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PE3OME

B Bbarapus ce Habnwgasa TpaiiHa
TEeHAEHLUMA 3a paswmpsiBaHe Ha MasIMHO-
BOTO MNPOM3BOACTBO KbM paiioHn 6e3
TpaauumMu B OTINeXAaHeTo Ha Tasu Kys-
Typa, BKNHOYUTESTHO 1 B paBHMHaTa. Onut-
HUTE faHHWM ca cbbpaHu npes nepuoga
2000-2008 1. B 400 M* Ma/IMHOBO HACaX-
[eHVe OT PeMOHTaHTHUA copT “J/IlonH” ¢
in-vitro pasmMHOXeHW pacTeHus. Mo OTHo-
LLIeHVe Ha KnumaTuyHaTa Cu Xapaktepuc-
TVKa rouHUTE Ha WU3CcnefBaHeTo NoKpwu-
BaT LUMPOK CMEKTbP OT MHOrO B/iaxHa [0
MHOrO cyxa ¥ oT cpefiHoX/1agHa 0 MHOro
ropella roavHa, Bb3 OCHOBa Ha KOeTo
MOXe [la ce cuuTa, Ye nosiyvyeHnTe pesyn-
TaTu Mo OTHOLUEeHMEe OTrnexgaHetTo Ha
MasiMHoBarta Kyntypa ca npeacraBuTen-
HW. HannumeTo Ha roanHu cbC 3acyllaBa-
He W BUCOKW Temneparypwu npes BereTa-
LUWOHHUA Nepuog, rapaHTupa 06eKTBHOCT
Ha oueHKaTa 3a MnoBefeHMeTo Ha copTa

SUMMARY

In Bulgaria, there is a growing
tendency to expand raspberry production
to areas with no traditions of cultivating
the crop, including to lowlands. The
experimental data were collected during
the period 2000-2008 from a raspberry
plantation of an area of 400 m? with in
vitro propagated plants of the primocane-
fruiting cultivar ‘Lyulin’. In terms of the
climatic characteristics, the years of the
study covered a wide range of weather
conditions from very wet to very dry and
from medium to very hot, on the basis of
which the results obtained for raspberry
cultivation can be considered
representative.

Years of drought and high temperatures
during the vegetation season guarantee
the objectivity of the assessment of the
performance of ‘Lyulin’ cultivar and the
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JIONNH" 1 echekTa OT OTrNeXgaHeTo My B
paBHMHaTa. CpefHaTa NPOAb/IXUTENHOCT
Ha dheHohaszata ,ycuneH pactex” e 75
OHn. LlbhTexbT 3anoysa B Kpast Ha HOHU 1
HayasioTO Ha M U e C NPOABLIKUTEN-
HOCT OKOoNlo Mecel. lNogoBeTe 3anoysar
Ja 3peAT npes3 TpeTaTta AeceTAHeBKa Ha
0NN KaTto (peHodpasata npogb/rkasa cpes-
HO TpM Mecela. YCUNeHuAT pacTex 3anou-
Ba Npv cyma Ha edekTuBHUTE Temnepa-
Typy oT 234°C, ubdTexsT — npu 1100°C,
a 3peeHeTo Ha nnogoseTe — npu 1337°C.

KntouoBn Aymu: MasIMHW,
METEOpPO/IOTMYHN  YC/IOBUS,,  OCHOBHWU
heHopasu

yBO/[,

Mpe3 nocnegHUTe roguHN MHTepe-
CbT Ha 6bArapckuTe NPOU3BOAUTENN KbM
ManiMHoBaTta KynTypa HapacTBa, KOeTo e
BWAHO OT YBENNYEHWTE MOWM C MI040-
JaBalln Hacax4eHus 1 OT pbcTa B NPon3-
BoAcTBOTO Ha nsiogose (Kornov et al.,
2016; Manolova, 2005). [o6puTe ycno-
BMS HA MEXAYyHapOoAHUS nasap U 6bP30TO
Bb3BpbLaHE Ha MHBECTULMUTE CTUMY/U-
paTt paswupsBaHeTo Ha MasIMHOBOTO MpPo-
N3BOACTBO KbM PErMoOHN 6e3 Tpaguuum B
oTrnexgaHeTo Ha Tasm kyntypa. Bce no-
Beye HacaxieHus ce cb3faBaT B paBHU-
Hata. B Bbarapua TtexHosnoruaTta 3a OT-
rnexgaHe Ha mMannHuM e paspaboTeHa 3a
NAaHWHCKATE W MOMYNJAaHVHCKA YC0BUS

Ha ecTecTBEHOTO WM MecTopacTeHe
(lvanov et al, 1981; Gergov, 1982;
Hristov et al, 1988; Yaneva, 1990;

Stanchev, 1991a, b; Boycheva et al.,
1998; Petkov et al., 2002). MNMpun xapakTep-
HOTO 3a paBHWHaTa 3acyllaBaHe, C He-
6naronpuATHU 3a Kyntypata Temneparty-
py 1 Bb3AyLIHA BaXKHOCT Mpes3 JIeTHUTE
Meceun, OTrfexaaHeTo Ha MasMHoBUTe
HacaXJeHns e Bb3MOXHO CaMO B MOJvB-
Hn ycnosus (Dana and Goulart, 1991;
Bushway and Pritts, 2008b; Geohring,
2008; Petrovich and Leposavich, 2011;
Stanton, 2013). Jopn u B ecTecTBeHuUTe
MeCcTopacTeHNss Ha MasMHaTa HanosBsa-
HeTO e KI1o4YoB (hakTop 3a MnoBuLLIaBaHe
KONIMYeCTBOTO U Ka4yeCcTBOTO Ha gobusa u

efficiency of its cultivation in lowlands.
The average duration of the vigorous
growth phenological stage was 75 days.
Flowering began in late June and early
July and lasted for about a month. Fruits
began to ripen in the third decade of July,
the phenological stage lasting for about
three months. Vigorous growth started
when the sum of the effective temperature
reached 234°C, flowering — at 1100°C and
fruit ripening — at 1337°C.

Key words: raspberry,
meteorological conditions, major
phonological stages

INTRODUCTION

In recent years, the interest in
raspberry cultivation has increased
among the Bulgarian producers, as

evidenced by the enlarging areas of fruit-
bearing plantations and the growth of
raspberry fruit production (Kornov et al.,
2016; Manolova, 2005). The favorable
conditions on the international market and
the rapid return on investment has
stimulated the expansion of raspberry
production towards regions with no
traditions of cultivating the crop. More and
more plantations have been established in
lowland areas. The cultivation technology
in Bulgaria has been developed for the
mountainous and  semi-mountainous
conditions, the natural habitat of raspberry
(lvanov et al, 1981; Gergov, 1982;
Hristov et al, 1988; Yaneva, 1990;
Stanchev, 1991a, b; Boycheva et al.,
1998; Petkov et al., 2002). In lowland
areas, under typical drought conditions
and unfavorable for the crop air
temperature and humidity during the
summer months, raspberry production is
only possible under irrigation (Dana and
Goulart, 1991; Bushway and Pritts,
2008b; Geohring, 2008; Petrovich and
Leposavich, 2011; Stanton, 2013).

Even in the natural raspberry habitat,
irrigation is a key factor for increasing the
quantity and quality of fruit production and
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To3n hakT ce oT6ensAsBa OT BCUYKU
aBToOpu. B paBHMHaTa, KbAETO OMacHOCT-
Ta OT MOBPaTHW MpasoBe e Mo-rofsama,
pPEMOHTaHTHMUTE COPTOBE Ca 3a Nnpeanoyn-
TaHe, 3al0To Npe3 To3n nepuog Haa3eM-
HarTa 4yacT Ha pacTeHuATa e uspasaHa, a
noysaTa 3aluMtasa NnoA3eMHUTE Yyactu oT
uMpb3BaHe.  [opwu npopacTHasmTe
HanponeT U34bHKN Aa U3MpPb3HaT, Te LWe
6bAaT 3aMeHeHW OT ApYrM U Haii-MHOro
nnofoBeTe Aa y3pesT C U3BECTHO 3aKbC-
HeHune. B paBHuMHaTa nonobeH edekt 6u
611 NO-CKOPO MNOJIOXKUTENEH, [0KOIKOTO
nopagy no-BUCOKUTE Temneparypu no-
fJoBeTe y3paABaT nNpe3 Hali-ropewyre
Meceun 1 CTpeMexbT € MNepuogbT Ha
3peeHe fa ce U3MecTBa KbM eCeHTa.
Hacrtoswara ny6nukauusa npeacra-
BA METEOpPOsIOTMYHUTE YC/IOBUSA, HACTBIN-
BaHETO U NPOAB/IKUTENHOCT HA OCHOBHU-
Te peHonornyHu asnm npu pemoHTaHT-
HUSE MaJIMHOB copT ,JIloMH" B paiioHa Ha
Mnosavs. JaHHWUTE ca MOJlyd4eHu B pam-
KuTe Ha 11-rogvwHo u3scsenBaHe Bbpxy
CbBPEMEHHN TEXHOJIOTMYHN PeLLEHNs 3a OT-
rnexgaHe Ha MaJIMHU B PaBHUHHW YCI0BUS.

MATEPVAT N METOON

OnuTHMTE AaHHU ca cbbpaHu npes
nepuoga 2000-2008 r. B 400 m® manu-
HOBO HacaxXfeHue OT PEMOHTaHTHMA COpT
“MoNUH" ¢ in-vitro pasmMHOXeHU pacTeHus
B cCreuvanusmpaHara nabopatopus Ha
MHcTutyTa no osowiapcteso - [llioBauB.
PacteHusiTa ca 3acafeHn npes eceHta Ha
1998 rognHa B cefem ONUTHU M ABa
OXpaHHM peja ¢ Ab/DKUMHA 18 m npu Mex-
aypeposn pasctoaHua 2.30 m n BbTpe-
penoso npe3 0.50 m. MNpe3 nposietra Ha
2000 r. B onNUTHUA y4yacTbk e m3rpageHa
cucTeMa 3a KankoBo HarosiBaHe. Ontu-
MasIHUAT MOMIMBEH PEXUM € U3YUC/sABaH
Bb3 OCHOBa Ha M3MNapeHneTo OT BoAHa
MOBBLPXHOCT, M3MEPEHO uYpe3 usnaputesn
"Knac A", kKaTo eTas/IOHHaTa eBanoTpaHc-
nupaums (ET,) e npreTo ga ce paBHsBa
Ha 80 % OT CTOMHOCTUTE Ha U3NapeHneTo
(Allen et al., 1998). ABTOMaTNYHa METEO-
pofiormyHa CTaHuus, pasnosiokeHa B
6/IM30CT A0 OMUTHUA YYacTbK, ocUrypssa

that was noted by all the authors. In
lowlands, where the danger of recurrent
frosts is greater, primocane-fruiting
cultivars are preferable, because during
that period the aboveground plant parts
are cut off and the soil protects the
underground parts from frostbites. Even if
the sprouted spring suckers are
frostbitten, they will be replaced by others
and at most, fruit ripening will be delayed.
In lowlands, such an effect would be
rather positive, since, due to the higher
temperature, the fruits ripen during the
hottest months and the efforts of the
breeders are to shift the ripening period to
the autumn.

The publication presents the
meteorological conditions, the beginning
and duration of the major phenological
stages in the primocane-fruiting raspberry
cultivar ‘Lyulin’ in Plovdiv region. The data
were obtained in the frames of an 11-year
study of the management practices for the
cultivation of raspberries in lowland
conditions.

MATERIAL AND METHODS

The experimental data were
collected during the period 2000-2008 in a
raspberry plantation of an area of 400 m?
with in vitro propagated plants of the
primocane-fruiting cultivar ‘Lyulin’,
produced in the specialized laboratory of
the Fruit-Growing Institute - Plovdiv. They
were planted in the autumn of 1998 in
seven experimental and two
border/protective rows, 18 m long, at
spacing 2.30 m between the rows x 0.50
m within the row. In the spring of 2000, a
drip irrigation system was installed in the
experimental site. The optimal irrigation
regime was calculated on the basis of
evaporation from the water surface,
measured by a ‘Class A’ evaporation pan,
with the reference evapotranspiration
(ETo) being assumed to be 80% of the
evaporation values (Allen et al., 1998).

An automatic weather station located near
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JaHHW 3a cpefHofHeBHaTa, MUHUMasIHa-
Ta N MakcumanHaTta temneparypa, Kakto
M 3a MUHMManHata U MakCcumasiHa OTHO-
cuTefNIHa BNaXHOCT Ha Bb3fyxa. Banexu-
Te ca W3MepBaHW C AbXAOMep OT KOM-
nnekta "I'MN-3000". ManuHoBUTE pacte-
HMA ca oOTrnexjaHn camo 3a ejHa
.€CEHHA") pekonTa.

3a paiioHa Ha lMnoBauB cpepHata
OT abCoNTHUTE TOAUWHA MWHUMAITHU
TemnepaTtypy Ha Bb3gyxa e -19 °C.
CpegHaTa HavasHa garta Ha YCTohuMBO
3afbpXaHe Ha TemnepaTypara Ha Bb3fy-
xa Hag 10 °C e 02.1V, a cpegHaTta KpaliHa
pata e 01.XI. TpogbmkuTenHoctTa Ha
nepuoga c temneparypa Ha Bb3ayxa Haf
10 °C e 213 pHun, a Ha nepuopga 6es
Mpaszose e 209 pgHU. TemnepartypHaTa
Ccyma 3a nepvoja C yCTOuMBO 3aabpxa-
He Ha TemnepatypaTa Ha Bb3fyxa Hafg 10
°C e 3931 °C, a cpegHarta [OeHOHOLHa
Temnepartypa 3a Hai-tonama mecel e
23.6 °C (Katerov et al., 1990). 3a nepuoga
anpui-centeMBpu  passimkara - Mexay
CpefHOMHOIOroguULLHUTE  CTOMHOCTU  Ha
eTa/loHHaTa eBanoTpaHcnupaunsa (734
mm) 1 KONUMYEeCTBOTO Ha Basexute (261
mm) e 437 mm (Koleva and Peneva,
1990; Kumanov et al., 2009), T.e. BereTa-
LUMOHHUAT Nepuoj ce xapakrepusupa c
BOAEH AedmLMT 1 HanosiBaHeTO ce Hana-
ra Karto HeOTMEHWM €eJsIeMEHT OT TeXHO-
fiorusTta 3a oTrnexgaHe Ha MasvHara.

PE3SYNTATU N OBCbXOAHE

CbbpaHaTta meTeoposiormyHa nHdop-
Mauusa e cuctematmsvpaHa B Tabnuua 1
M uncTpupaHa Ha durypn 1, 2 n 3.

MbpBata rogvHa Ha niofojasaHe —
2000 r., ce xapakTtepusvpa KaTo MU3K/0-
yUTesIHO Cyxa Mpe3 nepuvoja Ha Bereta-
uma. Cymata Ha BanexuTte oT anpui Ao
centemBpu e 131 mm, n e ¢ obesneue-
HOCT 95 %. Pa3mepbT Ha Banexurte, He-
Hagsuwasal, 10-12 mm, e ¢ HecbLecT-
BEH 3a BOAHUA GanaHC npu KankoBo Ha-
nosisaHe u cHabAsABaHeTo Ha Ma/IMHOBUTE
pacTeHnsa ¢ Boja € 3aBuUCesio MU3uAno ot
HayanHMA BOJEH 3anac Ha noysaTa W
HanosBaHeTo.

the experimental site provided data on the
daily average, minimum and maximum
temperatures, as well as the minimum
and maximum relative air humidity.
Rainfall was measured with GGI-3000
rain gauge. Raspberry plants were grown
for a single (autumn) harvest.

For Plovdiv region, the average
annual absolute-minimum air temperature
is -19°C. The average start date of air
temperature remaining above 10°C is
April 2" and the average end date is
November 1%. The period with the air
temperature above 10°C is 213 days and
the frost-free period is 209 days.

The temperature sum for the period with
air temperatures remaining above 10°C is
3931°C, and the average daily
temperature in the hottest month is
23.6°C (Katerov et al., 1990).

For the period April till September, the
difference between the average values for
a multi-year period of the reference
evapotranspiration (734 mm) and the
precipitation (261 mm) is 437 mm (Koleva
and Peneva, 1990; Kumanov et al., 2009),
i.e. the vegetation season is characterized
by water scarcity and irrigation has
become an indispensable element of the
raspberry cultivation technology.

RESULTS AND DISCUSSION

The collected meteorological
information is summarized in Table 1 and
illustrated in Figures 1, 2 and 3.

The first year of fruit-bearing (2000)
was characterized as extremely dry during
the vegetation season. The amount of
rainfall from April to September was 131
mm, at 95% probability level. Rainfall of
less than 10-12 mm is insignificant to the
water balance in drip irrigation and water
supply of the raspberry plants is entirely
dependent on the initial water supply of
the soil and the irrigation applied.
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Tabnuua 1. KnumaTtuyHa XxapaktepucTuka Ha rogmHmte ot 2000 go 2008 cnopep
cymarta Ha BaniexuTe U cpefHaTa cpefHOAHEBHa TemnepaTtypa 3a nepuoja anpusi-
cenTeMBpU; CTOMHOCTUTE B CKOOW ca cnef npucnafaHe Ha roieMn BasieXxu ¢ MasTbk
npuHOC 3a BOAONOTPe6EHMETO HA Ma/IMHOBOTO HacaXagHue

Table 1. Climatic characteristic of the years 2000 to 2008 according to the sum of
precipitation and average daily temperature for the period April-September; the
values in brackets are after deduction of heavy rainfall events with little contribution
to the water supply of the raspberry plantation

Year Rainfall Temperature
Sum Probability Type Daily Probability Type
- mm % - °C % -
2000 131 95 very dry 21.0 2 very hot
2001 376 16 wet 19.8 24 moderately hot
2002 527 1 very wet 194 42 moderate
2003 305 29 moderately wet  19.9 21 moderately hot
(197) (75) (moderately dry)
2004 242 58 moderate 18.8 71 moderately cool
2005 600 0.7 very wet 18.8 71 moderately cool
2006 348 21 moderately wet  19.5 38 moderately hot
(242) (58) (moderate)
2007 619 0.7 very wet 20.0 18 hot
2008 293 35 moderate- 20.0 18 hot
moderately wet
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Mpe3 2001 r. obuwata cyma Ha
BasIeXnte 3a LIecTMeceyHus nepuos
anpun-centemepn e 376 mm c obesne-
yeHocT 16 %, KOeTo xapakTtepusupa
nepvofa kato BfaxeH. ToBa ce Ob/Xu
rMaBHO Ha 4YeTnpyu Basiexa CbOTBETHO
npe3 mai, toHM K centemepu. [opaaw
yecTuTe MOJIMBKN NPU KarkoBOTO Harnos-
BaHe W NOKa/IHOTO KOPEeHOBO W3B/iMYaHe
Ha Ma/IMHOBUTE pacTeHuss obaye, MpPuHO-
CbT Ha Te3n Baniexu 3a BofonoTpebre-
HMETO Ha KynTypaTa e cpaBHUTENIHO Ma-
nuK. ToBa yBennyaBa CbLECTBEHO 4acT-
Ta Ha HanosiBaHEeTO B 06LLMS BOAEH GaslaHc.

Mpe3 2002 r. Banexute 3a CblnA
nepvof ca obuwo 527 mm, ¢ obesneyve-
HocT 1 %, KoeTo xapakTepusupa BereTa-
LUMOHHNA Mepuof, KaTo U3K/IHUUTESTHO
BNaxXeH. Yectute n obunHM Banexu ca
oTcnabunu edpekta OT U3ceaBaHUTE Ba-
pvaHTK, HamasisiBaikm NpuHOca Ha Hanos-
BAHETO 3a eBanoTpaHcnupauusaTa wu,
€BEeHTya/IHO, M3MUBakM TOpoBeTE MNOf
aKTVBHMWSA MOYBEH CION.

3a nepuoga anpun-centemMBpu Ha
2003 r. BasiexHarta cyma e 305 mm c
obesneyeHocT 29%, KOETO XapakTepusu-
pa nepuoga Kato cpefHO BriaxeH. Tasu
cyma obauye BkIO4YBa ABa rosemu Basie-
Xa, CbOTBETHO Ha 22-23 maii u Ha 29
0/, KOUTO CbLLO He ca [OoNnpuHEecnn
CbLLECTBEHO 3a BOJOMOTPeBNEHNETO Ha
Ma/IMHOBOTO HacaxeHwe nopaju Joka-
NN3MpaHoOTO nojasaHe Ha noamBHaTa
BOJA MpW KarnkoBOTO HanosisaHe. AKO
Te3n Banexu 6baat M3KIYEeHW, Bereta-
LUMOHHMAT nepuog Ha 2003 r. we ce
OKaXXe cpefHo Cyx, CbC CymMa Ha Basie-
xute oT 197 mm n ob6e3sneyveHocT 75 %.

Mpe3 2004 rognHa BereTaunoHHUAT
nepvof Moxe na 6bae xapakrepusupaH
Nno OTHOLUEHWE Ha BanexuTe KaTto cpe-
[OEH, KNOHSALL, KbM CyX, KaTo BasiexHaTa
cyma oT 242 mm e ¢ obe3sneyeHocT 58 %.

Cymarta Ha Banexurte npes nepuo-
Aa anpun-centemspu Ha 2005 r. (durypa
3.) e 600 mm c ob6e3neyeHocT 0.7 %,
KOeTO XapakTepusupa BeretauuOHHUA
nepvos Kato W3K/IOUUTESTHO BJIAXKEH.
UecTute 1 06unHM Banexn ca otciadbuim

In 2001, the total rainfall for the six-
month period (April - September) was 376
mm, at 16% probability, characterizing the
period as wet. That was mainly due to
four rainfall events in May, June and
September, respectively. However, due to
the frequent drip irrigation and the local
root uptake of water by the raspberry
plants, the contribution of those rainfall
events for the water supply was
comparatively small. That significantly
increased the share of irrigation in the
total water balance.

In 2002, the total amount of rainfall
during the same period was 527 mm, at
1% probability level, which characterized
the vegetation season as extremely wet.

Frequent and heavy rainfall events
decreased the effect of the studied
variants, reducing the contribution of

irrigation  to  evapotranspiration and
eventually washing out the fertilizers
below the root zone.

For the period April - September
2003, the rainfall was 305 mm, at
probability level of 29%, characterizing the
season as moderately wet. However, that
amount included two heavy rainfall events
on May 22-23 and July 29, respectively,
which also did not significantly contribute
to the water supply of the raspberry plants
due to the localized water supply in drip
irrigation. If those rainfall events were
excluded, the vegetation period of 2003
could be considered moderately dry, with
a total rainfall of 197 mm and 75%
probability.

In 2004, the vegetation period can
be characterized as moderate, tending to
dry, with a rainfall of 242 mm and 58%
probability.

The sum of precipitation during the
period April - September 2005 (Figure 3)
was 600 mm at 0.7% probability, which
characterized the vegetation season as
extremely wet. Frequent and heavy
rainfall events decreased the effect of the
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epekta OT wu3cnegBaHUTE BapuaHTu,
Hamanssalikm npuMHoca Ha HanosiBaHeTo
3a esanoTpaHcnvpauusaTa v U3MuBaliku
TOpOBETE NoJ, aKTUBHUSA NOYBEH C/IOMA.

Banexute 3a cbWwua nepuos Ha
2006 r. ca 348 mm c o6e3neyveHocT 21 %,
KOEeTO XapakTepuaupa BeretauuoHHUA ne-
puopn kaTo cpefHO BnaxeH. 3a Bucokata
BaJieXkHa cyma JonpuHaca efuH ronsam
BasieXX B HayanoTo Ha tonu. MNopagmn vec-
TWUTE MOJIMBKN NPU KankoBOTO HanosiBaHe
W JIOKASIHOTO KOPEHOBO W3B/MYaHE Ha
Ma/IMHOBUTE pacTeHuns obauye, NPUHOCHT
Ha TO3M Basiex 3a esanoTpaHcnupaymaTa
€ CpaBHUTENHO MasTbK. AKO TO3WN Basiex
6bae N3KMIOYEH, BEreTaUuNOHHUAT nepmnos
LLie ce OKaxe cpefieH, ¢ o6e3neyeHocT 58%.

Mpe3 2007 r. BanexHara cyma e
620 mm c o6esneyeHocTt nog 0.7 %,
KOeTO Xxapakrepusupa BeretauuoHHUA
nepros Kato W3KNIYUTESTHO BNaXeH, T.e.
TO/IKOBA BasiexxHa roauMHa ce cry4ysa
BegHBX Ha noseye ot 100 roguHu. OT
Apyra cTpaHa Hali-ropeLuTe neTHu mece-
LM ca cbBnagHa M ¢ nepuoam Ha 3acylia-
BaHe C NPoAb/MKUTENHOCT CbOTBETHO ABa
Mecela npe3 HHU-IM U eauH mecel,
npes aBrycr.

CymaTa Ha BereTauuoHHUTe Balne-
Xun ot 293 mm, xapakrtepusunpa 2008 r.
KaTto cpegHo BNaxHa ¢ obesneuveHocT 35
%, KOeTo O3HayaBa, Ye OT TPU TOAMHMU,
[JBeTe ca C NO-Masiko Banexu OT Hes.
Banexute ca OTHOCUTENHO pPaBHOMEPHO
pasnpefeneHu npe3 Beretauusarta, HO
psako Hagguwasat 10 mm, KoeTo Hamans-
Ba TeXHWs MPUHOC 3a KOMMEHCUpaHeTo Ha
eBanoTpacnupaumsTa Ha HacaxaeHneTo.

CbC CTOMHOCT Ha cpegHaTta cpeg-
HOOHEBHa Temnepatypa 3a BereTtauuoH-
HMA nepuog (anpwun-centemBpu)  OT
21.0°C un obesneyeHocT 2 % 2000 r. ce
Xapakrepusnpa Kato MHOro ropetia. Mak-
CUMaNHUTE [OHEBHM TemnepaTtypu ca ce
3aabpkanu Hag 35°C 3a Npoab/HKUTENHN
nepuoam Kato Hai-BMcokaTa gocTurHata
CTOMHOCT e 44°C.

Mo oTHOweHMe Ha cpegHara
cpefHOAHEBHa Temnepartypa 3a nepuoja
anpun-centemspn 2001 r. e cpegHo

studied variants, reducing the contribution
of irrigation to evapotranspiration and
washing out the fertilizers below the root
zone.

Rainfall in the same period in 2006
was 348 mm at 21% probability, which
characterized the vegetation season as
moderately wet. A heavy rainfall in early
July contributed to the high rainfall
amount. However, due to frequent drip
irrigation and the local root uptake of
water by the raspberry plants, the
contribution of the precipitation to
evapotranspiration was relatively small. If
that rainfall was excluded, the vegetation
season could be considered moderate, at
58% probability.

In 2007 the precipitation amount
was 620 mm at less than 0.7% probability,
which  characterized the vegetation
season as extremely wet, i.e. such a wet
year happens once over a 100-year
period. On the other hand, the hottest
summer months coincided with drought
spells lasting for two months in June-July
and one month in August.

The sum of vegetative rainfall of
293 mm characterized 2008 as
moderately wet at 35% probability, which
means that two out of three years have
less rainfall. Rainfall was relatively evenly
distributed during vegetation but rarely
exceeded 10 mm, which reduced rainfall
contribution to evapotranspiration of the
plantation.

The average daily temperature of
21.0°C during vegetation (April-September)
at 2% probability level, characterized
2000 as very hot. The maximum daily
temperature remained above 35°C for
long periods of time, the highest
temperature reached being 44°C.

With regard to the average daily

temperature for the period April —
September, the year 2001 was
moderately hot with average air
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ropewa ¢ 19.8°C (24 % o06e3neyeHocT).
UecTute Banexu npes nbpsaTa nososmHa
Ha BereTaunoHHWNA Nepuoz, ca npuynHa 3a
3HaUUTESIHU TemnepaTtypHu konebaHus.
OT Kpas Ha loHW BanexuTe Hamanasart u
nouytn cnupar, B CNeAcTBUE Ha KOeTo
MakcuMasiHuTe TemnepaTypu HaaxBbPAAT
35°C, cpegHogHeBHUTE ca oKosio 27°C, a
MUHVMMasIHUTEe okono 18°C. 3acyluaBaHe-
TO npoAb/nkaBa [0 Kpas Ha BeretauusTa
Kato MakcumasiHn temnepatypu Hag 30°C
ca u3MepBaHW ¥ npe3 nbpBarta AeceT-
[HEeBka Ha okTomBpuM. Hali-Bucokarta
n3MepeHa CTOMHOCT Ha MakcMmasnHata
Temnepartypa e 37.7°C.

BeretaymaTta Ha cnegpauara 2002
roguHa 3anoysa MO CbLMA HAYMH, HO
ronemMuTe BasieXu B HaA4YasioTO Ha M n
0COBGEHO B Kpas Ha KU U HavyasioTo Ha
aBrycT MOHMXaBaT CbLLECTBEHO TeMnepa-
TypuTe, B CNeACTBUE HA KOETO crief nbp-
BaTa [eceTAHeBKa Ha aBryct Makcumal-
HUTe TemnepaTtypun He HagasuwasaT 30°C,
a npes oktomBpu ca nog 23°C. Mak-
cumasniHata Temnepatypa goctura 39.0°C.
B TemnepaTypHO OTHOLLEHMe roavHaTa e
cpefiHa CbC cpefHa cpefHOAHEBHa TeM-
nepartypa 19.4°C n o6esneveHocT 42 %.

Mpe3 2003 r. TemnepatypuTe ocTa-
BaT MOCTOSIHHO BUCOKM B NPOAb/DKEHUE
Ha TpU Mecela — oHU, 10N 1 aBrycT KaTo
MakcuMmasiHuTe Temneparypu sapupat ot
30°C pgo 35°C u vHUMAEHTHO pgocTturar
40.1°C, a cpefgHoOHEeBHUTe ca OKOJI0
25°C. MMpe3 103K ropew, nepuopn ¢oTo-
CMHTETUYHaTA aKTMBHOCT Ha pacTeHusTa
BEpPOSATHO € Guna NoHWKeHa, KoeTo ce e
0Tpasnno B W3BECTHO HamaneHne Ha
pactexa u gobusa. MoguHata e cpegHo
ropewa ¢ 19.9°C n 21 % o6e3ne4yeHocCT.

Bbnpekn OTCHLCTBMETO Ha ronemu
Banexu npes 2004 r, roguHara e cpegHo
XnagHa cbC cpefHa cpeflHOAHEBHa TeM-
neparypa 18.8°C n 71 % o6e3neyeHocT.
Hail-Bucokata CTOMHOCT Ha Makcumas-
HaTa Temneparypa e 37.2°C.

Mo OTHOLWeHWe Ha cpefHOAHEBHa-
Ta Temneparypa 2005 r. e cpegHo xnag-
Ha, 18.8°C c ob6esneyeHocT 71 %, kaTo
MaKkcuMasiHiTe TemnepaTtypu Hajsulla-

temperature of 19.8°C (24% probability).
Frequent rainfall events during the first
half of the vegetation period caused
significant temperature fluctuations. From
the end of June rainfall decreased and
almost stopped, which resulted in maximum
temperatures  exceeding 35°C, an
average temperature of around 27°C and
minimum temperatures of around 18°C.
The drought spell of weather continued
until the end of vegetation, with maximum
temperatures above 30°C being measured
even in the first decade of October. The
highest maximum temperature was 37.7°C.

The vegetation season of the next
year 2002 began in the same way, but
heavy rainfall events in early July and
especially in late July and early August,
significantly reduced the air temperature
and in result of that the maximum
temperature did not exceed 30°C after the
first decade of August and in October the
temperature was below 23°C. The
maximum temperature reached 39.0°C. In
terms of temperature, the year was
characterized as moderate with an
average daily temperature of 19.4°C and
42% probability.

In 2003 air temperatures remained
consistently high for three months — June,
July and August, the maximum
temperature ranging from 30°C to 35°C,
sometimes reaching 40.1°C and the
average daily temperature was about
25°C. During that hot period, the
photosynthetic activity of the plants was
probably reduced, which resulted in some
decrease in growth and yield. The year
was moderately hot with an average
temperature of 19.9°C at 21% probability.

Although there were no heavy
rainfall events in 2004, the year was
moderately cool with an average daily
temperature of 18.8°C, at 71% probability
level. The highest value of the maximum
temperature was 37.2°C.

In terms of average daily
temperature, 2005 was moderately cool,
with 18.8°C at 71% probability level, the
maximum temperature exceeding 30°C
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Bar 30°C camMoO B KpaTku nepuogu npes
FOHW 1 0K, gocTuraiikn 34.9°C.

Mpe3 2006 r. Temnepartypute ce
3a/bpXaT BWCOKM B MNPOLBL/KEHWE Ha
ObArv nepuoam, Kato cpefHoAHEBHUTE ca
okosio 25°C, a MmakcumasiHiTe Bapupart oT
30°C po 35°C, pocturalikm 40.2°C B
cpefata Ha aeryct. CpepgHata cpefHo-
JHeBHa TemnepaTypa 3a Beretauusrta e
19.5°C c o6esneveHocT 38 %, KoeTo
Xapaktepusnpa roguHata kKato cpefHa
KbM CpefHo ropeLia.

roguHute 2007 n 2008 ca egHaksw,
CbC CpefHOAHEBHa Temneparypa 3a
nepuoga anpun-centemepu ot 20°C wu
obesneveHocT 18 %, T.e Te ca cpegHo
ropewu. B nepuogute Ha 3acyliasaHe
npe3 2007 r. cpefHOAHEBHUTE Temnepa-
Typu Bapupat ot 25°C pgo 30°C, a mak-
cumasiHnTe ce 3aabpxar Hag 35°C npo-
ObnXutenHo, pocturaikm 43.7°C. TMo-
paBHOMEPHOTO pasnpejeneHne Ha Base-
Xute npe3 cobuwuma nepuog Ha 2008
3a/bpXa cpefHOAHEBHUTE Temnepatypwu
okono 25°C, a MakcumanHata goctura
39.1°C.

MpuBepeHUTe faHHW nokassar, ye
cpef ONUTHWUTE TOAWHW UMa TPU MHOTO
BNaXXHW, efHa BNaxHa, efHa cpegHa—
CcpefHOBMaxHa, ABe cpefHU, efHa cpen-
HO cyxa M epgHa MHoro cyxa. o OTHo-
LeHe Ha Temneparypute efHa € MHOro
ropella, ABe ca ropewu, Tpu ca cpegHo
ropeLuu, eqHa e cpefHa 1 [iBe ca cpefHo
xnagHu. lMpaBu BneuyatsieHWe, 4ye MHOro
BMI@XXHW FOAMHN ca GUNN KakTo XnagHu,
Taka u cpegHv nnu ropewn. No oTHoLle-
HWe Ha KnMmaTuyHaTa CU XapakTepuctuka
roAVHUTE Ha MU3CNefBaHeTo Nokpmear LWn-
POK CNEeKTbp OT MHOrO BfiaXHa A0 MHOro
cyxa 1 OT cpefHox/najHa A0 MHOro rope-
la roguHa, Bb3 OCHOBA Ha KOETO MOXe
Ja ce cunTa, 4ye nosiydyeHuTe pesyntatu
no OTHOLUEHWe eBanoTpaHcnpauumaTa Ha
MasiMHoBaTta Kyntypa ca npeacraBuUTen-
HU. Hello noseye, Ha/IMUMETO Ha FOAUHU
CbC 3acyllaBaHe W BUCOKM Temnepartypwu
npes BeretauMoHHWA MepUos rapaHTupa
06EKTMBHOCT Ha OLeHkaTa 3a nosejeHue-
TO Ha copTta ,JlonuH” un edekrta oOT

only for short periods in June and July,
the maximum reaching 34.9°C.

In 2006, the air temperature
remained high for long periods, the
average daily being around 25°C and the
maximum varying from 30°C to 35°C,
reaching 40.2°C in mid-August. The
average temperature during the
vegetation season was 19.5°C at 38%
probability, which characterized the year
as average to moderately hot.

The years 2007 and 2008 were the
same, with an average temperature of
20°C at 18% probability for the period
April - September, i.e. the two years were
medium hot. In dry periods in 2007 the
average temperature ranged from 25°C to
30°C and maximum  temperature
remained above 35°C for a long time,
reaching 43.7°C. The more evenly
distributed rainfall events during the same
period of 2008 maintained an average
temperature of about 25°C and the
maximum reached 39.1°C.

The data presented show that
during the experimental period there were
three very wet years, one wet, one
moderate to moderately wet, two
moderate, one moderately dry and one
very dry. In terms of temperature, one
year was very hot, two were hot, three
were moderately hot, one was moderate
and two were moderately cool. It should
be noted that most of the wet years were
cool, but also moderate or hot. Regarding
the climatic characteristics, the years of
the study covered a wide range of very
wet to very dry and moderate to very hot
years, on the basis of which the results
obtained concerning the evapotranspiration
of the raspberry crop can be considered
representative.

Moreover, the years of drought spells and
high temperatures during vegetation
guaranteed objectivity of the assessment
of the performance of ‘Lyulin’ raspberry
cultivar and the efficiency of its cultivation
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OTINexaaHeTo My B paBHMHaTA.

TACHO cBbp3aHO C KIMmMara e u
pa3BUTMETO Ha pacTeHuATa npes BereTa-
umata. MNMepuogmte U NPOLBLMKUTENHOCT-
Ta Ha OCHOBHUTE (DEHONOTNYHK (ha3n
npes 2001-2008 r. ca gagexHu B Tabnuua
2 n nnoctpupanu Ha durypa 4. CpegHata
npoaAb/KUTENIHOCT  Ha  dpeHodhasata
.ycuneH pactex” e 75 gHu. Habniopasa
Ce AICHO M3pa3eHa TeHAeHUusa Beretauus-
Ta fa 3anoysa BCe MO-paHO C Harnpepg-
BaHETO Ha roAvHUTE KaTo Ha4yasioTo i ce
n3Terns oT NbpBUTE AHWM Ha Mai npes
2001-2003 r. KbM MbpBUTE AHM Ha MapT
npe3 2007-2008 r. ToBa cTaBa 3a cmeTka
Ha nepvofa Ha MHTEH3UBEH pacTex, KO-
TO Ce € YO b/HKUA CbOTBETHO OT 45-50 gHun
[0 105-106 gHW. BepoATHO npuynHUTE ca
CBbpP3aHy C KIMMara, Ho OT MeTeoposio-
rTMYHMUTE OaHHW He MoraT ja ce u3seaar
KaTteropuyHu fiokasartesicTBa 3a no-paHHo
3aTonnsHe npes nocsefHUTe roAvHU Ha
ekcnepymeHTa. Bb3MOXHO € CbLo Taka
BNMSAHME [a OKa3Ba Bb3pacTTa Ha Hacax-
OEHVETO UNn Apyrn 6uoTuyHM n abuo-
TUYHM (DaKTOPU KaTo 34paBHUAT cTaTtyc
Ha pacTeHunsTa Hanpumep.

in lowlands.

Plant development during
vegetation is also closely related to
climate. The terms and duration of the
major phenological stages in 2001-2008
are presented in Table 2 and illustrated in
Figure 4. The average duration of the
vigorous growth stage was 75 days.

There was an obviously expressed
tendency for the vegetation season to
start earlier with the advancement of the
years, starting from the first days of May
in 2001-2003 to the first days of March in
2007-2008. That was compensated by the
period of intensive growth, which
extended from 45-50 days to 105-106
days, respectively. Probably the reasons
are related to the weather conditions, but
the meteorological data did not provide a
clear evidence for earlier weather
warming in the last years of the
experiment. It may also be influenced by
the age of the plantation or other biotic
and abiotic factors such as the plant
health status.

Tabnuua 2. Neprnoau N NPOLABL/HKUTE/THOCT HA OCHOBHUTE heHohasun npe3 2001-

2008 .
Table 2. Terms and duration of the major phenological stages in 2001-2008
fognHa YcurneH pactex LbdTex Y3psaBaHe Ha nnogoseTe
Year Intensive growth Flowering Fruit ripening
Hayano Kpaih | AHK Hayano Kpaii | OHn Hayano Kpaii | AHm
beginning | end | days | beginning | end | days | beginning | end | days
2001 01.05 19.06 50 20.06 22.07 33 23.07 2510 94
2002 07.05 21.06 46 22.06 19.07 28 20.07 27.10 100
2003 07.05 06.07 61 07.07 04.08 30 05.08 2710 84
2004 13.04 20.06 69 21.06 20.07 30 21.07 20.10 92
2005 01.04 2406 85 25.06 18.07 24 19.07 20.10 94
2006 20.03 04.06 77 05.06 06.07 32 07.07 30.09 80
2007 26.02 10.06 105 11.06 20.07 41 21.07 30.09 72
2008 04.03 18.06 106 19.06 01.07 13 02.07 2409 84
Average - - 75 - - 29 - - 88
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2008
2007 B 105
2006
2005
2004
2003 74
2002 74 46
2001 69 20
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Days after February 20

dur. 4. HactbnBaHe U NPOABL/DKUTENIHOCT Ha doeHodha3nTe B 3aBUCUMOCT OT

KaneHgapa

Fig. 4. Beginning and duration of the phenological stages during the years of the

study based on the calendar distribution

LUbdhTexsbT 3anoysa B Kpas Ha HoHU
W Ha4yanoto Ha /M U € C NPOALIIKU-
TENHOCT OKOM0 Mmecel,. lN1og0BeTe 3anouy-
BaT [a 3peAT npes TpeTara geceTAHeBka
Ha M KaTto dpeHodhazaTa Npoab/HKaBa
cpefiHO Tpu Meceua. M B TO3M cnydai,
KaKkTo Mo OTHOLUEHMEe HayasloTo Ha Bere-
Taumata, npe3 2001-2005 r. 3peeHeTo
npoab/hkasa [0 BTOparta JeceTAHeBKa Ha
OKTOMBpM, fokaTto npe3 2006-2008 r. To
NPUKNIoYBa OLLLEe B Kpas Ha cenTeMBpMU.

Ha ®wurypa 5 HacTbneBaHeTo Ha
oeHohasnTe 1 NPOABLIKUTENHOCTTA UM
ca npejcTaBeHV B 3aBUCUMOCT OT cymaTa
Ha ethbekTnBHUTE Temnepatypu, Z(T > 5°C),

Flowering started in late June and
early July and lasted about a month.
Fruits began to ripen in the third decade
of July and the phenological stage lasted
for an average of three months. In that
case, just like the beginning of vegetation,
fruit ripening stage continued until the
second decade of October in the period
2001-2005, while in 2006-2008 it ended
as early as late September.

The beginning of the phenological
stages and their duration, depending on the
growing degree days (GDD) for Z(T > 5°C),
are presented in Figure 5, but some
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HO 1 MO OTHOLLEHWE Ha TO3W nokasarTes ce
Habngasa M3BeCTHO BapupaHe. CpefHo
3a 2001-2008 r. hasaTa Ha ycuneH pac-
TeX 3anouysa npu cyma Ha eeKkTuBHuUTE
TemnepaTypu o1 234°C, UbPTEXDbT — NpK
1100°C, a 3peeHeTO Ha naogoseTe — npu
1337°C. CpefHo cymaTa Ha edpeKkTUBHUTE
Temnepatypu Mo Bpeme Ha YycuneHus
pactex e 865°C, 538°C no Bpeme Ha
ub(rexa n 1337°C no Bpeme Ha 3pee-
HeTOo Ha nnojoBseTe.

variation is also observed with respect to
that characteristic.

On average for the period 2001-2008, the
intensive growth stage started when GDD
reached 234°C, flowering at GDD of
1100°C and fruit ripening at GDD of
1337°C. The average GDD value during
the stage of intensive growth was 865°C,
during flowering — 538°C and during fruit
ripening — 1337°C.

2000

1600 /%}7
O -/
OLO 1200 K
/\ /J_
|_
= 800 7

400 r/

0 ' T
P L 3

1600
1400
1200
1000
800 -
600 -
400 A
200 -
0 - T T

>T>5°C

dur. 5. HactbneaHe (a) n npogbxkutenHocT (b) Ha peHodaznTe B 3aBUCUMOCT
OT cymarta Ha epekTUBHUTE TemnepaTtypu; P — pacTtex, Ll — ubdTex n 3 — 3peeHe

Ha niogoBeTe

Fig. 5. Beginning (a) and duration (b) of the phenological stages depending on
the GDD; P — Growth, L| — Flowering and 3 — Fruit ripening

N3BOAN

FogmHUTE Ha uscneaBaHeTo MoKpu-
BaT LUMPOK CMEKTbP OT MHOMO B/laXHa [0
MHOro cyxa W OT CpefHO X/nagHa fo
MHOro ropellia rogmHa, Bb3 OCHOBa Ha
KOETO MOXe fa ce cumTa, Ye nosiyyeHute
pesyntatn no OTHOLUEHWE OTrexAaHeTo
Ha MasMHoBaTa Ky/nTypa B paBHMHaTa
Kato Us/0 U B YacTHOCT B [10BANBCKMNA
pervoH ca npeacTaBuUTeNHU.

CpegHata nNpoOAb/DKUTENIHOCT Ha
(heHonornyHata pasa ,ycuneH pactex” e

ABa W nNnosioBMHa Meceua, Ha opa3a

CONCLUSIONS

The years of the study covered a
wide range of weather conditions from
very wet to very dry and from moderately
to very hot years, on the basis of which
the results obtained for raspberry
cultivation in lowlands in general and in
the region of Plovdiv in particular, can be
considered representative.

The average duration of the
intensive-growth phenological stage was
two and a half months, the flowering stage
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LUbdTexX” — eanH meceuy, a Ha pasa
+Y3psBaHe Ha njaogoseTe” — Tpu meceula.

YcuneHuaT pacTtex 3anoysa npwu
cyma Ha edeKTuBHMTE TemnepaTypu,
>(T-5°C), oT 234°C, ubTexsT — npu
1100°C, a 3peeHeTO Ha naogoseTe — npu
1337°C. CpefHo cymaTa Ha edpeKkTUBHUTE
TemnepaTypu Mo BpemMe Ha YCWUIeHus
pactex e 865°C, 538°C no Bpeme Ha

— one month, and the fruit ripening stage
— three months.

The intensive-growth stage began
at GDD, (T > 5°C), of 234°C, flowering —
at 1100°C and fruit ripening — at 1337°C.

The average GDD value during the stage
of intensive growth was 865°C, during
flowering — 538°C and during fruit ripening —

ubhtexa m 1337°C no Bpeme Ha | 1337°C.

3pEeEeHEeTOo Ha nsiogoBeTe.
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PE3OME

HacTtoswoTo npoyyBaHeTo npocne-
OsiBa CbObpPXaHWETO HA MUHepasHK ene-
MEHTU B JIACTA HA MaJsIMHX NPU Pas/iMyHn
e/IeMeHTM OT arpoTexHukKara Ha 3acax/ja-
He Ha pacTeHusTa. M3cneasaHeTo e npo-
BefeHo npe3 nepuoga 2018-2019 r. B
KOMEKUMOHHO HacaxaeHve Ha VIHCTuTyTa no
NAaHMHCKO XWBOTHOBBACTBO U 3eMejenue -
rp. TposH cbc copt CamogvBa W
KaHanpart-copta MarganeHa. [lonckuar
ONUT e 3a/I0KeH Mpu BbLTPEpPeOoBM pas-
cTosiHMA mexay pacteHusTa (0,30 m u
0,50 m) n wmexagypegosn — 3,00 m.
CbabpXaHMEeTo Ha MUHepasTHU eNnemMeHTH
B /iMcTata € YCTaHOBEHO MO BpeMe Ha
(heHopasunTe: MacoB UbpTEX N 6eputdba
Ha nnogosete. Pesyntarute nokassar, ye
C Hal-BMCOKO CbAbpXaHMe Ha as3oT B
nncTHUTEe npobu ce oTaMyaBa  CcopT

SUMMARY

The present study observed the
content of mineral elements in raspberry
leaves in various stages of agrotechnics.
The study was conducted during the
period 2018-2019 in a collection
plantation of the Research Institute of
Mountain Stockbreeding and Agriculture
in Troyan on raspberry cultivars of
‘Samodiva’ and a candidate cultivar
‘Magdalena’. The field experiment was set
at intra-row spacings between plants
(0.30 m and 0.50 m) and inter-row
spacings of 3.00 m. The content of
mineral elements in the leaves was found
during the phenophases: full blossoming
and fruit harvesting. The results show that
‘Samodiva’ cultivar had the highest
nitrogen content in the leaf samples, at a
variant of 0.30 m (3.17%) in 2019 at full
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Camopgusa, npu BapuaHT 0,30 m (3,17%)
oT 2019 r. BbB heHohaza MacoB LbqTEX
Ha pacTteHusaTa. KonmnuyectBoTo Ha ¢hoc-
hopa e ¢ Haii-ronsima CTOMHOCT npu Ba-
praHTuTe Ha kaHgmaart-copt MarganeHa
0,30% (0,50 m) n 0,29% (0,30 m) npe3
nepvoga Ha cbwarta geHoasa ot
nbpBaTa roguHa Ha onuTa. YCTaHOBEHO €
3HAUUTE/THO CbAbpPXaHue Ha Kanuii npes
nepuoga Ha 6eputba Ha nnogoseTe nNpu
copt CamogmBa ”  KaHgupart-copT
MarganeHa — 0,30 m (0,70%) ot 2018 .

KniouoBn gymun: ManuHu, copTose,
arpoTexHuka, Mo4YBu, MUHEpasieH CbCTaB B
nmcta

YBO/,

ManunHaTa e OBOLEH BUA, KONTO e
pasnpocTpaHeH MOYTM Ha BCUYKU KOHTM-
HEHTW, 3apagu cBOsITa MNAACTUYHOCT W
BKYCOBM KauyecTBa Ha nsoga. TS Hamupa
LLUMPOKO MPUoXeHVE B Npean/iaHUHCKUTe
W MMIaHWHCKM PErMoHM Ha cTpaHaTta Hu,
KbAETO MOYBEHO-KTMMATUYHUTE YCNOBUS
B rofsMa CTeneH ca 6GnaronpusitTHu 3a
pasBuTMeTo M. Ho OT Apyra cTpaHa Tesu
pervoHn ce xapakrepumaupaTr CbC crabo
NpPoAYKTUBHW, Kucenu nouysu, 6egHu Ha
XpaHWUTEeNHKW BellecTBa. B Tesn cnyyam ot
Ba)XHO 3HauYeHue e onpeaensiHeTo Ha Cb-
ObPXaHNETO Ha XPaHUTENHW eNIeEMEHTH,
KakTo B no4ysaTa, Taka M B nucrtarta. Ypes
IMCTHaTa AnarHocTvka ce onpeaens cak-
TMYECKOTO HMBO Ha XpaHeHe Ha KynTy-
pute (Dresler et al., 2015). JaBa ce Bb3-
MOXXHOCT 3a paHHO onpefensiHe HefoCTu-
rbT Ha JafeH efleMEHT U Bb3MOXHOCTTA
Ja ce B3emaTt HaBpPEMEHHU MepKu, npeau
HapyllaBaHe Ha HOPMas/IHOTO (HV3UOSIO-
TMYHO CHCTOSIHME Ha pacTeHuaTa, CBbp-
3aHO C HamansiBaHe Ha po6usuTe. KoH-
LEeHTpauusiTa Ha MUHEpPasIHA eNIEMEHTHU B
nmcTata Ao ronsama CTeneH 3aBucu OT
yCc/ioBMATa Ha pacTeX, abuoTuueH uu
OMOTNYEH CTPEC, CbAbPXAHMETO Ha MU-
Hepasn B no4yBaTa W arpoTexXHUYecKuTe
MeToam Ha oTrnexgaHe (Chaplin and
Martin, 1980; Prive and Sullivan, 1994;
Hargreaves et al., 2008; Koumanov et al.,
2009; Dresler et al., 2015). OcBeH TOBa

blossoming phenophase.

The highest amount of phosphorus was
registered in the variants with ‘Magdalena’
candidate cultivar with 0.30% (0.50 m)
and 0.29% (0.30 m) during the period of
the same phenophase in the first
experimental year. A significant content of
potassium was found during fruit harvesting
in ‘Samodiva’ and ‘Magdalena’ candidate
cultivar at 0.30 m (0.70%) in 2018.

Key words: raspberries, cultivars,
agrotechnics, soils, mineral content in
leaves

INTRODUCTION

Raspberry is a fruit species that is
widespread on almost all continents
because of its plasticity and taste
qualities. It is widely used in the foothills
and mountainous regions of Bulgaria,
where soil and climatic conditions are
largely favourable for its development.

But on the other hand, these regions are
characterized by poorly productive, acidic
soils, poor in nutrients. In these cases, it
is important to determine the content of
nutrients in both the soil and the leaves.

Leaf diagnostics determines the actual
level of crop nutrition (Dresler et al., 2015).

It is possible to determine early the
deficiency of an element and the
possibility to take timely measures before
disturbing the normal physiological state
of the plants associated with reduced yields.

The concentration of mineral elements in
the leaves largely depends on the growing
conditions, abiotic or biotic stress, the
content of minerals in the soil and the
agronomic methods of cultivation (Chaplin
and Martin, 1980; Prive and Sullivan,
1994; Hargreaves et al., 2008; Koumanov
et al., 2009; Dresler et al., 2015).

Moreover, the concentration of nutrients in
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KOHUEHTpauusaTa Ha XpaHuTesHM BeLllec-
TBa B TbKaHWTE Ha /mMcTaTa MOXe fa ce
NPOMEHN MO BPeMe Ha BereTaumoHHUSA
nepvog (John et al.,, 1976). MpeanwHn
npoyyBaHUs MokasBar, Ye HaTpynBaHeTo
Ha a3oT B Ma/JMHaTa 3aBucKu OT a30THOTO
TopeHeTo (Reickenberg and Pritts, 1996),
OT BpeMeTo 3a B3eMaHe Ha npobu (John
et al., 1976) n OT MeTeopoSIOTNYHUTE YCJI0-
Busi (Dresler et al.,, 2015). Hai-BaxHute
MUHEpPasHN XpaHWUTENHW BeLlecTBa CTU-
Mynupawm pobuwBa 3a  MaMHOMNPOU3-
BoacTBoTo ca as3oT (N) u kammii (K).
A30TbT OnNpeaens BereTaTuBHUS pacTex,
[oKaTo KanuAT noBuwasa CTyAoycTonuun-
BOCTTa M YCTOMYMBOCTTA KbM Cylla Ha
pacteHusita. CpefHOTO CbAbpXaHue Ha
ABaTa efleMeHTa € 0OUKHOBEHO Ha Mno-
[OGHO HMBO N MOXe fa 6bae Aopu oceMm-
KpaTHO MO-BMCOKO OT CbAbpXaHMeTo Ha
ocgpop (P) (Kowalenko, 2005; Buskiene
and Uselis, 2008).

Cnopeg Gorbanov (2018) ontumann-
HUTE CTOWHOCTU 3a CbObPXaHWETO Ha
TpUTe XpaHUTEsTHU BellecTBa ca cnegHu-
Te, 3a a3oT B rpaHuyute ot 2,8 go 3,5%,
dpoccpop 0,3-0,5% u kanuii 2,0-2,5%.

Llenta Ha HacToOALOTO MpPOy4YBaHe
e fAa ce Mnpocregn CbAbpXaHMeTo Ha
HSKOW MUHEpPasIHU efleMeHTU B nncta ot
Ma/IMHW NpPU pas/iyHa arpotexHuka Ha
oTrnexaaHe Ha pacTeHuAaTa.

MATEPWNAN N METO4WA

MpoyyBaHeTO e MnpoBefeHO Mpe3
nepuoga 2018-2019 r. B KOJEKUUOHHO
HacaxaeHne Ha VHCTUTYT No naaHWHCKO
XWBOTHOBBACTBO W  3emepfenve, rp.
TposiH. 3a 06EKT Ha HacTosWMs ekcne-
pUMEHT ca wu3bpaHu ObArapckus copt
Camopgusa v KaHanpar-copt MarganeHa.
CamogmBa ce oT/MyaBa ¢ fob6pa popo-
BUTOCT, YCTOMYMBOCT Ha abuOTUYHKU W
BMOTUYHU CTPEecoBU (hakTopy U BBH3MOX-
HOCT 3a oTrexgaHe 6e3 ornopHa KOH-
cTpykumsa. Kavgmpat-copt MarganeHa e
NMepcneKkTMBEH COPT, KONTO € CenekunoHu-
paH B UIMXX3 - TposH n ce oT/iMyasa C
yMepeH [0 CW/IEeH BeretatvBeH pacTex u
MHoro pobpa pogosutocT. [Mnowra ce

the leaf tissues may change during
vegetation (John et al., 1976).

Previous studies have shown that nitrogen
accumulation in raspberries depends on
nitrogen fertilization (Reickenberg and
Pritts, 1996), sampling period (John et al.,

1976) and meteorological conditions
(Dresler et al., 2015).
The most important mineral nutrients

stimulating yields of raspberry are
nitrogen (N) and potassium (K). Nitrogen
determines vegetative growth, while
potassium increases the cold tolerance
and drought resistance of plants. The
average content of both elements is
usually at a similar level and can be even
eight times higher than the content of
phosphorus (P) (Kowalenko, 2005;
Buskiene and Uselis, 2008).

According to Gorbanov (2018), the
optimal values for the content of the three
nutrients are the following, for nitrogen in
the range of 2.8 to 3.5%, phosphorus with
0.3-0.5% and potassium with 2.0-2.5 %.

The present study observed the
content of mineral elements in raspberry
leaves in various stages of agrotechnics.

MATERIAL AND METHODS

The study was conducted during
the period 2018-2019 in a collection
plantation of the Research Institute of
Mountain Stockbreeding and Agriculture
in Troyan. The Bulgarian cultivar
‘Samodiva’ and the candidate -cultivar
‘Magdalena’ were chosen as the objective
of the present experiment. ‘Samodiva’ is
characterized by good fruitfulness,
resistance to abiotic and biotic stress
factors and the ability to grow without a
supporting structure. Candidate cultivar
‘Magdalena’ is a promising one, which is
selected in RIMSA Troyan and is
characterized by moderate to strong
vegetative growth and very good
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noaAbpxa B 4YepHa yrap BbB BbTpepe-
JoBarta nBuUa N ¢ eCTeECTBEHO 3aTpeBEHM
mexaypeaus. FNposexaa ce TOpeHe BbB
BbTpepegoBaTa njaow, 3a gocTuraHe Ha
ONTUM&/THN CTOMHOCTU Ha OoTAeNHuTe
XPaHUTESTHU efIEMEHTN 3a MasIMHOBUTE
n3abHKU. PacTteHusATa ce otrnexaar npu
MOSIBHY YC/IOBUSI C KarnkoBO HamnosiBaHe.
BapunaHTuTe Ha onuTa ca criegHuTe:

| Bap.- 3acaxjaHe Ha pacTeHusTa
Ha 0,30 m BbB BbTpepesoBara nsioLL;

Il Bap.- 3acaxgaHe Ha pacTeHuATa
Ha 0,50 m BbB BbTpepesoBara nsoLL,.

Mpu pBata BapuaHTa Mexaype-
aneto e 3,00 m. JIucTHMTe npobu ca
B3€TM NO Bpeme Ha heHodhasnTe MacoB
ubtex n 6eputba Ha nnogoseTe. lMpo-
6uTe OT /iIMcTata ca ecTecTBEHO U3CyLle-
HW, CMJIEHW W NOAFOTBEHM 3a aHanus,
KaTo nabopaTopHO e n3cneaBaHo:

- CbAbpXaHneTo Ha asoT (no
meTtoga Ha Kengan, BAC — EN ISO 5983);

- CbAbpXaHneTo Ha  doocgop
(KonopumeTtpnyeH metoa Ha [epuke wn
Kypmuc, AOAC, 2007);

- CbAbpXaHWeTo Ha kaamii (no
MeToga  ATOMHO -  abcopb6LMOoHHA
cnekTpochoTtomeTpus, AOAC, 2007).

3a n3BexpaaHe Ha onuta e U3nos-
3BaHa MeToAuKata 3a u3yyaBaHe Ha
pacTuTenHuTe pecypcu npu OBOLLHUTE
pacTteHus (Nedev et al., 1979). O6paboT-
KaTa Ha JaHHUTe e HanpaBeHa Nno MeTo-
AvTe Ha BapualMOHHO-CTATUCTUYECKUS U
OBY(DAKTOPHMSA  AMCNEPCUOHEH aHaua,
(Lidanski, 1988), kaTto € wu3nos3BaH
cohTyepeH npoaykt MS Excel-2010.

PE3YJITATU N OBCBXXOAHE

lMpe3 nbpBata roguMHa Ha onurta
CbAbpXaHNeTo Ha a3oT (%) B nncTara Ha
Ma/IMHWTE Npe3 nepmoga Ha MacoB Lbg-
TEX Ha pacTeHusiTa € ¢ NpUB/IM3NTESTHO
e[HaKBM CTOMHOCTM NpU KaHaugaT-copTa
MarganeHa (1,12%) v oT ABaTa BapuaHTta
Ha 3acaxpgaHe Ha pacteHusAta (Tabnuua
1). Mpwn copt CamoguBa €NeMeHTHLT € B
AnanaszoHa 0,90-0,92% npu gBaTa
BapuaHTa. Pa3nukute mMexay copTtoBeTe
N BapuaHTUTe 3a CbAbpPXaHWETO Ha asoT

fruitfulness. The area is maintained in
black fallow in the row spacing and with
naturally grassed row spacing Fertilization
was carried out in the intra-row area to
achieve optimal values of the individual
nutrients for raspberry shoots. The plants
are grown with drip irrigation.

The experiment has the following variants:
| variant - planting at 0.30 m intra-
row area;

Il variant - planting at 0.50 m intra-
row area.

In both variants the row-spacing is
3.00 m. Leaf samples were taken during
the phenophases of full blossoming and
fruit harvesting. The leaf samples were
naturally dried, ground and prepared for
analysis. The following was laboratory
tested:

- nitrogen content
method, BDS - EN ISO 5983);

- phosphorus content (Colorimetric
method of Gericke and Kurmis, AOAC,
2007).

- potassium content (Atomic
absorption spectroscopy method, AOAC,
2007).

The experiment was conducted
according to the methodology for studying
plant resources in fruit plants (Nedev et
al., 1979). Data processing was
performed by the methods of variation-
statistical and two-factor analysis of
variance (Lidanski, 1988), using the
software product MS Excel-2010.

(Kjeldahl

RESULTS AND DISCUSSION

During the first experimental year,
the nitrogen content (%) in the raspberry
leaves during the period of full blossoming
had approximately the same values in the
candidate cultivar ‘Magdalena’ (1.12%) in
both planting variants (Table 1). For
‘Samodiva’ cultivar, the element was in
the range of 0.90-0.92% in both variants.
The different levels of nitrogen content in
the leaves between the cultivars and the
variants are statistically  unproven.
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B /icTaTa ca CTaTUCTUYECKU HeoKasaHu.
Cnopen Kessel (2003) n Methodology
(2010) KPUTUYHOTO HMBO Ha a30T B Manu-
HoBuTe nucta e 2,0-3,5%, a cnopepn Horuz
et al. (2013), oNTUMaANHOTO CbAbpPXaHUe
Ha enemMeHTa NpenopbYaHo 3a To3u BUA e
2,75%. HaweTo n3cnegsaHe nokassa, 4ye

copt CamoguBa W  KaHAmAaT-copT
MarganeHa cbabpXaT HeAocTaTbyHO
Konm4yecTtsa as3oT — 2-3 NbTU MO-HUCKO OT
HeobXxoAMMOTO.

CbabpxaHneto Ha coccop (%)
poctura go 0,25% npu (Camogmea 0,50
m) 1 0,24% npu cbUA COPT OT Apyrus
BapuaHT. Npu kaHamaaT-copt MarganeHa e
0,30% OT no-roNAMOTO pPas3CcTosiHME Ha
3acaxpgaHe Ha pacteHusata n 0,29% ot 0,30
m. PasnvkaTta mexay copToBeTe OTHOCHO
CbAbpXaHMeTo Ha docdop B siMcTaTa €
CTaTnCTUYECKN 3HaYuma (P<0,05;
LSD = 0,05), a mexay arpoTexHukara e
HepokasaHa. Cnopen Kessel (2003),
ONTUMAaNIHOTO HMBO Ha dhocdop B fmcTa-
Ta Ha manvHara e 0,30%. lNpasu Bne-
yatsieHme, 4ye OT WU3NUTBAHWUTE COPTOBE
camo kaHampaT-copT MarganeHa ot
BTOpN BapuaHT 0,50 m e c onTumasiHo
cbAbpxaHue Ha ghocdop.

ChbabpXaHNeTO Ha Kasuin B nncta-
Ta e 0,40% npwv gBaTa BapuaHTa Ha copT
Camopgusa n npu BTopu BapuaHT (0,50 m)
Ha KaHauaar-copt MargasneHa U CbOoTBeT-
HO 0,30% npu nbpeus (0,30 m) Ha cbwus
copT. Pasnukata Mexay copToBeTe Mo
OTHOLUEHME Ha CbAbPXAHUETO Ha Kasui
B /McTaTa € CTaTUCTUYeCKU 3Havuma
(P <0,05; LSD = 0,10). Kessel T8bpan, ye
ONTMM&/THOTO HMBO Ha Kanuii B iuctaTa
Ha ManuHute e mexay 1,0-2,0%. Tesu
CTOMHOCTM NOKa3BaT, Ye ca HabngaBaHun
CYMNTOMMW Ha HEAOCTUT Ha KasniA.

According to Kessel (2003) and
Methodology (2010), the critical nitrogen
level in raspberry leaves is 2.0-3.5%, and
according to Horuz et al. (2013), the
optimal element content recommended for
this species is 2.75%. Our research
shows that ‘Samodiva’ and the candidate
cultivar ‘Magdalena’ contain insufficient
amounts of nitrogen - 2-3 times lower than
necessary.

The phosphorus content (%)
reached 0.25% in ‘Samodiva’ (0.50 m)
and 0.24% in the same cultivar of the
other variant. In the case of ‘Magdalena’
candidate cultivar, it was 0.30% at the
greater planting distance and 0.29% at
0.30 m. The difference between the
cultivars in terms of phosphorus content in
the leaves was statistically significant
(P <0.05; LSD = 0.05), it was unproven
between different agricultural techniques.
According to Kessel (2003), the optimal
level of phosphorus in raspberry leaves is
0.30%. It is noteworthy that only candidate
cultivar ‘Magdalena’ in the second variant at
0.50 m had optimal phosphorus content.

The content of potassium in the
leaves was 0.40% in both variants of
‘Samodiva’ and in the second variant
(0.50 m) of candidate cultivar ‘Magdalena’
and respectively 0.30% in the first one
(0.30 m) of the same cultivar. The
difference between the cultivars in terms
of potassium content in the leaves was
statistically significant P <0.05;
LSD = 0.05). Kessel claims that the
optimal level of potassium in raspberry
leaves is between 1,0-2,0%. These values
indicate that symptoms of potassium
deficiency have been observed.
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Tabnuua 1. MnHepasieH cbCTaB Ha /iMcTa OT MaulMHU 3a 2018 r. oT nepuoja Ha

MacoB Ll,'b(pTe)K Ha pacTeHunATa

Table 1. Mineral content of raspberry leaves in 2018 in the full blossoming period

CoptoBe/nokasatenu Cultivars/indicators N (%) | P (%) K (%)
Camopamsa/‘Samodiva’ 0,30 m 0,92 0,24 0,40
Kangupat-copT MarganeHa/‘Magdalena’ candidate cultivar 0,30 m| 1,12 0,29 0,30
Camopamsa/‘Samodiva’ 0,50 m 0,90 0,25 0,40
Kangupat-copT MarganeHa/‘Magdalena’ candidate cultivar 0,50 m| 1,12 0,30 0,40
X £ SE 0,03 0,01 0,04
St. Dev 0,10 0,03 0,10
VC % 9,71 13,33 23,11
Minimum 0,90 0,24 0,30
Maximum 1,12 0,30 0,40
LSD mexay BapuaHTutTe/among variants (0,05) n.s n.s n.s

LSD mexay coptoBeTe/among cultivars (0,05) n.s 0,05 0,10

Tabnuua 2. MyHepasieH CbCTaB Ha nMcTa OoT ManMHK 3a 2018 r. oT neprnoga Ha

6eputbaTa Ha njogoBeTe

Table 2. Mineral content of raspberry leaves in 2018 in fruit harvesting period

CoptoBe/nokazatenn Cultivars/indicators N (%) P (%) K (%)
Camogamsa/'Samodiva’ 0,30 m 1,13 0,25 0,70
Kangupart-copt MargasieHa-0,30 m 1,07 0,21 0,70
Camopgmea/‘Samodiva’ 0,50 m 1,45 0,22 0,67
KaHnampat-copt MarganeHa/‘Magdalena’ candidate cultivar 0,50 m 1,15 0,23 0,53
X = SE 0,07 0,01 0,02
St. Dev 0,19 0,02 0,06
VC % 17,95 9,62 9,85
Minimum 1,07 0,21 0,53
Maximum 1,45 0,25 0,70
LSD mexay BapuaHTute/among variants (0,05) n.s n.s 0,07
LSD mexgy coptoBeTe/among cultivars (0,05) 0.21 0.02 n.s
B Ta6nuua 2 ca npeacrtaBeHu pe- Table 2 presents the results of

3ynTartuTe Ha XpaHuUTesiHUTe enemMeHTn B
NNCTHUTE Npobu OT nepuoga Ha 6eputba Ha
nnoposete. [laHHUTE MokasBaT, Ye CbAbp-
YXa@HVWETOo Ha a30T € 3HAYUTEsTHO NO-BUCOKO
npu BapuaHTuTe Ha copT CamoguBa OT
nepmoga Ha MacoB LUbJITEX W € C Haii-
Bucoka crtoiHocTt (1,45%) oOT BTOpM
BapuvaHT. MNpu KaHangaT-copTa MarganeHa
ce HabnwgaBa MNo-3HaYUTENIHO Hamasie-
HMWEe Ha efleMeHTa OT MbpPBM BapuUaHT, C
oTyeTeHa cToiHocT — 1,07%. Mpwn ctatumc-
Tuyeckata o6paboTka Ha faHHUTE cTaBa
ACHO, Ye MO0 OTHOLUEeHWEe CbAbpXaHWeTo
Ha as30T B /icTata pas/iMKuTe Mexay cop-
ToBeTe ca 3Haummu (P <0,05; LSD = 0,21).
Mo oTHoweHne Ha doccopa e
KOHCTaTMpaHo HamansiBaHe CbAbpXxaHue-

nutrients in leaf samples from the fruit
harvesting period. Data show that the
nitrogen content was significantly higher in
the variants of ‘Samodiva’ in the full
blossoming period and had the highest
value (1.45%) in the second variant. In
‘Magdalena’, a more significant decrease
in nitrogen level than the first variant was
observed, with a value of 1.07%. In the
statistical data processing, it became clear
that in terms of nitrogen content in the

leaves the differences between both
cultivars were significant (P <0.05;
LSD =0.21).

A decrease in the phosphorus
content was found in leaves during the
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TO Ha efnemeHTa B nmuctara npes gpeHo-
(pasza GepuTba Ha NNoAOBETE, C U3KIIIO-
yeHuve npu Camoamsa OT NO-MaIKOTO pas-
CTOSiHME Ha 3acaxfaHe Ha pacTeHusTa.
CroliHocTute My BapupaT oT 0,21% npwu
KaHpgupart-copta MarganeHa 0,30 m go
0,25% npu Camogusa OT CbLMA BapUaHT.
Paznukarta mexnay coptoBeTe e cTaTucTu-
yecku gokasaHa (P <0,05; LSD = 0,02).

Mpe3 nepuopa Ha 6eputba Ha nno-
[OBeTe CbObPXaHNETO Ha kanuii B nncta-
Ta ce e yBe/nmMuusIo ¢ noytTn Ao Aga nbTu
npu BapuvaHTuUTe, OTKOJIKOTO Mpe3 nepuo-
[a Ha MacoB UbMTex 1 e Hali-B1COKO npu
no-Masikute pasCTOfAHUA Ha 3acaxjaHe
Ha pacTeHWsaTa M NpW [Barta reHotuna
(0,70%). PasnukaTa Mexay BapuaHTuTe
Mo OTHOLIEHME Ha CbAbpPXaHWETO Ha
efleMeHTa B J/iMcTata e CTaTuCTUYecKu
3Haunma(P <0,05; LSD = 0,07), a mexay
COpTOBETE € HeJloKa3aHa.

Mpe3 BTOparta rognHa Ha onuTa OT
(heHopazaTa MacoB LbPTEX € OTYETEHO
CbAbpPXaHWe Ha a3oT B JIMCTHUTE Npobu
ot 2,01% npw kaHanpaT-copta MarganeHa
npu pascTosiHMe Ha 3acaxjaHe Ha U3 bH-
kute ot 0,30 m go 3,17% npu Camogusa
OT cbwma BapuaHT (Tabnuua 3). TMpwu
BCUYKN BapuvaHTN Ha reHOTUNOoBE efleMeH-
TbT € B N0-BUCOKWN KO/IMYeCTBa B CpaBHe-
HWe c npegxogHara rofuHa OT cbliata
(peHohaza. MaremaTuyeckn pasnvkuTe
ca pokasaHum mexpy coptoBeTe(P<0,05;
LSD=0,40).

CbabpxaHneTo Ha doccopa e Haii-
BMCOKO NPV BapuaHTWTe Ha kaHauaaTt-copT
MarganeHa (0,17%) 1 3HauMTeNHO e no-
Masiko npu Camopmsa (0,30 m) — 0,06%.
KonuuectBata Ha kannsa ca c npubnu-
3UTE/THO efHaKkBM CTOMHOCTU Npu ABaTa
reHoTuna M BapuaHTu. Haii-mHoro ene-
MEHTBT e Npu KaHanaat-copt MarganeHa
(0,30 m) - 0,35%, pokato npu copT
CamoguBa OT ApYyrusi BapuaHT € oTyeTe-
HO Hali-HUCKO CbAbpPXaHWE Ha efleMeHTa —
0,31%. CtatucTnyecku pasnnkiTe ca Hepo-
KazaHu Mexzy BapuaHTuTe 1 copToBeTe.

phenophase of fruit harvesting, with the
exception of ‘Samodiva’ in the shorter
planting distance variant. Its values varied
from 0.21% for the candidate cultivar
‘Magdalena’ at 0.30 m to 0.25% for
Samodiva from the same variant. The
difference between the cultivars was
statistically proven (P <0.05; LSD = 0.02).

During the fruit harvesting period,
the potassium content in leaves increased
by almost twice in the variants than during
the period of full blossoming and was the
highest at the shorter planting distances
of the plants in both genotypes (0.70 %).

The difference between the cultivars in
potassium content in the leaves was
statistically significant P <0.05;
LSD = 0.05).

In the second experimental year, a
nitrogen content of 2.01% was reported in
the leaf samples at the full blossoming
phenophase for the candidate cultivar
‘Magdalena’ at a planting distance of 0.30
m to 3.17% in ‘Samodiva’ from the same
variant (Table 3). In all variants of
genotypes, nitrogen was in higher
quantities compared to the previous year
of the same phenophase. Mathematically,
differences were demonstrated between
cultivars (P <0.05; LSD = 0.40).

The highest phosphorus content
was found in the variants of the candidate
cultivar ‘Magdalena’ (0.17%) and was
significantly lower in ‘Samodiva’ (0.30 m) —
0.06%. The potassium amounts had
approximately the same values in both
genotypes and variants. The highest level
was observed in the candidate cultivar
‘Magdalena’ (0.30 m) with 0.35%, while
the lowest content was found in
‘Samodiva’ in the other variant (0.31%).
Statistically, the differences among the
variants and the cultivars are unproven.
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Tabnuua 3. MnHepasieH cbCTaB Ha /incta oT MasimHKU 3a 2019 r. oT nepuoja Ha

MacoB Ll,'bq:)Te)K Ha pacTeHunATa

Table 3. Mineral content of raspberry leaves in 2019 in the full blossoming period

Coptose/nokasatenu Cultivars/indicators N (%) P (%) K (%)
CamopamBa/‘Samodiva’ 0,30 m 3,17 0,06 0,34
Kanampat-copt MarpaneHa/‘Magdalena’ candidate cultivar 0,30 m | 2,01 0,17 0,35
Camoamsa/Samodiva 0,50 m 3,16 0,13 0,31
KaHgupaat-copT MarganeHa/‘Magdalena’ candidate cultivar 0.50 m | 2,34 0,17 0,34
X + SE 0,16 0,02 0,01
St. Dev 0,46 0,04 0,02
VC % 16,2 31,34 6,42
Minimum 2,01 0,06 0,31
Maximum 3,17 0,17 0,35
LSD mexay BapuaHTute/among variants (0.05) n.s n.s n.s

LSD mexay coptoBeTe/ among cultivars (0.05) 0,40 n.s n.s

CbAbpXaHMEeTo Ha MUHepasiHuTe
e/leMeHT B fucTara OT MasiMHU npes
(peHohaza OGepuTba Ha nogoseTe e
npeactaseHo B (Tabnuua 4). OTYeTeHO €
3HaunMTe/IHO HamasnsBaHe Ha asoTta OoT
BapvaHTuTe Ha Camoausa 1 yBennyeHue-
TO My npu KaHanpat-copT MarganeHa. B
LANOCTEH acnekT Ha/IMuMeTo Ha enemMeH-
Ta e ¢ Npub/M3UTETHO B/IN3KN CTONHOCTHN,
Kouto Bapumpart oT 2,55% npwn kaHanaat-
copt MarpganeHa — 0,30 m go 2,62% npwu
CamogmBa — 0,50 m. Maremartnyeckute
pasnukM Mexay COpTOBETE U BapuaHTute
Mo OTHOLLEHNE CbAbpPXaHNEeTO Ha a30T ca
HefoKa3aHu.

CbabpxaHueto Ha coccop (%) B
nuctata Ha mManmHite e 0,14% npu
Camogmsa — 0,50 m u no-Bucoko 0,17%
npu Apyrua BapuaHT Ha copTa. [pwu
KaHampaT-copT MargasieHa CTOMHOCTUTE
ca Halii-Bucokn 0,20% OT MbpBU BapuaHT
n 0,17% ot BTOpW BapuaHT. Pasnukute
Mex/y COpToBeTe W BapuaHTuTe 3a
CbAbpXaHNeTo Ha dhocdop B NncTtaTa ca
CTaTUCTMYECKN HeJoKa3aHu.

KonuuecteaTa Ha kanusa ca HesHauu-
TE/IHO MO-BUCOKW MpPU MasiKUTe pascrosi-
HUSA Ha 3acaxpjaHe Ha pacTeHuaTa 1 ca
cboTBeTHO npu Camogmsa 0,34%, a npu
MarganeHa 0,35%. W npe3 deHodasa
6eputba Ha nnofoBeTe sMNcBa Martema-
TUYecKa [0Ka3aHOCT MexAy reHoTunose-
Te W BapuaHTUTe NO OTHOLUEHWE CbAbP-
YK@HMETO Ha Ka/Inii B IMcTa OT MasTuHW.

The content of mineral elements in
raspberry leaves during the fruit
harvesting phenophase is presented in
(Table 4). There was a significant
decrease in nitrogen in the variants of
‘Samodiva’ and its increase in the
candidate cultivar ‘Magdalena’. In general,
the presence of the element has
approximately similar values, which varied
from 2.55% for candidate cultivar
‘Magdalena’ at a planting distance of 0.30
m to 2.62% for ‘Samodiva’ at 0.50 m.
Mathematical differences in nitrogen
content among cultivars and variants in
terms are unproven.

The phosphorus content (%) in
raspberry leaves was 0.14% in
‘Samodiva’ at 0.50 m and higher 0.17% in
the other variant of the cultivar. The
highest values were observed in the first
variant of candidate cultivar ‘Magdalena’
with 0.20% and 0.17% in the second
variant. The different levels of phosphorus
content in the leaves among the cultivars
and the variants are statistically unproven.

The potassium amounts were
slightly higher at short planting distances
and were respectively 0.34% for
‘Samodiva’ and 0.35% for ‘Magdalena’.
During the phenophase of fruit harvesting,
there is no mathematical proof between
the genotypes and variants regarding the
potassium content in raspberry leaves.
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Tabnuua 4. MnHepasieH cbCTaB Ha /iMcTa OT MauiMHU 3a 2019 r. oT nepuoja Ha

6epuTba Ha nnogoBeTe

Table 4. Mineral content of raspberry leaves in 2019 in fruit harvesting period

Coptose/nokasatenu Cultivars/indicators N (%) P (%) K (%)
Camopgmsa/‘Samodiva’ 0.30 m 2,61 0,17 0,34
KaHampat-copt MarganeHa/‘Magdalena’ candidate cultivar 0.30 m 2,55 0,20 0,35
Camopgmsa/‘Samodiva’ 0.50 m 2,62 0,14 0,30
KaHgupaat-copT MarganeHa/‘Magdalena’ candidate cultivar 0.50 m | 2,56 0,17 0,34
X * SE 0,09 0,01 0,01
St. Dev 0,27 0,03 0,02
VC % 10,92 | 17,42 7,02
Minimum 2,55 0,14 0,30
Maximum 2,62 0,20 0,35
LSD mexay BapuaHTute/among variants (0.05) n.s n.s n.s

LSD mexgy coptoBeTe/ among cultivars (0.05) n.s n.s n.s

N3BOAN

HanpaBeHO e npoy4yBaHe OTHOCHO
AVHamMuKaTa B CTOMHOCTUTE Ha XpaHUTesI-
HWUTE eNemMeHTU asoT, hocodop 1 Kanuii B
NMCTHM npobu Ha copT CamoguBa U
KaHangart-copta MargasneHa.

MonyyeHnTe pesyntatu oT U3cnes-
BaHeTO nokaseart, ye copT Camogvsa u
KaHgupat-copt MarganeHa cbabpxar
HefoCcTaTbyHO KOMYECTBO as3oT — 2-3
MbTU NO-HUCKO OT ONTUMAJIHUTE CTOHOC-
TV npe3 nbpBaTta roguHa. lMpes BTOpaTta
rogvHa CbObPXAHNETO Ha €/IEMEHTA,
BCNEACTBME Ha MPUMOXKEHOTO TOpPEHE e
3HAYUTE/THO MO-BUCOKO MpPU BapuaHTuTe
Ha ABaTta reHoTuna ot asete heHodasw.
Mpu copt CamoguBa asota goctura [0
ONTMM&/THN CTOMHOCTM OT nepuoja Ha
MacoB uUbpTex — 3,17% OT nbpBU "
3,16% OT BTOPWU BapuaHT.

KonuuectBoTo Ha dhocdhopa AocTu-
ra 4o HeobxoanmunTe pediepeHTHW CTOii-
HOCTV Npw KaHAnAaT copta MargasneHa ot
BapuaHTa 0,50 m (0,30%) npe3 nbpBaTa
rogvHa ot nepmnoga Ha MacoB LbQITEX.

Hail-BUCOKO CbAbpXaHne Ha Kasui
€ OT4eTeHO Nnpe3 nepuoga Ha GeputbaTa
Ha N1010BETE OT BApMaHTMTE C NO-MasIKOTO
pasCcTosiHMe Ha 3acaxjaHe Ha pacTeHus-
Ta Npu fgBarta reHotuna npe3 nbpBaTa
rogMHa Ha onuta. B 0606LeH acnekt
CTOMHOCTMTE Ha efleMEHTA Ca HUCKMU.

Mpe3 AByrogulHWS Mepuog, mno-

CONCLUSIONS

A study was conducted on the
dynamics in the values of nitrogen,
phosphorus and potassium in raspberry
leaf samples of ‘Samodiva’ and the
candidate cultivar ‘Magdalena’.

The results of the study show that
‘Samodiva’ and the candidate cultivar
‘Magdalena’ contain an insufficient
amount of nitrogen that was 2-3 times
lower than the optimal values in the first
year. In the second year, the content of
the element, due to the applied
fertilization, was significantly higher in the
variants of both genotypes at both
phenophases. Nitrogen reached optimal
values in ‘Samodiva’ in the period of full
blossoming with 3.17% of the first and
3.16% of the second variant.

The phosphorus amount reached
the required reference values for the
candidate cultivar ‘Magdalena’ at 0.50 m
(0.30%) in the first year during the full
blossoming period.

The highest potassium content was
reported during the period of fruit
harvesting in the variants with the shorter
planting distance in both genotypes in the
first experimental year. In general, the
values of the element are low.

During the

two-year period, a
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rofIiM NPOLEHT Ha cTaTtucTuyecka passu-
YMMOCT Mexy CTOWHOCTUTE Ha XpaHu-
Te/IHUTE efleMEHTN € OT4yeTeHa Mexpay
copTtoBeTe. V3knoyeHune ce HabnoLaBa B
CbAbPXaHNETO Ha Kasnili Mexay BapuaH-
TMTe npe3 nbpsata rofguMHa oT eHo-
(hazarta 6epuTtba Ha nnogoBeTe.

higher percentage of statistical difference
between the values of the nutrients was
reported between the cultivars. An
exception is observed in the potassium
content among the variants in the first
year during the fruit harvesting
phenophase.
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PE3IOME

W3cnepBaHeTo e npoBefeHO npes
nepuoga 2017-2019 r. B UIMK3 TposH.
MpoyyeHa e nposiBaTa U Bb3NPUEMYU-
BOCTTa Ha u4epewoBuss copT OkTtaBus u
BULWHEBNUTE copToBe KapHeon n O6nayuH-
Cka KbM IboHUTE 6onectn — CaumsHka
(Stigmina carpophila) un LinnuHgpocnopurosa
(Blumeriella jaapii) (Rehm), kaTo ca 3ano-
XEHW BapuaHTU C GUONOrMYHO cepTudu-
umpaHun, yHrmunmaHo gencrealym, npena-
patn Ha dmpmata Green Smile: Amynelos,
Grafox, Myel complex, Kuore Cristal,
Demolution, Gescen, Alud n Molek, Ba-
praHTn c MeAcbAbpxaw, yHrMumg u
BapuaHTu C U3Mosi3BaHe Ha KOHBEHLMO-
HaNHW necTMumMan 3a 6opba, c uen ga ce
YyCTaHOBM Bb3MOXHOCTTa 3a M3MO0/3BaHe
Ha 6rnonorMyHNTE nectTuuuamn, 3a 6opba c
OCHOBHUTE MbOHU 60SIECTU NPU YepeLLn U
BMLUHM, 3@ NOJly4yaBaHe Ha 34paBOC/I0BHA
naofoBa npoaykuus.

YCcTaHOBEHO €, Ye npe3 TpuTe rogu-
HW Ha U3CcNeABaHETO, MpU MNpPOyyYBaHUTE
rbOHU 60NECTU, NHAEKCHT Ha HanageHue
€ Hal-HUCBK Npu BapuaHtTute C MU3nos-

SUMMARY

The study was conducted in the
period 2017-2019 in RIMSA Troyan. The
occurrence and susceptibility of cherry
cultivar ‘Octavia’ and sour cherry cultivars
‘Carneol’ and ‘Oblachinska’ to the fungal
diseases shot hole disease (Stigmina
carpophila) and Cylindrosporiosis
(Blumeriella jaapii) (Rehm) were studied,
and variants were set with biologically
certified fungicidal products of Green
Smile such as: Amynelos, Grafox, Myel
complex, Kuore Cristal, Demolution,
Gescen, Alud and Molek and treatments
with  copper-containing fungicide and
treatments using conventional pesticides
to control the possibility of using biological
pesticides to control the main fungi
diseases of cherries and sour cherries, to
obtain healthy fruit production.

It was found that during the three
years of the study, in the studied fungal
diseases, the lowest infestation index was
found in the treatments using biological
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3BaHe Ha 6uonornyHm dyHruuman (1 wm
2pv BapuaHT), B CpPaBHEHME C BapuaHTa
HeTpeTVpaHa KOHTpona.

BuonornyHo ceptuchmumpaHnTe npo-
Ayktn Ha Green Smile B pa3spaboteHaTa
CXema 3a yCTOW4YMBO NPOM3BOACTBO, KOH-
TponupaTt nNposiIBNEHNETO U pPas3BUTUETO
Ha rboHMUTE 60/1eCTN M YCNELLIHO MoraT aa
3aMeCTAT KOHBEHUMOHANTHUTE npenapaTw,
3a nosiyyaBaHe Ha 34paBoC/I0BHA N1040-
Ba NPOAYKLMS.

Knto4voBn gymu: yepewun, BULLHH,
6onectu, yCTOMYMBO  MPOM3BOACTBO,
6uonecTnunamn

YBO/[,

TbpceHeTo Ha BMOMOTNYHO OTI/IEX-
JaHn NofoBe, BKAOUUTESIHO Yepewn K
BULWIHW, HapacTBa B EBpona n CALL, HO
OorpaHu4yeHnTe MHCTPYMEHTUN 3a ynpasJie-
HMe Ha 6onectute He ca nogpobHO
npoy4yenmn (Holb and Schnabel, 2005).

B nutepatypata ce cbobuwaBsa, ye
Ta3n rbba 3apassBa npackoBa, Kalicusi u
cnvBa. Bbp30TO N pasnpocTpaHeHne U
CW/THOTO MOPaXEHMEe Ha AncTHaTa maca,
KOETO MpUYMHSIBA, ONpeaens UuanHApo-
crnopvo3ata kato WKOHOMUYECKM MHOro
Ba)XHa 60MeCT No yepelwlara v BuWHaTa Yy
Hac (Taseva et al., 2007).

Valiushkaite (2002) xapakTtepu3unpa
natoreHa B. Jaapii, kato CWIHO pasBuUT
napasuT, m3crneaBaliku 0co6eHoCTUTe Ha
passutue Ha rL6ata B cTepuHa Kyntypa
N ecTeCTBEHW YC/I0BUSA. YCTaHOBsIBa CTe-
NneH Ha Kopenaums B 3aBUCUMOCT OT cpe-
pata (r = +0,89), npu onTMMasiHN YCN0BUSA
3a pasnpocTpaHeHune Ha 3abonaBaHeTo T
15-20 °C, oTHOCUTEIHAa BNaXKHOCT 1 Bane-
X1, BAUSIELN HA Y3psIBAHETO Ha ackoMu-
LeTuUTe M U3XBBPJISTHETO Ha ackocrnopuTe.
MMKPOCKOMNCKM aHanu3 Ha imctaTa nokas-
Ba, Ye npu 3aTonnsHe, Korato cpegHarta
Temnepatypa e okono 0 + 5°C n oTHocu-
TefiHaTa BJ/I&XHOCT Mo-Bucoka ot 70% e
Bb3MOXHO [a Ce OTKPUAT 3penin ackoMu-
LeTu 1 KoHNauw.

Ivanova et al. (2012) oTumTa 3UMHa
UHpekyma ot Stigmina carpophila (cau-
MSHKa) MpU CbLUWTE ONTUMasIHU aTMo-

fungicides (variants 1 and 2), compared to
the nontreated control.

The organic certified products of
Green Smile in the developed scheme for
sustainable  production control the
occurrence and development of fungal
diseases and can successfully replace
conventional preparations for healthy fruit
production.

Key words: cherries, sour cherries,
diseases, sustainable production,
biopesticides

INTRODUCTION

The demand for organic fruits,
including cherries and sour cherries, is
growing in Europe and the United States,
but the limited disease management tools
have not been studied in detail (Holb and
Schnabel, 2005).

The literature reports that this
fungus infects peaches, apricots and
plums. Its rapid spread and the strong
damage to the leaf mass that it causes
define cylindrosporiosis as an
economically very important disease in
cherries in Bulgaria (Taseva et al., 2007).

Valiushkaite (2002) characterized
the pathogen B. Jaapii as a highly develop-
ed parasite, studying the peculiarities of
the development of the fungus in sterile
culture  and natural conditions. It
establishes the degree of correlation
depending on the environment (r = +0.89),
under optimal conditions for the spread of
the disease T 15-20 °C, relative humidity
and precipitation, influencing the maturation
of ascomycetes and the disposal of
ascospores. Microscopic analysis of
leaves shows that when they were
warmed up and the average temperature
is about 0 £ 5°C and the relative humidity
is higher than 70%, it is possible to detect
mature ascomycetes and conidia.

Ivanova et al. (2012) reported a
winter infection with Stigmina carpophila
(shot hole disease) under the same
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cepHy ycnoswus, cb3dageHn npes npo-
netra n natoto Ha 2009-2010 r. lMpos-
BEHW Ca CUMMTOMM MO fiucTaTa, Karo ce
aKTUBMpa NoKb/IBaHETO Ha kadsBu, rnag-
KOCTEHHW, (Py3NO3HWN KOHWAMKU, C OTCeve-
Ha OcHoBa U 3a06/1eH BpbX C pasmepu 16
40 20 pm c pa3mepu 8-10 pm.

B [bpxaBHWa yHMBEpCUTET B
Mwnuurad (MSU) npe3 1983 r e 3anoyHana
MporpamMa 3a cenekuus Ha BULLHW, KOSATO
Ja npefoctaByM Ha NPoOuU3BOAUTENIUTE U
npepabortearesniMTe  antepHatMBy  Ha
~Montmorency“ coptoBe, KOUTO ca CbLLUO
TO/IKOBa MPOAYKTUBHW, C NPEBBL3XOAHO Ka-
4ecTBO Ha NoAOBETE, HO NO-YCTOWYUBYU
Ha umnuHapocnopuosa (Blumeriella jaapii
syn. Coccomyces hiemalis) (Lezzoni, 1998).

OCHOBEH HauMH 3@ KOHTpPO/N €
XMMUYeckuaT  metog. Hai-uecto ce
n3nonssar yHrmuuam Ha ocHosa [OAuH,
beHsnmupgason wu Tpuason. YectoTo
NpUIoXeHVe Ha Te3n YHIMUMAHN rpynu
BOAM [0 PasBUTUETO Ha Pe3UCTEHTHU
hopMn  Ha MPUYUHUTENA KbM TEXHUTE
akTnBHM BellecTBa (Seliga et al., 2016).
Te yctaHossaBar npe3 2012-2015 r, upes
TeCT 3a MNOKb/IBAHE Ha CnopuTe BbPXY
araposa cpefa, nosieata Ha YCTOWYMBU
opmn Ha B. jaapiito kbm [oguH w”
BeHsumngazonu, B 33 usbpaHyu BULIHEBU
OBOLUHY rpagunHu B LieHTpasiHa lMonwa.

®yHrMumManTe Ha ocHoBaTa Ha mef
ca edektuBHM 3a 6opba C LMAMHAPO-
crnopuosata Blumeriella jaapii (Rehm)
Arx., HO NPUIOXEHNETO UM Ce CBbP3Ba C
OGpPOH30BO 06€e3uBETSABaHE Ha ncTaTa Ha
BuwHata (P. cerasus L.) (Gruber et al.,
2010). M3cnepBaHn ca nocneguuute ot
JINCTHO MPUJIOXKEHNE Ha MeACbAbpXalim
yHrMLMA,  BBPXY  KOIMYECTBOTO WU
KayecTBOTO Ha [o6uBa npu AbpeeTa oT
-Montmorency", 4ype3 CUHTEeTUYHU PYHIU-
Unamn, MHTerpmpaHn ¢ yHrmumg Ha meg-
Ha OCHOBa WM He TPeTupaHn, BLB
Bpb3Ka C 6pos 1 macarta Ha nnogoseTe B
MPACHO CBLCTOAHME U KOHLEHTpauusaTa Ha
pasTBOpPMMM TBBLPAN BELLLECTBA, KaTo He e
yCTaHOBEHa 3aBMWCMMOCT OT CpokKa Ha
6eputbara.

Mon3uTe OT ynpas/eHNETO Ha YCTOi-

optimal atmospheric conditions created in
the spring and summer of 2009-2010.
Symptoms appeared on the leaves,
activating the germination of brown,
smooth-walled, fusion conidia, with a
truncated base and a rounded tip measuring
16 to 20 um with dimensions of 8-10 pm.

The State University of Michigan
(MSU) launched a Cherry Selection
Program in 1983 to provide producers and
processors with alternatives to
‘Montmorency’ cultivars that are just as
productive, with superior fruit quality but
more  resistant to  cylindrosporiosis
(Blumeriella jaapii syn. Coccomyces
hiemalis) (Lezzoni, 1998).

The main way to control is the
chemical method. The most commonly
used fungicides are based on Dodin,
Benzimidazole and Triazole. Frequent
application of these fungicidal groups
leads to the development of resistant
forms of the pathogen to their active
substances (Seliga et al., 2016). They
found in 2012-2015, through a test for the
germination of spores on agar medium,
the occurrence of resistant forms of B.
jaapiito to Dodin and Benzimidazoles, in
33 selected cherry orchards in central
Poland.

Copper-based fungicides are
effective in combating cylindrosporiosis
Blumeriella jaapii (Rehm) Arx., but their
application has been associated with
bronze discoloration of cherry leaves (P.
cerasus L.) (Gruber et al., 2010). The
effects of foliar application of copper-
containing fungicide on the quantity and
quality of yield in ‘Montmorency’ trees
were studied, by synthetic fungicides,
integrated with a copper-based fungicide
or not treated, in relation to the number
and weight of fresh fruit and the
concentration of soluble solids, as no
dependence on the harvesting period has
been established.

The benefits of fungicide resistance
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YMBOCTTa Ha (PYHIMUMAM U KOHTpOsia Ha
3abonsBaHMATa, KOMTO ce nocturaT ypes
WHTErpupaHa nporpama, BEeposTHO Lie
6bAaT No-rofieMu OT MUHUMasTHUTE eddekTH
Ha yHrMuuanTe Ha ocHoBaTa Ha MefdeH
cyngyat BbpXy Ka4eCTBOTO Ha BULLHW.

3a pa ce npenoTBpaTAT BCUYKU
NNCTHN 3a6onaBaHns npu yepewunTte llicic
et al. (2019) npenopbyBart, ga ce npuna-
rart e eCeHHu NpbCKaHNA ¢ MegHWN (PyH-
rmungy 3a HamansiBaHe Ha MHMEKUMO3-
HUA NoTeHuman u enuduTHaTa nonyna-
LMsA, KaKTo 1 eHO NpbCKaHe B HAa4Yas10To
Ha nponetTta, npeau ubdTexa. Heobxo-
AvMu ca age [0 Tpy TpeTupaHua npegy un
TP 4O NeT TpeTmpaHus cneg npnbupaHe
Ha pekonTaTta, ocobeHO ako nposnetta u
NATOTO ca AbXAO0BHMW. 3acerHaTute Obp-
BeTa cTaBaT MO-MOAAT/IMBM Ha WU3MPb3-
BaHe M HUCKN 3UMHUK Temrnepartypu, KoeTo
yBefiMyaBa CMbPTHOCTTA Ha AbpeBeTara.
ETo 3awo e HeobxogMma HaBpeMeHHa U
npasuHa ngeHTudmKaumsa Ha naToreHa.

Zala et al., (2008) npoyusat edm-
KacHocTTa Ha Alcupral 50 PU (vegeH
okcuxnopua) u Captan 50 PU (kanTtaH)
npun 0,3% Bcekn cpewyy S. carpophila n
yCTaHOBSIBAT, Ye npuaaraHeTo Ha (pyHru-
una no BpemMe Ha sucrtonaga e oT pelua-
BalLlO 3HaYeHve, Tbil KaTo MOXe Ja Hama-
N1 yecToTaTa Ha 3a6onsBaHeTo ¢ Ao 20%.

Llenta Ha HacToALWOTO n3cnegsaHe
€ [Ja Ce YCTaHOBM Bb3MOXHOCTTa 3a
n3nos3BaHe Ha OMONOrMYHU NEecTUunaw,
KOUTO YCMEeWHO Aa 3aMecTAT KOHBEH-
UMoHanHata pactutesHa 3awuta  3a
6opba C OCHOBHUTE IbOHM 6Gonectn —
CaumsHka (Stigmina carpophila) n Liunun-
apocnopuosa (Blumeriella jaapii) (Rehm)
npu YepeLwun 1 BULLHW, 3a MojlyyaBaHe Ha
30paBOC/I0BHA N0A0BA NPOAYKLMS.

MATEPWNAN N METO4WA

MpoyyBaHeTO e MnpoBefeHO Mpe3
nepuoga 2017-2019r, B UMXX3 TposH, ¢
yepewoBua copt OKTaBuUA U BULLHEBUTE
coptoBe KapHeon un ObnaynHcka. bpse-
Tata ce OTr/1exAar Ha CBEeT/I0 cuBa rop-
CcKa noysa, npu cxema 5x4m un npu Heno-
JNIMBHW ycnoBus, 6e3 pactuTenHa 3awmra

management and disease control
achieved through an integrated program
are likely to outweigh the minimal effects
of copper sulphate-based fungicides on
sour cherry quality.

To prevent all leaf diseases in
cherries, llici¢ et al. (2019) recommend
applying two autumn sprays with copper
fungicides to reduce the infectious
potential and the epiphytic population, as
well as one spraying in early spring before
blossoming.

Two to three pre-treatments and three to
five post-harvest treatments are required,
especially if spring and summer are rainy.

The affected trees become more
susceptible to frost and low winter
temperatures, which increases tree

mortality. Therefore, timely and correct
identification of the pathogen is needed.

Zala et al., (2008) studied the
efficacy of Alcupral 50 PU (copper
oxychloride) and Captan 50 PU (captan)
in 0.3% each against S. carpophila and
found that the application of a fungicide
during November was crucial as it can
reduce the incidence of the disease by up
to 20%.

The aim of the present study is to
establish the possibility of using biological
pesticides that can successfully replace
conventional plant protection to control
major fungal diseases, such as shot hole
disease (Stigmina carpophila) and
Cylindrosporiosis  (Blumeriella  jaapii)
(Rehm) in cherries and sour cherries, to
obtain healthy fruit production.

MATERIAL AND METHODS

The study was conducted in the
period 2017-2019, in RIMSA Troyan, with
cherry cultivar ‘Octavia’ and sour cherry
cultivars ‘Carneol’ and ‘Oblachinska’. The
trees are grown on light gray forest saill,
under a 5x4m scheme and non-irrigated
conditions, without plant protection
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npu ectecTBeH (poH Ha 3apasa, 6e3 nou-
BOOOpPabOoTKM Ha MexaypeausTa (3adnve-
HW), BbPXY TepacmpaH Hak/IOHEH TEepPEH.
[aHHunTe 3a TemnepaTtypute u Ba-
NexunTe, KOUTO ca OT CbLLECTBEHO 3Haue-
HMe 3a pasBuTMeTo Ha b6onectnte ca
non3eaHu oT MeTeoposiormyHata ctaHuus
Ha WHcTuTyTa B TposH. Hali-ronamo e
3HAaYeHNeTo MM npe3 nposeTTa, KoraTo
CTaBa 3apassiBaHETO U Ce HaHacAT nopa-
XEHUS1 NO nncTaTa, KOeTO BOAW A0 Hama-
NiiBaHe KO/IMYECTBOTO WM KA4yecTBOTO Ha
pekonTa u oTcnabsBaHe Ha gbpBeTaTa.

N3nutaHn ca 6KMOMOrMYHO cepTu-
ouuupaHute npenapatu Ha Green Smile:
Amynelos, Grafox, Myel complex, Kuore
Cristal, Demolution, Gescen, Alud w
Molek.

3anoxeHn ca 4 BapuaHTa CbC
cnefHuUTe KOMOMHaLMW:

I- Amynelos (200ml/da), egHokpart-
HO BBbB (hasa npeaubgTexHo,

Grafox (0,3l/da),

Myel complex (200ml/da),

Kuore Cristal,

Demolution (400ml/da),

Gescen,

Alud (500ml/da),

Molek (500ml/da),

II- MepgHuat npenapat Funguran
OH 50 BIN B go3a 0,15% (pa3Tteop),

I1l- KoHBEHUMOHa/IHX npenapatn —
CuctaH cynep (0,03%) + Hypene
[ypc6aH (0,07%),

IV- HeTpeTnpaHa KoHTpona (Boaa).

lMpoBedeHn ca 7 TpeTupaHus OT
Hauyas10To Ha BeretauusTa npes 10 gHw.

MeToabT, M3MON3BaH 3a WAEHTU-
dhvumpaHe Ha WHbekuunTe ce ocHoBaBa
Ha BU3yaJIHO HabngeHne, KaTo ce umar
npeasug npusHauuTe n CUMNTOMUTE, Mo-
Ka3aHu OT 3apa3eHuTe pacTeHus.

KonekymoHunpaHu ca no 200 nucta
OT YeTUpUTE NOCOKUN Ha AbpeeTarta. OTuu-
TaHusATa 3a HanageHneTo oT 6osecTuTte u
etbekta OT npunaraHWTe npenapatu ca
HanpaBeHW CbracHO MeTogukaTa 3a
n3yyaBaHe Ha pacTUTeNIHUTe pecypcu npu
oBolHuTe pacTeHns (Nedev et.al., 1979).

against a natural background of
infestation, without tillage between the
rows, on a terraced sloping terrain.

Data on temperatures and
precipitation, which are essential for the
development of diseases, were used by
the Meteorological Station of the Institute
in Troyan Their greatest importance is in
the spring, when the infection occurs and
the leaves are damaged, which leads to a
reduction in the quantity and quality of the
harvest and weakening of the trees.

The biologically certified
preparations of Green Smile were tested,
such as: Amynelos, Grafox, Myel
complex, Kuore Cristal, Demolution,
Gescen, Alud n Molek.

Four treatments were set with the
following combinations:

I Amynelos (200ml/da), once in the

pre-blossoming phase,

Grafox (0,3l/da),

Myel complex (200ml/da),

Kuore Cristal,

Demolution (400ml/da),

Gescen,

Alud (500ml/da),

Molek (500ml/da),

I Copper preparation Funguran
OH 50 VP in a dose of 0.15% (solution),

[l Conventional preparations -
Sistan super (0.03%) + Nurele Dursban
(0.07%),

IV Nontreated control (water).

They are sprayed 7 times from the
beginning of the vegetation every 10 days.

The method used to identify
infections is based on visual observation,
taking into account the signs and
symptoms shown by infected plants.

200 leaves from the four directions
of the trees have been collected. The
reports of disease attack and the effect of
the applied preparations were made
according to the methodology for studying
plant resources in fruit plants (Nedev et
al., 1979). Infestation index of the studied
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NHOeKChT Ha HanageHve OT Npoy4YsaHuTe
60/1eCTV € U34nCNEeH No Bb3npueTtara BbB
utonatonormaTa cdopmyna Ha Mc
Kenney (1923). Pe3yntatute oT NbpBU 1
BTOPW BapmaHT ca CpaBHEHU C XUMUYHUSA
BapuaHT 1 KOHTposaTa.

Pesyntatute ca o6paboTeHn c
Microsoft Excel, Data analysis, Analysis
tools npu HMBO Ha gocToBepHOCT 95%.

PE3SYNTATU N OBCbXOAHE
BopbaTta ¢ NKOHOMWYECKN BaXKHUTE
60/1eCT € OCHOBEH €/IeMEHT OT TEeXHO-
noruaTa 3a OTrnexjaHe M onasBaHe Ha
yepewa u BuwWHa. Pesyntatute oT npo-
BEEeHMTe OnNWTU 3a YyCTaHOBsIBaHE Ha
6uonornyHaTa epekTMBHOCT Ha MpoyyBa-
HUTe OGuonpenapatm 3a 6Gopba CbC
CaumsaHka  (Stigmina carpophila) n
LUnnnugpocnoprosa (Blumeriella jaapii)
(Rehm) ca npeactaseHun Ha durypa 1.

diseases was calculated according to the
formula adopted in phytopathology by Mc
Kenney (1923). The results of the first and
second treatments were compared with
the chemical variant and the control.

The results were processed with
Microsoft Excel, Data analysis, Analysis
tools at a confidence level of 95%.

RESULTS AND DISCUSSION

The fight against economically
important diseases is a key element of the
technology for growing and preserving
cherries and sour cherries. The results of
the experiments performed to determine
the biological effectiveness of the studied
biological products for the control of shot
hole disease (Stigmina carpophila) and
Cylindrosporiosis  (Blumeriella  jaapii)
(Rehm) are presented in Figure 1.

60
50 -
40
30
20 +
10 +
04

%

Oblacinska L

Oktavia

—
Oblacinska ia

(==
e
k
O
e

Oktavia i
et

Karneol BT

Karneol
Karneol L

Oktavia
Oblacinska b=

2017 2018 2019
Caumanka/Stigmina carpophila
1. Bnononiien/Green Smile

. xuramuen/Chemical

Em——teeg
Karneol [t
R

Oktavia &
=
s

Oktavia e

Karneol
Oktavia
Karneol b

blacincka
Oblacinska

Oblacinska i

Oblacinska

2017 2018 2019
Wnanngpocnopuosa/Blumeriella jaapii
Il megosgbpaawm npenapam/ Cu-containing preparations

mIV. koHTpoAa HeTpeTHpaHa/ controls untreated

dur. 1. CteneH Ha HanageHune (%) oT CaumsiHka (Stigmina carpophila) w
LUnnuHgpocnopuosa (Blumeriella jaapii) (Rehm) (2017-2019)

Fig. 1. Infestation index (%) of shot hole disease (Stigmina carpophila) and
Cylindrosporiosis (Blumeriella jaapii) (Rehm) (2017-2019)

3a roauvHuTe Ha wu3cnenBaHeTo
Hall-Hucka CcTeneH Ha HanageHue oOT
caumsiHKa npu yepellosus copt OKTasus
umMa npu BapuaHTute Ha Green Smile n
MeAcbAbpxalwma npenapar. 3a 2017
WHOEKCHT e Mo-BUCOK, 3apaju rosiiMoTo
KO/IMYECTBO MafHanu Banexu npes M.
anpun n maii (133, 1 mm), cbyeTaHu ¢
BMCOKa Bb3fyllHa Bfara u YymepeHa
TemnepaTtypa, cboTBeTHO 34% (Green

For the years of the study, the
lowest degree of attack by shot hole
disease in the cherry cultivar ‘Octavia’
was found in the treatments of Green

Smile and the  copper-containing
preparation. For 2017 the index was
higher due to the large amount of

precipitation in April and May (133,1 mm),
combined with high humidity and
moderate temperature, respectively 34%
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Smile) n 33,30% (3a MeaHus), KOUTO ca
HWCKW, B CpaBHEHWE C KOHTPOJIHWA Ba-
puaHT (Hag 50%) 1 ¢ KOHBEHUWOHaHUTE
npenapaTu, Npu KOUTO CTENEHTa Ha Hana-
AeHue e 40%.

Mpe3 2018 n 2019 r ca oT4yeTEHU
MO-HUCKN CTOMHOCTK 3a CTEMNeH Ha Hamna-
JeHne 0T caumsiHka, kato OTHOBO Ba-
pvaHTuTe ¢ 6uonormyHm npenapatn (1 un
2) ca ¢ 65m3ku cToiHocTm (13,30-12,66%
(2018); 16,0-20,67% (2019). Mpu KOH-
TPONHMA BapuaHT CbOTBETHO ca Haii-
Bucokn 33,33% (2018); 25,33% (2019).

3a [gpyratra npoyyBaHa 6Gonect
uunuHapocnopuosa npu copt OKTaBns 3a
3Te rogvHM Ha wu3cnefBaHe Hal-Hucka
CTeneH Ha HanajeHue e oT4yeTeHa npwu
XUMWUYHMA BapuaHT (C KOHBEHLUMOHA/HU
npenapatu). MNpyu 6MOMOTMYHNA BapuaHT
(1 Green Smile) nma cpaBHUTE/THO HUCKM
cToinHocTh (16,00%-8,00%-15,33%), Kou-
TO ca 3HAYUTENIHO MO-HUCKN OT KOHTPO-
nata (24,00%-28,67%-41,33%).

Mpes3 no-snaxHata 2017r. npy BUL-
HeBUTe copToBe KapHeon n O6navmHcka
Hali-HUCKN CTOMHOCTM 3a CcTeneHTa Ha
HanageHve OT cayMsiHKa nma BapuaHTbT
C UM3Mon3BaHe Ha KOHBEHUWMOHaNHW npe-
napatu. MNpu BapuaHTUTE C U3NOA3BaHe
Ha O6MONMOTMYHN CpeacTBa WHAOEKCHT €
Masiko no-sucok (19,00% KapHeon; 13,30%
O6naymHcka), HO TOBa He OKa3Ba Cbllec-
TBEHO 3HayeHue Bbpxy AobuBa u kavec-
TBOTO Ha nnogoseTte. Hain-B1COK € NHAEK-
CbT Ha HanajeHwe npu HeTpeTupaHaTa
KoHTpona (24,70% KapHeon; 43,30% 3a
O6nayvHcka).

3a coptoBeTe KapHeon un O6na-
YyMHCKa Npe3 Tasu roguHa HAMa Hanage-
HMe OT UWIMHAPOCNOopMo3a.

Mpe3 cnegpawyte ABe rOAMHU Ha
nscnegsaHeto 2018 n 2019, MHOEKCHT Ha
HanageHve OT caymsiHka W UuanHapo-
crnopvosa cnejBa efHa U Cbla TeH-
JeHuus. BapuaHTbT C npunoxeHue Ha
6uonpoaykTute Ha Green Smile nva Haii-
HWCKM CTOMHOCTU. ManKo No-BUCOKK CTOM-
HOCTW MMa npwu TPeTu BapuaHT (KOHBEH-
LMOHasHU cpeAcTBa), cnefBaH OT BapuwaH-
Ta Cc MeAcbAbpxawm. Pasnvknte mexay

(Green Smile) and 33.30% (for copper),
which were low compared to the control
variant  (above 50%) and  with
conventional  preparations with an
infestation index of 40%.

In 2018 and 2019, lower values for
the infestation index of shot hole disease
were reported, as again the treatments
with biological preparations (1 and 2) had
similar values (13.30-12.66% (2018);
16.0- 20.67% (2019). The highest values
were reported for the control variant
33.33% (2018); 25.33% (2019).

The lowest infestation index was
reported for cylindrosporiosis in ‘Octavia’
cultivar for the 3-year experimental period
in the chemical treatment (with
conventional preparations). There were
relatively low values (16.00% -8.00% -
15.33%) in the biological treatment (1
Green Smile), which were significantly
lower than the control (24.00% -28.67% -
41, 33%).

In the wetter 2017, the lowest
values of infestation index of shot hole
disease in cherry cultivars ‘Carneol’ and
‘Oblachinska’ were found in the treatment
with conventional preparations. In the
variants using biological means the index
was slightly higher (19.00% ‘Carneol’;
13.30% ‘Oblachinska’), but this does not
have a significant effect on the yield and
quality of the fruit. The highest infestation
index was found in the nontreated control
(24.70% ‘Carneol’; 43.30% for
‘Oblachinska’).

For this year there was no infection
of cylindrosporiosis in ‘Carneol’ and
‘Oblachinska’.

Over the next two years in 2018
and 2019, the infestation index of shot
hole disease and cylindrosporiosis
followed the same trend. The treatment
with application of Green Smile organic
products had the lowest values. Slightly
higher values are found in the third
treatment (conventional means), followed
by the copper treatment The differences
between them are within 1%. The highest
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TAX ca B pamkute Ha 1 %. lpn KOH-
TPO/IHUTE HETpeTupaHu BapuaHTM wnma
Hai-BMCOKa CTEMEH Ha HanageHme.
CobliecTByBa BUCOKA KOpesiaunoH-
Ha (r=0,9174) u perpecnonHa (R?=0,8418)
3aBMCMMOCT MexXay CTOMHOCTUTE 3a CcTe-
neHTa Ha HanaZleHue OT cayMsHKa npwu
6uonecTULMANTE U KOHBEHLMOHa/THUTE
XMMUYHKN cpegcTa (durypa 2). Msnonssaii-
K/ MONYYEHOTO ypaBHEHMWE, NpPaKTUYeCcKu
€ Bb3MOXHO f[a Cce Hanpasu mMaremaru-
Yyeckn Mofen, ¢ KOWTOo Aa ce npeanosioxu
B/IMSAHNETO OT ynoTpebaTa Ha XMMuKasnw.
Mpun umnuHapocnopuosaTa He e
yCTaHOBEHa Takasa 3aBUCUMOCT.

40

30

Xummnven/
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dur.

infestation index was found in the
nontreated control variants.
There is a high correlation

(r=0.9174) and regression (R?=0.8418)
dependence between the values for the
infestation index of shot hole disease in
biopesticides and conventional chemicals
(Figure 2). Using the obtained equation, it
is practically possible to make a
mathematical model to predict the effect
of the chemicals.

No dependence has been found in
cylindrosporiosis.

™

y=0,7723x+ 3,6009
R*=0,8418

20 30

Green smile

40 o, 50

2. PerpecuoHHa 3aBUCMMOCT Mexay ounonectuumgmn (Green smile) un

XMMUYHW nNpenapaTtu 3a MHaekc Ha HanageHne oT cadumsHka (%)
Fig. 2. Regression dependence between biopesticides (Green smile) and
chemicals for infestation index of shot hole disease (%)

N3BOAN

BuonormyHo  cepTudpmnumpaHute
npenapaTtu nokassaT MHOro 406bp edekT
npu 6opbarta c 6onectuTe, B CpaBHEHUE C
HeTpeTupaHara KoHTpo/a.

W npe3 Tpute roguHu Ha muscnepn-
BaHETO, NpwW npoy4yBaHUTe rboHM 6onec-
TW, MHOEKCHT Ha HanafeHve e Hali-HUCHK
npu BapuaHTUTe C K3MN0n3BaHe Ha 6uo-
nornyHn pyHrmuman Ha Green Smile unu
e ¢ 6/mM3Kn CTOMHOCTM [0 BapuaHTa ¢
M3N0/3BaHe Ha XMMWUYHU npenapaTw.

CONCLUSIONS

Biologically certified preparations
showed a very good effect in the fight
against diseases, compared to nontreated
control.

In all three years of the study, in
the studied fungal diseases, the lowest
infestation index was found in the
treatments using biological fungicides of
Green Smile or was close to the treatment
using chemical preparations.
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Pesyntatute OT NpoyyBaHeTo ca
npegnocTaBka 3a BK/IOYBaHe Ha NpoyyBa-
HUTe Ouonpenapatm Green Smile B
paspaboTBaHe Ha PacTUTENIHO 3alluTHU
TexHonorum 3a 6opba c rebHUTE 6oNEecTu
Mo YepeLun 1N BULLHW.

BuonoruyHo  ceptudmumpaHute
npoayktn Ha Green Smile B paspabo-
TeHaTa cxema 3a P3 ycnewHo moraTt ga
3aMeCTAT KOHBEHLMOHasIHUTE npenapaTu
3a nosiyyaBaHe Ha 34paBoC/I0BHA N1040-
Ba NPOAYKLMS.

ChbluecTByBalWlaTa BMUCOKa Kope-
NauMoHHa N PErpecrMoHHa 3aBUCMMOCT Ha
Mexagy 61MonecTuunan U XMMUYHK npena-
patm e Bb3MOXHOCT MpakTMyeckn Jda
HamMa/IMM BfMSIHMETO M ynoTpebaTta Ha
XMMUKany, cnpsaMmo  ynotpe6ara Ha
6MONOTNYHN DYHTULNAM.

The results of the study are a
prerequisite for the inclusion of the
studied biological products of Green Smile
in the development of plant protection
technologies for the control of fungal
diseases of cherries and sour cherries.

Organically certified Green Smile
products in the developed scheme for
plant protection can successfully replace
conventional preparations for organic fruit
production.

The existing high correlation and

regression dependence between
biopesticides and chemicals is an
opportunity to practically reduce the

impact and use of chemicals compared to
the use of biological fungicides.
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PE3OME

ArofosuAT cokos 6pbmMbap Stelidota
geminata (Coleoptera: Nitidulidae) npous-
xoxpga oT CeBepHa AmMepuka. YCTaHOBEH
e 3a nbpBM NbT B EBpona npes ocem-
JeceTTe roguHN Ha MUHANNA BEK, a Y Hac
e ynoseH B kanaHu (pitfall traps) 3a nbpeu
nbT npe3 2018 r. B paioHa Ha Yenoney
npu uscnegsaHe Ha GmopasHoo6pasneTo
B OydpepHuTe 30HM Ha Dundee Precious
Metals Inc.

Mpe3 wmeceuute  Maii-tOHU-HOMN
2019 r. ca HabngaBaHM NOBPeAN BbPXY
pas3nnyHn naoAoBe B JINYHO CTOMNAHCTBO
OT cesnio YepBeHa BoAa, B palioHa Ha M3C
,00pa3uoB undnuk” - Pyce. Henpustenat
e ngeHtuduumpan kato Stelidota geminata
Say, 1825.

KntouoBu gymu: Stelidota geminata,
Arof,0B COKOB 6pbMbap, bvarapus

YBO/[,

Stelidota geminata (Say, 1825) npu-
Hagnexn kbM popg Stelidota (Erichson,
1843), cewmeiictBo Nitidulide (Latreille,
1802), paspen Coleoptera (Linnaeus,
1758). BuabT e M3BeCTeH KaTto SArofos
cokoB G6pbMbap (strawberry sap beetle).

SUMMARY

The strawberry sap beetle Stelidota
geminata (Coleoptera: Nitidulidae) is
native to the North America. Established
for the first time in Europe in the 1980s
and it was caught for the first time in
Bulgaria using pitfall traps in 2018 to the
Chelopech area at biodiversity study in
the buffer zones of Dundee Precious
Metals Inc.

In the months of May-June-July
2019, damage was observed on various
fruits in a private farm from the village of
Chervena Voda, in the area of the IASS
“Obraztsov chiflik” - Rousse. The pest
was identified as Stelidota geminata Say,
1825.

Key wards: Stelidota geminata,
strawberry sap beetle, Bulgaria

INTRODUCTION

Stelidota geminata (Say, 1825)
belongs to the genus Stelidota (Erichson,
1843), the family Nitidulide (Latreille,
1802), the order Coleoptera (Linnaeus,
1758). The species is known as
strawberry sap beetle. It comes from the
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Mpou3xoxga OT KOHTMHEHTasHaTa uvacT
Ha CALL n Mekcuko (Melsheimer, 1853).
Wma aaHHM 3a reorpadckoto My pasnpo-
cTpaHeHne B EBpona, A3usa, CeepHa
Amepuka, LleHTpanHa Amepurka n Kapmb-
Ckus 6aceliH n KOxHa Amepuka. BuasT ce
onpefens Kato WHBA3MBEH W paswmps-
Ball apeana cu 6narogapeHve Ha Bb3-
MOXHOCTTa 3a aknMMaTm3auns u CBeTOB-
Hata rnobanusauns (EPPO, 2010; Jelinek
et al.,, 2016). 3a nbpeu NbT B EBpona e
yctaHoBeH npe3 80-Te roguMHu Ha A30p-
ckute octposu (Moptyranus) (Israelson,
1985; EPPO, 2010), a Bnocneactene B
Benrns (Coulon, 1994), Wtanua npes
1995 u 2009 (Pansa et al, 2014),
AscTpusa (Schuh et al.,, 2006), ®paHyuA
(Callot, 2007), VicnaHua (Bensusan et al.,
2008), N'epmaHnusa (Kodhler, 2009), YHrapus
(Merkl et al., 2009), Cbpbusa (Spasi¢ et
al., 2011), Yexus (Vavra et al., 2012),
Pycusa (Tsinkevich and Solodovnikov, 2014),
Cnoakus (Jelinek, 2014), Typuus (Avgin
et al., 2015), PymbHus (Stan, 2019).

B bvnrapus, BUAbLT € yCTaHOBEH 3a
NbPBM MbT npe3 naroto Ha 2018 r. B
KanaHu 3a wuscnegBaHe Ha 6uopasHo-
obpasueTto B 6ydpepHuTe 30HM Ha Dundee
Precious Metals Inc. kpai rp. Yenoneu
(Gueorguiev, 2018). ABTOPBLT YTOUHABA,
ye ob6paseubT € Y/I0OBEH B KanaH B
6/1M30CT A0 Aro4oBo nose.

Llenta Ha HacTOALOTO NpoyyBaHe
e fJa ce ugeHtTuduumpa speguten no
Arof0BN HacaxpaeHus B panoHa Ha N3C
,00pa3uoB ungnnk” - Pyce m pga ce
Habngasat MoponormsaTa, UMKbAbT Ha
passuTve 1 noBpeanTe, KOMTO HaHaCH.

MATEPWNAN N METO4WA

OT kpast Ha M. Maii Ao cpegarta Ha
M. toHM1 2019 r. B eHTOMOsIornyHaTa nabo-
patopusi Ha N3C ,06pa3yos undnuk’ -
Pyce HsAKonKkokpaTHO nocTbnBa 6uosioru-
YyeH maTepuas - SArogun, MNOBpPeAeHn oT
HernosHaT BpeauTen. [MpousxogbT Ha
npo6ute e OT AIMYHO CTOMAaHCTBO OT C.
UepseHa Boga (5 km ot kB. O6pa3suoB
unchnnk). NMocagbyHUAT Aro40B MaTepuan
€ 3aKyneH OT npousBoauTens npes npeg-

continental United States and Mexico
(Melsheimer, 1853). It has geographical
distribution in Europe, Asia, North
America, Central America and the
Caribbean and South America.

The species is defined as invasive and
expanding its range due to the possibility
of acclimatization and trade globalization
(EPPO, 2010; Jelinek et al., 2016). It was
first established in Europe in the 1980s in
the Azores (Portugal) (Israelson, 1985;
EPPO, 2010) and subsequently in
Belgium (Coulon, 1994), Italy in 1995 and
2009 (Pansa et al., 2014 ), Austria (Schuh
et al., 2006), France (Callot, 2007), Spain
(Bensusan et al.,, 2008), Germany
(Kéhler, 2009), Hungary (Merkl et al.,
2009), Serbia (Spasi¢ et al., 2011), Czech
Republic (Vavra et al.,, 2012), Russia
(Tsinkevich and Solodovnikov, 2014),
Slovakia (Jelinek, 2014), Turkey (Avgin et
al., 2015), Romania (Stan, 2019).

In Bulgaria, the species is for the
first time identified in the summer of 2018
in pitfall traps for biodiversity research in
Dundee Precious Metals Inc. buffer zones
near Chelopech (Gueorguiev, 2018). The
author states that the specimen is trapped
near a strawberry field.

The aim of this study is to identify a
pest of strawberry plantations in the area
of IASS "Obraztsov Chiflik" - Rousse and
to monitor the morphology, development
cycle and damage it causes.

MATERIAL AND METHODS

From the end of May to the middle
of June 2019, biological material -
strawberries damaged by an unknown pest -
has been repeatedly submitted to the
entomological laboratory of the IASS
“Obraztsov chiflik” - Rousse. The origin of
the samples is from a private farm in the
vilage of Chervena Voda (5 km from
Obraztsov Chiflik neighborhood). Strawberry
planting material was purchased from the
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X04Ha rogyHa u e ¢ npousxoq Mtanusi.

Mpobute ca o06paboTeHn upes
paspsi3BaHe M MUKPOCKOMMPaHe u B TSX
ca YCTaAHOBEHW BbB3PACTHU eK3eMnaspu
OT eguH BUZ Ha pasp. Coleoptera.

B CbWoOTO /MYHO CTOMAHCTBO, B
Ha4yasloTo Ha M. /I eK3eMnasipu ot
yCTaHOBEHUSI BWf, ca OTKPMTW MO NoBpe-
[eHV NfogoBe Kaicum n gomaTw.

PE3YJITATU N OBCBXXOAHE
BpbmbapuTe ca naeHTUMLMpaHu
kaTo Stelidota geminata Say, 1825.

farmer in previous years and originating in
Italy.

Samples were processed by cutting
and microscope, and in them have
established adult specimens of one
species of order Coleoptera.

In the same private farm, in the
beginning of July, specimens of the
established species were found in
damaged fruit of apricots and tomatoes.

RESULTS AND DISCUSSION
Beetles have been identified as
Stelidota geminata Say, 1825.

owur. 1. Stelidota geminata Say, 1825 - nmaro
Fig. 1. Stelidota geminata Say, 1825 - imago

Ha 12.06.2019 r. o6pasuu oT Hace-
KOMUTE ca nsnparteHu B LieHTpanHa na6o-
paTtopusi No KapaHTMHa Ha pacTeHusTa
kbM BABX — Codmsi, OT KbAeTo Ha
19.06.2019 r. e nosiy4eHO NOTBbPXAEHUE
Ha naeHTuduKkaumsaTa Ha Buga.

HabnwogaBaHaTa kapTuHa Ha Mno-
Bpeja ce u3passiBa B pas/iMyHu No rose-
MUHa AMUYKM U XO[0BE MO MOBbPXHOCTTA
n B AbN604YMHa Ha NaofoBeTe (Aroaw,
Kaiicum n gomartn).

CxofHa KapTMHa Ha noBpega e

On 12.06.2019, the samples of the
insects were sent to the Central Laboratory
for Plant Quarantine to the Bulgarian
Food Safety Agency - Sofia, where on
19.06.2019 was received confirmation of
the identification of the species.

The observed picture of the damage
is expressed in various size holes and
moves over the surface and depth of fruit
(strawberries, apricots and tomatoes).

A similar picture of damage was
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HabnwgasaHa nNpu 3penu arogy n npac-
koBn (Weber and Connell, 1975); pa3na-
rawy ce noptokanu (Armstrong, 1976),
nagHanun v pasnarawy ce naogose A6b-
km n kpywn (Merkl et al., 2009; Stan,
2019); ManvMHK, OGOPOBMHKKU, MPACKOBW,
yepewn n nbnewun (Pansa et al.,, 2014);
pomatn (USDA, 1967); cknagupaHu be-
Tbun n opus (Douglas, 1941; Hagstrum
and Subramanyam, 2009); pa3sivyHu
Buaose robom (Moennich, 1941). BuasT e
YCTAHOBEH [OpU B CBUHCKA MbpLUa
(Payne and King, 1970) n pa3narawu ce
AbpBecHn octatbuym (Shubeck et al.,
1977). Bb3pacTHUTE W /flapBUTe Ha
HenpuaTens ce XpaHAaT Ha €4HO U CbLuo
MSCTO, NPUUMHABANKMA efHakB/ NoBpeau,
HO OCHOBHaTa Bpeja Cce HaHacsa oOT
Bb3pacTHUTE, Tbil KaTO MO BPeEMe Ha
BpeAHa [AelHOCT Ha napeute NaoAoBeTe
Beye ca MOBpPedEHU W pasnarawy ce
(Spasic et al., 2011).

Bb3pacTHuTe MHAMBMAWN ca yCTaHO-
BEHW OCHOBHO Ha MSACTOTO Ha nospepara,
HO Mpu o06e3nokosiBaHe Hamyckat 6bpP30
nn1oaoBeTe NeTenkn NN MbA3enkun.

BpbmbapuTe ca C Ab/MKUHA OKOS0
15 mm u ca kagsBM C NO-CBET/O
ougeTeHa X-obpasHa vBuLa Ha enuTpuTe.
MonoBuAT AMMOpgIN3bLM Ce M3passBa B
lWwvpuHaTa Ha npegHerpbia, karto npu
MBXKUTE MHOUBMAM € no-roniam. dAiyarta
ca C gb/mkuHa okosio 0,75 mm, MneyHo-
6enn, npogbarosatu. Jlapearta € MpbCHO
651a Ha UBAT CbC CBET/IOKagsiBa rnasa.
KakaBugata nbpBOHaYaslHO e 651e40
KpemaBa Ha LUBAT, B NocneacTsuMe ouute
NoTbLMHABAT M KpunaTa npugobmusaT cus
uBAaT (Loughner and Loeb, 2009).

Stelidota geminata e 6uMBONTUHEH
BuZA. MNbPBOTO NOKOMEHWE Ce pa3BuBa Mo
nnogosete Ha sarogute. OnTuMasiHaTa
TemnepaTtypa 3a pasBUTE Ha HacekoMo-
TO e okosio 23 °C. Mupu3smara Ha 3peeLim
nJogoBe NpvBMNYa Bb3pacTHUTE OT pas-
JINYHUTE CKpMBa/IMLWa, B KOWUTO ca npe-
3umyBann. Cbo6LLIEHO € 3a MUrpaums Ha
Stelidota geminata npe3 nponetra oT
FOPUCTU MECTHOCTW KbM SArofoBM noneta
(USDA, 1968). Ta ce ocbllecTBsBa Ha

observed in ripe strawberries and
peaches (Weber and Connell, 1975);
decaying oranges (Armstrong, 1976),

fallen and decaying apples and pears
(Merkl et al.,, 2009; Stan, 2019);
raspberries, blueberries, peaches,
cherries and melons (Pansa et al., 2014);
tomatoes (USDA, 1967); stored peanuts
and rice (Douglas, 1941; Hagstrum and
Subramanyam, 2009); different types of
mushrooms  (Moennich, 1941). The
species has been found even in pig
carrion (Payne and King, 1970) and
decaying wood residues (Shubeck et al.,
1977). Adults and larvae of the pest are
fed in the same place, causing the same
damage, but the main damage is done by
the adults, because during the harmful
activity of the larvae the fruits are already
damaged and decomposed (Spasic et al.,
2011).

Adult individuals are mainly found
at the location of the damage, but when
disturbed, they leave the fruit quickly by
flying or crawling.

Beetles are about 1.5 mm in length
and are brown with a lighter colored
X-shaped strip of elitras. Sexual
dimorphism is expressed in the width of
the prothorax, and is larger in male
individuals. The eggs are about 0.75 mm
long, milky white, oblong. The larvae is
dirty white in color with a light brown
head. The pupae is initially pale cream in
color, subsequently the eyes darken and
the wings turn gray (Loughner and Loeb,
2009).

Stelidota geminata has two
generations per year. The first generation
develops on fruits of the strawberries. The
optimum temperature for the development
of the insect is about 23 °C. The smell of
ripen fruits attract adults from the various
hidden overwintering places. Migration of
Stelidota geminata in spring from
woodland to strawberry fields has been
reported (USDA, 1968). It occurs by a
series of short flights or walks (Williams et
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cepun OT KbCW NpenuTaHmsa uam npunbii-
3aBaHua (Williams et al., 1996). Bcsika
XEHCKa cHacsa okosio 350 6p. fliua BbB
BN@KHWN UenHaTuHK 61130 A0/BbPXY Xpa-
HUTENIHUTE MU3ToYHUUW. W3nonBaHeTo ce
Habnogasa cnep 2-3 gHn. Cnepg wanton-
BaHeTO /lapBuTe 3amnoyBaT fda TbpcAT
XpaHa, KaTto npegnounTaT nog, KonTo ce
JokocBa Ao 3emATa. JlapBaTa npekapsa
5-6 fHW B XpaHeHe, eMH OEH B CKUTaHE U
ABa OHW B NPUrOTBAHETO Ha KakaBugHa
Kamepka (Ha gbn6ouMHa go 1,5 cm B
noysarta) u npemmHasa npes Tpu Bb3pac-
V. KakaBnaHWAT neproj Tpae OKono cef-
MULA, KATO XEHCKUTE MHOUBUAN UMArUHU-
pat no-paHo OT MbXKuTE. >KU3HEHWAT
LMKBN € C NPpOoLb/HKUTENHOCT cpedHo 20
OHn. TMpoab/HKUTENHOCTTA Ha XMBOT Ha
Bb3pacTHUTE UHAMBUAN € OKONo 58 AHwW,
a nosoBuAaT nHaekc - 1:1. MNonosata 3pe-
NI0CT HacTbnBa 4 gHW cnef umarMHupa-
HeTo, a AluecHacaHeTo — 5 AHM NO-KbCHO.
BTopoTo nokoneHve ce pasBuBa Mo
naogoBeTe Ha MHOro Kyntypu (Spasi¢ et
al., 2011). MNMpe3umyBaT camoO Bb3PaCTHU
unHousnan (Weber and Connell, 1975).

MoHexe NpubupaHeTo 1 TbProBus-
Ta C MOBPEAEHUN 1 pas/IOKEHN NI0J0BE €
HEBB3MOXHA, NKOHOMUYECKUTE 3arybu ca
ronemmn (Spasi¢ et al., 2011). Stelidota
geminata ce fBsiBa U MPEHOCUTEST Ha
6onectn (Loughner and Loeb, 2009), a
npuyvHEeHWTEe noBpean no nnogoseTe
npegpasnonarat KbM HanageHue u ot
apyrn Hacekomu Hanp. Drosophila spp.
(Potter et al., 2013).

Bopb6aTta e TpygHa nopaan HAKOJIKO
MPUYMHK: B CbLUMA MOMEHT N/10J0BETE ca
B 3PSA/IOCT rofHa 3a KOHCyMauusi; NCTHa-
Ta Maca 3aTpygHsiBa MnonagaHeTo Ha
WHcekTuumamTe Bbpxy nnogosete (Williams
et al., 1996); B nabopaTtopHuM yc/noBus 13-
NUTBaHMTE MHCEKTULMAMN NOKasBaT BUCOKa
edKacHOCT, HO Npu NpuiaraHe Ha nosne-
TO TA Bapupa B rosisiMa CTeneH nopagu
HeJOCTaTbyHMA KOHTaKT C 6pbMbapute,
KOUTO Ce XpaHAT BbTpe B MOBpPeAeHUTe
nnogose. MNpenopbyBa ce npuiaraHe Ha
WHCEKTUUMANTE  Cpelly  Bb3pacTHuTe
Hacekomn npean siilecHacsiHe. B CALL,

al., 1996).

Each female lays about 350 eggs in moist
crevices near/on food sources. Hatching
is observed after 2-3 days. After hatching,
the larvae begin to search for food,
preferring a fruit that touches the ground.

The larvae spends 5-6 days feeding, one
day wandering and two days making a
pupal cell (1.5 cm deep in the soil) and
passes through three instars.

The beetles emerge from the soil in about
a week, and the females leave cells
earlier than the males. The life cycle is
completed in 20 days average. The adult
life span is 58 days average and the sex
ratio is 1:1. Sexual maturity occurs 4 days
after eclosion and oviposition 5 days later.

The second generation develops on fruits
of many cultures (Spasi¢ et al.,, 2011).
Only the adults overwintered (Weber and
Connell, 1975).

Because the harvesting and
marketing of damaged and decomposed
fruits is impossible, economic losses are
high (Spasi¢ et al, 2011). Stelidota
geminata is also a disease vector
(Loughner and Loeb, 2009), and caused
damage to fruits predispose to attack by
other insects eg. Drosophila spp. (Potter
et al., 2013).

The pest control is difficult for
several reasons: at the same time, the
fruits are ripe for consumption; leaves
makes it difficult for insecticides to fall on
the fruit (Wiliams et al.,, 1996); in
laboratory conditions the tested
insecticides have shown high efficacy, but
when applied in the field it varies greatly
due to insufficient contact with the beetles
that feed inside the damaged fruit.

It is recommended that insecticides be
used against adult insects before egg-
laying. In the United States, organo-
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npes roguHWTe ca M3noa3BaHW OpraHo-
ocopHn mnHcektuuman (USDA, 1968),
cuHTeTUYHM nmpeTpouagn  (Pritts  and
Bushway, 2003).

MpenopbyBa ce npunaraHeTo Ha
CaHUTapHU MpaKTUKM — CBOEBPEMEHHO
b6paHe Ha y3pesuMTe M/0L40BE; OTCTPaHs-
BaHe U YHuLOXaBaHe Ha npespenute
nao4oBe; M3M0/3BaHe Ha COPTOBE Aroau
C M3npaBeH xabuTyc, MpU KOWUTO KOHTak-
TbT Ha M/I04OBETE C Mo4YBaTa € MUHMMa-
JIEH; NPOCTPaHCTBEHA M30/aums Ha fro-
[l0BUTE nojieTa oT ropckn nosicu (Loughner
and Loeb, 2009); He3abaBHO peHOBMpaHe
Ha nofetata cnep npubupaHe Ha £ro-
JoBaTa pekosTa; 3asiaraHe Ha OTPOBHM
npMMaMKu B 30HMTE, NPE3 KOUTO Mpemu-
HaBa mMurpaumsita Ha 6pvMbapute npeau
HaB/IM3aHETO MM B AroAoBuUTE MoseTa, a
XMMUYeckmnTe cpeactea 3a 6opba ga ce
npunarat 60pLOBO Npe3 nponerra no
BpEME Ha MurpaumsTa Ha HacekomuTe
(Loughner et al., 2008).

Kato Bb3MOXHOCT 3a 6uosornyeH
KOHTpON e CbOo6LLEH HemaToaa
Neoaplectana carpocapsae Weiser nu
ocara Microctonus nitidulidis  Loan
(Hymenoptra: Braconidae) napa3utu no
umaroto Ha Stelidota geminata (Weiss,
1979).

N3BOAN

Stelidota geminata e ocHoOBeH
HenpuaTen no Aarogute B CALL, npuynHu-
TeN Ha TeXKN WKOHOMUYecKu 3aryou.
Cnep, cnyyaiHOTO My MpeHacsHe W
nocnefsanara ekcnaHsua B EBpona ce
npespblia B Cepuo3eH npobnem u B
Cobpbus. MNossBaTa My y Hac e npean3Bu-
KaTencTBo 3a NMPOU3BOAUTENWUTE Ha MJ1o-
JoBe (Tbil KaTo HenpuATenAT Hanaja He
camMo AroguTe, HO U MHOMO ApYyry naogo-
BE), KakTo 1 3a uscnegosatenute (Tbpce-
WM mMeToaM 3a HamasiaBaHe Ha 3aryoute
[0 npvemnuneun HMBa). OvakBa ce, ye e
6bae npobnem B NPOU3BOACTBOTO Ha
AroAW 3a rofvHU Hanpeg.

phosphorus insecticides (USDA, 1968),
synthetic pyrethroids (Pritts and Bushway,
2003) have been used over the years.

Sanitary practices are
recommended - timely picking of ripe
fruits; removal and destruction of overripe
fruits; the use of varieties of strawberries
with erected habit, where the contact of
the fruit with the soil surface is minimal,
spatial isolation of strawberry fields from
forest belts (Loughner and Loeb, 2009);
immediate renovation of the fields after
the strawberry harvest; laying poisonous
baits in the areas where the migrations of
beetles pass before entering the
strawberry fields, and the chemical control
products to be applied on-board in the
spring during the migration of insects
(Loughner et al., 2008).

The nematode Neoaplectana
carpocapsae Weiser and the wasp
Microctonus nitidulidis Loan (Hymenoptra:
Braconidae) parasites on the Stelidota
geminata imago (Weiss, 1979) have been

reported as possibilities for biological
control.

CONCLUSIONS

Stelidota geminata is a major

strawberry pest in the US, causing severe
economic losses. After its accidental
transfer and subsequent expansion into
Europe, it becomes a serious problem in
Serbia as well. Its appearance in our
country is a challenge for fruit producers
(as the enemy attacks not only
strawberries, but many other fruits), as
well as for researchers (looking for
methods to reduce losses to acceptable
levels). It is expected to be a problem in
strawberry production for years to come.
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