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PE3IOME

Pon Phytophthora npuHagnexu
KbM k1ac Oomycetes u ce cbCTOM OT Haf
150 Bnga. HAkon OT TAX HAHACAT LWeTH Nno
ropckara pacTUTesIHOCT, JoKaTo Apyrn ca
natoreHn no 3emefenckute  Kyntypu.
Yact oT Bugosete Phytophthora ca
CBbp3aHn C BOAHWN MECTOOOUTAHNWSA, KaKTO
N C B/IQXHU MOYBEHU Cpeau.

LlenTa Ha HacTOALOTO uU3cnenBaHe
€ 130/MpaHe W XxapakTepusMpaHe Ha
BuaoBe Phytophthora oT ropHOTO TeueHue
Ha peka OcbM. OT YeTMpu pasINYHN Mec-
TONOJIOXEHUS MO pekata ca cbbpaHu 20
n3onarta no Metoga Ha ynoskute. C NomoLy-
Ta Ha K/1acm4yeckn MoposIorMyHN MeTOAM
N MOJIEKY/IAPHN aHa/In3M Te ca OTHECEHU
KbM uveTupyn Buga Phytophthora — P.
lacustris, P. gonapodyides, P.
chlamydospora u P. syringae. P. lacustris
€ onpefenieH KaTo Hali-uecTo cpeLlaH u
Hali-pa3npocTpaHeH BWZ B NpOyyYBaHUs
panoH.

WN3cnepBaHa e naToreHHocTTa Ha
nsonupaHnte Bugose Phytophthora kbm
AroAON/I0AHN pacTeHus (Arogda, KbnuHa,
yepBeHa OOPOBMHKA) 4ype3 3apassBaHe Ha
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SUMMARY

Phytophthora is a genus of the
class Oomycetes, consisting of more than
150 species. Some of them cause
damage on forest vegetation, while others
are pathogens on crop plants. Some
Phytophthora species are related to
aguatic habitats, as well as moist soll
environments.

The aim of this study is isolation
and characterization of Phytophthora
species from the upper stream of the
Osam River. Twenty Phytophthora
isolates were recovered from four different
locations in the river using a baiting
method. Four species, P. lacustris, P.
gonapodyides, P. chlamydospora and P.
syringae, were indentified using classical
morphological methods and molecular
analyses. P. lacustris was defined as the
most common and widely spread
Phytophthora species in the investigated
region.

Pathogenicity of isolated
Phytophthora species to berry plants
(strawberry, blackberry, cranberry) was
analyzed by inoculation of detached
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OTKbCHATU nncta. Pesyntatnte oOT aHa-
nm3nTe nokassar, 4ye P. lacustris, P.
chlamydospora, P. gonapodyides un P.
syringae moraTt ga 3apassiBaT KakTo AWBO-
pacTswu, Taka v KynTuBupaHu srogonsog-
HY pacTeHus. W3cnegsaHWTe naToreHu
npeacrasnsBar noTeHuManHa 3annaxa 3a
pacTuTenHocTTa B paiioHa Ha peka OCcbM ©
MoraT fa 3acerHar pasfiMiHu pacTUTesHu
BMAOBE KakTO B MPUPOAHUTE €eKocucTemu,
Taka 1 B Ce/ICKOCTOMNaHCKMTE panoHu.
Kntouosn paymu:  Phytophthora,
pa3npocTpaHeHne, naTtoreHHoCT, BOOHMU
€KOCUCTEeMU, AroA0MNN04AHN pacTeHNs

YBO/,

MNpe3 nocnepgHute 15 roguHu ot
OTKpUTM BOAHW GacelHn ca M30nupaHu
okono 16 Hoeu Buga Phytophthora (Yang
et al, 2016). Hakom oT T4X, kato P.
lacustris n P. chlamydospora, 3aegHo c P.
gonapodyides, ca [OMWHaHTHW BWAOBE
BbB BOAHa cpega. EkonornyHoTo Bb3aeli-
cTBue Ha Te3n Bugose Phytophthora
BbpPXY pacTUTesHOCTTa B KpahpeuyHuTe
eKocucTemMu He e [o6pe Npoy4veHo.

P. lacustris, P. gonapodyides n P.
chlamydospora npuHagnexatr kbm Knag 6
Ha pog Phytophthora. Moeeveto oT npeg-
cTaBUTENWTE Ha TO3W KNaj, kaTto P. lacustris
n P. chlamydospora, ca pa3npoctpaHeHu
KakTo B TOpCcKMTe, Taka WU B KpaipeuyHuTe
ekocuctemun, gokato P. gonapodyides ce
CBbP3Ba NO-YECTO CbC 3EMEESICKM 1 OBOLL-
HU Bugose roctonpuemHuun (Jung et al.,
2011; Reeser et al., 2011; Dunstan et al.,
2016; Stamler et al., 2016). Bugbt P.
lacustris e WMpoko pasnpocTpaHeH B EBpo-
na, oTKkput e owe B ABcTpasnnda, Hosa 3e-
naHgua n CALL. [oka3aHa e Herosarta cna-
6a 10 ymepeHa arpecmMBHOCT KbM BUAOBE OT
pogoseTe Alnus, Prunus n Salix (Nechwatal
et al., 2013). BugsT P. gonapodyides e oT-
kpuT B EBpona, CeBepHa n KOxHa Amepuka,
n ABcTpasnina. TO NPUYMHSIBA 3HAYMTE/THU
wetn Ha BuAaoBe OT pog Quercus
Castanea. HeroBu rocrtonpvemHuum ca u
BMOOBeTe OT cemelicTBa Rosaceae wu
Pinaceae. P. gonapodyides ce cuuta 3a
cnab nartoreH npu peavua AeKopaTuBHU
pacteHus (Cline et al.,, 2008). Bugbt P.
chlamydospora e wu3onupaH OT noToUW,

leaves. Results of the analyses showed
that P. lacustris, P. chlamydospora, P.
syringae and P. gonapodyides can infect
wild berry plants, as well as cultivated
species. They are a potential threat for the
vegetation in the region of the Osam River
and can affect different plant species in
both natural ecosystems and agricultural
areas.

Key words: Phytophthora,
distribution, pathogenicity, water
ecosystems, berry plants

INTRODUCTION

About sixteen novel Phytophthora
species have been recovered for the first
time from open water resources in the last
15 years (Yang et al., 2016). Some of them,
like P. lacustris and P. chlamydospora,
along with P. gonapodyides, are dominant
species in the water environments.
Ecological impact of these Phytophthora
species on the vegetation in riparian
ecosystems is not well studied.

P. lacustris, P. gonapodyides and
P. chlamydospora belong to Clade 6 of
the Phytophthora genus. Most of Clade 6
members, such as P. lacustris and P.
chlamydospora, show a strong
association with both forests and riparian
environments, while P. gonapodyides is
more often associated with agriculture
and horticulture host species (Jung et al.,
2011; Reeser et al.,, 2011; Dunstan et al.,
2016; Stamler et al., 2016). P. lacustris
appears to be widespread in Europe and
has also been detected in Australia, New
Zealand and USA. This species has
demonstrated a weak to moderate
aggressiveness to Alnus, Prunus and Salix
(Nechwatal et al., 2013). P. gonapodyides
has been recorded in Europe, North and
South America and Australia. It causes
significant damage to roots of Quercus
and Castanea. Hosts are also species
from Rosaceae and Pinaceae families. It
is considered a minor pathogen on a
number of ornamentals (Cline et al.,
2008). P. chlamydospora has been found
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peku, KpalipeyHu TMo4YBM B YMEpPEeHuUTe
ropckv 3oHu Ha EBpona, CeBepHa 1 HOxHa
Amepuka, Asus, Adpuka u Asctpanms. Toi
€ U30/IMpaH CbLUO Taka OT KOPeHW U nnucta
Ha pacTeHus oT pascagHuum (Hansen et al.,
2015).

P. syringae npuHagnexu koM Knag, 8
Ha pog Phytophthora. BugoBeTe oT TO3M
Knag, ca pasnpocTpaHeHu npeavMHO B Nou-
BaTa W MMaT MO-LUMPOK KPbF OT TrOCTO-
npueMHuyun. P. syringae e wusonupaHa B
EBpona, CeBepHa w©n HxHa Amepuka,
Adbpuka, Asmnsa n Asctpasimsa. [okasaHo e,
ye 3apassBa AbpPBECHV BUAOBE, 0COHEHO
AOGBAKM N KPYLUW, HO CbLUO Taka W UuUTpy-
COBM NOJAOBE W [EKOPaTWBHM pacTeHust
(Upstone, 1978; Thomidis 2001; Cline et al.,
2008; Lolas et al., 2016).

Ocbm e peka B CeBepHa Bbwrapus,
chopmumpala ce OT CMBAHETO Ha pekuTe
Benn Ocbm 1 YepHu Ocbm, 61130 40 rpag,
TposiH. ObmkuHata n e 314 km, KoeTo A
onpefens kaTo neTtata Hali-gbAra peka B
Bbarapusi. PacTuTesiHocTTa B NiaHWHcKaTa
yacT Ha peka OCcbM ce CbCTON NPESUMHO OT
LUIMPOKONNCTHN FOpW, AOKATO B paBHMHHATA
yacT npeobnagasar XpacToBMAHU W Tpe-
BUCTWM pacTeHus. B [yHaBckaTa paBHUMHA,
KbAETO Ce OTrNexaar 3emMefencku KynTypu,
BoauTe Ha peka OCbM ce u3non3eBat 3a
HanosBaHe.

Llenta Ha HacToALLOTO U3cneaBaHe
€ Wu30nMpaHe W xapaktepusupaHe Ha
BnaoBe Phytophthora oT ropHOTO TeuyeHne
Ha peka OcbM. BuaosoTo pasHoobpasue
Ha cbbpaHuTe un30M1aTU e onpegeneHo
ypes K1acuyeckm MopgosIorMyHN MeToan
N MOMEKYNAPHN aHanunsn. M3cnepsaHa e
naTtoreHHocTTa Ha u3onMpaHuTe BUOOBE
Phytophthora kbm AMBYM M KynTUBMpPaHU
AroAONI04HN pacTeHus (Arofa, KbnuHa,
yepBeHa 60pPOBMHKA).

MATEPWNAN N METO4WA

N3cnepBaHeTo e npoBegeHo npes
neproga 2016-2018r. MNMpobuTe ca cbbpa-
HW OT YEeTUPU MECTOMNOJIOXKEHUSI MO FOPHO-
TO TeyeHne Ha peka OCcbM No MeToga Ha
ynoekmTe (Jung et al.,, 2011), npu KoliTo
ce u3nonseat aucta OT POAO0AEHAPOH,
nocTaBeHW B MNJiaBallia Mpexa 3a nepuog

in streams, rivers and riparian soils in
temperate forests in Europe, North and
South America, Asia, Africa and Australia.
It has been also isolated from bark
cankers, roots, and foliage of nursery
plants (Hansen et al., 2015).

P. syringae belongs to the Clade 8.
Species of this clade are mainly soil-borne
and have wider host spectrum. P.
syringae has been isolated in Europe,
North and South America, Africa, Asia
and Australia. It is known to infect plant
tree species, especially apple and pear,
but also citrus fruit and ornamental plants
(Upstone, 1978; Thomidis 2001; Cline et
al., 2008; Lolas et al., 2016).

Osam is a river in north part of
Bulgaria. It is formed by the merging of
rivers Beli Osam and Cherni Osam, close
to the town of Troyan. Its length is 314
km, which defines the Osam as the fifth
longest river in Bulgaria. In the
mountainous part of the Osam river the
vegetation consists mainly of deciduous
forests, whereas a low-vegetation prevails
in the foothills. In the Danube Plain, where
agricultural crops are grown, waters of
Osam River are used for irrigation.

The aim of this study is isolation
and characterization of Phytophthora
species from the upper stream of the
Osam River. Determination of the
diversity was performed using classical
morphological methods and molecular

analyses. Pathogenicity of isolated
Phytophthora species to wild and
cultivated berry plants (strawberry,

blackberry, cranberry) was investigated.

MATERIAL AND METHODS

The survey was conducted in the
period 2016-2018. Samples were
collected from four different locations of
foothill region of the Osam River using a
baiting method (Jung et al.,, 2011) via
Rhododendron leaves enveloped in mesh
bags that were floated in the river for 3
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oT 3 gHu. Te mmat crnocobHocTTa ga npu-
B/IMYAT HaMMpaLllm ce BbB BoAaTta 300Cnopu
Ha Phytophthora. Cubb6paHute nucta ca
CTEpPUIM3NPaHN MOBBPXHOCTHO CbC 70%
€TW/I0B aJIkoXoN W ca W3MUTU [BYKPATHO
CbC CTepwiHa gecTuavpaHa Boga. JICTHU
CerMeHTN OKOJI0 HEeKpoTUpamMTe 30HM ca
n3pA3BaHM 1 ca NPEXBBLP/IEHN Ha Cenek-
TMBHa PARNHB cpepa (MopkoBeH arap C
pobaseHn: 10 mg Pimaricin, 250 mg
Ampicilin, 10 mg Rifampicin, 50 mg Nistatin,
1.3 ml Tahigaren n 15 mg Benomyl/1l).
MeTpuTata ca WHKy6UpaHW npu Temnepa-
Typa 23-25°C B npoab/ixkeHne Ha 2-5 gHu.
ArapoBo 6/10k4e OT BCSKa MuLe/Ha Kono-
HWA C pas/imyeH MopdosiornyeH Tun e npe-
XBbP/IEHO Ha BofeH arap. Cnep HapacTBa-
He Ha KosoHuuTe 3a 3-4 [OHW, BpbXye OT
Xnga e NpexsbpisHO C MUKPOOMOMOrnyHa
ursa nog MUKpPocKon Ha cBexa cpefa V8A
(3eneHuykoB arap: 16 g agar, 3 g CaCOs,
100 ml V8 juice/l 1) nnn PDA (kapTodeH
arap, Difco).

OHK e wu3onupaHa ot 10-gHeBHa
mMuuenHa kyntypa ¢ kmt DNeasy Plant Mini
Kit (QIAGEN GmbH), cbrnacHo npoTokosna
Ha dpmata npoussoguTen. Amnauduka-
uuaTa Ha ITS (internal transcribed spacer)
permoHa e u3BbpLleHa 4pe3 nosmMepasHa
BepmwkHa peakums (Polymerase Chain
Reaction, PCR) ¢ npaiimepn ITS5
(5-GGAAGTAAAAGTCGTAACAAGG-3)
ITS4 (5'-TCC TCC GCT TAT TGA TAT GC-
3'), npu cnegHuTe ycrosusi: 96°C — 2 MUH.,
cnegeaHo oT 35 uukbiaa Ha 96°C — 1 MUH.,
55°C — 1 MMH., 72°C — 2 MUH. 1 hmHaNHa
enoHraums Ha 72°C — 10 muH. PCR peak-
uMsaTa e npoBefeHa C nomowTa Ha Kut
PuReTaq™ Ready-To-Go™ PCR beads
(GE Healthcare Life Sciences), cbrnacHo
WHCTPYKUMWTE Ha chupmara npoussoguten.
MonyyeHnte PCR npoayktn ca npevyncreHun
U wu3npareHn 3a cekseHupaHe B GATC
Biotech AG, 'epmaHus. MNonyyeHnTe pesys-
TatTu ca 06paboTeHn npu cpaBHABaHe B
6aszata pgaHHu NCBI (National Center for
Biotechnology Information) upe3 BLAST
(Basic Local Alignment Search Tool).

OT6paHn un30natnm OT BCEKN BUA
Phytophthora ca kyntmeupaHun Ha cpean V8
n PDA 3a muueneH pactex v mMopgosno-
MMYHO XapakTepusupaHe. Obpa3yBaHeTO Ha
CNnopaHrnM e CTUMy/IMpaHo Ype3 UHKybupa-

days. They have the ability to attract
Phytophthora zoospores that floated in
the water. Collected leaves were surface
sterilized with 70% ethyl alcohol and
rinsed twice in sterile water. Leaf
segments around necrotic areas were
excised and transferred to a selective
PARNHB media (carrot agar
supplemented with 10 mg Pimaricin, 250
mg Ampicilin, 10 mg Rifampicin, 50 mg
Nistatin, 1.3 ml Tahigaren and 15 mg
Benomyl/1l). Plates were incubated at
23-25°C for 2-5 days. A mycelia plug of
each colony with different morphological
type was transferred on water agar. After
a colony growth for 3-4 days, hyphae tip
was taken with a needle under a
microscope and was transferred to a fresh
media VBA (vegetable agar: 16 g agar, 3
g CaCOs, 100 ml V8 juice/l I) or PDA
(Potato Dextrose Agar, Difco), depending
on future analyses.

A DNA was isolated from mycelia of
10-days old cultures using DNeasy Plant
Mini  Kit (QIAGEN GmbH). PCR
amplification of the ITS (internal
transcribed spacer) region was performed
with primers ITS5
(5-GGAAGTAAAAGTCGTAACAAGG-3)
and ITS4 (5-TCC TCC GCT TAT TGA
TAT GC-3), using the following PCR
program: 96°C — 2 mins, followed by 35
cycles of 96°C — 1 min., 55°C — 1 min.,
72°C — 2 mins. and final elongation at
72°C — 10 mins.

PCR was performed using PuReTaqTM
Ready-To-GoTM PCR beads (GE
Healthcare Life Sciences), according to
the manufacturer’s instructions.

Purified PCR products were sent for
sequencing to GATC Biotech AG
(Germany). Sequencing data analyses
was performed using BLAST search.

Selected isolates of each
Phytophthora species were cultivated on
V8A and PDA for a mycelia growth and a
morphological characterization. Sporangia
formation was stimulated by incubation of
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He Ha arapoBu 6f0k4yeTa OT 7-AHEBHa
KynTypa Ha cpega V8A (15mmx20mm) ot
BCEKW M30aT B M3BOPHA BOJa 3a Nepuog, oT
24-48 vaca (Jung et al., 2011). Ha6noge-
HMETO Ha MOPMO/IOTNYHUTE CTPYKTYpU e
M3BDBPLLUEHO C NOMOLLTA HA MUKPOCKON Zeiss
Axio Imager n nporpama AxioVision 4.8.2.

MaToreHHOCTTa Ha  U30/AMpaHuTe
sugose Phytophthora e nscnegsaHa cnpsimo
AvBa 1 KynTuBrpaHa aroga u KbnvHa, Kakto
M KbM [uBOpacTdawa yepBeHa OOPOBUHKA.
TecToBeTe ca npoBeAeHU ype3 3apassiBaHe
Ha OTKbCHaATW NMUCTa OT AroAoNI0AHUTE
pacTteHus. OT Bceku Bug Phytophthora e
n3bpaH No eauH mM3onart Kakto cregsa: P.
lacustris — RLesh2016/81a, P. syringae —
RDobrod2016/82d, P. chlamydospora -
RChOs2016/83b and P. gonapodyides —
RBOs2016/84a. MwuuenHu 6nokdyeta oOT
7-0HEBHa KynTypa Ha BCekM u3onaTr ca
nocta-seHn B neTpueBu 6mwoga  Cbe
cTepunHa fJec-TWavMpaHa v M3BOpHa Boja
(1:1). ncta OT M3NUTBaHWUTE pacTeHus ca
nocTaBeHNW Ha MOBBLPXHOCTTA Ha Bojata.
Ta3n cuctema no3sosisiBa 0CBOGOXAaBaHe
Ha 300cCropy OT 300cnopaHruMTe  Ha
n3onatute Phytophthora, kouTto Morat pga
3apassr YyBCTBUTESTHM pacTteHuns-
roCTONpUeMHULM, CvmnTomute Ha
3apassiBaHe ca HabnogasaHu 5-7 AHU cnepg,
WHOKyNuMpaHe. KaTo KkOHTpona ca W3-
Nnosi3BaHun iMcTa OT ArofOoN04HN pacTeHus
NOTOMEHN caMo B CTEpWU/IHA AecTuaupaHa u
n3BopHa Boga (1:1).

PE3SYNTATU N OBCBbXOAHE
Pa3Hoobpa3veTto Ha BuaoBeTe
Phytophthora e nscnegsaHo B niaHUHcKa-
Ta W MofynJaHWHCKaTa 4acT Ha peka
OcbMm. M3b6paHn ca 4YeTvpu pas/imyHu
MECTOMOJIOKEHUA MO pekata: 1. peka
OcbMm B ceno JlewHuya; 2. peka OcbM B
ceno fobpopaaH; 3. peka YepHu OcbM B
kBaptan flmBapeto, rp. TposH; 4. peka

Benun OcbM B ceno Yudonuk (dPurypa 1).

agar blocks (15mmx20mm) of 7 days old
culture on V8A of each isolate with spring
water for 24 to 48 hours (Jung et al.,
2011). Observation of morphological
structures was performed by a
microscope Zeiss Axio Imager and
software AxioVision 4.8.2.

Pathogenicity of isolated
Phytophthora species to wild and
cultivated strawberry and blackberry, as
well as wild cranberry was analyzed.
Tests were performed by inoculation of
detached leaves of berry plants. One
isolate of each Phytophthora species was
selected for analyses as follow: P.
lacustris — RLesh2016/81a, P. syringae —
RDobrod2016/82d, P. chlamydospora -
RCh0s2016/83b and P. gonapodyides —
RBOs2016/84a. Mycelia plugs of 7-days
old culture of each isolate were put in a
Petri dish with sterile and spring water
(1:1). The leaves of tested plants were
placed to float into the Petri dishes. The
system allows a release of zoospores that
can infect sensitive host plants. Disease
symptoms were observed 5 to 7 days post
inoculation (dpi). Leaves of berry plants
placed in a Petri dish with sterile and
spring water (1:1) without Phytophthora
were used as a control.

RESULTS AND DISCUSSION
Diversity of Phytophthora species in
a mountainous and foothill region of the
Osam River was investigated in the study.
Four different locations were chosen for
the examination: 1. the Osam River at a
village Leshnica; 2. the Osam River at a
vilage Dobrodan; 3. the Cherni Osam
River at a Livadeto district; 4. the Beli

Osam River at a village Chiflik (Figure 1).
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R. Bovev, 86. 6. 07

| BODOCEOPEH SACEUH HA PEKA OCHM

o

.

dur. 1. MecTta Ha 3as1araHe Ha Y/I0BKM MO FOPHOTO TeyeHme Ha peka Ocbm: 1 —
c. lewHnya; 2 — c. JobpopaaH; 3 — KB. JinBaneTo; 4 — c. Yndnimk

Fig. 1. Locations of floating mesh bags placed in upper stream of the Osam River: 1 —
Leshnica village; 2 — Dobrodan village; 3 — Livadeto district; 4 — Chiflik village

Hab6niogasaHo e o6pasyBaHe Ha
HEKPO-TUYHM NeTHa BbpXy MOBBPXHOCTTA
Ha NO-CTaBEHWTE KaTo YynoBKa sucta oT
pofo-aeHapoH (®urypa 2a). M3onupaHeTo
Ha MaToreHnTe e OCbLECTBEHO upes3
cenekuma Ha PARNHB cpepa, 6naronpusr-
cTBalla pactexa OCHOBHO Ha BUAOBE OT
poa Phytophthora (Purypa 2b). O6wo 20
n3osata ca noslyyeHu oT yeTupuTe nocra-
BEHW y/10BKN B peka OCcbM: 6 n3onara oT C.
JNlewHuua; no 5 nsonata o1 c. JobpogaH u
KB. JlIuBageTo u 4 nonara o1 ¢. Yndnuk.

Necrotic spots on the surface of
Rhododendron leaves from floating mesh
bag were detected (Figure 2a). Isolation
of pathogens was conducted by selection
on PARNHB media that allow
predominantly growth of Phytophthora
species (Figure 2b). From all 4 locations,
totally 20 isolates were selected as follow: 6
isolates from Leshnica village; 5 isolates
per Dobrodan village and Livadeto district,
and 4 isolates from Chiflik village.
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dur. 2. Jincta oT yI0BKM CbC CMMNTOMM OT 3apassiBaHe ¢ Phytophthora (a) n ot6op
Ha nsonatu Ha cenektnsHa PARNHB cpega (b)

Fig. 2. Rhododendron leaves floating mesh bag with symptoms of the Phytophthora
infection (a) and selection of isolates on a selective PARNHB media (b)

3a onpegensiHe Ha BuAaa Ha CbbO-
paHuTe 1301atu ca U3nos3BaHu cneum-
ouuHm OHK cekBeHUMM MOAy4YeHn 4pes
PCR c npalimepun ITS5 n ITS4 (durypa 3)
N CEKBEHMpPAHE.

PCR amplification with primers
ITS5 and ITS4 (Figure 3) and sequence
analyses were performed for species
identification of the isolates.

dur. 3. PCR amnnimdpmkauma Ha ITS pervoHa Ha nsonatu Phytophthora ot peka Ocbm
Fig. 3. PCR amplification of the ITS region of Phytophthora isolates from the Osam

River

Pesyntatute ot AHK aHanusa ca
npeactaBeHn B Tabnuua 1. Bcuukm
n3onaty ot p. OcbM npu c. Jlew-Huua ce
OTHacAT KbM efivH Bug, — P. lacustris. Mpu
c. JobpoaaH, ocBeH P. lacustris, e u3o0-
nnpaH n BTOpU BUA — P. syringae. OT p.
UepHu OcbMm B KB. JInBageto ca v3onu-
paHn P. lacustris, P. gonapodyides n P.

The results are presented in
Table 1. In the Osam River at Leshnica
village only P. lacustris was isolated. In
the second spot of the river at Dobrodan
village in addition to P. lacustris, P.
syringae was recovered. In Cherni Osam
River at Livadeto district P. lacustris was
isolated together with P. gonapodyides
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chlamydospora. Cbumte 3 Buga ca
onpegeneHn n B p. benn Ocbm npu c.
Uncpnnk. O6wo 13 m3onata, OT BCUYKK
20 npobu, ca naeHtTudmumpaHn kato P.
lacustris, koeTo npaBu TO3U  BUA
Phytophthora  Hali-pasnpocTpaHeH B
pernoHa. OcBeH ToBa, TOl Ce Hamupa
BbB BCUYKMTE YETUPW M3CNeaBaHn NoKa-
uMKn, KoeTo nokasea, ye P. lacustris nma
Hali-ronsm apeas Ha pas3npocTpaHeHue B
uscnefgaHua paiioH. Tpu OT m3onarute
ca onpegeneHn kato P. gonapodyides,
pokato P. chlamydospora un P. syringae
ca npefcraBeHu ¢ No ABa nsonara.

and P. chlamydospora. The same 3
species were obtained from the Beli
Osam River at Chiflik village. In total, 13
isolates of all 20 samples were identified
as P. lacustris, which makes this
Phytophthora species most common in
the region. Furthermore, it is found in all
the four locations, indicating that P.
lacustris has the largest distribution range
in the investigated region. Three of
isolates were determined as P.
gonapodyides, whereas P.
chlamydospora and P. syringae were
represented by two isolates each.

Tabnuua 1. Cnncbk Ha nsonarute Phytophthora, cb6paHu OT roOpHOTO TeueHue

Ha p. OcbMm
Table 1. List of Phytophthora isolates collected from the upper stream of the
Osam River
No Peka/ River Nokayus / Location; M3onat / Isolate Bupg Phytophthora
GPS coordinates Phytophthora species
1. OcbMm c. lewHnya RLesh2016/81a P. lacustris
Osam Leshnica village; RLesh2016/81b P. lacustris
43.017615/24.716778 RLesh2016/81d P. lacustris
RLesh2016/81d’ P. lacustris
RLesh2016/81e P. lacustris
RLesh2016/81f P. lacustris
2. Ocbm c. fobpopaH RDobrod2016/82a P. lacustris
Osam Dobrodan village; RDobrod2016/82b P. syringae
42.957249/24.687510 RDobrod2016/82c P. lacustris
RDobrod2016/82d P. syringae
RDobrod2016/82e P. lacustris
3.  UepHn Ocbm kB. JluBageTo, rp. TposiH RCh0s2016/83a P. gonapodyides
Cherni Osam Livadeto district, Troyan town; RChOs2016/83b P. chlamydospora
42.902689/24.738322 RCh0Os2016/83c P. lacustris
RCh0s2016/83d P. lacustris
RCh0s2016/83e P. lacustris
4, Benn Ocbm c. Yndnuk RBOs2016/84a P. gonapodyides
Beli Osam Chiflik village; RB0Os2016/84b P. lacustris
42.826640/24.548904 RBOs2016/84c P. gonapodyides
RB0s2016/84d P. chlamydospora
P. lacustris, P. gonapodyides n P. P. lacustris, P. gonapodyides and

chlamydospora npuHagnexar kbm Knag 6
Ha pog Phytophthora, gokato P. syringae
npuHagnexm kbMm Knag 8. Tbii kaTo
BugoseTe oT Knag 6 npeobnagasat B Kpaii-
peyHn ekocuctemu, He e N3HeHazBaLllo, ye
npeacTaBuTeNIM Ha Tasu rpyna cbCTaBsAT
90% oT cbbpaHuTe wu3onatm B ToBa
npoyuysaHe. Bwuposete Phytophthora ot

P. chlamydospora belong to Clade 6,
whereas P. syringae belongs to the Clade
8. Since Phytophthora species of the
Clade 6 are predominant in the riparian
environment, it is not surprising that the
representatives of this group form 90% of
the collected isolates in the presented
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Knapg 8 HacensBat OCHOBHO no4ysara, KOeTo
MOXe fa 6bJe npuuMHa 3a No-psaakoTo pas-
npocTpaHeHve Ha P. syringae B uscnepga-
HUTe Npobu oT peka OCbM.

Mpun nHKybupaHe Ha cpega V8A, P.
lacustris (RLesh2016/81a) u P. syringae
(RDobrod2016/82d) dhopmupatr  cxXofHu
neTanongHu KO/TIOHWN, gokato P.
chlamydospora (RChOs2016/83b) un P.
gonapodyides (RBOs2016/84a) nposiBaBat
cTenew, ce TN Ha pacTex, kato npu P.
gonapodyides ce Habnwogasa HanmumMe Ha
noseye Bb3AYLIEH MULEN KbM cpeaarta Ha
MeTtpueBoTo 61040 (Purypa 4a). Ha cpega
PDA ueTupuTe un3onara obpasysaT neTa-
NOVAHN KbM PO30BUAHW KOMOHUK, KaTo P.
syringe (RDobrod2016/82d) ce otnuyaBa ¢
no-ynabTHEH TWUN pacTex Ha Muuena
(Purypa 4b).

study. Phytophthora species of the Clade
8 are mainly soil-borne and this could be
a reason for the less frequent distribution
of P. syringae in the Osam River.

P. lacustris and P. syringae

(RDobrod2016/82d) form similar petaloid
colonies on VB8A media, while P.
chlamydospora (RCh0Os2016/83b) and P.
gonapodyides (RBOs2016/84a) exhibit
more stellate pattern of growth (Figure
4a).
P. gonapodyides form aerial mycelium
towards the centre of the plate. On PDA
the four isolates form petaloid to
rosaceous colonies, while distinctively P.
syringe isolate grow in a denser pattern
(Figure 4b).

dur. 4. MuueneH pacTex Ha nsbpaHu nonatn Phytophthora Bbpxy cpegu V8BA (a) u
PDA (b): P. lacustris (RLesh2016/81a), P. syringae (RDobrod2016/82d), P.
chlamydospora (RCh0Os2016/83b), P. gonapodyides (RBOs2016/84a); (oTrope Hagony
1 OT NI1BO Ha AACHO)

Fig. 4. The mycelium growth of selected Phytophthora isolates on V8A (a) and PDA
(b) media: P. lacustris (RLesh2016/81la), P. syringae (RDobrod2016/82d), P.
chlamydospora (RChOs2016/83b), P. gonapodyides (RB0Os2016/84a); (from up to
down and from left to right)

Yetupute nscneasaHn BMaa All  four  species  produced
Phytophthora o6pasysaT cnopaHrum BbpXy | sporangia in flooded carrot agar. Isolate
HaBojHeH MopkoBeH arap. Msonat P. | P. lacustris form non-papillate ovoid
lacustris (RLesh2016/81a) oGpasysa siile- | sporangia (Figure 5a, c), sometimes with

BUAHW chopaHrnm 6e3 nanuna ((Dmrypa Sa, atypical forms (Figure 5b)
C), NoHskora ¢ atunuyHa chopma (durypa

5b). CnopaHrunte Ha u3onart P. syringae

P. syringae (RDobrod2016/82d) produce
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(RDobrod2016/82d) ca siueBMgHu M 06-
paTHOKPYLIOBUAHM € nonaynanuna (durypa
5d, e). Wsonatute P. chlamydospora
(RChOs2016/83b) wn P. gonapodyides
(RBOs2016/84a) dhopmupat  SiiLeBUAHN
cnopaHrui 6e3 manuna U ce Xapakrtepu-
3upar ¢ BbTpellHa nponndepauus (Purypa
5f, g n h, | pecnekTnusHO).

f o g

semipapillate  ovoid to  obpyriform
sporangia (Figure 5 d, e). Both isolates P.
chlamydospora (RCh0s2016/83b) and P.
gonapodyides (RBOs2016/84a) form
non-papillate ovoid sporangia which
proliferate internally (Figure 5f, g and h, |
respectively).

h i

dur. 5. MopdonornyHm cTpyktypn Ha P. lacustris — RLesh2016/81a (a, b, c), P.
syringae — RDobrod2016/82d (d, e), P. chlamydospora — RCh0s2016/83b (f, g), P.
gonapodyides — RBOs2016/84a (h, i)

Fig. 5. Morphological structures of P. lacustris — RLesh2016/81a (a, b, c), P. syringae —
RDobrod2016/82d (d, €), P. chlamydospora — RCh0s2016/83b (f, g), P. gonapodyides

— RBOs2016/84a (h, i)

MaToreHHOCTTa Ha wu3bpaHuTe 3a
aHanu3 n3onatn Phytophthora cnpsmo gu-
B/ W KyNTUBUPAHW ArOAONA0LHU pacTeHus
e npeactaBeHa Ha dwurypa 6. ToBa e
MbpBOHAYa/IHO NpoyyBaHe Ha CrNoCcOBHOCT-
Ta Ha usonupaHute Bugose Phytophthora
Ja 3apasfBaT pasiMyHuM pacTeHus, pas-
NpocTpaHeHW B NMAHWHCKWTE W nosynna-
HWHCKUTE 30HM Ha peka OcbM. Pesyntatu-
Te OT TeCTOBETe 3a NaToreHHOCT MnokKas3sar,
ye P. lacustris, P. syringae, P.
gonapodyides n P. chlamydospora morar
[Ja 3apasfBaT KakTo AMBOpacTALM, Taka u
KyNTUBMPaHW ArofonnoaHN pacteHus. Haii-
6bpP30 pa3BuMTME Ha CUMNTOMUTE Ha
60/1eCcTTa, KaKTo 1 Han-B1MCOKa arpecuBHOCT
3a nepvog ot 3-5 AHK cref MHOKy/MpaHe e
otyeTeHa 3a P. chlamydospora -

Pathogenicity analyses of selected
Phytophthora isolates was performed
using wild and cultivated berry plants
(Figure 6). This is an initial screening for
the ability of these Phytophthora species
to infect various plants that are distributed
in the mountainous and semi-
mountainous areas of the Osam River.
Results of the pathogenicity tests showed
that P. lacustris, P. syringae, P.
gonapodyides and P. chlamydospora,
can infect wild berry plants, as well as
cultivated species. P. chlamydospora —
RChOs2016/83b shows the fastest
development of the disease symptoms on
tested leaves and severe infection 3-5
days post inoculation. Weaker symptoms
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RChO0s2016/83b. [Mo-cnabu cumntomn u
no-6aBHO pa3BuUTUE Ha 6oslecTTa € ycTaHo-
BeHO npu P. syringae — RDobrod2016/82d.
He ca HabnogaBaHn CUMNTOMU Ha MHDEKTU-
paHe nNpu nncTaTta Ha KOHTPOJIHUTE PacTeHus.

and a slower infection and a slower spread
of disease symptoms were recorded for P.
syringae — RDobrod2016/82d. No infection
on control leaves was counted.

Control P. lacustris P. syringae P. chiamydospora P, gonapodyides

dur. 6. [llaToreHHoCT cnpsamMo AumBopacTawa (&) u kyntuBupaHa (b) aropa,
AuBopacTsuwa (c) u kyntusmpaHa (d) kbnvHa 1 AnBopacTsLa YepBeHa 60POBUHKaA (€)
Ha P. lacustris (RLesh2016/81a), P. syringae (RDobrod2016/82d), P. chlamydospora
(RCh0Os2016/83b) n P. gonapodyides (RBOs2016/84a)

Fig. 6. Pathogenicity to wild (a) and cultivated (b) strawberry, wild (c) and cultivated
(d) blackberry and wild cranberry (e) of P. lacustris (RLesh2016/81a), P. syringae
(RDobrod2016/82d), P. chlamydospora (RCh0s2016/83b) and P. gonapodyides

(RBOs2016/84a)
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[JlaHHuTe OT npoy4yBaHETO Noka3Bear,
ye P. lacustris, P. gonapodyides, P.
chlamydospora n P. syringae ca natoreHu
no wusNUTaHuTe SArofonaoAHN pacTeHus.
V3onupaHnte Bugose Phytophthora npeg-
cTaBnsBaT NoTeHUManHa 3annaxa 3a AuBu-
Te BMAOBE pacTeHusi B KpalipeyHuTe eko-
cuctemun. B cbwoto Bpeme, npu 6naro-
NPUSITHW KIMMATUYHM YC/I0BUSI, Te MoraT Ja
HaHecaT LWeTW W Ha KynTMBMpaHuTe Sro-
[oNnoaHV BMAOBE B 3eMefesickuTe obnac-
T, Ypes pasnpocTpaHeHre Ha 300Cnopu OT
Phytophthora npu nsnonssaHe Ha BoguTe
Ha peka OCbM 3a HanosiBaHe.

N3BOAN

Uetnpn Buga Phytophthora (P.
lacustris, P. gonapodyides, P.
chlamydospora w»n P. syringae) ca
N30/MpaHy OT TOPHOTO TEeYEeHne Ha peka
OcbM. ToBa e MbpPBOTO CbLOOLLEHME 3@
pasnpocTpaHeHneTo Ha Tesn BUAOBE BbB
BOJHA ekocuctemMa Ha Teputopusita Ha
Bbarapus. M3onnpaHute BMAaoBe
Phytophthora nposBsaBatr naTtoreHHocT
KbM AVMBU W KyNTUBUPa@HU ArogonjiogHu
pacTeHus n npeacTasBasBaT NoTeHunanHa
3ansaxa 3a pacTuTesIHocTTa B palioHa Ha
peka Ocbm.
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Our data showed that P. lacustris,
P. gonapodyides, P. chlamydospora and
P. syringae are pathogens on tested
berry plants. Isolated Phytophthora
species are potential threat to wild plants
in the riparian ecosystems. On the other
hand, they can also cause damage to
cultivated plants in agricultural areas
under suitable climate conditions by
releasing and spreading of zoospores
during irrigation with Osam River water.

CONCLUSIONS

Four Phytophthora species (P.
lacustris, P. gonapodyides, P.
chlamydospora and P. syringae) were
isolated from the upper stream of the
Osam River. This appears to be the first
record for the occurrence of these
Phytophthora  species in aquatic
ecosystem on the territory of Bulgaria.
Isolated Phytophthora species
demonstrated pathogenicity to wild and
cultivated berry plants and are potential
threat to vegetation in the region of the
Osam River.
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PE3IOME

OnuTbLT e NpoBeseH npes3 nepuoga
2013-2016 r. B eKCnepuMeHTasIHOTO rnoJsie
Ha rp. KoctmH6poa KbM WIHCTUTYT no
3emepgenve - KiwocteHaun. lpoyysaT ce
ABa copTta Bunamet v JlloanH npu cxema
Ha 3acaxpgaHe 2.5 x 0.5 m wwm 800
pacteHusi/da. MNonuBaHeTO € C KankoBa
MHCTanauua c noaveHa Hopma 80% ET.
M3nutBaT ce 4YeTMpu BapuaHTa Ha
TOpeHe.

BnoxeHute cpeactea npu cb3ga-
BaHe Ha 6MO0M0MMYHO MaUJIMHOBO Hacaxe-
HMe Bb3M3aT Ha 875.4 nB./da npwu
BapvaHTa 6e3 TopeHe, Ha 886.92 nB./da
npu TopeHe ¢ uoxymakc, Ha 894.8 ne./da
C XymycTMm u Ha 913.88 nB./da ¢
Xemo3um 6uno 5 + xemodpon H4.

Mpe3 nepuvoga Ha niogojaBaHe C
HMCKa ce6ecToMHOCT Ha npoaykumsita 1.24
nB./kg ce xapakTepusmpa BapuaHTa Ha TO-
peHe ¢ XyMycTUM npw copT JIIoNnH, a ¢ Haii-
BMCOKa NPV TOPEHE C XEMO3UM +xemodpon —
1.38 nB./kg 3a copT Bunawmer.

OT WKOHOMMYECKa T[/iegHa Touka
HanpaBeHNTe AOMbHUTENHN Pasxoau 3a
TOpeHe Mpu 6GUOSIOTMYHO NPOM3BOACTBO
Ha Ma/IMHM ca onpasAaHu 1 BOZAT 4O Mo-

Accepted: 14.11.2017

Published: 06.08.2018

SUMMARY

The investigations were carried out
during the period 2013-2016 in the
experimental field of the town Kostinbrod
at the Institute of Agriculture - Kyustendil,
Bulgaria. Cultivars Willamette and Lyulin
has developed at a distance of
250 x 0.50 m or 880 plants/da. Drip
irrigation rate of 80% ET was applied. The
influence of four types of fertilization was
examined.

Invested resources for creating
biological raspberry plantation amounted
to 875.4 BGN/da in variants without
fertilization, to 886.92 BGN/da at
fertilization with Biohumax, 894.8 BGN/da
with Humustim and 913.88 BGN/da with
Hemozym bio 5+ Hemofol H4.

During the fruiting period the variant
with Humustim fertilization is characterized
with low cost production — 1.24 BGN/kg
and the highest is at fertilization with
Hemozym+Hemofol — 1.38 BGN/kg.

From an economic point of view,
the additional costs of fertilization in
organic production of raspberries are
justified and lead to greater economic

192



BMCOKA MKOHOMUYECKA eJDEKTUBHOCT.
KntouoBu Aymu: MasIMHW,
pasxoam, ce6ecToiHOCT, eDEKTMBHOCT

YBO/[,

BronornyHoTo 3emefenune e BaxxeH
NPUOPUTET B NOSUTUKATA 38 pasBUTHE Ha
3emegenveto B Penybnvka Bbarapusa wm
e[uH OT aKkueHTuTe Ha ObLiara cencko-
cTonaHcka  Mo/avTMKa  3a  nepuoja
2014-2020 r. IHTepecbT KbM 61OMOTMYHO
Nnpo-u3BefeHNTE XpaHW W Hanutkn ce
3acuiea B CBeTOBeH mawab. brnonornyHo
3emejenve ce npakTukysa nNpuévsntes-
HOo B 100 cTpaHu B cBeTa Ha noseye oOT 24
MAH. ha /AscTpasina — 10 MAH. ha,
ApxeHTnHa — 3 MAH. ha, JlaTuHcka
Amepuka — 100 000 ha/ (Ejeta, 2009,
Atanasov et al., 2014). B bbarapus 6uo-
JIOTMYHOTO 3eMefenine CbLo ce pajsa Ha
MOCTOAHHO PacTAL, MHTePeC OT CTpaHa Ha
npovnssoauTenn u notpebutenun. 3a pas-
JIVKa OT oCTaHa/InTe 3eMefesICKA CEKTOPK
610OTMYHOTO NPOM3BOACTBO pacTe He B
npoueHT, a B NbTU. Bbarapckute 6mo-
NnpoaykT! MMaT gobpa peanunsaumsa U ca
KOHKYpEHTHM Ha eBponeiickMsa nasap,
[oKaTo BBLTPELHMAT nasap Moxe fa ce
onpefesnin no-CKopo KaTo 3apaxjall ce
(Mitova, 2014).

MannHaTa ce Ha/ioXu Kato [0XO-
[leH OBOLWleH BWA 3a MHOro palrioHu B
Bbvnrapusa c nogxoaiiy 3a oTriexgaHeTo
U MOYBEHO-KNMMATUYHM ycroBusA. [Mpu
OLlEHKa Ha MKOHOMUYeckaTa edpeKTMBHOCT
Ha TexHosorusaTa 3a MNPOu3BOACTBO Ha
Ma/IMHW B PaBHUHHUWTE YC/I0BUSA € YCTaHo-
BEHO, Ye MNpPOM3BOACTBOTO Ha MasIMHOBU
nnofoBe He e MeyesiMBLUO MPU LEeHa Ha
peanuzaums ot 1.50 ns./kg. Mpu yeHn ot
2.00 nB./kg ¥n no-BMCOKU ce ocurypsisa
MHOro gobpa peHTabuHocT. CpoKbT Ha
Bb3BPbLLAEMOCT Ha pasxouTte npu ueHa
oT 2.00 nB./kg e npe3 yeTBbLPTA BeretTauus,
a npv ueHm ot 2.50-3.00 nB./kg npes TpeTa
Beretauus (Koumanov et al., 2016).

MHoro wu3cnegosaTtenn usnonssart
pas/iMyHn MKOHOMUYECKN MOfeNn 3a onpe-
fJensHe edeKTMBHOCTTa Ha 3eMefesicKoTo
nponssoacTso (Thiam et al., 2001; Iraizoz et

efficiency.
Key words: raspberries,
prime cost, effectiveness

costs,

INTRODUCTION

Organic farming is an important
priority in the policy for the development
of agriculture in the Republic of Bulgaria
and one of the priorities of the Common
Agricultural  Policy 2014-2020. The
interest in organic food and drinks is
growing worldwide.

Organic  farming is  practiced in
approximately 100 countries in the world
at more than 24 million ha /Australia — 10
million ha, Argentina — 3 million ha, Latin
America — 100 000 ha/ (Ejeta, 2009;
Atanasov et al., 2014). Organic farming in
Bulgaria also enjoys a constantly growing
interest from producers and consumers.

Unlike other agricultural sectors, organic
production grows not in percent, but in
times. Bulgarian bioproducts have a good
realization and are competitive on the
European market, while the domestic
market can be defined as a nascent one
(Mitova, 2014).

Raspberry has become a profitable
fruit species for many regions in Bulgaria
with soil-climatic conditions suitable for its
cultivation. When assessing the economic
efficiency of the raspberry production
technology, it has been found that
raspberry production is not profitable at a
selling price of 1.50 BGN/kg.

At prices of 2.00 BGN/kg and higher, a
very good profitability is ensured. The
payback period at a price of 2.00 BGN/kg
is during the fourth vegetation and at
prices from 2.50 to 3.00 BGN/kg during a
third vegetation (Koumanov et al., 2016).

Many researchers using different
economic models to determine the
efficiency of agricultural  production
(Thiam et al., 2001; Iraizoz et al., 2003;
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al.,, 2003; Chauhan et al.,, 2006). TNpwn
Ma/IMHaTa e NpenopbYUTENIHO OTIexaaHe-
TO Ha Mo-rofiemun NAoLWy, 3a Ja ce ocurypu
WKOHOMMS OT pasMepa Ha Mpou3BOACTBOTO
W paswupsiBaHe Ha Mawabute My
(Manolova, 2005). Ype3 onTMMa/HOTO WU3-
non3BaHe Ha CypOBMHWTE ce MocTura Mak-
CMMM3MpaHe Ha WKOHOMMYeckaTa Bb3Bpa-
waemocT (Coelli, 1998; Thanassoulis, 2001,
Onut and Soner, 2006).

BbB Bpb3ka C HapacTBalus UHTepec
KbM 61M010TMYHOTO NPOU3BOACTBO CU NOCTa-
BMXME 3a Len Aa YCTaHOBUM MKOHOMMYeC-
Knsi edpeKT OT MPUIOXKEHNETO Ha Pas3/IMYHO
TOpeHe Npu ManuHara.

MATEPVAJT N METOOU

OnuTBLT e NpoBefeH npes nepuoga
2013-2016 r. B ekCnepuMeHTasIHOTO rosie
Ha rp. KoctmH6pos kbM WIHCTUTYT no
3emegenve - KiocteHaun. lpoyysaT ce
ABa copTta Bunamet n JllonnH npu cxema
Ha 3acaxpgaHe 2.5 x 0.5 m wwm 800
pacTteHusi/da. NMonuBaHeTo e C KarkoBa
MHCTanayma ¢ nonveHa Hopma 80% ET.
lMouBaTa e YepHO3eM CMOJTHMLA, KOATO Ce
Xapaktepmsmpa Cc TBbpAe CneuntnyHn
BOAHO-COU3NYHN N XMMUYHKU CBOVicTBA. Mo
MexaHWYeH CbCTaB € TEXKO MMUHeCTa CbC
3bPHECTO-TPOXOBUAHA CTPYKTypa. BogHo-
m3nmyHuTe U CBOICTBA Ce xapakTtepusumpar
C fobpa BMaroeEMHOCT M CbC 3HAUYUTESHU
3anacu OT ycBOMMa 3a pacTeHusTa Brara.
MOLUHHOCTTa Ha XYMYCHUSI XOPWU3OHT Ha
noysata e Hag 80 cm, a 3anaceHocTTa U C
XYyMYyC B OpHUS cnoil e 3.7%. CbabpxaHune-
TO Ha NOABWXHUTE (HOPMM HA OCHOBHUTE
XxpaHutenHn enemeHm e: N - 357
mg/1000g, P,0s — 16,7 mg/100g n K,O 34
mg/100g. noyBa. PeakuuaTa U e HeyTpasHa
Ao cna6o ankanHa pH (H,0) 6,9-7,1.

M3nutBaT ce ueTupum BapuaHTa Ha
TOpeHe.

VO — KOHTpO1a

V1 — Xymyctum

V2 — xemo3mm 610 5 + xemodpon H4

V3 — bruoxymakc

3a cpaBHUTENHUS WKOHOMUYECKMN
aHanM3 Ha TexHosornsata e usnonssa
cucTema OT nokasartesnu: cpefeH [o6us,
kg/da; 6pyTHa npogykums, ns./da; npous-

Chauhan et al., 2006). For raspberry is
advisable cultivation of larger areas, to
ensure the saving of the amount of
production and expansion of its
magnitude (Manolova, 2005). By optimal
use of raw materials is achieved to
maximize the economic returns (Coelli,
1998; Thanassoulis, 2001; Onut and
Soner, 2006).

In connection with the growing
interest in organic production, we have set
ourselves the goal of identifying the
economic effect of applying different
fertilizers to raspberries.

MATERIAL AND METHODS

The experience was carried out
during the period 2013-2016 in the
experimental field of the town of
Kostinbrod at the Institute of Agriculture -
Kyustendil. Two varieties of Willamette
and Lyulin are studied in a planting
pattern of 2.5 x 0.5 m or 800 plants/da.
Drip irrigation with rate of 80% ET is
applied. The soil is a black-earth reed
which is characterized by very specific
water-physical and chemical properties.
The mechanical composition is heavy clay
with grainy-trout structure. Its water-
physical properties are characterized by
good moisture content and considerable
preservation of moisture absorbed by
plants. The soil's humus horizon power is
over 80 cm and its humus content in the
top layer is 3.7%. The content of the
mobile forms of the main nutrients is: N —
35,7 mg/1000g, P,Os — 16,7 mg/100g and
K,O of 34 mg/100 g of soil. Its reaction is
neutral to slightly alkaline pH (H,0) 6.9-7.1.

Four fertilization variants are tested.
VO — control
V1 — Humostim
V2 — Hemozim bio 5 + Hemofol H4
V3 — Biohumax

For the comparative economic
analysis of the technology is used a
system of indicators: average yield, kg/da;
Gross production, BGN/da; Production
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BOACTBEHM pa3xoau, nB./da; HeTeH goxon,
nB./da n Hopma Ha Bb3BpbLLAaeMocT, %

PE3YJITATU N OBCBXXOAHE

MonyyeHuTe pesyntartu npes ne-
puoga Ha mscnegsaHe OT MaJ/IMHOBO Ha-
caxaeHve cbC copT JIOANH, OTrNexnaHo
npu pasnuyHu BapuaHTU Ha TOpPeHe W
pactutenHa 3awmra, AaBaT Bb3MOXHOCT
fa 6bae HanpaBeHa MKOHOMUYEecKa OLeH-
Ka Ha TexHonorornaTa 3a OMONornyHo
NpPOV3BOACTBO Ha MasIMHW.

lMpoussoacTBeHUTE pasxogu Mo
Cb3/laBaHeTO U NbpBa rognHa Ha OTI/Iex-
JaHe Ha 610/10rMYHO MaNIMHOBO Hacaxe-
Hue Bb3/M3aT Ha 875.4 nB./da 3a KOH-
TPOsIHUA BapuaHT, 886.92 niB./da npu Tope-
He ¢ 6uoxymakc, 894.8 nB./da ¢ xymyctum un
913.88 nB./da ¢ xemo3um 610 5 + xemodon
H4. Mopo6Hu pesynTtaTu ca nosiyvyeHu ot
Manolova (2005) npv cTaH-4apTHO NPou3-
BOACTBO Ha MasiMHW. Tlpu aHanusa Ha
CTpyKTypaTta Ha pecypcopasxoaurte e
YCTaHOBEHO, Ye 3a nocagbyeH MaTtepuan
ca u3pasxogBaHn 69% OT o6LnUTE pasxo-
AN Mo Ccb3faBaHe Ha HacaxJeHWeTo.

Mpe3 oTaenHWTe roguHN U cpegHo
3a nepuoja HanpaseHuUTe NpPou3BoACTBe-
HU pa3xoau Mpu BapuaHTUTE Ha TopeHe
ca Mno-BMUCOKM B CpaBHeEHWE C KOHTposiaTa
(Purypa 1). C Haii-BMCOKa CTOMHOCT ca pas-
XOAUTe NpU BapuaHTa TOPeH C XyMyCTUM —
1324 nB./da, cnepBaH B HWU3X0AAW, peg oOT
TO3N TOPEH C xemo3nm + xemodpon — 1310
ne./da, 6uoxymakc — 1257 nB./da n Haii-
Hucka npu KoHTponata — 1124 nB./da.
Jonb/iHUTENHUTE NPOU3BOACTBEHU pas-
XO4M Npu TpuTe TOPEHW BapuaHTa ca B
pamkute Ha 133-200 nB./da, kouTo ca B
pe3ynTaT Ha HanpaBeHuUTe pasxoau 3a
TOpeHe W nonyyeHata [OMb/IHUTESHA
nnonosa npPoAyKLus.

costs, BGN/da; Net income, BGN/da and
rate of profitability,%

RESULTS AND DISCUSSION

The results obtained during the
study period of a raspberry variety of
Lulin, grown under different fertilization
and plant protection options, make it
possible to carry out an economic
assessment of the organic production of
raspberries.

The production costs for the
establishment and the first year of organic
raspberry cultivation amount to 875.4
BGN/da for the control variant, 886.92
BGN/da for Biohumax fertilization, 894.8
BGN/da with Humustim and 913.88
BGN/da for Hemozim bio 5 + Hemophol
H4. Similar results were obtained from
Manolova (2005) in standard raspberry
production. In the analysis of the structure
of the resource expenditures it was found
that 69% of the total costs of planting
were spent on propagating material.

In individual years and on average
over the period, the production costs of
the fertilization variants are higher than
the control (Figure 1). The highest value is
the cost of the manure versus Humustim —
1324 BGN/da, followed in descending
order by this Hemozim + Hemofol — 1310
BGN/da, Biohumax — 1257 BGN/da and
the lowest at the control — 1124 BGN/da.
The additional production costs for the
three fertilized variants are within the
range of 133-200 BGN/da, which are the
result of the fertilization costs incurred and
the resulting additional fruit production.
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Fig. 1. Production costs, BGN/da

BpyTHata npogykuums B CTOMHOC-
TEH 13pas, Npu nscneaBaHuTe BapmaHTu,
cnefBa TeHAEHUMATA Ha U3MEHEHMe Ha
cpefHus fobums. No-BMCOKM CTOMHOCTU ca
nosydeHn M npu TpuTe BapvaHTa Ha
TOpPEHe, B CpaBHEHWe C KOHTposaTta.
Mpe3 ABe OT roguHNTE Ha U3cnensaHe u
cpefHo 3a nepuofa 6pyTHaTa npoayKumns
€ Hali-ronsma npu TopeHe ¢ XyMyCTUM —
4366 nB./da (Purypa 2). Ta e no-Bucoka ¢
14.5% ot Tasnm Ha KoHTponarta. [lpes
2014 r. oT BapmaHTa TOPEH C BUoXymakc
e nosyyeHa no-Bmcoka 6pyTHa
NpoAyKUuss B pe3ynTar Ha Mno-BMCOKMA
[obus, a npes 2016 npu BapraHTa NnopeH
C XeMO3UM + xeModor.

Gross  production in  value
expression, in the options examined,
follows the trend of change in the
average yield. Higher values were
obtained for the three fertilizer variants
compared to the control. Over the two
years of the survey and on average over
the period the gross production was the
highest when fertilized with Humustim -
4366 BGN/da (Figure 2). It is 14.5%
higher than the control. In 2014, the
Biohumax fertilizer variant produced
higher gross production as a result of the
higher yield, and in 2016 in the variant
with Hemizim + Hemophol.
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Fig. 2. Gross production and net income, BGN/da

HeTHuAT poxon cnejsa TeHAEH-
uusATa Ha M3MeHeHue Ha bpyTHata npo-
OyKumMa 1 e B pamkute Ha 2610-3042
nB./da. MonyyeHnAT AOMbAHWUTENIEH HETeH
poxon e 223 nB.J/da npu TOpeHe cC
6uoxymakc, crefiBaH OT BapuaHTa TOpeH
Cc xemo3uMm + xemodpon — 337 nB./da u
Ha-BUCOK NP1 TOPEHe ¢ XymycTum — 432
ne./da.

BaxeH kpuTepuii 3a MKOHOMMKYEC-
Kara oueHKa Ha Mnpoun3BOACTBOTO € U
cebecToMHOCTTa Ha NpoAyKuusaTa, KosiTo
ce onpefena oT PaBHULLETO Ha cpeaHuTe
[obrBM 1 pasMepa Ha NpPou3BOACTBEHU-
Te pa3xoaun. OT U3NUTBAHUTE BapuHTU C
HMCKa CcebGecTOMHOCT Ha npoaykuusta 1.24
nB./kg ce xapakTepu3vpa BapuaHTa TOpeH
C XYMYCTUM W CbC CbLiaTa CTONHOCT €
KOHTponaTta. Hali-Bucoka ce6ecToinHoCT Ha
npogykuuaTa cpefHO 3a nepuoja Ha
uscrneABaHe € MojlyyeHa npu TOpeHe ¢
xemo3um + xemodpon — 1.28 ne./kg.

VikoHOMUYeckMAT nokasaTtes Hop-
Ma Ha peHTabunHOCT Npu oTreXaaHe Ha
MasiMHK OT copT JllonvH, Bapupa B rpa-
HuuM ot 171% npu TopeHe ¢ XemMo3nm +
xemodpon npe3 2015 r. go 285.6% npwu
TopeHe C O6uoxymakc npe3 2014 .
Mpon3BoACTBOTO NpU TO3W BapuaHT oba-

Net income follows the trend of
gross production change and is within the
range 2610-3042 BGN/da. The resulting
net income is 223 BGN/da for Biohumax
fertilization, followed by fertilizer with
Hemizim + Hemophol — 337 BGN/da and
the highest fertilization with humustim —
432 BGN/da.

Another important criterion for
economic assessment is the cost of
production, which is determined by the
ratio between the average yields and
production costs. It is noteworthy that the
variants with humustim and the control
had the lowest production cost (1.24
BGN/kg) among the examined variants.
In contrast, the highest average value
(.28 BGN/kg) of production was
obtained in the fertilization variant
Hemizim + Hemophol.

The economic performance rate for
the cultivation of raspberries of the Lyulin
variety ranged from 171% in fertilization
with Hemozim + Hemophol in 2015 to
285.6% for Biohumax fertilization in 2014.

Production in this variant is however less
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ye e MNo-HNCKO PeHTabuNHO B cpaBHeEHWE
C [aHHMTEe cpefHO 3a nepuoja
2013-2016 r., KbAeTo NpPeaMmcTBo MMa
TOPEHETO C XyMyCTUM — 234%.

Mpun copt Bunamer TOpPeHeToO C
6uoxymakc faBa Mo-fo6pv MKOHOMUYECKM
pesyntatu. HeTHUAT [JoOXo4 CcpefHo 3a
nepuvoga e 2376 nB./da, cnegsaH B HU3-
X04slW, pen OT TO3M TOpPEH C XemMo3um +
xemodpon — 2220 nB./da, xymyctum — 2214
nB./da n Hain-HUCBK Npu KoHTponaTa — 2032
ne./da (®urypa 3). JONbAHUTESTHUAT HETEH
[oxo4 npu TpuTe TOpeHW BapuaHTa e B
pamkute Ha 182-344 nB./da, KoliTO € B
pesyntat Ha nosydveHaTa [OMbAHUTENHA
naogosa NpoayKums.

profitable compared to the average data
for the period 2013-2016, where the
Humustim fertilization advantage is
234%.

For the Willamette variety, fertilizing
with  Biohumax gives better economic
results. The net average income for the
period is 2376 BGN/da, followed in
descending order by this with Hemozim +
Hemophol — 2220 BGN/da, Humustim —
2214 BGN/da and lowest at the control —
2032 BGN/da (Figure 3). The additional
net income for the three fertilized variants
is between 182-344 BGN/da, which is the
result of the additional fruit production.

2500,00

hv/da Bunamet/Willamet
221415
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W2{Hemaozim bio 5 + Hemofol HA) 3 (Blobuimax)

Homenwumenss veten goxeg/Additional net income

dur. 3. HeTteH goxogp, ne./da
Fig. 3. Net income, BGN/da

OT uWKOHOMMYecKa [FnefHa Touka
HanpaBeHUTe JOMb/IHATE/THW pa3xoam 3a
TOpeHe Mnpu GUOJSIOTMYHO MPOM3BOACTBO
Ha MasIMHK ca onpaBAaHu 1 BOAST A0 Mo-
BMCOKA MKOHOMMYecKa edheKTUBHOCT.

N3BOAN

1. MponsBoacTBeHMTE pasxonu
3a usrpaxgaHe Ha 610I0rMYHO MaSIMHOBO
HacaxpaeHue ca B pamkute Ha 875.4 -
913.88 nB./da B 3aBUCMMOCT OT 136paHus
BapuaHT Ha TopeHe.

From an economic point of view,
the additional costs of fertilization in
organic raspberries are justified and lead
to higher economic efficiency.

CONCLUSIONS

1. The production costs for the
construction of organic raspberry plantations
are within the range 875.4-913.88 BGN/da
depending on the fertilizer option chosen.
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2. Hali-noaxoasuo oT MKOHOMMU-
yecka rfiefHa Touyka npu  BMOIOTMYHO
NPOV3BOLCTBO HA Ma/lMHW € TOPEHeTo C
XYMyCTUM Npu  cOpT JIO/IMH, KbAETO
NONYYEHUAT AONBJIHUTENEH HETEH [0XO0[,
e B pasmep Ha 432 nB./da, a Hopmarta Ha
peHTabunHoct — 234%.

3. Mpn copt Bunamet TopeHeTo
c 6uoxymakc paBa no-gobpum UKOHO-
MUYECKM pe3ynTatu B CpaBHeEHWe C
OoCTaHa/IMTe BapuaHTy Ha TOpeHe.

2. The most suitable from the
economic point of view in organic
raspberry  production is  Humustim
fertilization of the Lyulin variety, where the
extra net income is 432 BGN/da and the
rate of profitability is 234%.

3. For the Willamette variety,
Biohumax fertilization provides better
economic results than other fertilizing
options.
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PE3IOME

MpenctaBeHnTe B cTatusTa cop-
ToBe droau (Marmolada, Eva, Polka,
Elegance, Fenella, Seneca, Serenity) ca
OTO6paHM Bb3 OCHOBa Ha W3NUTBaHe OT
[Ba COpTOBM OnuTa NPoBejeHN, CbOTBET-
Ho 2009-2012 r. n 2011-2013 r. B pe3yn-
TaT Ha NPOBEAEHOTO M3c/efBaHe e ycra-
HOBEHO, Ye YCTOWYMBM Ha KbCHU NPOSET-
HK cTygoBe ca Marmolada, Eva, Polka. C
Hali-gobpe M3sABEeHN MpusHaum 6poii LBe-
TOHOCW U GpOi LBETOBE Ha pacTeHue ca
coptoseTe Marmolada (8.5 6p., 49.2 6p.),
Polka (5.9 6p., 45.0 6p.) n Elegance (6.5
6p., 31.4 6p.). C Haii-ronsam cpegeH 6poii
uBeToBe Ha uBeToHoc e copT Polka, 8.4.
Hali-egponnogHn ca coptoBete Fenella
(20.7 g), Elegance (18.1 g), Marmolada
(17.3 g). C otnuueH gobues ce ussABaBat
Polka (3238 kg/da), Elegance (2963
kg/da), Fenella (2956 kg/da), Marmolada
(2769 kg/da), Seneca (2731 kg/da); c
MHOro fob6bp e copt Eva (2163 kg/da).
Mnogosete Ha coptoBeTe  Seneca,
Marmolada, Polka, Eva, Elegance,
Serenity n Fenella ca MHoOro npusneka-
TE/IHW N C MHOrO J06GpU BKYCOBW Kauvec-
TBa. Haii-apomartHu ca Te3un Ha Elegance,
a nNbTHU Ha Seneca, Eva, Elegance.

Accepted: 14.11.2017

Published: 06.08.2018

SUMMARY

The strawberry varieties included in
this paper were selected (Marmolada,
Eva, Polka, Elegance, Fenella, Seneca,
Serenity) on the basis of two research
trials conducted respectively in the periods
2009-2012 and 2011-2013. As a result of
the study, it was established that the
varieties Marmolada, Eva and Polka are
the most resistant to late spring cold spells.
The highest number of inflorescences, and
flowers per plant respectively were
produced by Marmolada (8.5; 45.0), Polka
(5.9; 45.0), and Elegance (6.5; 31.4). Polka
had the highest number of flowers per
inflorescence — 8.4. The varieties with the
largest fruit were Fenella (20.7 g), Elegance
(18.1 g), Marmolada (17.3 g). The highest
yields were observed in Polka (3238 kg/da),
Elegance (2963 kg/da), Fenella (2956
kg/da), Marmolada (2769 kg/da), Seneca
(2731 kg/da); followed by Eva (2163 kg/da).
The fruits of Seneca, Marmolada, Polka,
Eva, Elegance, Serenity and Fenella had
the highest taste qualities and visual
appeal. Elegance was distinguished by
excellent aromatic properties. Seneca,
Elegance and Eva had the highest
firmness flesh among all tested varieties.
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KntoyoBn gymn: srofoBu COpPTOBE,
Opoil LUBETOHOCU M LBETOBE, MOMOJIOTMYHA
XapakTepucTuKa, poLOBUTOCT, CpeaHa maca

YBO[,

Aropata (Fragaria x ananassa
Duch.) e gpe6bHonnogeH OBOLLEH Bug C
LUMPOK apeasl Ha pasnpocTpaHeHune. Cno-
pen Darow (1966) copToBeTe Ha rpaguH-
ckata frofa Moxe [a BMPEesT B panioHu ¢
TBbpAE Pas/iMyHM €KOJTIOTUYHWN YC/I0BUSA —
OT MOPCKOTO paBHuwe o 3200 m Hag
Hero, oT Anscka A0 NOAYyTPONUYHUTE
paiioHn, oT ApkTuka go Eksagop. B Hawa-
Ta cTpaHa COPTOBMAT CbCTaB Ce CbCTOM
€[MHCTBEHO OT WMHTPOAYUMpPaHU COPTOBE
arogn. MNpe3 nocnegHute 10-15 roguHu
HenpekbCHAaTO Cce BHacAT HOBW, MO-
nNpMCNoco6eHn 1 No-ycTonumMBu COPTOBE,
YMMTO KayecTBa ca MNo3HaTu rnaBHO OT
nuscnenBaHns B APYrn panoHn Ha cBeTa 1
no nutepatypHu paHHu. ToBa Hanara
HeobxogmMMocTTa  OT HenpekbCHaTo
n3yyaBaHe M U3NUTBaHe 3a NPUrogHocTTa
Ha Te3nW COPTOBE 3a OTINeXAaHeTo UM
NPy  KOHKPETHWUTE MOYBEHO-KIMMATUYHN
ycnosusi. HoBute coptoBe Tpsibea fa 6b-
[AaT C BUCOK 1 NMOCTOsIHEH [06KB, NpuUcno-
COBGEHN KbM MNPOMEHNUBUA KIMMAT Ha
oTAeNHUTE parioHn, OTroBapsLLM Bb3MOX-
HO MO-Mb/IHO HA CbBPEMEHHUTE U3UCKBA-
Hua (Eremin et al., 2004; Bernardini,
2009; Lopez-Medina and Blanco, 2008).
MpogbnxaBat ga ce oTriexaar v crapu

coptoBe KaTo Senga Sengana,
Cambridge favourite, Redgauntlet n
Belrubi.

LienTa Ha HacTosILLeTo u3cneapaHe e
[la ce oT6epaT no KOMM/IEKCHa OLieHKa Haii-
fobpe u3SABUAUTE CE MNPU  KOHKPETHMTE
NOYBEHO-KTUMATUYHW YC/IOBUSI UHTPOAYLM-
paHu SrofoBK COPTOBE.

MATEPWNAN N METO4WA

Onutnte ca npoBefeHu B OMUTHO
none KoctuHbpon, N3 - KiocteHann no
MeToda Ha NaTUHCKMUA MNPaBObIb/HUK B
yeTUpn NOBTOPEHUA OT No 20 pacTeHus.
MbpBUAT onut e npe3 nepuoga 2009-2012
r.. n Bkmouea 8 copta (Seneca,

Key words: strawberry varieties, number
of inflorescences and flowers, pomology
characteristic, fruitfulness, average mass

INTRODUCTION

Strawberry (Fragaria x ananassa
Duch.) is a small fruit-bearing species with
a wide range of geographical distribution.
According to Darrow (1966), the varieties
of the common garden strawberry can
persist in regions with contrasting
ecological and climatological conditions —
from sea level to 3200 m, from Alaska to
the Tropics, from the Arctic to Ecuador. In
Bulgaria, the variety selection exclusively
consists  of introduced  strawberry
varieties. In the last 10-15 years there has
been an increase in the rate of export of
better-adapted and more resistant to
pests varieties. Their characteristics,
however, are known only thanks to
studies conducted in other parts of the
globe, and literature reviews. This has
presented the need to conduct long-term

studies  investigating the varieties’
response to the particular soil and
climatological conditions. The new

varieties introduced should have a high
and constant yield, be adapted to the
fluctuations in climate of particular
regions, and bear all the modern
characteristics of variety success (Eremin
et al, 2004; Bernardini, 2009; Lopez-
Medina and Blanco, 2008). There are still
older varieties grown such as Senga
Sengana, Cambridge favourite,
Redgauntlet and Belrubi.

The purpose of the following study is
to select the best-suited to the particular soll
and climatological conditions introduced
varieties.

MATERIAL AND METHODS

The experimental trials were
conducted in a test field located in
Kostinbrod, Institute of Agriculture -
Kyustendil, and the methodology used

complies with the Latin rectangular rule,
consisting of 4 rows of 20 plants each. The
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Marmolada, Eva, Polka, Cesena,
Gardena, Seascape, Miranda) 1 pgBa
ctaHgapta (Senga Sengana, Belrubi).
BTopuaT onut e npe3 nepuoga 2011-2013
r. n BkawyBa 12 copta (Maya, Camino
Real, Elegance, Serenity, Fenella, Onda,
Selva, Camarosa, Ventana, Diamante,
Gaviota, Tethis) ©n egwH cTaHgapT
(Redgauntlet). CxemaTa Ha 3acaxpaHe e
1.00 m/0.25 m, noyBaTa € W3NYXKeH
yepHO3eM CMOJIHULA C asikasiHa Ao cnabo
aslkanHa  peakuuMss nNpu  HagMopcka
BUCOYMHA 543 m.

MpoBeAeHOTO uM3c/eABaHe BK/IHYBA
nokasarenuTe:
e(DEHONOMMYHN  HabnwgeHna (Ubdrex u
3peeHe);
e0V10/10rMYHM  n3cneaBaHusa  (yCTOMYMBOCT
Ha KbCHW NpPOMeTHn CcTygoBe, Gpoi
LiIBETOHOCM 1 LiBETOBE, POAOBUTOCT);
eMOPAIOSIOTNYHN n3cnensanHnsa (npusHaum,
XapakTepuaupatiy nnogoBeTe);
eYCTOUMBOCT Ha HSIKOM SIr0A0BU COPTOBE
KbM OTAE/HN IbOHM 6onecTn B ycnoBusaTa
Ha ecTecTBEHO 3apa3siBaHe;
eOLiEHKa 3a TONEepaHTHOCT KbM ArofoBuTE
x060THMUM (Rhynchites germanicus Herbst,
Anthonomus rubi Herbst.).

CopToM3nnTBaHeTo € B CbOTBETCT-
Bve ¢ MeToauka 3a U3yyaBaHe Ha pacTu-
Te/IHATE pecypcu npu OBOLLHMTE pacTte-
Husa (Nedev et al., 1979) n Metoauka 3a
u3BeXJaHe Ha KOHKYpPCHM COPTOBU ONUTY
C dArofoBu copToBe 3a 6MOMOTMYHU W
cTonaHckn kadectBa (Boytcheva and
Lazarov, 2003).

PE3YJITATU N OBCBXXOAHE
Bb3 ocHOBa Ha HanpaBeHUs aHa-
N3 Ha pesynTatuTe OT COPTOBUTE OMUTH,
ca M3NbYEHU COpTOBE AroAM C Kauec-
TBEHW W KOSIMYECTBEHU XapaKTepUCTUKU
6M3KN MM NO-BUCOKM OT Te3n Ha
cTaHgapTtuTe. NponsxoabT Ha OTbpaHuTe

copToBe SAroan e nocodeH B Tabnuua 1.

first trial was in the period 2009-2012, and

included 8 varieties (Seneca, Marmolada,

Eva, Polka, Cesena, Gardena, Seascape,

Miranda), and two standards (Senga

Sengana, Belrubi). The second trial was in

the period 2011-2013 and included 12

varieties (Maya, Camino Real, Elegance,

Serenity, Fenella, Onda, Selva, Camarosa,

Ventana, Diamante, Gaviota, Tethis), and

one standard (Redgauntlet). The planting

scheme is 1.00 m/0.25 m; soil is
characterised as Euthric Chernozem

Vertisols with strong to low alkaline reaction;

at an altitude of 543 m.

The study included the following
characteristics:

- phenological observations (flowering and
maturation);

- biological studies (resistance to late spring
cold spells, number of inflorescences and
flowers, yield);

- morphological studies (qualities,
distinctive of the articular variety);

- resistance to fungal infections in natural
environmental conditions;

- resistance to strawberry
(Rhynchites germanicus
Anthonomus rubi Herbst.).

The study was conducted following
the Methods for studying of planting
resources of fruit crops (Nedev et al.,
1979) and Methodology for Successful
Agricultural and Biological Grading of
Variety Trials using Strawberry Varieties
(Boytcheva and Lazarov, 2003).

weevils
Herbst.,

RESULTS AND DISCUSSION
On the basis of the analysis
conducted, strawberry varieties, with
qualities better than the tested standards,
were selected. The origin of the selected
varieties is shown in Table 1 below.
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Tabnuua 1. NMponsxona Ha OT6paHu COpToBe Aroaun
Table 1. Origin of select strawberry varieties

CopT Mpownaxopg / Origin

Variety PoguTenu / Lineage

ObpxaBa / Country

Marmolada Gorella x Sel. Driscoll

Wtanunsa / Italy, 1989

Eva Darselect x 89.384.20 (Marmolada x Irvine) Wtanwnsa / Italy, 2004
Polka Induka x Sivetta XonaHaus / Netherlands, 1980 (1987)
Elegance EM 834 x EM 1033 BenukobputaHusa / UK, 2009
Fenella EM 931 x EM 972 BennkobputaHus / UK, 2009
Seneca NY (Redcoat x NY844) x Holiday CALL / USA, 1992
Serenity 137A84 x Chandler Kanaga / Canada, 2003
Marmolada
Copt, cb3gageH B Wrtanma ot Marmolada was created in Italy as

KpbcTOCBaHeTo Ha Gorella x Sel. Driscoll
(Faedi et al., 2002).

LibpT npe3 nocnegHata pgecet-
[HEeBKa Ha anpun unm nbpBaTa Ha Mecel,
Maii, obpa3syBa cpegHo 8.5 uBeToHOcW/pacT.,
49.2 upeTtoBe/pacT. n 7.9 LBeTOBE/LIBETOHOC
(Purypa 1).

a result of the cross of Gorella x Sel.
Driscoll (Faedi et al., 2002).

It blooms in the last 10 days of April
and the first 10 days of May; forms an
average of 8.5 inflorescences/plant, 49.2
flowers/plant, and 7.9 flowers/inflorescence
(Figure 1).
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B flowers/plant
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® flowers/inflorescence
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owur. 1. NMokasatenu, opmMmupalLm gobrsa
Fig. 1. Yield-forming indices

Mnogvt e € npeBb3XOo4eH BbHLIEH

BUA, e4bp, cpegHata maca e 17.3 g, kato | appearance  with

The has an excellent

large berries, the

fruit

e[IMHNYHM Nfof4oBe moraT ga gocturHart | average weight of each — 17.3 g, with
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36 g. dopmata um e npeobnagaBalla
YOB/DKEHO-KOHMYHA (cpewar ce u ¢
UWAVHAPUYHA), WHTEH3VBHOYEPBEHN [0
TbMHOYEPBEHO OLBETEHM C BAACHK U C
pobpe um3paseHa Wuiika, TPygHO ce
oTAens ot vyawkarta. MN1040BOTO Meco e
CBET/IOYEPBEHO CbC CPaABHUTENIHO TO/SA-
Ma KyXxuMHa, YMEPeHO M/TbTHO, C [obpe
u3paseH apomaTr M MHOro Jo6bp BKYC.
CpepgHo 3peely (5-10.06.) copT ¢ BUCOKa
pPOAOBUTOCT — MpU HaWWTe YC/I0BUSA
cpefHus nobus e 2769 kg/da T.e. 0.443
kg/pacr.

MHOro ycToWuMB Ha noOBpaTHU
Mpa3oBe W YCTOMYMB Ha X0O0THULM

some fruits weighting up to 36 g. The
shape is an elongated — conical one,
although cylindrical individual berries are
seen, as well. The exterior is intense to
dark red with a shine and a well-
established calyx insertion above the
fruit, and is difficult to separate from the
calyx. The flesh is bright red with a
significant hollow space, and is medium
in density. The wvariety has a
distinguishable aroma, and taste. It has
middle ripening time (5-10 June) with a
high yield in the climatic conditions tested
(2 769 kg/da, 0.443 kg/plant).

Marmolada is highly resistant to

(Anthonomus rubi, Rhynchites | cold spells and weevils (Anthonomus
germanicus). rubi, Rhynchites germanicus).
Eva

WtannaHckn copt [Darselect x
89.384.20 (Marmolada x Irvine)] (Finn,
1999; Lewers and Maas, 2006).

LlbchT B Kpad Ha anpun u
hopmmpa cpeneH 6poii 5.2
uBetoHocu/pacT., 25.2 ueTtoBe/pacTt. u
4.9 yseToBe/uBeToHOC (Purypa 1).

Mnogbt e C  npuBnekareneH
BbHLIEH BuWf, CpegHO efbp [0 eabp
(cpepHa Maca - 16.7 g, eAMHUYHU

nnogose — 39 @), C KOHU4YHa chopma,
WHTEH3UBHOYEPBEH C ONACHK, LWniika K
MOBbLPXHOCTHO  PA3MOJSIOKEHN  XbTK
cemeHLa. MnogosoTo Meco e
CBET/I0YEPBEHO, NOYTK 6e3 KyxnHa uu ¢
MHOI0 MaJsika, M/ibTHO, C fo6pe n3paseH
apomart u oT/iMyeH BKyc. MaoabT TpyaHO
ce oTfens ot yawkaTta. CopTeT € cpegHo
3peeuy (5-10.06.) c BMCOKa POAOBUTOCT
(2163 kg/da, 0.346 kg/pacT.).

MHOro ycToiiuMB Ha noBpaTHM
Mpas3oBe, YCTOWYMB Ha 6GENW JIMCTHM
netHa (Mycosphaerella fragariae) n Ha
X060THMLM (Anthonomus rubi,
Rhynchites germanicus).

Eva is an Italian variety [Darselect
x 89.384.20 (Marmolada x Irvine)] (Finn,
1999; Lewers and Maas, 2006).

It blooms at the end of April and
forms an average number of 5.2
inflorescences/plant, 25.2 flowers/plant,
and 4.9 flowers/inflorescence (Figure 1).

The fruit has a good appearance;
is medium large to large (average. weight
— 16.7 g, individual fruits up to 39 g.); has
a conical shape; intense red in colouring
with a shine; has a fruit level calyx
insertion, and yellow seeds located along
the surface. The fruit flesh is bright red,
having very little hollow space to none,
and is of high density with a well-
distinguished aroma and excellent
flavour. The fruit is difficult to separate
from the calyx. The variety has middle
ripening time (5-10 June) with a high yield
(2 163kg/da, 0.346 kg/plant).

Eva is highly resistant to cold
spells, as well as to common sport of
strawberry (Mycosphaerella fragariae)
and weevils (Anthonomus rubi,
Rhynchites germanicus).
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Elegance

AHIIMACKM  COPT, NOJIyYeH npu
KpbCTOCBaHETO Ha enutute EM 834 x EM
1033 (Lewers, 2010).

LlbhT B HavyasioTo Ha Main u
hopmupa cpefeH 6polii 6.5
uBetoHocu/pacT., 28.5 uBeToBe/pacTt. u
4.4 uBeToBe/BeToHOC (Purypa 1).

MnoabT € cpefHo eabp A0 enbp
(cpegHa maca — 18.1 @), C KOHW4YHa
cdhopma 1M MHTEH3MBEH YepBeH LBAT, 6e3
LWMAKA U C NOBBPXHOCTHO Pa3MNoOsIoXEHM
cemeHua. 11040BOTO Meco e CBeT/I0-
YepBeHO [0 OpPaHXeBO, COYHO CbC
cpefiHa KyxuHa, CpefHO MIbTHO C MHOI0
[06bp O OT/IMYEH apoMaT M MHOro
[o6bp BKyc. lnogosete ce OTKbCBAT
CpaBHWUTENHO NnecHo. CopTbT € cpefHo
3peewy (5-10.06.) ¢ BucOka poOAOBUTOCT
(2963 kg/da, 0.474 kg/pacT.).

YcToiluMB Ha MoOBpaTHU Mpasose,
X060THMUN

Elegance is an English variety,
resulting from the cross between the
elites EM 834 x EM 1033 (Lewers, 2010).

It blooms at the beginning of May
and forms an average of 6.5
inflorescences/plant, 28.5 flowers/plant,
and 4.4 flowers/inflorescence (Figure 1).

The fruits are medium large to large
(average weight — 18.1 g), with a conical
shape and a deep red colour. There is no
fruit level calyx insertion, and the seeds are
situated along the surface. The flesh is
bright red to orange, succulent, and with a
medium hollow space in size. The fruit has
an average density, as well as a good to
excellent aroma, and very good taste. Fruits
are easily separated from the calyx.
Elegance has middle ripening time (5-10
June), and a high yield (2 963 kg/da, 0.474
kg/plant).

The variety is resistant to cold

uyBCTBUTENEH Ha / spells, but susceptible to weevils
(Anthon_omus rubi, Rhynchites (Anthonomus rubi, Rhynchites
germanicus). germanicus).

Seneca

AMEpVIKaHCK/ COPT, MNOMAy4YeH OT
KpbcTocBaHeTo Ha [NY (Redcoat x NY
844) x Holiday] (Faedi et al., 2002).

UbdTn npes nocnegHata
JeceT[HeBKa Ha Mecel, anpun wm
nbpBUTE OHW Ha Maii, hopmupa cpeaeH

6poin 4.0 uBeToHocu/pacT., 23.7
uBetoBe/pacTt. n 6.4 UBETOBE/LLBETOHOC
(durypa 1).

MnoabT e cpegHo eabp (cpegHa
mMaca — 13 g, eavHnuHn nnogose — 35 Q)
KOHWYEH, TbMHOYEPBEH CbC CWUJHO
uspaseHa wwuiika. lM104OBOTO Meco e
CBET/IOYEPBEHO, CbC CpegHa KyXMHa,
nabTHO, cnabo apomMatHO M C MHOrO
[o6bp BKyc. [lnogosete ce oTgenar
CpaBHMTENHO TPyAHO OT  YalkaTta.
CopTbT e cpegHo 3peewy (5-10.06.) c
BMCoka pogosutocT (2731 kg/da, 0.437
kg/pacT.).

YcToumB Ha NoBpaTHW Mpasose U
Ha  X060THMUM  (Anthonomus  rubi,

Seneca is an American variety,
resulting from the cross between [NY
(Redcoat x NY 844) x Holiday] (Faedi et
al., 2002).

The variety blooms between the
last 10 days of April and the first 10 days
of May, and forms an average of 4.0
inflorescences/plant, 23.7 flowers/plant,
and 6.4 flowers/inflorescence (Figure 1).

The fruits are medium large
(average weight — 13 g, with individual
fruits up to 35 g), have a conical shape,
and are deep red with a well-formed calyx
insertion above the fruit. The flesh is
bright red, with a medium hollow space;
and has a high density. Seneca has a
faint aroma, and a very good taste. Fruits
are difficult to separate from the calyx.
The variety has middle ripening time
(10-15 June) and a high yield
(2 731 kg/da, 0.437 kg/plant).

Seneca is resistant to cold spells
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Rhynchites germanicus). YysctBuTeneH

and weevils (Anthonomus rubi,

Ha uJepBeHokatsBM MCTHM  neTHa | Rhynchites germanicus). It is susceptible
(Dendrophoma obscurans). to leaf blight (Dendrophoma obscurans).
Polka

XonaHackm copT, pesynTtat  oT
KpbcTOCcBaHeTO Ha Induka x Sivetta.
Cb3fajeH e kaTto antepHatueBa Ha Senga
Sengana (cTap HeMCku COpT, Cb3fafeH
npes3 1954 r.) 3a HyxauTe Ha npepaboT-
BatenHata uHayctpus (Fresh Forward).

CopTbT € cpegHo  UbdTaw,
(nocnegHute OHW Ha Mecel, anpua uam
nbpBaTa AeceTAHeBKa Ha Mali), obpasy-
Ba cpegHo 5.9 ugetoHocw/pact., 45.0
usetoBe/pacTt. n 8.4 uUBETOBE/LLBETOHOC
(durypa 1).

MnoasT e apebeH go cpefHo eabp
(cpegHa Maca - 13.3 g, eAMHUYHU
nnogose — 33 @), KOHMYEH, TbMHOYEpP-
BEH, C wWwWiiKa, KOATO MpuU OTAENHM
nnogoBe € MHOro cnabo wu3paseHa,
NMOBBPXHOCTHO PAa3NOJIOKEHN CeEMEHLA.
MNoA0BOTO Meco € OpaHXeBOYepBEHO,
6€e3 KyxuHa, YMEpPEHO MAbTHO, CbC Cnab
apomart 1 oT/iM4yeH BKyc. MNnogosete ce
OTAENAT CPaBHUTESIHO SIECHO OT valukara.
CopTbT € KkbcHOo3peely, (10-15.06.) ¢ MHOro
Bucoka pogosutocT (3238 kg/da, 0.518
kg/pacT.).

MHOro yCTOM4YMB Ha MNOBpaTHU

Polka is a Dutch variety, resulting
from the cross between Induka x Sivetta.
It was created as an alternative to Senga
Sengana (an old German variety,
introduced in 1954) as a response to the
needs of the processing industry (Fresh
Forward).

The variety blooms between the
last days of April and the first 10 days of
May, forming an average of 5.9
inflorescences/plant, 45.0 flowers/plant,
and 8.4 flowers/inflorescence (Figure 1).

The fruit is small to medium large
(average weight — 13.3 g, with individuals
up to 33 g); has a conical shape, and is
deep red with a fruit level calyx insertion,
which in  some fruits is non-
distinguishable; it has seeds situated
along the surface. Polka's flesh is
orange-red, without a hollow, and has a
medium density. The variety has a weak
aroma, and an excellent taste. Fruit is
easily separated from the calyx. Polka
has late ripening time (10-15 June) with a
high yield (3 238 kg/da, 0.518 kg/plant).

Polka is highly resistant to cold

nposieTHN MpasoBe, ycToumB Ha 6esnm | spells, common spot of strawberry
nnctHn netHa (Mycosphaerella fragariae) | (Mycosphaerella fragariae), and weevils
M Ha xo060THMUM (Anthonomus rubi, | (Anthonomus rubi, Rhynchites
Rhynchites germanicus). YysctBuTeneH | germanicus). It is  susceptible to
Ha 4yepBeHW NUCTHU neTHa (Marssonina | strawberry leaf scorch (Marssonina
fragariae). fragariae).

Fenella

Copr, Cb3hafeH BbB
BenukobputaHua [EM 931 x EM 972]
(Lewers, 2010).

3anoyBa ga Uub(TM Npe3 nbpeBaTta
JeceTgHeBKa Ha Mecel, Maii, obpa3sysa
cpepeH 6poii 4.4 uyseTtoHocu/pact., 20.1
usetose/pacTt. n 4.4 uUBeTOBE/LLBETOHOC
(durypa 1).

The variety was created in the
United Kingdom (EM 931 x EM 972)
(Lewers, 2010).

Fenella starts to bloom in the first
10 days of May, and forms and average
of 4.4 inflorescences/plant, 20.1
flowers/plant, and 4.4
flowers/inflorescence (Figure 1).
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MnoasT e egbp (cpegHa maca —
20.7 g) cbC 3a06/1€HO KOHU4YHA hopma,
OpaHXeBOYEePBEH [0 CBET/IOYEPBEH, 6e3
LUMiAKa, C MOBBPXHOCTHO Pa3MNOJIOXKEHM
cemeHua. 171040BOTO Meco e CBET/O,
CbC cpedHa KyxuHa, CpefHO NbTHO,
COYHO, fIeKO Kucesno-cnagko, ¢ [obbp
apomMatr ¥ MHOr0 A06bp MpPUATEH BKYC.
MnogoBeTe ce OTKbCBAT CPaBHUTESHO
necHo. CopTbT € KbCHO 3peewy (10-
15.06.) c¢ Bucoka popoBuToCcT (2956
kg/da, 0.473 kg/pacT.).

YcToiiumB Ha noBpaTHM MpasoBe,

The fruits are large (average
weight — 20.7 g) with a rounded conical
shape. The colour is orange-red to bright
red. There is no fruit level calyx insertion
and the seeds are situated along the
surface. The flesh is bright with a medium
hollow space, has a medium density.
Fenella is succulent, slightly sour-sweet,
has a good aroma, and a very pleasant
taste. Fruits are easily separated. The
variety has late ripening time (10-15
June) and a high yield (2 956 kg/da,
0.473 kg/plant).

YyBCTBUTE/IEH Ha X060THULM Fenella is resistant to cold spells,
(Anthonomus rubi, Rhynchites | but susceptible to weevils (Anthonomus
germanicus). rubi, Rhynchites germanicus).
Serenity
KaHaackm  copT  [137A84  x Serenity is a Canadian variety

Chandler] (Finn, 2004).

KbCcHO Ub(TaW, (Kpast Ha nbpBaTa
JeceTOHEBKa Ha Mecel, Mali), obpasyBa
5.6 ugeTtoHocu/pacT., 24.0 uetoBe/pacT.
n 4.1 usetose/uBeToHoc (Purypa 1).

MnoabT e cpegHo eabp (cpegHa
Maca - 14.8 (), 3a06/1€HO-KOHUYEH,
CBET/I0OYEPBEH, C LUNAKA N NOBBPXHOCTHO
pasnosioxeHn cemeHua. [11040BOTO
MECO e CBET/I00PaHXeBo, CbC cpeaHa A0
rofsgiMa KyxmHa, YMepeHO MIbTHO, C
[o6bp apomaTt 1 f06BP A0 MHOro [06BP
BKyCc. [lnogosete ce OTAENAT CpaBHU-
TeNIHO TpyAHO OT uvawkaTta. CopTeT e
MHOrO KbCHO 3peely (cneg 15.06.) c
BMCoka pogosutocT (2538 kg/da, 0.406
kg/pacT.).

CpefHO yCTOlYMB Ha NOBPATHU
Mpa3oBe, YYBCTBUTE/IEH Ha XOGOTHULM
(Anthonomus rubi, Rhynchites
germanicus).

N3BOAN

v/ OT6paHu ca cegem copTa Aroau,
KOUTO  npuTexaBaT  KayeCTBEHU U
KO/IMYECTBEHN XapaKTEPUCTUKN  BAN3KK
UM NO-BUCOKM OT TE3M Ha CTaHjapTuTe —
Marmolada, Eva, Polka, Elegance,
Fenella, Seneca, Serenity;

(137A84 x Chandler) (Finn, 2004).

It blooms late (the end of the first
ten days of May), and forms an average
of 5.6 inflorescences/plant, 24.0
flowers/plant, and 4.1 flowers/inflorescence
(Figure 1).

The fruits are medium large
(average weight — 14.8 g); have a
rounded conical shape; are bright red in
colour; have a fruit level calyx insertion,
and the seeds are located along the
surface. The flesh is bright orange in
colour, with a hollow space of medium
size. The fruits have a high density, good
aroma, and good to very good taste. The
fruits are difficult to separate from the
calyx. Serenity is with late ripening time
(after 15 June), and has a high yield (2
538 kg/da, 0.406 kg/plant).

It has a medium resistance to cold
spells, and is susceptible to weevils
(Anthonomus rubi, Rhynchites
germanicus).

CONCLUSIONS

v Seven varieties were selected on
the basis of their characteristics being
close or above the standard ones -
Marmolada, Eva, Polka, Elegance,
Fenella, Seneca, Serenity;
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v/ YCTOWYMBM HA KbCHWU MPOSIETHU
ctypose ca Marmolada, Eva, Polka;

v/ C Hail-nobpe u3siBeHU npusHaum
6poil LUBETOHOCM K 6poit LBeToBE Ha
pacTeHne ca coptoBete Marmolada (8.5
6p., 49.2 6p.), Polka (5.9 6p., 45.0 6p.) n
Elegance (6.5 6p., 31.4 6p.). C Hali-ronam
cpefeH 6poii UBEeTOBE Ha LUBETOHOC €
copt Polka, 8.4;

v/ Haii-egponnogHn ca copTtoBeTe
Fenella (20.7 g), Elegance (18.1 q),
Marmolada (17.3 g). C oT/imyeH gobus ce
nssasseat Polka (3238 kg/da), Elegance
(2963 kg/da), Fenella (2956 kg/da),
Marmolada (2769 kg/da), Seneca (2731
kg/da); ¢ mMHOro go6bp e copT Eva (2163
kg/da);

v MnoposeTe Ha copToBeTe
Seneca, Marmolada, Polka, Eva,
Elegance, Serenity n Fenella ca mHoro
npvBAeKaTesIHN U C MHOTO J06pY BKYCOBU
kayecTtBa. Haii-apomatHn ca Te3n Ha
Elegance, a nnbTHM Ha Seneca, Eva,
Elegance;

v/ BCMYKM Te3n COPTOBE C U3SABEHU
€[HO 1nn noBevye LiEeHHN KayecTBa morart
Ja 6baart M3nossBaHu B CesiekuMoHHaTa
JeliHOCT KaTo KenaHun [JoHopy U 3a
BK/1IOYBAHE B Aro4onpon3BoACTBOTO.

v/ The most resistant to late spring
cold spells are Marmolada, Eva, Polka;

v The following varieties had the
highest number of inflorescences and
flowers per plant; Marmolada (8.5, 49.2),
Polka (5.9, 45.0), and Elegance (6.5,
31.4). Polka had the highest number of
flowers per inflorescence with 8.4;

v' The varieties with the largest
fruits are Fenella (20.7 g), Elegance (18.1
g), and Marmolada (17.3 g). The varieties
which had the highest yield are Polka
(3238 kg/da), Elegance (2 963 kg/da),
Fenella (2956 kg/da), Marmolada (2769
kg/da), Seneca (2731 kg/da); Eva was
characterised by a very good vyield (2163
kg/da);

v The fruits of Seneca, Marmolada,
Polka, Eva, Elegance, Serenity, and
Fenella had an attractive appearance and
excellent food qualities. The most
aromatic variety was Elegance; Seneca,

Eva and Elegance had the highest
density;
v All  of the above-mentioned

varieties have one or more distinguishable
characteristic, and can be used for future
selective breeding in strawberry
agricultural production.
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OCMOTMYHO gdexuapaTvpaHn nno-
[OBEe OT apoHMs ca MNOoAJIOKEHM Ha
KOHBEKTMBHO W TEPMOMOMMEHO CYLUEHE.
MonyyeHn ca COPOLUNOHHUTE N30TEPMU Ha
U3CYLLEHUTE NM0AO0BE MpK Temnepatypa
25 °C 1 BogHa aKkTMBHOCT B Auana3oHa ot
0.113 po 0.843, kato € Wu3Non3BaH
CcTaTV4YHWA TpaBMMeTpuYeH MeTog. 3a
onvcaHne Ha uU3oTepMmuTe ca U3non3BaHun
ABynapameTpuyHuTe mogenu Ha Chung-
Pfost, Halsey, Oswin n Henderson.

Kntoyosu aymu: apoHus,
COpPOLMOHHU n3otepmu, eMnuMpu4Hu
MoZenu,  OCMOTWMYHA  AexuapaTauus,
KOHBEKTUBHO  CYylLLeHe, TepMOMnomMneHo
cylieHe

YBOJ,

ApoHusaTa (Aronia melanocarpa) e
MHOTOroAmMLLIHO XPacToBUAHO W [JeKopa-
TUBHO pacTeHue, gocturawo o 2 - 2.5 m
BMcouMHa. MNpuHagIexm KbM CEMENCTBO
Po3ouBeTHMu.

Accepted: 19.07.2018

Published: 06.08.2018

SUMMARY

Osmotic dehydrated black
chokeberry fruits were subjected to
convective and heat pump drying. The
sorption isotherms of the dried black
chokeberry fruits were obtained at 25 °C
and relative humidity in the range of 0.113
to 0.843. The static gravimetric method
was applied. The Chung-Pfost, Halsey,
Oswin, and Henderson models were
applied for analyzing the experimental
data.

Key words: black chokeberry,
sorption isotherms, empirical models,
osmotic dehydration, convective drying,
heat pump drying

INTRODUCTION

Aronia melanocarpa is a perennial
bushy and decorative plant reaching
2 - 2.5 m height. It belongs to the family
Rosaceae.
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CmaTa ce, 4Ye poguHara Ha
apoHuaTa e CeBepHa Amepuka, a B
Bbnarapua ce otrnexga Karo Kynatyeu-
paHO ¥ neyebHo pacTeHue (Kulling and
Rawel, 2008).

MpaBAT ce Bce noBeye um3crensa-
HWSt OTHOCHO XMMMWYHMSA CbCTaB Ha M/1040-
BETE M edhekTa UM BbpPXY HOBELLKUS opra-
HM3bM. [10goBeTe NpeacTasnsaeBar 6orart
U3TOYHMK U AbpPXaT MbPBEHCTBO MO Ha/MU-
yve Ha MHOro BeulecTBa (nonudeHonw,
aHTouuaHuHW, hnasoHouaM ¥ eHonn),
uMaLly 61aronpusiTHO Bb3AENCTBME BbP-
Xy HOBELLKOTO 3apase. Pegvua nscnensa-
HWA JokasBarT, ye apoHusTa e borata Ha
ButammHn — B, C, PP, E, K, n MuHepasnHu
BeWecTBa — Kanuii, Kanuuin, docdop,
MarHesui, Xensas3o, PekopaHO KOSIMYEeCTBO
noa, maHraH, monmbaeH (Benvenuti et al.,
2004; Konczak and Zhang, 2004;
Koponen and Ritta, 2007; Walther and
Schnell, 2009).

MHOrobpoiiHnTe 1eyebHn CBOICTBa
Ha apoHUsiTa onpeaenaT NpuIoxKeHneTo U
3a NpeBeHuus 0T pas/iMyHu 3abonsasaHus.
OcBeH ToBa N/I040BETE Ca MHOTO BKYCHW,
M3Mnon3BaT ce CyLeHu WUn 3a Hanpasata
Ha KOHCEpBWY, B T. Y. KOH(OUTIOPK, COKOBE,
HEeKTapu, OCBEXMWTESIHW HanuTKW, U Kato
€CTECTBEH OUBETUTE/T Ha XPaHWUTESTHU
npoayktn (Plocharski and Zbroszczyk,
1989; Jeppsson and Niklas, 1998).

PaBHOBecHaTa BMaXHOCT € BaxHa
COpOUMOHHA XapaKTepucThka Ha XpaHu-
TenHute npopayktu. MosHasaHeTo U MO3-
BOMIABA NpaBUMHO fa O6baar pasveTeHu
peXumMmMTEe W HauMHWTE Ha 006paboTka,
CbXpaHeHMe W OnakoBaHe Ha XpaHuTe.
MornblaHeTo uNn oTAeNsHEeTO Ha Bnara
OT npoaykTa Npu CbxpaHeHue ce u3obpa-
351Ba 4Ype3 COPOLMOHHM U30TEPMU, KOWUTO
[laBaT Bb3MOXHOCT Aa Ce YCTaHOBSIT Kpu-
TUYHUTE CTOMHOCTW Ha BOAHATa aKTUBHOCT.
MHOro nscsiefoBatenn nogyepTaBart 3Haue-
HueTo U 3@ CTabuNHOCTTa Ha XpaHUTeNHuTe
npoayktT. HamansaBaHeTo Ha BogHaTa
aKTMBHOCT MOXe Ja nofobpu cpoka Ha
rOAHOCT M KauecTBOTO Ha xpaHuTte (Erbas et
al., 2005; Limousin et al., 2007).

PasnnuHnte xpaHun wmoraT ga
00MeHAT BOfa CbC 3aobukanswiara rm

It is believed that the country of the
black chokeberry is North America, and in
Bulgaria is grown as cultivated and healed
plant (Kulling and Rawel, 2008).

More and more researches have
been done on the chemical composition of
fruits and their effects on the human body.
Fruits are a rich source and occupy the
first place regarding availability of many
substances (polyphenols, anthocyanins,
flavonoids, and phenols) that have a
beneficial effect on human health. A
number of studies prove that black
chokeberry is rich in vitamins — B, C, PP,
E, K, and minerals — potassium, calcium,
phosphorus, magnesium, iron, a record
amount of iodine, manganese, and
molybdenum (Benvenuti et al., 2004;
Konczak and Zhang, 2004; Koponen and
Ritta, 2007; Walther and Schnell, 2009).

Numerous healing properties of
aronia determine its application for the
prevention of various diseases. In
addition, the fruits are very delicious, they
are used dried or for canned foods,
including jams, juices, nectars, fresh
drinks, and as a natural food colourant
(Plocharski and  Zbroszczyk, 1989;
Jeppsson and Niklas, 1998).

The equilibrium humidity is an
important sorption characteristic of the
food products. Knowing the equilibrium
humidity allows proper explanation of the
modes and methods of processing,
storing and packaging the foods. Sorption
isotherm defines product moisture gain or
loss from/to the ambience for storage
purpose and allows finding critical water
activity values.

Many researchers have stressed the
importance of the stability of the water
activity of foodstuffs. Reduction of water
activity can improve the shelf life and the
quality of foods (Erbas et al., 2005;
Limousin et al., 2007).

Different foods could exchange
water with the surrounding medium. If
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cpefa. AKO Te ca XWUrpoCKOMWYHW, nmaTt
crnocobHocTTa ga cBbpxaT BogaTa oOT
Bb3/yxa, KOETO e npeanoctaBka 3a Bb3-
HMKBaHEe Ha MWKpoOHa pasBana. [lo-
BMCOKOTO BarocbAbpxaHue B XpaHute
NPOMEHS TAXHaTa TEeKCTypa, a HAKou
mMoraT ga ce pasteopaTr (Blahovec and
Yanniotis, 2008; Ocieczek, 2012).
XpaHaTa B cpefa OT CyX Bb3lyX € B
CbCTOSIHWE Aa OTAenu Bofa U MPOAYKTbT
cTaBa MO-TBbPA, KOETO OKa3Ba BJ/IMSHUE
BbpXy TekcTypata My. Hskou BeliecTBa
MoraTt Ja KpucTanm3upar (3axap, cos) ypes
uscyllaBaHe. 3a onpegesnsHe ycnoBusaTa Ha
CbXpaHeHue, 3anasBaHe CBolicTBaTta Ha
XpaHWUTEeSIHUTE NPOAYKTU W NpeAoTBpaTs-
BaHe Ha TAXHOTO pa3BasisiHe e BaXHOo Ja ce
3HaAT copbumoHHMTe un3oTepmn (Caurie,
2006; Dushkova et al., 2014).
Copb6unoHHaTa nsotepma e rpadiuka,
nokasealla npomMsHaTa Ha BoAHaTa aKTuB-
HOCT Npu agcopbumsa n Aecopbuns Ha Bnara
B XpaHWTeseH NpoayKT Npy NOCTOSIHHA TeM-
nepatypa. Tasu B3aMMOBPb3Ka € C/I0XHA U
cneumduyHa 3a BCekM eauH nNpoaykT. Bog-
HaTa akTMBHOCT MOYTW BUHArM ce YBEsu-
yaBa, Tbil KATO CbAbPXAHMETO Ha Brara ce
yBENMYaBa, HO Bpb3kaTa He e SiuHelHa. B
[JefcTBATENHOCT M30TepmuTe 3a copobums
Ha Bfnara 3a MOBEYETO XpaHW umar S-
obpasHa chopma u J-obpasHa popma 3a
XpaHu C BUCOKO CbAbPXaHNE HA MAa3HUHU.
S-o6pasHuTe M30TepMM ca pa.-
HOBECHW  M30TEpMM  Ha  KOJloMAaHU
KanunspHo-nopectn tena oOT BTOpWU Tun
no knacudprkauuaTa Ha Brunauer, Kouto
onuceart xapakrepa W KOMMYeCTBOTO Ha
pasnuuyHMTe BUAOBE CBbp3aHa BOAA
(Mathlouthi, 2001; Toshkov et al., 2015).
Llenta Ha HacTosLLeTO n3cnensaHe
€ eKCrneprvMeHTa/THO NnonyyaBaHe Ha pas-
HOBECHWN COPOLUMOHHN N30TEPMU HA KOH-
BEKTUBHO U TEPMOMOMMEHO CYyLUEHU Mo-
[oBe OT apoHua npu Temneparypa 25 °C.

MATEPVAJT U METOOU

CypOBMHM ”N MNOArOTOBKa Ha
npob6ata
Mnogose oT apoHusa  (Aronia

melanocarpa) CbC CbAbpXaHWe Ha pas-

they are hygroscopic they are able to bind
water from the air which is a prerequisite
for microbial spoilage. At higher moisture
content the texture of food is going to
change, some would dissolve (Blahovec
and Yanniotis, 2008; Ocieczek, 2012).

In dry air food is going to lose
water, and the product become harder,
texture is influenced. By drying some
substances it could crystallise (sugar,
salt). It is important to know the sorption
isotherm for defining the condition for
keeping aliments for conservation of
properties and preventing food spoilage
(Caurie, 2006; Dushkova et al., 2014).

A moisture sorption isotherm is a
graph showing how water activity changes
as water is adsorbed into and desorbed
from a food product held at constant
temperature. This relationship is complex
and specific for each product. Water
activity almost always increases as
moisture content increases, but the
relationship is not linear. In fact, moisture
sorption  isotherms are  S-shaped
(sigmoidal) for most foods and J-shaped
for foods that contain crystalline materials
or high-fat content.

The S-isotherms are equilibrium
isotherms of the second-type colloidal
capillary-porous bodies of the Bruneau
classification, which describe the nature
and quantity of the different types of
connected water (Mathlouthi, 2001,
Toshkov et al., 2015).

The object of present study is to
obtain experimental equilibrium sorption
isotherms of convective and heat pump
dried black chokeberry fruits at 25 °C.

MATERIAL AND METHODS

Raw materials and
preparation
Chokeberry (Aronia melanocarpa)

fruits with soluble solids of 24-27 °Brix

sample
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TBOPUMM Cyxu BewecTBa 24-27 °Brix ca
npegoctaseHn oT OnuTHa CTaHuusa Mo
XVWBOTHOBBLACTBO U 3emegenine, CMOMsH,
Bbarapus. MNMpecHuTe niogose ce CoOpTu-
paT u cbxpaHsasaT B xnaausHuk npu 3 °C
[0 n3nosssaHe.

OCMOTUYHM areHTU: KOHLEHTpUpaH
COK OT BULWWIHKU (63 °Brix), KOHUeEHTpupaH
A6BSIKOB COK (72 °Brix) n uHynuH (onuro-
opykTo3a 87%, cpefHa CTeneH Ha nosiu-
Mepu3sauus 8, 3axaposa, InokKo3sa n pyk-
To3a 12%) ca 3akyneHu CbOTBETHO OT
Kpuunmdcbpykt OO[, (Bwbnarapust), Arpo-
6notex EOO/[ (bbnrapus) n dyyac Kon-
cyntuHr EOO/[, (Bbnarapus). KoHUeHTpK-
PaHMAT COK OT BULLIHN W KOHLEHTPUPaHNAT
AOGB/IKOB COK Ce CbXpaHsBaT B XNa4UNHUK
npu 3 °C go nsnonssaHe.

MnogoBeTe OT apoHMA Ce COPTU-
par, u3MmBaT C Teyalla Boja, cef KoeTo
ce npopss.ar.

OcmMoTUYHa aexugpaTtaums

OCMOTUYHMAT pasTBOpP Ce NPUroTss
B KOHUeHTpauus 58 °Brix, kKaTto ce 13nos-
3Ba KOHUEHTpUpaH COK OT BULWIHKU (60%),
KOHLUeHTpupaH £6bskoB cok (20%) wn
WHYMUH (20%). KoHUeHTpaymaTa Ha 0CMo-
TUYHMA pPa3TBOP Ce KOHTpoAMpa upes3
pethpakTomeTbp.

[MpouechT Ha OCMOTUYHA Aexuapa-
Tauus Ha apoHus ce npoBeXja BbB BOA-
Ha 6aHsa "VEB MLW Prufgarate-werk”, 3a
Ja ce nocTurHe HeobxoaumaTa Temrnepa-
Typa Ha pa3Tteopa oT 55 °C. lnogoBete
ce notanaT 3a 3 yaca B OCMOTUYHUSA pas-
TBOP. CBHOTHOLLEHVETO Noj : pas3TBop e
1:4 (w/w). Cnef npukoyBaHe Ha npo-ueca
no-HaTaTbK M/1I040BETE Ce OTCTpa-HsABaT OT
pa3tBopa, 6bP30 ce u3naakear C ropewa
BOJa W BHMMATE/HO ce MOoA-CyliaBaT C
xapTveHa Kbpra, 3a fJa ce OoTCcTpaHu
pa3TBopa OT NOBBbPXHOCTTa Ha N/I0J0BETE.

KOHBEKTMBHO MAM TEPMOMOMMNEHO
cylueHe

Cnen TOoBa OCMOTUYHO 06pabo-
TEeHWTe NI0A0BE OT apOHWA Ce MOCTaBAT
Ha TaBu B nabopatopHa kamepa wnu
TepMonoMneHa cywunHa.  Temnepary-
pata Ha CylleHe K HaToBapBaHETO Ha

were supplied by the Agricultural and
stockbreeding experimental station,
Bulgaria. The fresh fruits were sorted and
stored in a refrigerator at 3 °C until used.

Osmotic agents: concentrated sour
cherry juice (63 °Brix), concentrated apple
juice (72 °Brix), and inulin (oligofructose
87%, average degree of polymerization 8;
sucrose, glucose, and fructose 12%) were
purchased from  Krichimfrukt  Ltd.
(Bulgaria), Agrobiotech Ltd. (Bulgaria),
and Food consulting Ltd. (Bulgaria),
respectively. The containers of
concentrated sour cherry juice and
concentrated apple juice were stored in a
refrigerator at 3 °C until used.

Black chokeberries were sorted,
washed with tap water, and then
subjected to splitting.

Osmotic dehydration

Osmotic solution was prepared in
concentration 58 °Brix using concentrated
sour cherry juice (60%), concentrated
apple juice (20%), and inulin (20%). The
concentration of the osmotic solution was
monitored using a refractometer.

Osmotic dehydration of black
chokeberry was performed in a water bath
"VEB MLW Prufgarate-werk” to achieve
the necessary solution temperature of
55 °C. The fruits were dipped in osmotic
solution for 3 hours. Black chokeberry :
solution ratio was 1:4 (w/w).

Further, fruits were removed from the
solution, quickly rinsed with hot water and
gently blotted with a paper towel to
remove surface solution.

Convective (OD+CD) or heat
pump drying (OD+HPD)

After that, osmotically treated fruits
of black chokeberry were placed on trays
in a laboratory chamber drier or a
laboratory heat pump dryer. The drying

temperature and the load density of the
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necute Bapupar B 3aBWCMMOCT OT MiaHa
Ha ekcnepumeHTa (Tabnuua 1). Mpobute

Ce CyLaT /10 paBHOBECHA B/IAXHOCT.

Tabnuua 1. MNnaH Ha ekcnepyMeHTa
Table 1. Experimental design

trays varied according to the experimental
design (Table 1). The samples were dried to
equilibrium moisture content.

KOHBEKTMBHO cyLleHe TepmonomneHo cyLleHe
Mpo6a Convective drying Heat pump drying
Sample Temneparypa HartoBapBaHe Temneparypa HatoBapBaHe
Ne Ha cylueHe Ha necute Ha CylleHe Ha necute
Drying temperature |Load density of the| Drying temperature | Load density of
(°C) trays, (kg/m?) (°C) the trays, (kg/m?)
1 50 5 40 5
2 70 5 50 5
3 50 15 40 15
4 70 15 50 15
5 60 10 45 10

Mony4yaBaHe Ha eKCnepuMeHTa/IHU
paBHOBECHU COPBLMOHHN N30TEPMU

PaBHOBecHUTE COPOLUMOHHN K30TEP-
MW Ha M3CyLLeHUTe NAoJ0BE OT apoHus ca
onpezeneHun npu Temnepatypa 25 + 0.1 °C.
MpunoxeH e CTaTUYHUAT rpaBYMeTPUYEH
mMeTop, (Spiess and Wolf, 1987). 3a npoue-
ca Ha afcopbuwus, nnogoseTe ce u3cylla-
BaT B KamepHa BakyymMHa CyluuiHa npu
Temneparypa 60 °C 3a 24 vaca. [lperter-
NeHvTe npobu (Tpu napasiesiin npoéu ot
no 1 + 0.05 g) ce NOCTaBAT B XMrpocTaTh Ha
NnocTaBKW Haj, HacUTeHW pas3TBOPU Ha COMU
(LiCl, CH3;COOK, MgCl,, NaBr, NaCl, KCI),
nogabpxali Hag —MOBBPXHOCTTA  CU
onpefeneHn KOHCTAaHTHW BOAHW  aKTUB-
HOCTM (OTHOCUTENIHWU BNIAXHOCTM Ha Bb3-
ayxa) B AauanasoHa 0.113 pgo 0.843
(Greenspan, 1977; Weisser, 1986; Maroulis
et al., 1988). Xurpoctatnute ce gbpxaTr B
TepmocTaT npu Temneparypa 25 = 0.1 °C.
Cnep pocturaHe Ha paBHOBecCMe, YCTaHO-
BEHO upe3 npeTernsHe Ha npobara (Be3Ha
C TO4HOCT = 0.0001 @) npe3 Tpu AHW,
[JoKato TpW nocnefosaTesiHn U3mMepBaHus
nokaxart pasnvka no-manka ot +0.001 g.
PaBHOBecHaTa BMaXHOCT ce onpegens Ha
e/1IeKTpOHHa Be3Ha “Sartorius” (cyleHe npu
Temnepartypa 105 °C go NOCTOSAHHO TEersio).

Obtain experimental
sorption isotherms

The equilibrium moisture contents
(EMCs) of the dried chokeberries were
determined at 25 * 0.1 °C. The static
gravimetric method was applied (Spiess
and Wolf, 1987). For the adsorption
process, the fruits were dehydrated in a
vacuum drying chamber at 60 °C for 24 h.
The weighted samples (three parallel
samples of 1 £ 0.05 g) were then put in
hygrostats with saturated salt solutions
(LiCl, CH3COOK, MgCl,, NaBr, NacCl,
KCIl), used to obtain constant relative
humidities environments (in the range of
0.113 to 0.843) (Greenspan, 1977;
Weisser, 1986; Maroulis et al., 1988).
The hygrostats were kept in a thermostat
at 25 = 0.1 °C. Samples were weighed
(balance, sensitivity £ 0.0001 g) every
three days. Equilibrium was
acknowledged when three consecutive
weight  measurements showed a
difference less than 0.001 g. The
moisture content of each sample was
determined by the electronic balance
“Sartorius” (drying at 105 °C to constant
weight).

equilibrium
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AHanus Ha gaHHuTe

3a onucaHMe Ha COpPOUMOHHUTE
M30TEPMU ca M3MON3BaHM [BynapameT-
puyHute mogenn Ha  Chung-Pfost,
Halsey, Oswin n Henderson:

Chung-Pfost

In(aw) =-A exp(—B.M)

Analysis of data

The description of the EMC/a,
relationship was verified by applying the
following modified models of Chung-
Pfost, Halsey, Oswin, and Henderson:

1)

Halsey ay = - exp(A.M B) 2
B
a
Oswin M=A —W ®3)
1-a
w
Henderson |n(1_aw) — _AM B (4)

Kbaeto: M e paBHOBecHa BfaXHOCT, %
cyxa maca,; a, — BofHa akTnuBHOCT; A, B —
KoedmLmeHTH.

PE3SYNTATU N OBCbXOAHE

Ha durypa 1 ca gageHun ekcnepu-
MEHTa/IHUTE [aHHW, NOSyYeHU 3a Ccylle-
HWTe naogoBe OT apoHus. Bcsaka onuTHa
Touka B rpadhmkmiTe npeacraenssa cpeg-
HoapWTMETMYHa CTOMHOCT OT TpW MOBTO-
peHuns. Cnopep knacudpukaumata BET
nosyyeHnTe K30TEPMU 3a  CyLLeHuTe
nsogose ca OT Tun 2 (OCMOTMYHA AeXu-
Apartaums, nocnefsaHa OT KOHBEKTMBHO
cyweHe) wnm tun 3 (0OCMOoTUYHa aexmapa-
Tauusa, nocnegsaHa OT TepMOMNOMMEHO
cyweHe). MogobHN M30TEPMM 3a XpaHu-
TeNHW MpPOAYKTU ca onucaHu B nuTepa-
Typata (Yu, 1998; Menkov et al., 2009;
Toshkov et al., 2014).

where M is the moisture content (% d. b.);
a,, is the water activity (decimal); A, B are
coefficients.

RESULTS AND DISCUSSION

Figure 1 gives the experimental
data obtained for the dried black
chokeberries. Each experimental point in
the graphs is an arithmetic mean of three
replicates. According to BET classification
the obtained isotherms for the dried fruit
are of type 2 (osmotic dehydration
followed by convective drying) or type 3
(osmotic dehydration followed by heat
pump drying). Similar isotherms for food
materials have been reported in the
literature (Yu, 1998; Menkov et al., 2009;
Toshkov et al., 2014).
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dur. 1. CopOUMOHHM N30TEPMUN Ha cylleHa apoHus. OcMOTMYHa AexuppaTauus
Ha naogoBeTe, nocrsiegBaHa OT: (@) KOHBEKTUBHO cyuleHe; (b) TepmonomneHo
CylueHe

Fig. 1. Moisture sorption isotherms of dried black chokeberries. Osmotic

dehydration followed by: (a) convective drying; (b) heat pump drying

AHaNN3bT Ha [AaHHUTE 4pe3 efHo-
(haKkTOpeH AUCNepcMoHeH aHasIM3 NnokasBea,
ye CyLIEeHeTO MMa CTaTUCTUYECKN 3HAYNMO
B/IMSIHAE BbPXY paBHOBECHAaTa BJI&XHOCT
Ha m3cylleHuTe naofose. BapupaHeTo Ha
cboTHoweHneTo M;; / My, (i = 1 ... 5 cyweHa
npoba; j=1 ... 6 a,) C NpoMsAHa Ha BogHaTa
aKTMBHOCT € npeacTaBeHO Ha ®urypa 2.
Mpwn a, < 0.40 BapuaunmnTe mexay CbOTHO-
lWeHnaTa ca MOo-3HAYUTEesSHU OT Tesn npwu
a,> 0.40 (Purypa 2 b).

Analysis of the data by single-
factor dispersion analysis indicates that
drying effect on the equilibrium moisture
of the dried fruit is statistically significant.
The variation of the ratio M / My, (i=1 ...5
dried sample; j = 1 ... 6 a,) with the
change of a, is given in Figure 2. At
a, < 0.40 the variations between the
ratios are more considerable than those
at a,, > 0.40 (Figure 2 b).
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dur. 2. NpomsiHa Ha CbOTHOLLEHNETO MEXAYy U3MepeHaTa BMIaXKHOCT Ha npobarta
1 cpegHata BnaxHocT (Mj / M) € NpoMsiHa Ha BOA4HATa akTUBHOCT

(a) KOHBEKTMBHO cylleHe; (b) TepMOMNOMMEHO CylleHe

Fig. 2. Variation of the ratio between measured moisture content and sample
mean moisture content (M;;/ M) with the change of water activity

(a) convective drying; (b) heat pump drying

MonyyeHute KoeduLeHTH Ha
MoamndmumpaHmTe mogenm Ha Chung-Pfost,
Halsey, Oswin n Henderson ca pgageHun B
Tabnuua 2 (ocmMoTWYHa gexuapartaums Ha
nnogoBeTe, nocnefBaHa OT KOHBEKTUBHO
cyweHe) n Tabnvua 3 (OCMOTMYHA [exu-
Apatauusa Ha nnojoBeTe, nocneiBaHa OT
TEPMOMNOMMEHO CylleHe). B Tabnuuute
CbLO ca JafeHn CpefHUTe OTHOCUTEsTHU

The coefficients of the modified
equations of Chung-Pfost, Halsey, Oswin,

and Henderson for dried black
chokeberries are given in Table 2
(osmotic  dehydration  followed by

convective drying) and Table 3 (osmotic
dehydration followed by heat pump
drying). Mean relative error (MRE) and
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rpewkn (MRE) n cTaHgapTHUTE OTK/OHE-
Husa (SEM). OT yeTnpuTe mMmogena 3a cylle-
HWTe N/040Be OT apoHMA (OCMOTWMYHA fe-
xuapataums Ha naogoseTe, nocneisaHa or
KOHBEKTMBHO CylLleHe) To3n Ha Halsey npor-
HO3Mpa COpOLNOHHN U30TEPMU C Hali-HUCKa
CTOIAHOCT Ha SEM, aokaTo 1031 Ha Oswin —
C Hall-Hucka ctoiHocT Ha MRE. OT ueTtu-
pute Mogena 3a CyleHuTe niofose oT
apoHus (ocMOTMYHA Aexuapartaums Ha nao-
[JoBeTe, nocneasaHa OT TePMONOMIMEHO Cy-
LeHe) To3n Ha Oswin NporHosupa cop6unoH-

HW N30TEPMU C Hali-HMUCKa CTOMHOCT Ha SEM.

standard error (SEM) are also given in
the tables. Among the four equations for
dried black chokeberries (OD+CD), the
modified Halsey equation predicts the
isotherms with the smallest SEM value,
whereas the modified Oswin equation
predicts the isotherms with the smallest
MRE value. Among the four equations for
dried black chokeberries (OD+HPD), the
modified Oswin equation predicts the
isotherms with the smallest SEM value.

Tabnuua 2. KoedmumeHtn Ha mogenute (A, B), cpeaHa OTHOCUTE/HA FpeLlKa
(MRE, %) »n cTaHgapTHO OTK/OHeHue (SEM) 3a cyweHa apoHusa (OCMOTUYHA
JexugpaTauunsa Ha naogoseTe, nocsnensaHa OT KOHBEKTMBHO CyLUEHE)

Table 2. Estimated values of coefficients (A, B), mean relative error (MRE, %),
and standard error of moisture (SEM) for dried black chokeberries (osmotic

dehydration followed convective drying)

Mpo6a MapameTbp Mogen / Equation
Sample | Parameter |cpyng-pfost Halsey Oswin Henderson
A 1.7010 9.2092 13.6604 0.0337
50/5 B 0.053 -1.0338 0.5951 1.1042
MRE* 82.85 51.89 25.86 27.21
SEM** 10.38 5.89 7.44 8.32
A 1.8754 12.0396 13.9127 0.0252
50/15 B 0.0613 -1.1251 0.4967 1.2032
MRE 68.91 31.21 30.71 32.00
SEM 9.65 6.54 7.30 7.88
A 2.3131 18.9272 19.0525 0.0141
70/5 B 0.0557 -1.159 0.4886 1.2728
MRE 40.21 31.09 25.74 25.26
SEM 9.30 9.17 7.27 8.47
A 1.9733 18.8573 17.3432 0.0173
20/15 B 0.0506 -1.2009 0.5506 1.2467
MRE 49.48 14.03 13.56 19.39
SEM 8.49 3.48 6.01 7.39
A 1.9406 19.9854 15.2427 0.0155
60/10 B 0.0591 -1.2757 0.4697 1.3451
MRE 27.37 23.07 22.05 25.77
SEM 14.00 6.05 7.58 8.10
mRE = 105 [Mi = M;
N M,

ey | M =M’
df
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Tabnuua 3. KoethnumeHTn Ha mopenute (A, B), cpefHa OTHOCUTeE/IHA rpeLuka

(MRE,

%) u cTaHOapTHO OTK/OHeHue (SEM) 3a cyweHa apoHusi (OCMOTUYHA

JexuapaTauus Ha nnogoseTe, nocneasaHa OT TEPMOMOMIMEHO CyLUEHe)
Table 2. Estimated values of coefficients (A, B), mean relative error (MRE, %),
and standard error of moisture (SEM) for dried black chokeberries (osmotic

dehydration followed heat pump drying)

Mpo6a MapameTbp Mogen / Equation

Sample | Parameter |cpyng-pfost Halsey Oswin Henderson
A 1.4375 0.9463 2.7503 0.3789

40/5 B 0.1012 -0.4223 1.4537 0.4661
MRE* 13.38 61.60 42.25 37.68
SEM** 3.95 17.17 4.20 3.98
A 1.2184 0.7367 1.7010 0.4999

20/15 B 0.0737 -0.3429 1.8927 0.3747
MRE 90.96 68.27 45.95 37.32
SEM 7.11 20.38 551 2.78
A 1.2716 1.1443 4.1946 0.3094

50/5 B 0.0513 -0.4328 1.4699 0.4719
MRE 21.53 51.62 35.69 34.67
SEM 10.04 18.57 3.66 4.19
A 1.2452 0.9795 2.9642 0.3689

50/15 B 0.0615 -0.4325 1.5446 0.4641
MRE 23.74 39.36 26.83 28.51
SEM 8.21 10.01 1.95 3.03
A 1.1640 0.9301 2.8651 0.3889

45/10 B 0.0497 -0.394 1.6392 0.426
MRE 49.05 51.23 35.37 43.05
SEM 11.71 15.30 2.46 4.42

MRE = @z Mi —Mi
M;
= | 2Mi —Mj)?
df
N3BOAN CONCLUSIONS

PaBHOBeCHUTE COPOUUOHHM U30-
TEPMU Ha uW3cylweHuTe nnogose OT
apoHMsa ca onpefesieHn 4ypes cTaTuyHus
rpaBUMETPMYEH METOA Npu Temnepatypa
25 °C. lMonyyeHute un3oTepMn 3a cyulle-
HWTe nnaogose ca OT Tvn 2 (OCMOTMYHA
aexvapatauus, nocnefBaHa OT KOHBEK-
TUBHO cylleHe) unu Tun 3 (0OCMOTUYHa
jexvgpatauusa, nocnegsaHa oOT TepMmo-
NMOMMEHO CYyLLEHE).

The equilibrium moisture contents
of the dried black chokeberries have been
determined by the static gravimetric
method at 25 °C. The obtained isotherms
for the dried fruit are of type 2 (osmotic
dehydration followed by convective
drying) or type 3 (osmotic dehydration
followed by heat pump drying).
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