WU
OpaHXeBO-YepPBEHO, KaTo Mpu MOBeYeTo
xmépuam e cbc cnaba WHTEH3UBHOCT.
PymeHeLbT 06xBallla Masnika OTHOCUTENHAa
N0l OT NMOBBPXHOCTTA Ha NioaoBeTe, No-
NyYeHN OT Ta3u poAanTesicka KOMOUHauwus.
MoJecTo MMa HacUTEHO OpaHXeB LBAT Ha
KoxuuaTta Ha nnogoseTe. MOKPOBHUAT LBST
npenctasngasa 0o 50% OT MOBBPXHOCTTA
Ha nnoga u MMa cpefHa WHTEH3MBHOCT.

with round shape (Table 2). In our case,
the two parental cultivars have rounded
fruits so when combining two recessive
genotypes it is normal in the progeny to
dominate that phenotype.

During the three years of the study,
in the two hybrid families ‘Modesto’ x
‘Harcot’ and ‘Harlayne’ x ‘Harcot’, the
conclusion made by Balan is confirmed -
in their generation dominate the oval
shaped fruits. In 2015 in’ Harlayne’ x
‘Harcot’ there are single individuals with
an elliptical shape of their fruits. This is
not observed over the next two years and
is most likely due to the impact of the
climatic factors and these hybrids are
with oval shaped fruits in the next years.

Some authors report the shape variation
under the influence of the environmental
factors. Noe and Eccher (1996) found the
apple shape could be influenced even by
the light — when the trees are shaded
increases the length / diameter ratio of
the fruits.

Fruit colour is extremely important
for customers’ appreciation. The cultivar
‘Silistrenska ranna’ cultivar has fruits with
very delicate bright orange-yellow skin
ground colour, covered with a medium
intensive red-orange blush. The other
parental cultivar ‘Lito’ has fruits with
medium orange skin ground colour, with
extensive bright red over colour. The
fruits obtained from the progeny of these
two cultivars resemble to a greater extent
‘Silistrenska ranna’— the light skin ground
colour of the fruits is dominating. Their
over colour is red with different hues -
pink or orange-red, most of which are of
low intensity. It covers a small relative
area of the fruit surface.” Modesto’ has
medium orange fruit skin ground colour.
It's over colour covers up to 50% of the
fruit surface and has medium intensity.
‘Harcot’ has dark orange coloured fruits,
covered around 75% with intense bright
red over colour. In the progeny of these
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MnogoBeTe Ha XapkoT ca TbMHO OpaH-
XXeBW, NOKPUTU OKOoMo 75% C MHTEH3MBEH
APKO YepBeH TMOKPOBEH UBAT. B noTtom-
CTBOTO Ha Te3W [fBa copTa [AOMUHMpAT
nnofoBe C HaCUTEHO OpaHXeB LUBAT U
WHTEH3MBEH WU CpedHO  WHTEH3UBEeH
yepBeH pymeHeu. OTHOCMTeNHaTa MJIOLL,
KOATO MoKpuBa npu MjogoBeTe Ha nose-
yeto xmbpuan e po 50%. Monama rpyna
Xnépuam umat MOKPOBEH LBAT C OTHO-
cuTenHa nnaow, Ao 75%. XapneiH e copt ¢
OpaHXeBW M1040Be, MOKPUTU C 4epBeH
CpefHO WHTEH3MBEH pPYMEHel, C Masika
OoTHOcuTenNHa nsow,. C Hali-Bucoka yecTtota
B MOTOMCTBOTO Ha XapneiH n XapkoT ca
Xnépugnte CcbC OpaHxeBu N040Be, C
yepBeH MOKpOBeH UBAT. Hali-ronama e
rpynata Ha xvwbpuauTe, npu KOUTO pymeHe-
LbT nokpusa A0 50% oT nnofoBeTe UM.

LiIBeTbT Ha Koxuuata Ha njaoga e
npusHak, KOlTO ce pa3naja B NOTOMCTBOTO
Ha TpuTe XxuMbpwuaHu cemeicTBa. B Tpute
MOKOJIEHUSA POAUTENAT C MO-CBETNO OLiBe-
TeHW Ma040Be AOMUHMpA Haf apyrvs u
noeseyeTo xmbpuau yHacnepgsasart Mo-CBeT-
A HioaHc. YepBeHMAT MOKPOBEH LBAT €
Hali-aTpakTyBHaTa 4YepTa Ha KaiicumTte wu
oKasBa rofisiMO BAWUSHWE BBPXY TAXHaATa
TbproBcka CTOMHOCT. ToW ce onpegens oOT
KOHUEHTpauuaTa Ha  aHTouMaHuH B
Koxuuata Ha nnogoseTe U 3aBUCU CUSHO
OT reHoTMna ¥ pakTopuTe Ha OKoHaTa
cpefa, kKato MHTEH3MBHOCT Ha CBET/IMHATA,
pagunauus, HanoseaHe 1 T.H. (Bureau et al.,
2009). To3n Mpu3HaK € BUCOKO LEHEH K
npecnefsaH B CeNeKUMOHHUTE nporpamu
(Mazza and Miniati, 1993). JoMyHMpawmaT
B nokosnieHmaTa Ha Mopgecto X XapkoT u
XapneliH X XapKoT cpefHO UHTEH3MBEH Un
WHTEH3MBEH 4YepBeH TOKPOBEH UBAT €
npeanoynTaH, He camo OT CceJfleKumoHe-
pute, HO n OT noTpebutenute. Cnopep,
noéutenute Ha kaicuesuTe nnogoBe, B
HAKOW [ObpXasW, KOMIKOTO no-ronsama e
OTHOCUTENHaTa NoLW, Ha MOKPOBHUA LBAT,
TONKOBa Mo-npuenekatenHn ca Te. [pu
Te3n ABe KPbCTOCKU ca MosyvyeHu n 3afo-
BOSIMTENEH 6POIi Xnbpuan, YNnTo NaogoBe
ca nokpuTtn ao 75% c yepBeH pyMeHew,

two cultivars dominate the medium
orange fruits with intensive or medium
intensive red over colour. The relative
area of the blush, of most of the fruits, is
up to 50% of their surface. A big group of
hybrids have extensive over colour with a
relative area up to 75%. ‘Harlayne’ is a
cultivar with medium orange coloured
fruits, covered with a red medium
intensive over colour with a small relative
area. With highest frequency in the
progeny are the hybrids with medium
orange coloured fruits with red over
colour. The biggest group of hybrids has
fruits with a medium relative area of the
blush — up to 50%.

The fruit skin ground colour is
segregating in the progeny of all three
hybrid families. In the three generations,
the parent with lightly coloured fruits
dominates over the other one and most
hybrids inherit the lighter fruit skin colour.
The red over colour is the most attractive
feature of the apricots and has a great
impact on their commercial value. It is
determined by the concentration of
anthocyanin in the fruit skin and depends
highly on the genotype and the
environmental factors as light intensity,
radiation, irrigation etc. (Bureau et al;
2009). It is highly appreciated and
pursued trait in the breeding programs
(Mazza and Miniati, 1993). The
dominating, in the progeny of the
crossbreeds ‘Modesto’ x ‘Harcot’ and
‘Harlayne’ x ‘Harcot’ intensive or medium
intensive bright red over colour is
preferred not only by the breeders but
and by the consumers. In some countries
the larger the area it covers the more
attractive the fruits are. In these two
crossbreeds are obtained sufficient
number of hybrids which fruits are
covered up to 75% with red blush.
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Tabnuua 2. OnncaHve Ha N1I040OBETE OT TPUTE XNOBPUAHU cemMencTBa
Table 2. Description of the fruits of the three hybrid families

Ha6nogaBaHn
npusHauw/Investigated Bpoii xnbpuan/Number of hybrids
traits
®-ma Ha nnoga Jinto x Cun. PaHHa MopgecTo X XapkoT XaprneriH x XapkoT
(BeHTpasiHo)/Fruit Shape Lito x Sil. Ranna Modesto x Harcot Harlayne x Harcot
(ventral view) 2015 2016 2017 | 2015 2016 2017 | 2015 2016 2017
3akpbraeHa/round 2 4 8 6 10 5 9 5 5
anuesngHa/ovate 2 1 3 31 36 45 29 45 67
enuncosugHalelliptic 0 0 0 0 0 0 6 0 0
LBAT Ha KoxmuaTa 2015 2016 2017 | 2015 2016 2017 | 2015 2016 2017
Skin ground colour
XbJITO-OPaHXeB
yellow-orange v z g < J 2 g Y g
CBET/I0 — OpPaHXeB 4 3 5 6 14 9 9 9 7
light orange
Ot Lo 0 0 0 19 26 38 28 29 51
med. orange
TbMHO — OpaHXeB 0 0 0 9 3 1 7 12 14
dark orange
Ok HBE IR i 2015 2016 2017 | 2015 2016 2017 | 2015 2016 2017
Fruit over colour
yepBeH/red 1 1 6 27 28 47 36 40 52
yepBeHoopaHxes/orange-red 2 2 1 7 16 1 6 8 17
YepBEHO-PO30B/pink 1 1 4 2 0 2 2 3 2
nuncea/missing 0 0 0 1 1 0 0 0 1
VIHTEH3MBHOCT Ha
NMOKPOBHUSA LIBAT 2015 2016 2017 | 2015 2016 2017 | 2015 2016 2017
Intesity of over colour
cna6a/light 3 4 6 7 14 9 15 20 27
cpegHa/medium 1 1 5 8 19 26 14 21 22
cunHa/dark 0 0 0 21 12 15 15 10 22
Mnouw, Ha NOKPOBHUSA LBAT
Relative area of over 2015 2016 2017 | 2015 2016 2017 | 2015 2016 2017
colour
no/to 20% 1 0 6 8 8 1 9 10 16
25-50% 3 6 5 17 19 35 23 27 44
50-75% 0 0 0 12 16 14 12 12 11
Hag/more than 75% 0 0 0 0 3 0 0 2 1

Bbnpeku ye BKyCbT Ha naogoBeTe
€ Hal-BaXHUAT 3a noTtpebutenuTe, Ha
nasapa Te MpaBAT CBOSI M360pP U3USIO0
crnopef BbHLWHUSA UM BUA W aTpakTuB-
HOCT. 3a noBe4YyeTo OT aHKeTupaHuTe
notpebutenun (60%) BpemeTo Ha y3psiBa-
He Ha n/0A0BETE HAMA 3HA4YeHue u
KynyBaT KalicuM OT Ha4yanoTo Ha ce30Ha
[0 HeroBus kpan (durypa 1). Motpebu-
TenuTe KynyBaT BCSKakBM pasmepu nso-
[oBe, HO Hail-npegnoynTann (0T 27% oT
WHTEPBIOMpaHWTEe /uua), ca CcpegHo-
efpute Jo eapwv NofoBe € Tersio 0Koso

Although fruit taste is the most
important to the consumers, on the
market they make their choice according
to the fruit appearance and
attractiveness. For most of the
interviewed Bulgarian apricot consumers
(60 % of them), the fruit ripening time
does not matter and they buy apricots
from the beginning of the season till its
end (Figure 1). There are customers for
all fruit sizes but the most desirable,
preferred by 27% of the interviewed
persons, are the medium to large sized
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56-60 g. Hai-Bucoko ueHeHn ca nnopo- | fruits which average weight is around 56-
BeTe C fAiueBuMaHa unu kpbrna copma. | 60 g. The ovate and round shapes are
MpeagnountaHmaTa Ha  6barapckute | the most appreciated for the apricot fruits.
KNMMEHTM NO OTHOWweHWe Ha uBeta Ha | The preferences of the bulgarian
nnogoBetTe ca Masiko no-pas3nmyHm ot | customers for fruit colouration are slightly
npegnounTaHusTa onmcaHm ot Egea et al | different than the preferences in other
(2010), Audergon et al (2010) 3a Mcna- | countries (Egea et al., 2010; Audergon et
HUA n ®paHumna. Xopara, aHkeTupaHum 3a | al.,, 2010; Mazza and Miniati,1993). The
LuenuTe Ha ToBa mM3cnepaBaHe, npeanoun- | people interviewed for this study prefer
TaT nnogoBe C HacuTeHo opanxeB wmnm | fruits with medium orange or light orange
CBET/I0 OpaHXeB LBAT Ha KoxuuaTa, no- | skin ground colour with not so intensive
KpUTU C He TOJIKOBa MHTEH3UBEH 1 o6wun- | and extensive over colour. According to
peH pymeHel. Cnopep aHkeTupaHute | the bulgarian customers, the best apricot
6barapcky notpebutenn Han-pgobpute | fruits for fresh consumption have ovate
KalicmeBu nnogose, npegHasHadeHu 3a | shape, medium to large size, medium
npsicHa KoHcyMauums ca cpeaHo egpw Ao | orange skin ground colour, and medium
efpw, nvart anuesngHa dopma, opaHxes | intensive over colour covering up to 50%
OCHOBEH UBAT M cpegHo wuHTeH3uBeH | of the fruit surface.

NOKPOBeH LUBAT, nokpusaw, no 50% ot
NMOBBbPXHOCTTA Ha noaa.

Cnok HAa RneeHe/Friiit rinenina time F nnunalFriiit size
Hama au./Does not matter | . J 71-85rp./g. W d
KbcHw/Late | 01-70 Tp.49. ' '
56-60 rp./fg. B "l
. P /M
Go By I 46-55 rp./g. : ; ’ ]
PannwEarly | 41-451p./g. | —
0 20 40 60 80 0 5 10 15 20 25 30
®onma Ha nnonore/Fruit shane OTHOcUuTesIHa niow, Ha pymeHeua/Relative area of
ermnooewgiislipi | P E— —— —
cbpuesnaHw/iriangular _ﬁ no/up to 50% | o
ANLIEBUAHI Ovate | ———— |
\ no/up to 20 % _4
cnnecHaTo-KkpsrNw/oblong _E I
Kpbrnw/circular E | Bea pymanen/noblush | | | |
0 10 20 30 40 0 20 40 60 80

OcHOReH 11RAT HA nnonal/Friiit skin aroiind color I NHTeHRMRHOCT HA nvMeHel1a/Over color intensitv

TBMHO opaHx{eBrdark..ﬁ ciiardark . ‘
opaxxee/med. orange &S 4 1
cBeTno opakkes/light.. § d cpeaxa/medium #
enT/yelow | — : |
! cnaba/light
kpemas/cream Bl |
0 10 20 30 40 0 20 40 60 80 100

our. 1. MpegnovntaHUs Ha aHKeTUpaHuUTe noTpedutenu (%)
Fig. 1. Preferences of the consumers (%)
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N3BOAN

PasnagaHeto Ha HabniogasaHuTe
npusHauu, B NMOKONEHNATA Ha poauTesickuTe
KombuHaumm MoaecTto X XapkoT u XapneiH
X XapKoT € MHOro 6/1aronpuATHO 3a CeJiek-
LUOHHMTE nporpamu. JomuHypawmuTe npus-
Hauu B Te3n ABe xubpuiHu cemelictea ca
Hali-BUCOKO LieHeHW oT 6bjrapckute norpe-
6utenu. Mpn Te3n aBe KPbCTOCKM BEPOAT-
HOCTTa Aa 6bAaT NnoslydyeHu reHOTUNu, Kou-
TO OTroBapAT Ha M3NCKBaHMATa Ha Obarap-
CKUsl nasap e Hali-ronama. He manka vact
OT TexHUTEe TMOKOJIEHUsA OTroBaps W Ha
M3NCKBaHUATA Ha MeXAyHapoaHusa nasap.
Tpute copta MogecTto, XapkoT U XapneriH
ca noaxogsw, wusbop 3a poauTenu B
6bAelm cenekuMoHHN nporpamm, Haco4yeHu
KbM MoOJlydaBaHETO Ha reHoTun C arpak-
TMBHW nnogose. Bbnpeku, ye nnogoseTe,
noslyd4eHn OT poguTenckara KombuHaums
JinTo x CunucTpeHcka paHHa, He ca Haii-
npeanoynTaHn, TEXHUAT pasMep N CBET/IO0
ouBeTsaBaHe M MNPaBAT NOAXOAALWMN 3a
npepaboTKa 1 cyLleHe.

CONCLUSIONS

The segregation of the investigated
traits in the progeny of the crossbreeds
‘Modesto’ x ‘Harcot’ and ‘Harlayne’ x
‘Harcot’ is very favorable for the breeding
programs. The dominating in their
progeny traits are most appreciated by the
Bulgarian customers. For these two
crossbreeds, it is more likely to be
obtained genotypes which would face the
Bulgarian market requirements. A big
number of them would face also the
international market preferences. The
three cultivars ‘Modesto’, ‘Harcot’ and
‘Harlayne’ are a proper choice for parents
in future breeding programs facing to
genotypes with attractive fruits. Although
the fruits obtained of the crossbreed ‘Lito’ x
‘Silistrenska ranna’ are not the most
preferred, their size and light colouration
make them suitable for processing and
drying.
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PE3IOME

[JHec e Hanmue HapacTBal, MHTe-
pec KbM opexoBaTta KynTypa, KOWTo ce
obycnaBs oOT p[obpuTe yCcnoBuA Ha
MEeXAYHapOAHMA W BbTPELHUA nasap.
3acuneHnsaT uHTepec ce [Ab/KM  Ha
npeagnpveTata [AbpXaBHa MoOAUTUKA Y
Hac, ocurypsisalwja BWUCOKM cybcnamm u
CTMMYy/IMpaHe Ha MNpPOEeKTW, 3acTbhBaliy
TO3n oBoWeH BuA. OpexoBute SOku ca
€[HN OT Hali-LeHEeHNTe N TbpPCEHM M/O-
[OBe Ha CBETOBHWSA Masap. Bucokoto um
Mac/ieHO M OGenTbyYHO CbAbpPXaHUE U
onpegens, crnopeg PAO, kaTo Kyntypa
urpaellia BaxkHa poss B M3XpaHBaHETO Ha
HacesleHMeTo B CBETOBEH Mallab. Moao6b-
psiBaHETO Ha OpPexoBOTO NMPOU3BOACTBO U
HeroBaTa WHTeH3MdMKaumss obave ca
HenpekbCcHaTK MpoLecKu, Kouto ce obyc-
NaBAT OT HaATpPynBaHETO Ha HOBU 3HaAHWA
3a KynTtypara, TEXHUYEeCKUSs U TEXHOsO-
rMyeH Hanpegbk. EgHa oT akTyasiHute
3afaun npen 6barapckute uscnegosare-
M e nofobpsiBaHe Ha MaHUpPaHeTo U
yrpaB/eHNeTo Ha MOJIMBHUA Mpouec.
PelwaBaHeTo Ha Ta3u 3aga4va e CBbp3aHo
C yCTaHOBsIBaHe HyXAWTe Ha opexoBaTa
KynTypa oT BoZa npes pas/imyHuTe geHo-
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SUMMARY

Today, there is a growing interest in
walnut production, which is explained by
the good domestic and international
market conditions. The increased interest
is due to the adopted state policy in
Bulgaria, providing high subsidies and
stimulating projects on that fruit species.
Walnut kernels are among the most
valued fruits, enjoying a high demand in
the global market.

According to FAO, their high fat and
protein content determines them as a food
that plays an important role in the nutrition
of the world population. However, the
improvement of walnut production and its
intensification are continuous processes,
which need acquiring new knowledge
about the crop and the technical and
technological advances. One of the
current tasks faced by the Bulgarian
researchers, is the improvement of
planning and management of the irrigation
process. For solving that task, it is
important to identify the water needs of
walnut trees through the different
phenological stages and depending on
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NOTMYHM a3 1 Bb3PacToBM Nepuoam, un
CbOTBETHOTO agantupaHe Ha cucTemuTe
3a MuKpoHarnosiBaHe B crneunudnyHuTe
MOYBEHO-KNMMATUYHW YCNOBUA Ha Bbara-
pus. HepocTursT Ha Takasa MHbopmaL s
€ 0CO6EeHO OCTbp MO OTHOLWEHWE Ha
M1afileHYeCcKNa nepuog Ha HacaxaeHus-
Ta. Heob6xoAMMOCT OT TEXHUYECKO MU
TEXHO/IOTMYHO  YCBbBLPLUEHCTBaHE e
Hasvue 1 Npy TOpeHeTo U pacTuTesiHata
3awmTa,  KbAeTo  MoBuUWIABaHe  Ha
edekTBHOCTTA MOXe fa Cce MNOCTUrHe
ypes3 BHACSAHETO Ha TOpPOoBe, NMecTUUUAnN 1
Opyrn  arpoxumukasin 4pes nosvBHaTa
BOZa, N3BECTHO KaTO XMMUraLus.
KnrouoBu aymu:
NPOV3BOLACTBO, MHTEH3NMKALMA

opex,

HapacTBalwmsa nHTepec kbM Opexo-
BaTa KynTypa, ce obycnass oT fobpute
YC/I0BUS Ha MeXAyHapoAHMSA U BbTpeLu-
HMA nasap. 3acuneHnsaT MHTepec ce Abi-
XMW Ha npegnpueTtara AbpXasHa NoauTu-
Ka, Y Hac ocwurypsisaila BUCOKM cybcnanu
N CTUMyNMpPaHe Ha NPOeKTH, 3acTbhnBaLLy
TO3u oBoweH Bug. Opexosarta Kyntypa
“uma n gpyrv npearmMcTea, KoMTo A npassAT
npusnekaTtesnHa 3a depmepute. Mnogo-
BEeTe Ha opexa ce OT/MyaBaTr ¢ Jobpa
CbXPaHAeMOoCT 1 BUCOKa TpaHcnopTabun-
HOCT, KauyecTBa MNO3BOMSBALUM peanusa-
umaTa MM ga cTaBa B Hali-nogxogsiy
MOMEHT. TbpPCEHETO Ha OpexoBu No40Be
€ HeorpaHM4yeHo, KakTo Ha BbTPELUHWS,
Taka M Ha MexAayHapoAHuWTe nasapwu.
MbnHata MexaHuW3auuMs Ha nNpou3Bof4-
CTBEHMA MpOLEC He camMO CHmKasa
pasxoauTe, HO W 3HAYUTE/NIHO Y/ecHsiBa
npoussoguTenute. BaxHo npefnMcTBo e
OBNMVMAT XMBOT Ha KynTypaTa, BKIOYU-
TENIHO W ABATUAT NPOAYKTUBEH Nepuop,
(Djouvinov et al.,, 2003). MNpepenHata
Bb3pacT, 40 KOATO AbpBeTaTta nnogoja-
BaT, He e YycrtaHoBeHa (Nedev et al.,
1983). Cnopeps Kralingen et al. 2010)
NPOMULLIIEHNTE MAaCcUBU ca MPOAYKTUBHU
noHe 40 roguHu.

OT npakTuyHa rnegHa Toyka morar
Ja ce 13non3sar noyTy BCUYKM OpraHu Ha
OpexoBOTO AbpBO. OT 3eneHuTe mcTa ce

the tree age and to adapt the
microirrigation systems under the specific
soil and climatic conditions of Bulgaria.

The scarcity of such information is
particularly needed during the juvenile
period of the plantations. The need for
technical and technological improvement
is also important concerning fertilization
and plant protection where production
efficiency can be achieved by the
application of fertilizers, pesticides and

other agrochemicals through irrigation
water, known as chemigation.

Key words: walnut, production,
intensification

Increasing interest in  walnut
production is explained by the good
domestic and international market

conditions. The increased interest is due
to the adopted state policy, which
provides high subsidies and stimulates
projects related to that fruit species.
Walnut has also other advantages that
make it attractive to farmers. Walnut fruits
have a good storage capacity and high
transportability, allowing their marketing at
the most appropriate moment.

Demand for walnut fruits is unlimited on
both domestic and international markets.

The complete mechanization of the
processes not only reduces the
production costs, but also greatly

facilitates the growers.

An important advantage is the long life of
the trees, including the long productive
period (Djouvinov et al., 2003). The
ultimate age of fruit-bearing was not
established (Nedev et al, 1983).
According to Kralingen et al. (2010)
industrial plantations were productive for
at least 40 years.

From a practical point of view,
almost all the organs of the walnut tree
can be used. Vitamin C and other
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usBnuya vit C n gpyrn 6uonornyHn BUCO-
KO aKTUBHWM BELeCTBa, a OT 3e/ieHuTe
opexyeTa ocBeH Vit C ce nonyvasa og u
tornoH (Tsurkan et al,1984). OpexoBute

nnogoBe nogob6bpsieaT cbpaedHaTa
MO3byHaTa  (pyHKums  (Germain et
al.,1999).

OpexoBuTe SA4KM ca efHW OT Haii-
LeHeHUTe 1 TbpCeHu NI040BE Ha CBETOB-
HUA nasap. Bucokoto um MacneHo u
6eNTbYyHO CbAbpPXaHWe 1 onpegens
cnopeg @®AO, Kkato Kyntypa wurpaewa
Ba)XXHa ponAa B  M3XpaHBaHETO Ha
HacesieHMeTo B CBETOBEH Mallao.

[Mo-KbCHOTO OTnalaHe Ha MHBEC-
TMUUATA, B CPaBHEHWE C APYTNTE OBOLLHK
BM0BE, Bb3nupa 4acT OT MpousBoAuTe-
nmMTe OT HaB/u3aHe B 6u3Heca. Tasu
CNnaboCcT MOXe B 3HauuTesiHa CTeneH ga
6bAe NpeofonsHa upe3 UHTEeH3nuum-
paHe Ha TexXHOs0ruATa, KakBaTo TeHAEH-
uus ce 3abenassa BbB BOAELLM CTPaHU B
opexoBata nHayctpus (Lemus, 2010; Gao
et al., 2010).

Cnopepg, gaHHn Ha FAOSTAT npe3
2016 r. CBETOBHOTO MNPOW3BOACTBO Ha
opexoBu nnogose e 3747549 t. Haii-
rofiemusaT npoussoguten e Kutail cbe
1785879 t roguwHo, cnegsarHa ot CAL, ¢
607814 t, VipaH ¢ 405281 t n Typuua c
195000 t, kKato yeTupuTe CTpaHU OCUry-
psBaT 61130 80 % OT CBETOBHOTO OpPEXO-
BO MNpou3BoACTBO. Chbliata cTaTtucTuka
Hapexfaa bbarapysa Ha 29-T0 MACTO C
rogviiHa npoaykumns ot 4959 t.

TeHAeHUuUTE B NPOU3BOACTBOTO
Ha opexoBwu nnogose 3a bbarapus, Kutamn
n nbpeute 20 CTPaHM-NPOU3BOAMUTESKA B
cegeta npe3 nepuoga 1980-2016 1. ca
oHarnegeHn Ha durypa 1. [aHHuTte
nokassaT Bb3XOAALWO pas3sutve n 65130
neTKpaTrHoO yBesinyeHve ot 795x10° t npes
1980 r. go 3747x10° t npe3 2016 r. B
nepuoga 1960-1980 r. EBpona e BogeLy,
npou3BoAuTesN,, OCHOBHO BbB ®PpaHuus,
VcnaHua, Mopuusa, Utanua. Mpes 80-Te
roavHn Asua pgoctura npous3BOACTBOTO B
EBpona v s usnpesapsa, 3aemaiikn nbpsa
nosnuyma. [OHec 64% OT CBETOBHOTO
Nnpoun3BOACTBO Ce ocurypsisa ot Asus.

biologically highly active substances are
extracted from the green leaves and
vitamin C along with iodine and juglone
are produced from the green nuts
(Tsurkan et al., 1984). Walnut kernels
improve heart and brain function
(Germain et al., 1999).

Walnut kernels are among the most
valued, enjoying a high demand in the
global market. According to FAO, their
high fat and protein content determines
them as a food that plays an important
role in the nutrition of the world
population.

The delayed return on investment
compared to other fruit species
discourages some of the producers from
entering the business. This inconvenience
can be largely overcome by intensifying
the production technology, as could be
seen in some leading countries in walnut
production (Lemus, 2010; Gao et al.,
2010).

According to FAOSTAT data, the
world walnut fruit production in 2016 was
3747549 t. The largest producer was
China with annual production of 1785879
tonnes, followed by the US with 607814 t,
Iran with 405281 t and Turkey with
195000 t, the four countries providing
nearly 80% of the world production.
According to the same statistics, Bulgaria
was ranked in 29" place with annual
production of 4959 t.

The trends in walnut production in
Bulgaria, China and the top 20 producing
countries in the world during the period
1980-2016 are presented in Fig. 1. Data
show an increased development and
almost fivefold increase from 795x10°t in
1980 to 3747x10° t in 2016. In the period
from 1960 to 1980 Europe was the
leading producer, the major producing
countries being France, Spain, Greece,
Italy. In the 1980s, Asia reached the
production level of Europe and surpassed
it, taking the first place. Today, 64% of the
world production is provided by Asia.
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Fig. 1. Production of walnut fruit (metric tons) from 1980 till 2016 in Bulgaria,
China and total in the world (data from FAOSTAT, 2018)

TpugeceT N neT rOAUWHUTE OaHHU
3a 3aeTuTe C OPEexoBU HacaXAeHUA MsoLwm
ca uncTpupaHn Ha ®urypa 2. AcHo ce
BUXAA Kopernauuata Mexay 3aeTtuTte Mso-
L 1 NPON3BOACTBOTO Ha OPEXOBU M/1040-
Be. To3n (hakT MOXe fAa ce pasrnexga u
Kato CBWAETE/ICTBO 338 EeKCTEeH3UBHUSA
XapakTep Ha npou3BoACTBOTO.

Thirty-five-year data about the
areas planted with walnut trees, are
presented in Figure 2. The correlation
between the planted areas and walnut
fruit production is obvious. This fact can
also be seen as an evidence of the
extensive nature of production.
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KnTaii n o6uwwo B ceeTa (No gaHHM Ha FAOSTAT, 2018)

Fig. 2. Area occupied by walnut plantations from 1980 till 2016 in Bulgaria, China
and total in the world (data from FAOSTAT, 2018)
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OT pjaHHWTe 3a cpegHuTe A06MBK
(durypa 3) ce Bwxaa, 4Ye B CBETOBEH
MaLlab Te HenpekbCcHaTO ce yBenmyasar
npe3 mnocnefHoTo JeceTunetve. Tosa
rnokassa, Ye ce W3rnosi3BaT BWCOKOPOLO-
BWTW COPTOBE U Ce npunaraT CbBpeMeH-
HW TexHosiormn 3a oTrnexgaHe. 3arosa
cpepeH nobus ot 2,5-3 t/ha e abconoTHO
HOpMaJ/leH 3a CbBPEMEHHWUTE OpPexoBu
HacaxpgeHus. [lobusute BbB BOAELUMTE
npounssogutesniku CALL n VipaH ca mexny
4 n 5 t/ha, a B Kutain ca okosno u Hag 3
t/ha. Ha 1031 hoH fo6buBUTE B Bbirapus
ca KpaliHO He3a[0BONUTENHW U Cblie-

Data on average yields (Figure 3)
shows that they have been steadily
increasing over the last decade on a
global scale. That confirms the fact that
highly productive cultivars have been
used and modern cultivation technologies
are applied. Therefore, an average yield
of 2,5-3 t/ha is absolutely normal to be
obtained from modern walnut plantations.
The vyields in the leading producing
countries — US and Iran — vary within 4
and 5 t/ha, and in China the yield is about
3 t/ha. Against this background, yields in
Bulgaria are extremely unsatisfactory and
at the same time reveal the unrealized

BPEMEHHO paskpuBaT Hepeasm3npaH
NpoV3BOACTBEH NOTEHLMa/T B CEKTOpaA. production potential in the sector.
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Fig. 3. Average yields of walnut fruit from 1980 till 2016 in Bulgaria, other
countries and average for the world (data from FAOSTAT, 2018)

[Jo cpepata Ha 50-Te roguMHuM Ha
MUHa/IMA  BeK opexosara Kyntypa B
Bbnrapus e 6una 0CHOBHO nobutesnicka n e
pasnpocTpaHeHa kaTo eAuHUYHM AbpBeTa B
nossaTa, HMBWTE, Kpaii nbTuwata (Velkov et
al., 1951). Cnen TO3M nepuog opexosuTe
HacaxeHuns 3anoysaT [a ce yBenunyasart u
pocturat csosa nuk npe3 1980 r. — 19000
ha. Cneg 1980r. y Hac ce 3abensisBa He-
npeKbCcHaT crnag, Ha 3aeTuTe NoLmM, KouTo
jocturat cBos MUHMMYM npe3 2008 r. —
1628 ha.

By the middle of the 1950s, walnut
trees in Bulgaria were grown mainly by
amateurs, usually planted as single trees
in vineyards, fields and along the roads
(Velkov et al., 1951). Later, walnut
plantations began to increase and in
1980 reached their peak of 19000 ha.
After 1980, in Bulgaria, there is a
continuous decrease of the planted
areas, which reached their minimum of
1628 ha in 2008.
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B nocnegHute 10 rogvHn B Bbn-
rapus ce 3abena3sa 3acuiBaHe Ha UHTe-
peca KbM OpPexonpov3BOACTBOTO, Tbl
kato EBponelickute nporpamu CTumynu-
par 3acaxjaHeTo Ha HOBW OpPEXOBU
MacvBu. PaspactBaHeTo Ha nasapa
CblI0 € BaXeH efleMeHT OT pa3BuUTUEeTO
Ha KynTypaTa. Mawaébute Ha pOAHOTO
Npon3BOACTBO Ca MaJlki 1 cTpaHata uma
CKPOMEH ASi/1 B €BPOMNENCKOTO, U OLLEe Mo-
Ma/iko B CBETOBHOTO MNPOU3BOACTBO Ha
opexun. bbnrapua ocurypssa 0,13% ot
Nnpon3BOACTBOTO Ha CBeTa.

Ha ®urypa 4 ca npepcraBeHu
jJaHHn Ha M3X 3a npousBOACTBOTO,
3aeTuTe NoWM 1 Jo6mBKUTE OT Opexu no
palioHn B Bbarapus npes nocnegHute
neTHagecet rognHn. Kem 2016 r. Pervno-
HaNIHOTO Pa3rnosIoKeHME Ha HacaxXaeHUs-
Ta e cnegHoTo: HOromMsToueH palioH —
2021 ha, CesepoustouyeH — 922 ha,
CeBepeH ueHTpaneH — 1454 ha n KOxeH
LleHTpaneH — 1267 ha. lMo-manko ca
opexoBute rpaguHn B CeBeposanagHus —
578 ha, n tOrosanagHus pernoH — 38 ha.

CpegHo 3a nepuoga 2001 — 2016 r.
[obueute y Hac ca 757 kg/ha. Haii-Huckmat
oTyeTeH po6wus e 137 kg/ha (2009 r.), a
Han-BncokmaT e 1113 kg/ha (2012 r.).

3a pasrnexpaaHusa nepuos 6bnrap-
CKOTO Opexonpon3BOACTBO U30CTaBa 3Ha-
YUTEJTHO U He e CPaBHNMO CbC CBETOBHO-
To. MHOro ca npuynHWUTE 3a He3afoBoO-
NINTENIHOTO CbLCTOAHWE Ha oTpachbia:
n3nn3aHe ot 060POT Ha cTapu rpaguHn —
MOPasHO 1 OU3NYECKM aMOopTU3MpaHu;
ocTapsisia U eKCTEH3UBHA TEXHOMNOMMSA Ha
oTrnexaaHe; nuncara Ha HanosiBaHe;
HUCKaTta poOAOBUTOCT Ha KynTypata B
CpaBHeHWe c ApyruTe OBOLLHU BUOBE;
He3aJ0BO/INTE/IHO PaBHULLE Ha arpoTex-
Huka; 6aBHOTO BM3aHe B nNepuoj Ha
Mb/IHO NnogoAasaHe. Bbnpekn Henobpo-
TO CbCTOSIHME Ha OPEexoBOTO MPOU3BOA-
CTBO B Bbbnrapus u ronamara guctaHumns
OT BOJeluTe NpPon3BoAMTENN B CBeTa U1
pervoHa, ctpaHata Hu e cpep 20-Te
BOJELLM CBETOBHWU U3HOCUTE/NIN Ha Opexu
C 4epynkn ¢ rofMLIHN KO/InYecTBa OKOJ10
1000 — 2000 ToHa no gaHHM Ha DAO.

In the last 10 years an increased
interest in  walnut production was
observed in Bulgaria, as the European
programmes stimulate the establishment
of new walnut plantations. Market
expansion is also an important element in
the development of walnut production.
Domestic production is small and the
country has a modest share in European
and even less in global walnut
production. Bulgaria provides 0,13% of
the world production.

Data of the Bulgarian Ministry of
Agriculture and Food on walnut
production, planted areas and Yyields
obtained by regions over the last fifteen
years, are presented in Figure 4. In 2016
the regional distribution of the plantations
in the country was, as follows: South-East
region — 2021 ha, North-East — 922 ha,
North Central — 1454 ha and South Central
— 1267 ha. Walnut orchards in North-West
region occupy a smaller area of 578 ha, and
in South-West region — only 38 ha.

On average for the period 2001 —
2016, the yields obtained in Bulgaria were
757 kg/ha. The lowest reported yield was
137 kg/ha (2009) and the highest — 1113
kg/ha (2012).

For the studied period, Bulgarian
walnut production significantly lagged
behind and it cannot be compared to
leading producers in the world. There are
many reasons for the unsatisfactory
state-of-the-art of the sector: neglecting
old morally and physically depreciated
plantations; use of old fashion and
extensive cultivation technology; lack of
irrigation; low fertility of the species
compared to the other fruit species;
unsatisfactory level of agro-technology;
delayed entry into fruit-bearing. Despite
the poor state-of-the-art of walnut
production in Bulgaria and lagging far
behind the leading producers in the world
and in the region, the country is among
top 20 world exporters of walnut fruits,
the annual export being about 1000 —
2000 tonnes, according to FAO data.
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Fig. 4. Production, occupied area and yields of walnut fruit by regions and total
for Bulgaria for the period 2001-2016 (data from the Agrostatistics Dept. of the
Bulgarian Ministry of Agriculture and Food, http://iwww.mzh.government.bg)
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HanpaBeHuAT nperneg nokasea, 4e
3a nocnegHiTe TpPUAECET W MET roguHu
NpoOM3BOACTBOTO HA OPEXOBW M/I0A0OBE €
HapacTBa/10 BCMeACTBME YBENMYaABAHETO
Ha 3aeTTe C OpEexoBM HaCaXAeHus
naowu. OT gpyra cTpaHa M3BEAEHOTO B
uMmnepaTMe  YCTOMYMBO  pasButne U
HenpekbCHaTO HamasnsBalara naow, Ha
3emefesickaTta 3eMs HanaraT nogobpssa-
He Ha NPOAYKTUBHOCTTA WU WMKOHOMMUYeEC-
KaTa e(peKTMBHOCT Ha OpPexXoBOTO MPOU3-
BoACTBO. OUeBUOHO €, Ye MepkuTe 3a
pellaBaHETO Ha TakaBa C/IOXHa 3ajadva
Tpa6bBa pfa 6baar MHoronocoyHu. Ha
MbpPBO MSCTO € MOBMLIABAHETO HA TEXHO-
norMyHata gucuunavHa. bBbarapua e
efHa OT CTpaHuTe C MoTeHuuan 3a yBe-
NnyeHne Ha [JobusuTe ABa-TpyU MbTW B
paMkuTe Ha TpaguuMOHHATa TEXHOMOorus
3a oTrnexgaHe Ha opex. KauecTBeH CKOK
obaye MOXe [a ce OCbLLEeCTBU efUHCT-
BEHO 4pe3 MHTeH3udumumpaHe Ha opexo-
BOTO MNPOW3BOACTBO, KOETO W3MCKBA
BHeApsiBaHe Ha BbPXOBUTE TEXHOMOMMY-
H/ pEeLIeHUss BbB BCUYKN €/IEMEHTU Ha
NpPON3BOACTBEHMS MPOLLEC.

B pesyntat e paspaboTeHa Tex-
HOJIOrMA 3a Cb3faBaHe U OTrexgaHe Ha
Opex, KoATO Ce xapakrepuaupa C BUCOKU
[06MBM 1 Ka4yecTBO Ha NnoaoBeTe, 6bP30
Bb3BpblLLaHEe Ha WHBECTULMUTE, MHOro
[obpa peHTabuHOCT 1 eKoslorocbobpas-
HocT (Gandev at al., 2014). Tasn TexHo-
Nornss € B YHWCOH CbC CbBPEMEHHMUTE
METOAM W HauMHM 3a OTrexjaHe Ha
opexa, HO e cbobpaseHa U CbC crneyu-
PUYHUTE MOYBEHO-KNUMATUYHU YC/I0BUS
Ha cTpaHaTa. MogensT 3a OpexoBO Npo-
M3BOACTBO € Cb3[afdeH U EKCMEPUMEHT-
upaH B nepuoga 2003-2013 B ONUTHO-
eKCcrnepumMeHTasieH y4acTbk Ha HcTutyTa
no osowapcteo — rp. MNnosgus. Llenta Ha
HEeroBoTo paspaboTBaHe e fga ce fgaje
noseve MHopmauus Ha cneymanucTute
n hepmepvtTe NO OTHOLWIEHME Cb3AaBa-
HETO M CbBPEMEHHUTE Ha4YMHW Ha OT-
rnexgaHe Ha opexoBaTa Ky/nTypa, KakTto
M Aa ce noAnoMOorHaT OpexonpousBoau-
TenuTe Npv NaaHupaHeTo Ha Heobxoau-

The review shows that for the past
thirty-five years walnut fruit production
has increased as a result of the increased
areas planted with walnut trees.

On the other hand, sustainable
development and the continuously
decreasing areas of agricultural land
imply an improvement in the productivity
and economic efficiency of walnut
production. Obviously, multidimensional

measures are needed to solve the
problems.
First, it is necessary to improve the

technological discipline. Bulgaria is one of
the countries with the potential to
increase yields two to three times within
the framework of the traditional walnut
production technology. However, a
qualitative leap can only be achieved by
intensifying walnut production, which
requires the implementation of
technological solutions of excellence at
all stages of the production process.

The result is the technology
developed for the establishment and
cultivation of walnut trees, which is
characterized by high vyields and fruit
quality, rapid return on investment, very
good profitability and environmental
friendliness (Gandev et al.,, 2014). The
technology is in line with the modern
methods and ways of growing walnut
trees, but at the same time it is adapted
to the specific soil and climatic conditions
of the country. The walnut production
model was created and experimented in
the period 2003-2013 in the experimental
site of the Fruit-Growing Institute in
Plovdiv. The purpose of developing the
model was to provide more information to
professionals and farmers on the
establishment and modern ways of
walnut growing, as well as to help walnut
producers in planning the necessary
materials, labor and resources.
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MUTE MaTepuanu, Tpya v cpeactea. B
Hesl ca pasrfiefaHn Hali-BaxHuTe arpo-
TEXHUYECKN MEPONPUATUS, KaKTO M noa-
XOAALLMTE CPOKOBE U HAYMHM 3a TSIXHOTO
npoeexpaaHe. pu pa3paboTBaHETO Ha
Mogena, KOMIeKTUBLT Ce € PbKOBOAW/ OT
CbBPEMEHHUTE Hay4dHW MOCTUXKEHUSA W
HaTpynaHus onuT y Hac 1 B YyX6uHa.

Moao6bpsBaHETO Ha OpPEXOBOTO
NMPOV3BOACTBO W HeroBaTa MWHTEH3UW-
Kauusi o6aye ca HempekbCHaTK NPoLEecH,
KOUTO ce 06ycnaBaT OT HATPYNBaHETO Ha
HOBMW 3HaHWA 3a Ky/nTyparta, TeEXHUYECKUs
W TEeXHONorMyeH Hanpeabk. B T03MU
CMUCBN efHa OT akTya/iHuTe 3ajauun
npes OGbArapckute u3cnegoBartenn e
nofo6psiBaHe Ha niaHUpaHeTo W ynpas-
NEHVETO Ha NosuBHMA npouec. Pelwa-
BAHETO Ha Ta3n 3ajadya € CBbpP3aHo C
YyCTAHOBSIBAHE HYXAMTE Ha opexoBaTta
KyNTypa oT Boja npe3 pas/iyHnTe goeHo-
NOrMYHK hasmn 1 Bb3PACTOBM Nepuoau, u
CbOTBETHOTO ajanTupaHe Ha CUCTeMUTE
3a MUKpoHarnosiBaHe B crneunduyHuTe
NOYBEHO-KNMMATUYHM YC/I0BUS Ha Bbra-
pvsi. HepocTurbT Ha TakaBa MHAopma-
LMs e 0co6EHO OCTbP MO OTHOLUEHUE Ha
MIaflEHYECKMST Nepunos Ha HacakaeHus-
Ta. Heo6Xo0AMMOCT OT TEXHUYECKO U TeX-
HOMIOTMYHO YCHBBLPLUEHCTBAHE € Hau-Le
W Npy TOPEHETO W pacTuTesiHaTa 3aluTa,
Kb[IEeTO MoBMLIABaHe Ha eeKTUBHOCTTa
MOXe [la Ce NOCTUrHe Ype3 BHACSHETO Ha
TOpOBE, NECTULMAN U APYTA arpoXMmuKa-
/N Ype3 MoJsiMBHAaTa BOAaA, U3BECTHO KaTo
XUMUraums,

The most important agrotechnical
measures, as well as the appropriate
terms and ways of their implementation
are treated. When developing the model,
the research team followed the latest
scientific achievements and the
experience gained at home and abroad.

However, the improvement of
walnut production and its intensification
are continuous processes, which need
acquiring new knowledge about the crop
and the technical and technological
advances. In that sense, one of the
current tasks the Bulgarian researchers
face, is the improvement of planning and
management of the irrigation process.

For solving that task, it is important to
identify the water needs of walnut trees
through the different phenological stages
and depending on the tree age and to
adapt the microirrigation systems under
the specific soil and climatic conditions of
Bulgaria. The scarcity of such information
is particularly needed during the juvenile
period of the plantations.

The need for technical and technological
improvement is also important concerning
fertilization and plant protection where
production efficiency can be achieved by
the application of fertilizers, pesticides
and other agrochemicals through
irrigation water, known as chemigation.
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