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PE3OME

WN3cnepsaHo e BAMSIHUETO HA MUKPO-
61oNornyHM npenapaTtu Bbpxy BeretaTms-
HUTE W TeHepaTMBHM CBOWCTBa, M/I0A0-
poove n KayecTBO Ha MasIMHOBUTE MJO-
[OBe B pasNIN4yHM arpoeKosiorMyHn ycro-
BUS Ha Cbpbusa. OnuTuTe ca NpoBefeHn
B: CrtynueBmuym (Apune), bykoBuua
(MBaHMua), BnacuHa n MwunuyeBo ceno
(Apnne). B onuta ca BK/IKOYEHU COpPTO-
BeTe "Bunamet", oTrnexgaH B Hacaxae-
HUATa Mof Mpexa MnpoTMB rpajyLlka;
"BunameTt", oTrnexgaH Ha oTkpuTto; "Mwii-
Kbp", oTrnexaaH Ha OTKpuTo; "deptonu
3amMaTow”, oTrnexgaH Ha OTKpUTO; W
"Monka", oTrnexaaH BbB BUCOK TYHe.

B Te3n HacaxaeHus ca M3non3saHu
MUKPOBUONOrMYHM Npenapartu, CbAbpXa-
WM MUKPO- N MaKpOEesIeEMEHTU, MUKPO-
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SUMMARY

The influence of microbiological
preparations on vegetative and generative
properties, fertility and quality of raspberry
fruit was examined in different agro-
ecological conditions of Serbia. The trials
were conducted in localities: StupCevi€i
(Arilje), Bukovica (lvanjica), Vlasina and
Milicevo Selo (Arilie). Following cultivars
were included in the trials: ‘Willamette’,
grown in the plantation under the anti-halil
net; ‘Willamette’, grown in the open field;
‘Meeker’, grown in the open field; ‘Fertodi
Zamatos’, grown in the open field; and
‘Polka’ grown in a high tunnel.

Microbiological preparations that
contain micro- and macro elements,
microorganisms and amino acids were
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opraHvu3mMn 1 amuHokucenuHu. Mpenapa-
TUTE ce nmpwunarat no ABa HayvHa: Mou-
BEHO (N0NMBaHe) 1 NNCTHO (Hag, iMcTata).
MpenapaTtnTe ca NPUIOKEHWN B HA4al0TO
Ha Beretauusita, npegy UubdTexa u
npeau npubupaHe Ha pekosTaTa.
MpunoxeHnute npenapatn umar
NoSIOXUTESNIHO BUSIHNUE BBPXY Oposi Ha
MnaanuTe 1 3penute cTbbsia BbB BCUYKK
TPETUPaAHN HacaXAeHWUsi, B CpaBHEHUE C
HeTpeTupaHnTe. CblUO Taka, Nosoxute-
NeH edekT OT NPUIOKEHUTE XPaHUTESHU
BellecTBa € peructpupaH u  BbpXY
BMCOYMHaTa M pebenuHaTa Ha 3penuTe
CTbbna, Kakto Wu BbpXy [AobumBa mu
KauyecTBOTO Ha Ma/IMHOBUTE MN/1I040BE.
KntouoBu Aymu: MasIMHW,
XpaHUTE/THUN BeLLEeCTBa, MUKPOOPraHn3mu,
BereTaTVBHMW CBOWCTBa, A06VB

YBO/,

Mpon3BOACTBOTO Ha Ma/IMHU B
Peny6nuka Cbpbusi Mma ronsimMo 3Haude-
HMe 3a MKOHOMUKaTa Ha cTpaHarta. V3Ho-
CbT Ha 3amMpaseHn MasIMHU HOCU NPUX0S
oT okono 250 MAH. eBpoO TOAULLHO.
PervoHnte 3a Ma/MHONPOW3BOACTBO B
Cbpbus ca 3HaUUTEsSTHO pasLMpeHn npes
nocnegHuTe roguHu 6narogapeHve Ha
61aronpUSATHATE arpoeKosIoTNYHN oaKTo-
pyv U CTUMY/IMPAHETO Ha NPOWU3BOAUTENU-
Te Jopv B palioHn ¢ HenogxogsALwm ycnio-
Bus (Petrovi€ et al., 2017). ManuHuTe ca
MHOr0 YyBCTBMTE/IHU KbM HebnaronpusaTt-
HW MOYBEHW YC/OBUA W TEXHOMNOrMYHAa
HeAVCUMNIIMHUPAHOCT, nopagu KoeTo ce
cpeLar MHOro 4YecTto npobsiemn B Npous-
BOACTBOTO. Haii-uecTo cpelwaHuTe ca:
Henoaxopgsl, M3bop Ha MACTO U MOAro-
TOBKa Ha noyBaTta, HeJoCTaTb4yHO oOpra-
HMYHO BeLLEeCTBO B cybcTpaTa M Mb/HO
OTCBHCTBUE WM MPEKOMEPHO MpunaraHe
Ha MVHepasiHu TopoBe. Bcuyko ToBa Boan
[O OO CBbCTOSHUE Ha pacTeHusTa,
HamaneH fobuB, MOHWKEHO KayecTBO Ha
naofoBeTe, a MHOro 4ecTo ce Habngasa
BHE3arnHo M3cbxBaHe Ha cTbbnara u 3a-
rMBaHe Ha BCUYKM pacTeHus B HacaxaeHue-
TO Mpeay Kpas Ha nposieTTa U HavyasioTo
Ha natoTto (Leposavic et al., 2015).

used in these plantations. Preparations
were applied in two manners: through soll
(watering) and foliar (over leaf).
Preparations were applied at the
beginning of vegetation, before flowering
and before harvesting.

Applied preparations had a positive
influence on the number of young and
mature canes in all treated plantations,
compared to untreated. Also, the positive
effect of the applied nutrients was also
recorded on the height and thickness of
mature canes, as well as on the yield and
quality of the raspberry fruit.

Key words: Raspberry, nutrients,
microorganisms, vegetative properties,
yield

INTRODUCTION

Raspberry  production in the
Republic of Serbia has a great importance
for the economy of the country. Export of
frozen raspberries makes a foreign inflow
of about 250 million euros per year.
Raspberry production regions in Serbia
have been significantly expanded in
recent years due to favorable agro-
ecological factors and stimulation of
growers for this production even in areas
with inadequate conditions (Petrovi¢ et al.,
2017). Raspberries are very sensitive to
inadequate soil conditions and
technological indiscipline, and therefore
problems in production occur very often.

The most common are: inadequate site
selection and preparation of soll,
insufficient  organic matter in the
substrate, and the complete absence or
excessive application of mineral fertilizers.

All this results in poor plant condition,
decreased vyield, reduced fruit quality, and
very often there is a sudden drying of
canes and decay of all plants in the
plantation before the end of spring and
early summer (Leposavi¢ et al., 2015).
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[Oo6MBBT M Ka4ecTBOTO Ha MJ10f0-
BeTe W LUenecbobpasHOCTTa Ha Mpowus-
BOACTBOTO 3aBUCAT OT MHOro dhakropw,
KaTo COPTOBW XapakTepucTuku, KivmMa-
TUYHW DaKTOPKU, TEXHOMOTUSA HA OTI/IeX-
JaHe 1 n3non3eaHe Ha opraHoMUHeEPasTHU
TopoBe (Leposavic et al., 2013; PeSakovi¢
et al., 2013; Zorenc et al., 2017).

MATEPVAZT U METOOU

N3cnepsaHo e BMAHWETO Ha ABa
BMfa Mnpenapatn BbpPXy BeretaTuBHUTE,
reHepatvBHATE W MOMOMOTUYHUTE Xapak-
TEPUCTUKN HA HAKOJIKO copTa MasiMHu Mpu
pasfiMyHM  arpoeKosIoTMYHU  YCNoBUA Ha
Cobpbusa. BbB BCUYKM HacaxaeHus e
WHCTa/IMpaHa cucTemMa 3a KarnkoBo Haros-
BaHe, Kato 3a noagpbXkarta ca npuioxe-
HY obuyaliHnTe arpoTexHWYeckn Mepon-
puatua. OnuTuTe ca opraHusMpaHy Ha
yeTnpu mecta. NbPBOTO HacaxaeHe Cbe
copTt "Bunamet” ce Hamupa B CTyn4yesu-
um 6nmso go Apune, (43°42,681, N,
20°07.033 E, Hagmopcka Buco4dnHa 358
m, namepeHa ¢ GPS ycTtpoiictBo Garmin
Etrex). MNMouBata B HacaxaeHusiTa e C
HeyTpasiHa peakuusi, CbC CpefHO CbAbp-
XaHWe Ha Xymyc, BUCOKO CbAbpXaHue Ha
a3oT U U3K/IYUTENHO BUCOKO (BPESHO)
CbAobpxaHne Ha docdop U KaIuii.
Cnopep, amepukaHckata Knacudukaums
Ha MexaHW4yHuA cbCTas, noysata npuHag-
JIeXN KbM KaTeropuaTta rnmHa.

BTOpOTO HacaxgeHue CcbC Cblmd
COpT € pasnosioxeHo B bykosuua Kkpai
MBaHunua (43°36.574 N, 20°11.324 E,
HagmMopcka BucovrHa 453 m). MNouysaTa B
HacaX[JeHNeTo e [MIMHECTO-NecbynBa, ¢
Kicena [0 HeyTpaslHa peakuusl, CbC
CpefHO CbAbpXaHWe Ha XyMyC, BUCOKO
CbAbpXaHWe Ha as3oT M U3KIYUTESTHO
BMCOKO  (BpedHO) CbAbpXaHuMe  Ha
hocop M Kanmii. TPeToTo HacaxaeHue
CbC copT ,Muiikbp“ ce Hamupa Kpaw
BnacuHckoto esepo  (42°40.968 N,
22°21.825 E, Hagmopcka BucodnHa 1300
m). [ouyBata € [NIMHECTO-NEeCchbYNBA,
CW/THO K1cena [o KNCesMHHa, CbC CPpesHo
CbAbpXaHMe Ha Xymyc M asoT, HMUCKO
cbAbpXaHne Ha occop ©“ BUCOKO

Yield and fruit quality and the
viability of the production depend on many
factors, as cultivar characteristics, climate
factors, applied method of cultivation and
use of organomineral fertilizers
(Leposavi¢ et al., 2013; PeSakovi¢ et al.,
2013; Zorenc et al., 2017).

MATERIAL AND METHODS

The influence of two types of
preparations on vegetative, generative
and pomological characteristics of several
raspberry cultivars in different agro-
ecological conditions of Serbia was
studied. A drop irrigation system has been
installed in all plantations and the usual
agro- and pomotechnical measures have
been applied for maintenance. The trials
were set up at four localities. The first
plantation of cultivar ‘Willamette’ was
located in  StupCevi¢éi near Arilje,
(43°42,681’'N, 20°07,033’E, altitude 358
m, measured by a GPS device Garmin
Etrex). The soil in the plantation was of

neutral reaction, with medium humus
content, high nitrogen content and
extremely high (harmful) content of

phosphorus and potassium. According to
the American classification of the
mechanical  composition, this  soil
belonged to the category clay.

The second plantation with the
same cultivar was located in Bukovica
near Ivanjica (43°36.574'N, 20°11.324'E,
altitude 453 m). The soil in the orchard
was sandy loam, acidic to neutral
reaction, with medium humus content,
high nitrogen and extremely high
(harmful) phosphorus and potassium
content.

The third plantation with the cultivar
‘Meeker’ was located at the Vlasinsko
Lake (42°40.968'N, 22°21.825'E, altitude
1,300 m). The soil was sandy loam, highly
acid to acid, with medium content of
humus and nitrogen, low content of
phosphorus, and high content of
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CbAbpXaHne Ha kanuin. YeTBbPTOTO Ha-
caxjeHue cbCc copt "®PepTtoam 3amarowd”
€ pasnonoxeHo B Munnueso ceno 6,130
no Moxera (43°47.476 N, 20°06.303 E,
HagMopcka BucovrMHa 314 m). MNoysaTta e
rMNHEeCTO-NecbyIMBa, kucesna [o cnabo
KACena, C HNCKO CbAbPXaHWE Ha XyMmyC,
CpefHo a30THO CbAbpXaHue 1 borata Ha
gocchop u kanmin. CopT "Monka" ce
oTrniexga B NeTo HacaxaeHue nog noauv-
eTnuneHoB TyHen B  MwavMyeBo ceno
(43°47.490 N, 20°06.164 E, Hagmopcka
BMCOYMHA 327 m). [NIMHECTO-NecbY/IMBUTE
MoyBM ca C ONTMMasiHA KUCEJIMHHA
peakuusi 3a MasmHaTta, W3K/IHYUTESTHO
HNCKO CbObPXaHWE Ha XYMyC WU C HUCKO
CbAbpXaHue Ha asoT, hocdop 1 kanwuii.

BbB BCUYKM HacaxgeHust ca 13nosi-
3BaHW npenaparty, CbAbpXawn MUKPO- U
MaKpoeneMeHTH,  MUKPOOPraHusMm U
amMuHokucenuHu. Te ca npunaraT no Asa
HauyMHa: MoYBEHO (nosimBaHe) M NUCTHO
(Hag nwucta). lMpenapatr EM Naturalnie
Aktywny (FpeHnaHama TexHonoruss EM.,
Monwa), KOWTO ce npuaara NoYBEHO, UMa
cnegHoTo CbAbpXaHUeE: CcBO6OAHM
amMuHokucesnmHu - 10%, obLlwo opraHuyHo
BeLLecTBo - 18%, 06wy a3oT (N) - 3%, o6y,
doocchop (P20s) - 1%, 06wy, kasmin (K,0) -
1% fIMCTHOTO TpeTupaHe ce M3BbPLUBA C
Isabion (Syngenta, LlBeiinapus) epgHo-
BPEMEHHO C  MOYBEHOTO  TOpEHe.
M3abMoHBT Cbabpxa: 06wy, a3oT - 10.9%
(opraHunueH 10%, aMoHA4YeH0.9%),
opraHuyeH Bbrepos - 29.4%, o6uwo
OpraHNM4YyHO BELLECTBO U aMUHOKNCESTUHN -
62.5%, cBo60AHN aMUHOKMCcEeNnHK 10.3%.

MpenapatnTe ca NPUIOXKEHN B Ha-
YasI0TO Ha BereTauusTa, npegn UbgTEX
n npegn npubupaHe Ha pekonTaTta.
N3cnepgBaHoO € TAXHOTO BAUSIHME BBHPXY
BereTaTMBHMTE M PENPOAYKTMBHM Xapak-
TepucTvkn, [JO6MB M KayectBO Ha
Ma/IMHOBUTE N0A0BE.

PE3YJITATU N OBCBXXOAHE
Pesyntatute, npeactaBeHn B
Tabnuua 1 nokasBaT, Y€ BbB BCUYKM
TpeTMpaHy HacaxaeHua umMa Mo-ronam
6poin mMnagn cTbbna Ha MeTbp, B

potassium. The fourth plantation with
cultivar ‘Fertodi Zamatos’ was located at
Miliéevo Selo near Pohega (43°47.476'N,
20°06.303'E, altitude 314 m).

The soil was sandy loam, acid to slight
acid, with low humus content, mean
nitrogen content and rich in phosphorus
and potassium. Cultivar ‘Polka’ was
cultivated in fifth plantation under plastic
tunnel in Milicevo Selo (43°47.490'N,
20°06.164'E, altitude 327 m). The sandy
loam soil was of optimal acidity reaction
for raspberry, extremely low in humus
content and with low nitrogen, phosphorus
and potassium content.

Preparations containing micro- and
macro-elements, microorganisms and
amino acids were used in all plantations.
These preparations have been applied in
two manners: through soil (watering) and
foliar (over leaf). The preparation EM
Naturalnie Aktywny (Greenland
Technologia EM, Poland), which was
applied through the soil, had the following
content: free amino acids - 10%, total
organic matter - 18%, total nitrogen (N) -
3%, total phosphorus (P,Os) - 1%, total
potassium (K,O) - 1%. Foliar treatments
with Isabion (Syngenta, Switzerland) were
performed at the same time with soil
aplications. Isabion contained: total
nitrogen content - 10.9% (organic 10%,
ammonia 0.9%), organic carbon - 29.4%,
total organic matter and amino acids -
62.5%, free amino acids 10.3%.

Preparations were applied at the
beginning of vegetation, before flowering
and before harvesting. The influence of
these products on vegetative and
generative properties, fertility and quality
of raspberry fruit was evaluated.

RESULTS AND DISCUSSION
The results presented in Table 1
showed that in all treated plantations
there were a larger number of young
canes per meter in the comparison to the
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CpaBHeHWe C HeTpeTupaHute. Haii-
ronama pasfnvka B 6pos Ha mnaguTe
(HoBM) CcTH6M1A HA METHLP OT peaa, Mexay
TpetvpaHn N HeTpeTupaHu pacTeHus, e
ycTaHOBEHa NPW MasIMHOBOTO Hacaxpe-
HMe oT copT "Bunametr" B MecTHOCTTa
.byKoBuua“ - 55 ctbbna (411 TpetmpaHu
n 356 HeTpeTnpaHu). Moao6HN pesynTaTtn
ca ycraHoBeHn npu copT "Mosnka",
oTrnexgaH nog noJfIMETUNEHOB TyHen,
KbAeTo 6poAT Ha mnagute ctbbna npu
TpeTvpaHuTe pacTteHus e no-ronsam ¢ 60
(520 TpeTupaHu 1 cbOTBETHO 460 HeTpe-
TUpaHu). HesaBucMMO OT TpeTupaHeTo,
copt "Bunamet" uma 3HauyMTeNHO Mo-
rosisma npoaykums ot Mmnagute ctubna, B
CpaBHeHne c "®eptogum 3amartow" wu
"MuinKbp", KOETO CbLOTBETCTBa C pe3sysi-
TaTuTe, nonay4veHn ot Leposavi¢ et al.,
(2015b), npeacTaBeHn B Npoy4BaHETO Ha

untreated ones. The largest difference in
the number of young (new) canes per
meter of row between treated and
untreated plants was in the raspberry
‘Willamette’ plantation at the Bukovica
locality - 55 canes (411 in treated and 356
in untreated). A similar results were
obtained in raspberry ‘Polka’ grown under
plastic tunnel where the number of young
canes in treated plants was higher by 60
(520 treated and 460 untreated,
respectively).

Regardless of the treatment, raspberry
‘Willamette’ had a significantly larger
production of young canes than ‘Fertodi
Zamatos’ and ‘Meeker’, which is in
agreement with the results obtained by
Leposavic et al., (2015b) presented in the
study of vegetative characteristics and

BereTaTMBHMUTE XapakTepPUCTUKN 1 Ao6MBa
Ha HAKOJKKO copTa MaJ/lMHKU, KOUTO
naogogaBart Ha ABYroAWLIHWM fieTopacTy,
oTrnexgaHun B 3anagHa Cbpous.

yield of several floricane raspberry
cultivars grown in Western Serbia.

Tabnuua 1. bpoii mnagn ctbbna, 6poin 3penn cTbbna, cpegHa BUCOYMHA U
AuameTbp Ha 3penn cTbb/1a B MaSIMHOBU HacaxaeHus

Table 1. Number of young canes, number mature canes, average height and
diameter of mature canes in raspberry plantations

MecTononoxexune Copt Bbp. mnagn Bp. 3penn BucounHa [uameTbp Ha cTb6/10 Ha 40 cm
Locality Cultivar  cTtbbna (Ham) cTbbna (Ham) HacTb6/10 Haf 3emMHaTa NOBbPXHOCT (Mm)

Number of Number of Cane Cane diameter at 40 cm above

young canes mature canes height the ground
per m per m (cm) (mm)

Stupcevici WA )
TpeTMpanmltreated Willamette 340 14,0 239,1 11,3
Stupcevici, ‘Willamette’ 298 11,2 223,1 10,7
HeTpeTupaHu/untreated
Bukovica ‘Willamette’ 411 14,12 236,3 13.1
TpeTupaHu/treated
Bukovica ‘Willamette’ 356 139 2201 12,6
HeTpeTupaHu/untreated
Viasina ‘Meeker’ 277 11,6 247,9 138
TpeTupaHu/treated
Vlasina ‘Meeker’ 233 9,9 234,4 138
HeTpeTupaHu/untreated
Milicevo selo, ‘Fertodi
TpeTupaHu/treated Zamatos’ 310 12,6 235,6 13,2
Mili¢evo selo, Fert0d|7 275 111 226.8 12,9
HeTpeTupaHu/untreated  Zamatos
Milicevo selo, ‘Polka’ 520 254 198,6 14,4
TpeTupaHu/treated
Milicevo selo, ‘Polka’ 460 22,2 183,0 14,1

HeTpeTupaHu/untreated
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MMONOXUTENTHOTO BAUSAAHWE HAa Mpu-
naraHuTe npenapaTtv, CbAbpXalinm Makpo-
N MUKPOESIEMEHTU U MUKPOOPraHn3Mu,
CbLLO npoayumpa no-ronsam 6poi nnogo-
JaBsalin cTbbna npu BCUYKM TpeTupaHu
pacTeHusl, B CpaBHEHWE C HeTpeTupaHu-
Te, KOeTO CbOTBETCTBA Ha pesynrarure
Ha PeSakovi¢ et al. (2013). B ponbn-
HEHWe, NOJIOKUTE/THOTO Bb3AelCTBME Ha
npunaraHuTe xpaHuTesIHW BellecTsa ce
Habnogasa BbB BMCOYMHATa M aebenu-
HaTa Ha 3penuTe cTbbna. Hait-ronsmara
pasfnvka BbLB BUCOYMHATa Ha 3penute
cTbbNa e peructpyupaHa B MasIMHOBOTO
HacaxgeHue B bykoBuua. CpegHaTa BU-
CoyVHa Ha 3penute cTbbna B Hacaxie-
HMeTo e 236.32 cm npu TpeTnpaHu
pacTteHus, B cpaBHeHue ¢ 220.12 cm npwu
HeTpeTupaHu (pasnvka 0116.20 cm).
Haii-manka pasnuka BbB BMCOYMHATA Ha
3penuTe cTtbbna e 8.76 cm npu copT
"®epToan 3amarow" B MECTHOCTTa
Mwnnyeso ceno. UWo ce oTHaca Ao
pebennHata Ha 3penute cTbbna, Haii-
ronamara pasnvka  (M3mepeHa  Ha
BucouMHa ot 40 cm Hapj 3emsaTa) e
peructpypaHa npu copt "Bunametr' B
MecTHoctta CrynueBuun - 0.65 cm
(cbotBeTHO 11.31 cm pu TpeTupaHu u
10.66 cm HeTpeTupaHu pacTeHus).

MeTeoposiornyHNTE YCrioBUA npes
no-rosigsMaTa 4acT OT BereTauuMoHHUA
nepuvog He ca 6naronpusATHU 3a passu-
TMEeTO Ha MasIMHOBUTE pacTeHus. Mopaan
NpekoMepHUTe BasieXxun, nma ronsim 6pori
3arHMBally pacTteHuss B u3cnepBaHuTe
HacaxgeHus. [NpunaraHnTe npenapartu
numart MosIOKUTESTHO BINSAHUE BBPXY Tpe-
TMpaHuUTe pacTeHus N He ce Habnwgasa
3arBaHe Ha cTbbnara B TpeTupaHute
yyacTbLM Ha HacaxieHueTo. 3HauuTte-
NIeH NpoueHT 3arMHanuM cTbbna e
peructpypadH B Apyrn (HeTpeTmpaHu)
y4yacTbLM Ha HacaXaeHWeTo.

Mpn MasIMHOBUTE HacaxieHns B
BbykoBuua 1 BriacMHCKO e3epo e oTyeTeH
[o6buB OT CTL6/0 N OT eauHMLA NOLL.
MonyyeHuTe pesyntatn ca npeacTtaBeHu
B Tabnuua 2.

The positive influence of the
applied preparations, that contain macro-
and micro elements and microorganisms,
also induced the production of a greater
number of fruiting canes in all treated
plants compared to untreated, which is in
agreement with the results of PeSakovi¢
et al. (2013). In addition, the positive
impact of the applied nutrients was
observed in the height and thickness of
mature canes. The largest difference in
the height of mature canes was recorded
in raspberry plantation in Bukovica.

The average height of mature canes in
this plantation was 236.32 cm in treated
plants, compared to 220.12 cm in
untreated (difference 16.20 cm). The
least difference in the height of mature
canes was 8.76 cm in raspberry ‘Fertodi
Zamatos' in locality Milicevo Selo.

Regarding the thickness of mature canes,
the largest difference (measured at a
height of 40 cm above the ground) was
recorded in raspberry ‘Willamette’ in
locality Stupcevi¢i - 0.65 cm (11.31 cm
treated and 10.66 cm untreated plants,
respectively).

Weather conditions during most of
the vegetation did not favor the
development of raspberry plants.
Because of the excessive precipitation,
there was a large number of decaying
plants in examined plantations. Applied
preparations had a positive effect on
treated plants and no wilting of canes
was observed in the treated parts of the
plantation. A significant percentage of wilt
canes was recorded in other (untreated)
parts of the plantation

In raspberry orchards in Bukovica
and Vlasina Lake, fruit yields per cane
and per unit area were measured.
Obtained results are presented in Table
2.
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Tabnuua 2. lo6mB 0T CTb6/10 N eanHMLA N0, B MA/TMHOBW HacaxXaeHWs
Table 2. Yield per cane and unit of area in raspberry plantations

Bp. nnogxu cTv6na
(Ha m) / Number of
fruiting canes

MecTononoxeHune n
copt

o6, 6p. niogHU
cTbbna (o1 ha'l)
Total number of fruiting

06UB OT egnHMLa
nnowy, (kg ha™) /
Yield per unit area

[o6us oT cTb610 (g) A
Yield per cane

Locality and cultivar (per m) canes (per ha?) @ (kg ha™)
Bukovica ‘Willamette’, 5.8 23.200 710 16.472,00
TpeTupaHu/treated

Bukovica ‘Willamette’, 5,7 22800 650 14.820,00
HeTpeTupaHu/untreated

Vlasina ‘Meeker’, 55 22.000 620 13.640,00
TpeTupaHu/treated

Vlasina ‘Meeker’, 55 22.000 590 12.980,00

HeTpeTupaHu/untreated

Hali-Bucok p[o6umB OT CTbO/I0 M”
e/ivH1ua nnoLy, e nosiydeH oT TpeTupaHu
pacteHnsa Ha copt "Bunametr’ B MecT-
HocTTa bykosuua (710 g, 16.472 kg ha'l).
HeTpeTupaHute pacTeHuMsa B CbLLOTO
HacaxieHne uMaTr Mo-HUCHK [06MB OT
1.652 kg ha® B CpaBHeHWe ¢ TpeTupa-
HUTe pacTeHnss (650 g oT CcTb6/10 U
14.820 kg ha™). MopobeH pesyntar e
nocTurHat npu copT "Muiikbp" B palioHa
Ha BnacunHCKOTO e3epo, KbAeTo TpeTnpa-
HUTE pacTeHus umaT no-BUCOK J06UB OT
660 knnorpama OT eAuHuLA NJoL, B cpaB-
HeHne C HeTpeTupaHuTe pacTeHus (CbOT-
BeTHo 13.640 kg ha™ 1 12.980 kg ha™).

Pesyntatute oT mMaca Ha nsoga u
XMMWUYHWUTE CBOWCTBa Ha NofoBeTe OT
n3cnefiBaHNTE HacaXaeHus ca nokasaHu
B Tabnvua 3.

lMnogosete Ha BCUYKM COPTOBE,
HabpaHn OT TpeTupaHu pacTeHus ca no-
efipy 1 nmat No-BUCOKO CbAbpXaHne Ha
pa3TBOpPUMM CyXM BeLlecTBa, OTKOJIKOTO
nnogoBetTe OT HeTpeTupaHu pacTeHus
(Tabnuua 3).

Haii-egpu nnogose ca HabpaHu OT
TpetnpaHn pacteHus oT copta "losika",
OTINexaaHn Mo nNoSIMETUNEHOB TyHes
(4.4 g), a Hali-gpe6bHn nnogose (3.4 g) ca
noslydeHn OT HETPETMPAHUA BappuaHT Ha
copt "®epToaun 3amatoL”.

The highest yield per cane and per
unit area was obtained in treated
‘Willamette’ plants in Bukovica locality
(710 g, 16.472 kg ha'l). Untreated plants
in the same plantation had a 1.652 kg ha™
lower yield compared to the treated plants
(650 g per cane and 14.820 kg ha™).

A similar result was achieved in raspberry
‘Meeker’ at the Vlasina Lake, where the
treated plants had higher yield for 660
kilograms per unit area compared to
untreated plants (13.640 kg ha® and
12,980 kg ha™, respectively).

The results of the fruit mass and
chemical properties of the fruits from the
examined plantations are shown in Table
3.

The fruits of all cultivars picked
from treated plants were larger and had a
higher content of soluble dry matter than
fruits picked from untreated plants (Table
3).

The largest fruits were picked from
treated plants of cultivar ‘Polka’ grown
under plastic tunnel (4.4 g) and the
smallest fruits (3.4 g) were picked from
untreated ‘Fertodi Zamatos’ plants.
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Tabnuua 3. Maca Ha N1o4a 1 XMMUYeCcKn xapakTepucTuky Ha naoga
Table 3. Fruit mass and chemical properties of fruits

PasTBopyMM 0O6uwo o6wm
MecTononoxeHue un Maca Ha CyXxu BellecTBa CbAbpXaHME 3axapu Peayunpani 3axaposa
nnoga 3axapu
copT . Soluble dry  pH Ha kucenuHu Total : Sucrose
. . Fruit mass ; Reducing sugar
Locality and cultivar matter Total acids sugar % %
9 % % % °
Stupcevici
‘Willamette’, 4,1 9,2 3,20 1,68 5,76 4,56 1,14
TpeTupaHw/treated
Stupcevici
‘Willamette’, 4,0 8,5 3,35 1,43 5,04 4,20 0,80
HeTpeTupaHu/untreated
Bukovica ‘Willamette’,
TpeTvpaHuftreated 4,5 9,5 3,26 1,73 5,64 4,14 1,42
Bukovica ‘Willamette', 9,4 328 164 528 4,08 1,14
HeTpeTupaHw/untreated
Vlasina ‘Meeker', 39 105 318 150 552 4,98 0,51
TpeTupaHw/treated
Vlasina ‘Meeker’,
HeTpeTUpaHmluntreated 3,7 9,8 3,19 1,62 5,76 5,10 0,63
Milicevo selo, ‘Fertodi
Zamatos’, 3,5 10,8 3,22 1,42 6,12 5,49 0,60
TpeTupaHu/treated
Milicevo selo, ‘Fertodi
Zamatos’ 3,4 10,4 3,26 1,56 5,76 4,85 0,86
HeTpeTupaHw/untreated
Milicevo selo, "Polka 4.4 9.2 320 1,68 5,76 4,56 1,14
TpeTupaHu/treated
Mili¢evo selo, ‘Polka 42 8,6 317 167 528 4,44 08

HeTpeTupaHu/untreated

Mo OTHOLIEHUE Ha CbAbPXaHMEeTO
Ha pas3TBOPUMO CyYXO BELLECTBO, Hail-
BUCOKO CcbabpxaHue (10.8%) e msamepe-
HO B NM/1040B€e OT TpeTupaHy pacTeHns Ha
copT "®epTtoam 3amartow", a Hai-HUCKO
cbabpxaHne (8.5%) e ycTaHOBEHO B
niogose Ha copt "Bunamert”, otrnexga-
HU B CTynyeBuuNn.

MnogoseTe, NONyyYeHN OoT TpeTUpa-
HW pacTeHus, umart Nno-BUCOKa CTOMHOCT
Ha 06LLM 3axapu, AVPEKTHO peayLmpatlm
3axapu u 3axaposa, OTKOJIKOTO njonose
OT HeTpeTupaHu pacTeHus. N obpaTHo,
nnofoBe OT HETpeTUpaHu pacteHus umart
no-BMcoka CTOWHOCT Ha pH un o06wo
KNCENUHHO CbAbpXaHue, B CpaBHeEHUE C
nnoaoBe OT TPeTUpPaHu pacTeHus.

MpuioxeHnTe npenapaty BAUAST U
BbpXy no-cnaba nposiBa Ha CUBO THWEHe
(Botrytis) B TpeTupaHuTe naowM  OT
HacaxaeHuaTa.

N3BOAN
MonyyeHnTe pes3ynTatu nokasear,
ye NpunaraHWTe npenapaTty 6GraronpusiT-

Regarding the content of soluble
dry matter, the highest content (10.8%)
was measured in fruits picked from
treated plants of ‘Fertodi Zamatos’ and
the lowest content (8.5%) of these
substances was in the fruits of
‘Willamette’ grown in Stupcevici.

Fruits picked from treated plants
had higher values of total sugars, directly
reducing sugars and sucrose, than fruits
from untreated plants. In contrast, fruits
from untreated plants had higher values
of the pH and total acid content
compared to the fruits from treated
plants.

The applied preparations also
influenced on the less occurrence of
Botrytis fruit rot in the treated areas of the
plantation.

CONCLUSIONS
The obtained results indicated that
the applied preparations had significant
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CTBaT 3HA4YUTESIHO BereTaTtuBHUTE NpPos-
BW, KA4eCTBOTO Ha nnojoBeTe U fobusa
Ha ManuHaTta. o-ronsm 6pori mnagn wm
3penn cTbbna, No-rofiiMa BUCOYUHA U
Anametbp Ha 40 cm Hapg 3emHaTta no-
BbPXHOCT Ca pernctpupaHun npu tpetupa-
HUTe pacTeHus. OCBEH TOBa, TpeTupaHe-
TO fJonpvHacs 3a M0-BMCOK p[obuB OT
CTH6/10 U eguHMLA NJIOW, B CPaBHEHME C
HeTpeTUpaHNTE pacTeHUs OT ABEe Hacax-
Aenuns (Bykosuua n BrnacuHcko e3epo).

3HaunTenHo no-4o6pu kavyecTsa Ha
naofoBeTe ca OTYETEHW MpU pacTeHuATa
OT TpeTUpaHuTe BapuaHTu.

MpunaraHute npenapaTn okassart
NOMOXMTENHO Bb3elCTBNE BbPXY pacTe-
HMATa 3a NpeofonisiBaHe CbCTOSHUSA Ha
hM3MONOrMYeH CTpec W HamasnsBaHe
3arBaHeTo Ha pacTeHus B Mepuoan Ha
NPEKOMEPHU BasieXWU. 3HAYUTESTHO BUA-
HMEe Ce OKas3Ba M BbpXy HamassiBaHe Ha
CMBOTO THUeHe (Botrytis) npu TpeTupaHu
pacTeHusl B CPaBHEHNE C HETPETUPAHUTE.

BJTIATOAAPHOCTWU

MUWHMCTEPCTBOTO Ha obpa3oBaHue-
TO, HaykaTa W TEXHO/IOTMYHOTO pasBuUTHE
Ha Cbpbus (hrHaHCcMpa HaCTOSALWETO NpoyY-
BaHe upes3 npoektn TR-31064 n TR-31093.

influence on the improvement of
vegetative traits, fruit quality and
raspberry yield. Higher number of young
and mature canes, their higher height and
diameter at 40 cm above the ground were
recorded in treated plants. The treatment
also contributed to higher yields per cane
and unit area compared to untreated
plants in two plantations (Bukovica and
Vlasinsko Lake).

Also, significantly better qualitative
characteristics were detected in fruits
picked from treated plants.

Applied preparations had a positive
effect on the plants to overcome the state
of physiological stress and on the
decrease of plant wilting during periods of
excessive precipitation. Significant
influence was also observed on the
decrease of Botrytis fruit rot appearance
in treated plants compared to untreated
plants.
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PE3OME

O6eKT Ha cTaTudaTa ca NpoMeHuTe,
HacTbNWAM B OTINEXAAHETO Ha Arofo-
naogHnTe KyNnTypun B cBeTa 1 B bbarapus
npe3 nepuoga 2013-2017 r. Hapepg c
OCHOBHUTE KYNTYypu Aroga U MavHa ca
BK/IIOYEHN W NO-MaJIKO Mo3HaTuTe hpeH-
CKn rposga, 604/MBO rpo3fge, yepHa M
yepsBeHa OOPOBVHKA, KOUTO HamupaT Bce
Mo-rofIsMo pasnpocTpaHeHue 1 Npuoxe-
HMe B 34paBOC/IOBHOTO W AMETUYHO
XpaHeHe. lpocnefeHn ca TemMnoseTe Ha
NMpou3BOACTBO, 3aeTu MJoWwnW U cpegHu
[o6usun. NMpon3BoACTBOTO Ha Arofonao4-
HW KynTypu B cBeTa Bapupa ot 10 384
447 t Bbpxy nnowy ot 735 093 ha npe3s
2013 r. go 12 006 261 t cbC 3aeTy NaoLWwu
oT 809 673 ha npe3 2017 r. TeHaeHunATa
€ KbM yBesiMyaBaHe Ha Mpou3BOACTBOTO,
KOeTo B Hai-BMCOKa CTerneH ce Habnio-
JaBa npu arogara.

KntoyoBn pymn: npovsBOACTBO,
Aaroga, MasivHa, KbnunHa, dhpeHckn rposaa,
6o4/1MBO  rpo3fe, 4epHa OOPOBUHKA,
yepBeHa 60pOBUHKA

ArogonnogHute  (ApebHonnogHn)
3aemMaTt BaxkHa 4acT OT OTI/IeXAaHeTo Ha
TpaliHN HacaxaeHus. KbM TAX ce oTHacAT
AroguTe, MaIMHUTE, KbNUHUTE, (DPEHCKNU-

Accepted: 06.06.2019
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SUMMARY

The objectives of the article are the
current changes in the farming of
strawberry cultures in the world and in
Bulgaria, observed in the period between
2013 and 2017. In addition to the primary
cultures, the strawberry and the
raspberry, the lesser known currants,
gooseberry, blueberry and cranberry are
also included, all of which are increasingly
spreading and find a broader range of
implication for a healthy and dietetic
nutrition. The production rates, areas
occupied and average yields have been
traced. The production of berries in the
world varies between 10 384 447 tonnes
in areas ranging from 735 093 ha in 2013
up to 12 006 261 tonnes in areas
occupying 809 673 ha in 2017. The trend
shows an increase of production mainly
with strawberries.

Key words: production, strawberry,
raspberry, blackberry, currants,
gooseberry, blueberry, cranberry

The strawberry cultures (the small
berries) are a major factor when
cultivating perennials. Strawberries,
raspberries, blackberries, currants (black,
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Te rpo3ga (4epHO, uepBeHo, 0650,
371aTMCTO), 604/IMBOTO rPO3ae N 6GOPOBMH-
KnTe (4epHa u yepBeHa). Hakou OT TsX,
KaTto fArogarta M MaauMHata ca LIMPOKO
3aCTbNEHN B MPOMULLMIEHUTE Hacaxpie-
HWA. BCWMYKM Aro4oNN04HU ca U3KNIoUU-
TENIHO MOAXOAAWM 3a OTIiexgaHe B
OBOpHUTE TpaguHN. Tesn BWAOBE paHo
3ano4yBaT ga njogogasart, AaBaT BUCOKU
M NOYTU CUrypHM A06MBK OLLe npe3 mbp-
BUTE FOAWHW, KOraTo OCTaHa/IMTe OBOLLHYU
camo pactar, 6e3 pga nsogogasart.
Arogata gasa [06MBM Olle Ha nbpBaTta
rofvHa cnef 3acaxpgaHeTo, a octaHanuTe
Ha TpeTata W u4eTBbpTara BCTbNBaT B
Mb/IHO nnogofasaHe. Mpu ToBa OT Masku
naowy ce nosyvyasa 3HauMTeNHaA NPOAYK-
uus. NnogoseTte MM 3anoysart Aa 3pesT B
Kpasi Ha MposieTTa 1 Ha4yasl0To Ha /IATOTO
npegn Nao4OBETE Ha OPYIUTE OBOLLHU U
3e/1IeHYyKOBU BMAOBe. Pa3MHOxaBaT ce
61bp30. MNpuTexasaT OT/IMYHN BKYCOBU Ka-
yecTBa, OT/IMYaBAT CE C BUCOKO CbAbpXa-
HMEe Ha BUTAMWHW, MUHEpPasiHW COMu,
aHTUOKCUAAHTK, 3axapu n Ap. u ca noa-
XOOALM KakKTo 3a MNpsAcHa KOoHCymauwus,
Taka 1 3a npepaboTka 1 3ampassiBaHe.
Cnopeg paHHM Ha ®AO ot
ArofonsogHNTE KynTypu Haii-cnabo ce
oTrnexga 6041MBOTO rpo3ge, Herosus
aoan e 1 % T1.e. 169 369 t npousseneHu
nnogose npe3 2017 r. (Purypa 1).
dpeHckuTe rpo3ga M BGOpPOBUMHKWATE CU
noaenAat sTopoTto MacTto (5 %). Bogela e
qrogara, Ha KoAaTo ce nagat 77 % ot
BCUYKM NPOU3BELEHUN ATOLOMNI0LHN.

red, white and gold), gooseberries,
blueberries and cranberries fall within this
group. A few of them, such as the
strawberry and the raspberry, are widely
used in industrial plantations. All of the
strawberry varieties are suitable for
cultivation in courtyard gardens. These
varieties begin bearing fruit early; they
give high yields as early as the first year,
while the remaining fruit-bearing plants
are still growing and not fruiting. The
strawberry produces fruits on its first year
after planting, while the remainder of the
varieties come into full fruitfulness on the
third or fourth year. A significant
production rate is noted at smaller areas.
The fruit of the berries start maturing at
the end of spring and the beginning of
summer before the other vegetable and
fruit varieties. They propagate very
quickly. They are distinguished with their
high amount of vitamins, minerals,
antioxidants, sugars, etc; and are suitable
for direct consumption, processing and
freezing because they have perfect taste
quality.

According to FAO, out of all the
strawberry cultivars, the least cultivated is
the gooseberry, whose area is 1%, or 169
369 tonnes of produced fruit in 2017
(Figure 1). The currants and berries come
at second place — 5%. Leader is the
strawberry that forms 77% of the entire
fruit production.

M strawberry
M raspberry
¥ currants

M gooseberry
H blueberry

M cranberry

our. 1. CTpykTypa Ha srogonsiogHute kyntypu (2017 r.)
Fig. 1. Structure of small fruits in the world (2017)
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NMponssoacTeo Ha arogn.
ArogaTta e ApebHONI0A4EH OBOLLEH BUA C
LWUMPOK apean Ha pasnpoCTpaHeHue.
CBETOBHOTO NPOM3BOACTBO Ha SArofoBuU
naofoBe HenpekbCHaTO HapacTea - OT 7
879 108 t npe3 2013 r. go 9 223 815 t
npes 2017 r. (Ta6bnuya 1, durypa 2).
[aHHNTe N0 KOHTMHEHTW nokassaT, u4e
nngep e Asua (4 605 124 t — 2017 r.),
nsnpeeapsalikm 3HauntenHo Espona (1
655 191 t). Ha Tpeto msacTo e CeBepHa
Awmepuka c 1 477 652 t, oT kouto 1449280
t arogn ca npounssegeHu B CALL. Hanuue
€ HapacTBaHe Ha Sirogonpou3BoACTBOTO U
B Adpvka, Makap ¥ He TOJIkoBa
3HauuTesiHo (426 092 t/2013 r. — 589 990
t/2017 r.). Mpe3 nepuoga (2015-2017 r.)
Han-BUCOKN A06MBKM ca oTyeTeHn B CALL,
(6 795 kg/da), UcnaHua (5 285 kg/da),
Mekcuko (4 754 kg/da), Mapoko (4 459
kg/da) n Mepuums (4 006 kg/da).

Strawberry  production.  The
strawberry is a small fruit-bearing variety,
with a wide area of distribution. The global
production of strawberry fruits is
continuously increasing — from 7 879 108
tonnes in 2013, to 9 223 715 tonnes in
2017. (Table 1, Figure 2). Data collected
from all continents show that Asia is the
leader (4 605 124 tonnes — 2017), ranking
ahead of Europe (2 655 191 tonnes). In
third place is North America with 1477652
t out of which 1 449 280 tonnes strawberries
are cultivated just in the United States.
The growth of strawberry cultivation in
Africa is evident, despite it not being
significant (426 092 tonnes/2013 — 589990
tonnes/2017). In the period 2015-2017, the
highest yield was reported in the USA (6
795 kg/da), Spain (5 285 kg/da), Mexico
(4 754 kg/da), Morocco (4 569 kg/da) and
Greece (4 006 kg/da).

Tabnuua 1. Mpon3BoaCcTBO OT AroAoN/I04HU KynTypu (2013-2017)
Table 1. Production of small fruits (2013-2017)

Kyntypa MpowunssopcTeo (1) / FToagnHa
Culture Production (t) / Year
2013 2014 2015 2016 2017

Strawberry 7879108 8 154 169 8 765 242 9 059 557 9223815
Raspberry 588 114 628 163 676 447 841 899 812735
Currants 683 892 633 652 627 174 661 765 578 348
Gooseberry 170 629 175124 167 883 178 202 169 369
Blueberry 434 520 525 648 539 216 621 717 596 813
Cranberry 628 184 638 833 638 989 737 081 625 181
CpegHo / Average 10 384 447 10755589 | 11414951 | 12100221 | 12 006 261

B EBpona ca cbcpegotoyeHu 17.94 Concentrated in  Europe are

% OT nNpou3BOACTBOTO Ha fAroan. EBpo-
NneickusAT nasap € CWIHO HacuTeH U
KOHKypeHTeH. Npe3 nepuoga 2013-2017 r.
roAVWHOTO MNpPOM3BOACTBO B EBpPOMNEit-
CkuTe CcTpaHu ce e ysenuunno ot 1
547488 t Ha 1 655 191 t. Hai-ronsm
npounssoguten e Wcnaunsd, npes 2017 .
ca oTrnexpgaHun 6 819 ha ArogoBn Hacax-
OeHVst ¢ 06Wwo npousBoacTeo 360 416 t.
Ha BTOpo msAcTO ce Hapexpga [lonwa,
KOATO € efuH OT OCHOBHUTE Mpou3BOAU-
Tenn W ArofloBUTe pacTeHus 3aemar
49642 ha, a 06L0TO NPOM3BOACTBO A0C-
Tura 177 921 t (2017 r.). Ha Tpeto mMACTO

17.94% of all strawberry production. The
European market is heavily saturated and
competitive. The annual production in the
European countries for the period
2013-2017 has increased from 1 547 488
tonnes to 1 655 191 tonnes. Spain is the
biggest producer; in 2017, 6 819 ha of
strawberry plants were cultivated with a
total production of 360 416 tonnes.
Poland takes the second place, having
harvested 175 652 tonnes (in 2017) on a
49 642 ha area.

At third place is the Russian federation
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e Pyckata chegepaumsa c npousBeneHun
175652 t. Ha ueTBbpTO € [epmaHus,
yneTo npomssoAcTBo npes 2017 r. e 135
283 t ot 14 156 ha nnowwn. Ha neto
MACTO e BenukobputaHua ¢ 127 623 t
Arofosu nnogose. Bunpekn, ye Ntanusa e
TpaAuLMOHEH ArogonpoussBoguTen, T8 e
e/lBa Ha LWeCTO MACTO C Npoaykuus oT
125 335t 1 nnowwm ot 4 855 ha. dpaHuns
oTrnexaa AroM OCHOBHO B lOrosanafjHu-
Te paioHuM Ha cTpaHaTa 1 npe3 2017 r. ca
npounsseneHun 59 260 t nnogose. OcTaHa-
NMTe eBponelicku CcTpaHu npoussexgar
CpaBHUTENHO MasIK/ KOJIMYecTBa Arogu.

9500000 -
9000000 -
8500000 -

8000000 -

Tonnes

7500000 -

7000000 +~* T

2013 2014

with 175 652 tonnes, followed by
Germany at fourth place with production
of 135 283 tonnes in 2017 on a 14 156 ha
area. At fifth place is Great Britain with
127 623 tonnes strawberry fruit. Despite
ltaly being a traditional strawberry
producer, she comes at sixth place, with a
production if 125 335 tonnes on an area
of 4 855 ha. France cultivates
strawberries primarily at the southwest
regions and in 2017, 59 260 tonnes of fruit
were cultivated. The remaining European
countries  produce relatively  small
amounts of strawberries.

2015 2016 2017

Year

®dur. 2. NMpon3BOACTBO Ha Aroan
Fig. 2. Production of strawberries

OenbT, KoWTO 3aema Asua  OT
CBETOBHOTO ArofonponssoacTtso e 49. 93
%. OCHOBHM npomn3BoamTenn ca Kutai (3
717 283 t), Typumsa (400 167 t), PKopes
(210 304 t) 1 AnoHua (158 702 t).

16.02 % oOT npou3BOACTBOTO Ha
Aarofosu nnogose e B CeBepHa AMepuKa,
C Hait-ronsam npowussoguTen CALL (1 449
280 t), cnepBaH oT Mekcuko (658 436 t). B
CALl aroaon OCHOBHO ce npouvsBexiar B

KanudopHua, ®nopuga wn CesepHa
KaponwnHa.

OCHOBHM npoussoguTeni B
Acdpuka ca Erunetr w©n Mapoko, ¢

npoaykumsa cbotBeTHo 407 240 t n 161
793 t. ArogosuTe N0A0BeE, NPOU3BELEHN
B Te3n CTpaHu 3a[0BONSABAT HyxjaTta oT
NpecH” NaoAoBe B CTpaHuTe oT 3anajHa
EBpona npes 3umHusg nepuog,.

Out of the entire global production
of strawberries, Asia occupies 49.93%.
Main producers are China (3 717 283
tonnes), Turkey (400 167 tonnes),
Republic of Korea (210 304 tonnes) and
Japan (158 702 tonnes).

16.02 % of the strawberry
cultivation is in North America, USA being
the biggest producer (1 449 280 tonnes),
followed by Mexico (658 436 tonnes). In
the USA, the main locations for strawberry
cultivation are California, Florida and
North Carolina.

The leading producers in Africa are
Egypt and Morocco, with production of
407 240 tonnes and 161 793 tonnes
respectively. The strawberry fruit, grown
in these countries meet the demand for
fresh fruit in Western Europe in winter.
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B Buarapua arogosarta Kyntypa e
no-cnabo 3acTtbneHa Ha QoHa Ha
ManuHata. Ha6niopasa ce TeHAeHUUS

In Bulgaria, the strawberry cultivar
is not as popular as the raspberry. There
is a trend showing a slim increase in the

KbM Cfabo HapacTBaHe Ha npou3Bof- | production and a decrease in the
CTBOTO M HamasisiBaHe Ha 3aeTute naowm | cultivation area (Table 1).
(Tabnuuya 1).
Tabnuua 2. Arogosa 1 MasIMHOBA NpoAyKuma B Bbnirapus
Table 2. Strawberry and raspberry production in Bulgaria
Culture / Year | 2014 | 2015 | 2016 | 2017
Production (1)
Strawberries 4 203 4999 5 150 5359
Raspberries 4 569 6 845 8 398 7 476
Harvested areas (ha)
Strawberries 672 756 670 655
Raspberries 1191 1522 1833 1863
Mpon3BOACTBO Ha MaIvHU U Raspberry and blackberry

KbnuHW. MNpe3 2013 r. B cBeTa ca npous-
BegeHn 584 524 t manuHOBM N0[0BE,
oTrnexgaHn Bbpxy 92 597 ha naowm cbe
cpegHn pobueun 631 kg/da (Tabnuuya 1,
durypa 3). Makap u ¢ no-cnabu Temnose,
B CpaBHeHVe C drojata, U TyK ce
HabnogaBa HapacTBaHe Ha NpPoOM3BOA-
ctBoTO T.e. npe3 2017 r. ca nonyyeHu
812735 t nnopgose, niowmte ca 118 219
ha cbc cpepgHu nobuen — 687 kg/da.
MannHonpousBoACTBOTO e
KOHLlEHTpUpaHo OCHOBHO B EBpona (66.4
%) 1 No-KOHKPEeTHO B M3TouyHa EBpona,
KbgeTo npe3 2017 r. ca nNpou3Be[eHU
295029 t manuHoBu nnogose. OCHOBHU
npoussoguTenu ca Pyckata depepauus
(146 377 t), Cbpbus (109 742 t) u Nonwa
(104 482 t). B Cbpbusa npon3BoACTBOTO €
KOHLEHTpUpaHO B 3anajHaTa 4acT Ha
cTpaHaTa M 4YaCTUYHO B HAKOM HOXHU
yactn (Nikoli¢ and Tanovi¢, 2012;
Keserovi¢ and Magazin, 2014). Copto-
BUAT CbCTaB He ce e NPOMEeHAN oT Asaje-
ceT roavHu, gomuHupaly copT e Willamette
(90 %). Ha no-masiku naowm ca pasnosno-
xeHun Meeker (5 %), Tulameen (3 %) u
0oKosio 2 % OT HacaxieHudaTa ca 3aeTu
cbc coptoBete Polka, Heritage. Haii-
MHOrO N/OWU 3aeTu C MaJIMHOBM Hacax-
AeHns ce Hamupart B Monwa (29 317 ha),
Cobpbusa (21 861 ha) n Pycus (20 185 ha).
Hali-BUCOK cpefeH Ao6uB € OT4yeTeH B

production. The global production of
raspberries in 2013 reaches up to 584524
tonnes of fruit on an area of 92 597 ha
with a mean yield of 631 kg/da (Table 1,
Figure 3). Even if at slower pace,
compared to the strawberry, an increase
in the production rate is noticeable,
meaning 812 735 tonnes of fruit were
harvested in 2017 at an area of 118 219
ha, with an average yields of 687 kg/da.
The raspberry cultivation is centred
primarily in Europe (66.4%) and more
specifically in Eastern Europe where in
2017 were cultivated 296 029 tonnes of
raspberry fruit. Main producers are the
Russian federation (146 377 tonnes),
Serbia (109 742 tonnes) and Poland
(104482 tonnes). The production in Serbia
is focused in the western part of the
country and partially in the southern parts
(Nikoli¢ and Tanovi¢, 2012; Keserovi¢ and
Magazin, 2014). The berry varieties have
not changed in 20 years, Willamette being
the dominant variety (90%). Smaller areas
are occupied by Meeker (5%), Tulameen
(3%) and around 2% of the plantations
are occupied by Polka, Heritage. The
majority of the areas with raspberry
plantations are located in Poland (29 317
ha), Serbia (21 861 ha) and Russia
(20185 ha). The highest average vyield is
in the USA — 1 283 kg/da, followed by
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CALl — 1 283 kg/da, cnegsaHu oT Pycus
N YKpaliHa, cboTBeTHO 725 kg/da n 683

kg/da.
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®dur. 3. NMpon3BOACTBO HA MaJIMHN
Fig. 3. Production of raspberries

B CesepHa Amepuka e cbcpeno-
ToueHo 14.3 % OT nNpou3BOACTBOTO Ha
MasiMHOBUTE nnojoBe B cBeTa. Haii-
ronemn konudectsa npoussexgar CALL
(106 100 t) 1 Mekcuko (120 184 t).

B Bbarapua manuHaTta € Ha Nbpso
MACTO MO OTrieXxjaHe cpef Arofonnos-
HUTe Kyntypu. MNpe3 2014 r. 3acageHute
nnowy ca 1 318 ha, a npes 2017 r. —
1863 ha (Tabnuua 2). Hali-ronemun nno-
LM C MAJIMHOBU HacaxeHusa ce Hamupar
B CesepHa u HroustoyHa bBbarapus
(1350 ha). O6WOTO nNPOM3BOACTBO Ha
Ma/IMHOBW NJI0A0BE Ce € yBennuuno ot 4
569 t Ha 7 476 t. lponsBegeHnTe NIoA0-
BE HamMupaTt NpuIoXKeHWe B HanpasneHus-
Ta: e 3a cobcTBeHa koHcyMauus (0.4 %);
e 3a Tbprosckata mMpexa (20.7 %); e 3a
npepabotka (69.8 %); e B Apyrn Hanpas-
nexus (9.1 %) (ArpoctatucTtuka, 2017).

MMpe3 nocnegHUTe rogvHM NpPoOus-
BOACTBOTO Ha KbMNWHW HapacTea 6aBsHO,
HO HenpekbCcHaTo. ToBa ce Ab/KN Ha BCe
no-3acusBsallma ce CTPEMEX Ha Xoparta
KbM KOHCymauusaTa Ha 34paBOC/IOBHU U
pa3HoobpasHu N1o4oBe.

OT roguHn Cbpbus e nugep B
NMpou3BOACTBOTO Ha KbMWHM B cBeTa. Ha
BTOPO MSACTO Cfef MaJIMHUTE KbNUHUTE
ca Hai-pasnpocTpaHeHuTe apebHonnoa-
HW B Ta3n cTpaHa. 3aemMaT N/oLm noseye

14.3% of the global production of
raspberry fruit is located in North America.
Largest quantities are produced by the
USA (106 100 tonnes) and Mexico
(120184 tonnes).

In Bulgaria, the raspberry ranks first
in cultivation among the strawberry
cultivars. In 2014 the planted areas are 1
318 ha, and in 2017 — 1 863 ha (Table 2).
The largest areas with strawberry
plantations are located in North and
Southeast Bulgaria (1 350 ha). The total
production of raspberry fruit has increased
from 4 569 tonnes to 7 476 tonnes. The
cultivated fruit find application in the
following areas: e consumption (0.4 %);
° commercial network (20.7%);
e processing (69.8%); e other areas
(9.1%) (Agrostatistics, 2017).

In the last few years the production
of blackberries slowly but continuously
increases. This is due to people’s
increasing  aspiration  towards the
consumption of healthy and diverse fruits.

For years, Serbia has been a
leader in the production of blackberries in
the world. In second place after
raspberries, the blackberries are the most
common small berry in the country. They
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oT 4 000 ha, kato NpomM3BOACTBOTO €
KOHLLEHTPMPaHO OCHOBHO B LIEHTpaHUTE,
ceBepo3anafHuTe U OXHWTE paiioHU.
HdomuHupawm ca coptoBeTe Cacanska
Bestrna n Thorn Free, kKonto npeacrtasns-
BaT 95 % OT KbMMHOBOTO NPOM3BOACTBO B
ctpaHata (Nikoli¢ and Milivojevi¢, 2010).
Mpe3 nepuoga Ha o6HOBABaHE Ha KbMNu-
HoBUTE rpaguHu (npe3 2011 un 2012 r.)
coptoBeTe Loch Ness n Chester Thornless
Hamepuxa LUMPOKO  pasnpocTpaHeHue
(Keserovi¢ and Magazin, 2014). TexHono-
rmaTa 3a OTriexjaHe Ha KbMvHuUTe ce
npunara cpaBHUTESIHO afiekBaTHO, a Ha-
NnosiBaHeTO € MHOro Nno-4ecTo, OTKOJIKOTO
npy ManuHUTE, BBIPEKN 4Ye Bce olle e
HepocTaTbyHO (0k0/0 20% OT OBOLYHUTE
rpaguHmn).

EOouH OoT ronemute npoussBoauTenu
Ha kbnvHm ca CAL (Bbnpekn Hosa
3enaHans v Ywnaum), kato no-ronsmaTa
yacT OT npoaykuusita e npefHasHayeHa
3a npepaboTtka (no pgaHHM Ha Stoller,
Europe). KbnuHu ce otrnexaat B OperoH,
CeBepHa KaposnmHa, ApkaH3ac u Tekcac.
OperoH npov3Bexga Hai-ronemmn Kosau-
yecTBa KbMNUHOBW MN/I0L0BE, Kato npes
2014 r. 2 471 ha ca 3aeTu C KbMUHOBYU
HacaxaeHua (Mazolo, 2015). Mekcuko e
CblWO e[UH OT OCHOBHWUTE Npou3BoauTe-
NN, 4Yneto npou3BOACTBO HA KbIMUHOBU
nnoaoBe e CbCPe0TOUEHO B LieHTpasiHa-
Ta 4yacT Ha cTpaHarta. Ha nnowwm ot 6 500
ha — 8 000 ha ce oTtrnexga 6pasunckus
copT Tupy, KOMNTO e npegnoyvTtaH oT
npoussoguTenuTe, 3apagn 6bLp3nTe TeMm-
noBe Ha pacTex, Bucokara pooBUTOCT Y
aflanTMBHOCTTa KbM WHTEH3UBHaTa Mpo-
U3BOACTBEHA CUCTEMAa B CYOTPOMUYHUTE
paiioHn (Segura et al., 2012).

Mpon3BoacTBO Ha  OpPEeHCKU
rpo3ga. lpes3 pasrnexgaHus netroau-
LUeH nepuop ce Habngasa konebaHne B
Npou3BOACTBOTO Ha (ppeHckn rposga.
Mpe3 2013 r. B cBeTa ca npoussedeHn
683 892 t nniogoBe OT PeEHCKM rpo3aa oT
116 817 ha (Ta6nuua 2, durypa 4). MNMpes
2017 r. ce HabnwgaBa M3BECTEH cnaj B
nponssoacTBoTo (578 348 t) n cbBCEM

occupy and area more than 4 000 ha,
having the production concentrated
mainly in the central, northwest and south
regions. The varieties that dominate are
Cacanska Bestrna and Thorn Free,
representing 95% of the blackberry
production in the country (Nikoli¢ and
Milivojevi¢, 2010). In the period of
blackberry garden renewal (2011 and
2012) the Lock Ness and Chester
Thornless varieties found wide distribution
(Keserovic and Magazin, 2014). The
cultivation technology for blackberries is
applied relatively adequately and the
irrigation is a lot more frequent compared
to the raspberries, despite it still being
insufficient (around 20% of all orchards).

One of the major blackberry
producers is the USA (in spite of New
Zealand and Chile), and the bigger part of
the production is meant for processing
(according to data from Stoller, Europe).
Blackberries are cultivated in Oregon,
North Carolina, Arkansas and Texas.
Oregon produces the largest quantities of
blackberry fruit, just like in 2014, 2 471 ha
were occupied by blackberry plantations
(Mazolo, 2015). Mexico is also one of the
primary producers whose blackberry
cultivation is located in the central regions
of the country.

Occupying areas between 6 500 ha and 8
000 ha, the Brazilian variety Tupy is
cultivated and is preferred by the
produces because of its fast growth rates,
high fertility and adaptability to the intense
production system in the subtropical
regions (Segura et al., 2012).

Production of currants. During
the course of the five-year period of
testing, a fluctuation in the production of
the currants can be observed. In 2013,
683 892 tonnes of currant fruit have been
produced on a global scale, out of 116817
ha (Table 2, Figure 4). A decline in the
production (578 348 tonnes) and slightly
in the size of the areas (115 548 ha) is
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cnabo B pasmepa Ha nnowmte (115 548
ha). OT 06WOTO KONNMYECTBO Npou3Bene-
HN opeHckn rposga, okono 20-25 % ce
nagar Ha 4epBeHOTO U BS10TO PPEHCKO
rposge n okono 75-80 % Ha 4YepHOTO
(kacuc). OcHoBHaTa KynTypa OT (ppeHcKu-
Te rposfa e Kkacuca, Y1eTo NpPoM3BOACTBO
e KoHueHTpupaHo B EBpona, okono 98 %
OT cBeTOBHaTa npoaykunsi. OCHOBHM Npo-
ussoautenn ca Pycua (351 304 t) un
Monwa (128 808 t). Mo-masiku Konuyec-
TBa npomsBexaar YkpaiHa (27 140 t),
BenukobputaHusa (13 899 t) n NepmaHns
(12 470 t). C Hai-ronemn naowwm ca Pyc-
kata epepaumnsa (395 045 ha), Monwa
(166 110 ha) n YkpaliiHa (24 500 ha). MNpn
cpegHuTe A06uBM CbLO ce Habnogasa
HamansBaHe: 606 kg/da npes 2013 r. Ha
500 kg/da (2017).

observed in 2017. Out of the entire
quantity of produced currants, roughly
20-25% are red and white currants while
75-80% are black currants. The main
cultivar of the currants is the black currant
whose production is concentrated in
Europe, around 98% of the entire world
production. Leading producers are Russia
(351 304 tonnes) and Poland (128 808
tonnes). Smaller quantities are produced
by Ukraine (27 140 tonnes), Great Britain
(13 899 tonnes) and Germany (12 470
tonnes). Largest areas for cultivation have
the Russian federation (395 045 ha),
Poland (166 110 ha) and Ukraine (24 500
ha). A decline in the average yields is
noted: 606 kg/da in 2013 to 500 kg/da in
2017.
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dwur. 4. NMpon3BoacTBO Ha (hpeHCKM rpo3ga n 604nBO rposae
Fig. 4. Production of currants and gooseberry

B ,Arpoctatuctnyecks cnpasoyHuK”
KbM M3XI HAMa mHdopmaumsa 3a npou-
BOACTBOTO B bbarapua Ha QpeHcku
rposga, 604/IMBO HEMCKO rpo3fe u 6opo-
BUHKW. MNMpeanonara ce, Ye NPOU3BOACTBO-
TO Ha Te3n KyNnTypu e TBbpAe orpaHuye-
HO, KOETO O3HayaBa, Ye Ha To3u eTan Hs-
MaT CepMO3HO MKOHOMMUYECKO 3HAYEHNE.

MponsBoacTtBO Ha  6045IMBO
rpo3ge. [lpes 2013 r. B cBeTa ca
npoussegeHn 168 304 t niogose OT
604/11BO rpo3ge Bbpxy 29 573 ha nnowm

In the Agrostatistical handbook
from the ministry of agriculture and food,
there is no available information on the
production of currants and berries in
Bulgaria. It is assumed that the production
of these cultivars is too limited; meaning
that at this stage, no real economic
significance exists.

Production of gooseberry.
168304 tonnes of gooseberry fruit were
produced in 2013 on area of 29 573 ha
(Faostat). No significant changes in the
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(Faostat). MNpe3 2017 r. He ce Habnwga-
BaT 3HAYUTEsSIHU MPOMEHW B MPOU3BOL-
CTBOTO W 3aeTute njowm, T.e. Te ca
MHOro cxofHu ¢ Te3nm ot 2013 r., CboT-
BeTHO 169 369 t n 29 436 ha. OCHOBHU
npoussoauTenn Ha 604/MBO rpo3ge ca
FepmaHusa (86 480 t, 2017 r.) n Pyckarta
depepauus (58 551 t), kakTo M c Haii-
rofieMun naouwm, cboTBeTHo 12 295 ha wu
12 089 ha. No-masnkn KonmyecTsa 6o041u-
BO rposge otrniexgar Monwa (9 457 t),
YkpaitHa (7 820 t), BenukobputaHusa (2
538 t), Uexusa (2 231 t). Bucokn cpegHu
[obuen ce nonyyasat B LUseiiyapusa (1
728 kg/da), YkpanHa (1 318 kg/da) u
BenukobputaHus (825 kg/da).

MponssoacTBOo Ha 60POBUHKU. B
cseTta npe3 2013 r. ca npousseneHu 434
520 t yepHM 6OpPOBUHKK, KOUTO Npe3 2017
ce yBenMyasaT Ha 596 813 t (Tabnumua 1,
durypa 5). B Espona npe3 nbpBata
rofvHa Ha pasrnexgaHva nepuog npous-
BOACTBOTO € 58 876 t, npe3 2017 r. ce Ha-
6n0faBa HapacTBaHe MoyTu Asa MbTu —
100 304 t. OCHOBHM MpPOM3BOAUTENUN Ca
Monwa (14 721 t) n Frepmanma (10 710 t).
C 0OKOo/10 0ceM MbTU MOBEYE € NMPOU3BOL-
cTBOoTO B CeBepHa Amepuka (448 002 t),
KOeTo e koHueHTpupaHo B CALL (236 621
t) n KaHaga (160 246 t). Ta3u kynTypa Ha
roneMy njaowy ce otrnexpa B KaHaga
(54 535 ha) n CALL, (37 555 ha). C Bucoku
cpefHn fobusKn ce oT/iMyasar XonaHaus
(1 021 kg/da), CALL, (716 kg/da) u
Fepmanus (394 kg/da).

production and occupied area were
observed in 2017, meaning they are
extremely similar to those in 2013 — 169
369 tonnes and 29 436 ha. Leading
producers of gooseberry are Germany (86
480 tonnes, 2017) and the Russian
federation (58 551 tonnes); they also
occupy the largest areas — 12 295 ha and
12 089 ha respectfully. Smaller quantities
of gooseberry is grown by Poland (9 457
tonnes), Ukraine (7 820 tonnes), Great
Britain (2 538 tonnes), Check Republic (2
231 tonnes). High mean vyields are
received in Switzerland (1 728 kg/da),
Ukraine (1 318 kg/da) and Great Britain
(825 kg/da).

Production of blueberries. In
2013 in the world 434 520 tonnes of
blueberries were produced, which in 2017
increased to 596 813 tonnes (Table 1,
Figure 5). During the first year of the trial
in Europe the production is 58 876
tonnes, in 2017 the increase is almost
double — 100 304 tonnes. Main producers
are Poland (14 721 tonnes) and Germany
(10 710 tonnes). The production of North
America, which is concentrated in the
USA (448 002 tonnes) and Canada (160
246 tonnes) is almost eight times larger.
At larger areas, this crop is cultivated in
Canada (54 535 ha) and the USA (37 555
ha). Distinguished with high average yield
are the Netherlands (1 021 kg/da), the
USA (716 kg/da) and Germany (394
kg/da).
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B Bbarapua npes 2017 r. no gaHHu
Ha FAO ca npousBegeHu 99 t nnogose oT
yepHa 60pPOBUWHKA, OTrNexgaHu Bbpxy 13
ha cbc cpegeH pobus 763 kg/da, HO B
otgen ,Arpoctatuctmka” Ha M3XI HaAma
HasIMyHa nHpopmauums.

Mpe3 2013 r. ca nonyyeHn 628 184
t uepBeHn 6opoBuHkM OoT 40 260 ha
(Faostat). Mpe3 2017 r. ce Habnwopasa
He3HayMTeNHO HamasiiBaHe Ha Mnpous-
BOACTBOTO (625 181 t), a 3aeTuTe nnowm
ca 41 085 ha. OcHOBHO ce oTrnexga B
CAL, (379 745 t), Kanapa (125 568 t) n
Unnu (103 169 t). CpegHute o6MBKN Npes
nocnefHuTe net roAvHW ce [ABWXaT B
rpaHvumTe 1521-1772 kg/da. CALL, aocTu-
rat Hau-Bucok p[obus npe3 2016 r. B
pasmep Ha 2 600 kg/da, a KaHaga npes
2014 r. ¢ 2 543 kg/da.

Cnopep Faostat B Bvnarapusa npes
2017 r. ca npoussefeHn 85 t yepBeHU
6GOpPOBMHKM BBLPXY nowm oT 68 ha cbe
cpepeH pgobus 125 kg/da.

N3BOAN

Mpon3BOACTBOTO Ha AroAoNI0AHM
KynTypu npogb/kaBa pa pacte. B
cBeToBEH Mawab Cc Hal-6bp3n Temnose
Ha pasBuTue e arogata. CaMo npu Hesl ce

HabnofaBa HenpekbCHATO HapacTBaHe
Ha MNpOW3BOACTBOTO Mpe3 nepuoaa
2013-2017 .

MasimHoBaTa kyntypa gobuBa Bce

Based on FAO data, In 2017 in
Bulgaria are produced 99 tonnes of
blueberry fruit, cultivated on 13 ha with an
average yield of 763 kg/da, however in
Agrostatistics by the ministry of agriculture
and food no available information exists.

In 2013, 628 184 t of cranberries
were produced on 40 260 ha (Faostat). In
2017 there is an insignificant decrease in
production (625 181 tonnes), and the
occupied area is 41 085 ha. They are
mainly produced in the USA (379 745
tonnes), Canada (125 568 tonnes) and
Chile (103 169 tonnes). The average
yields in the last five years fall within
1521-1772 kg/da. Highest yields come
from the USA in 2016 — 2 600 kg/da, and
Canada in 2014 with 2 543 kg/da.

According to Faostat in 2017 in
Bulgaria are produced 85 tonnes of
cranberries on areas of 68 ha with an
average yield of 125 kg/da.

CONCLUSIONS

The production of strawberry
cultivars continues to grow. On a global
scale, the strawberry has the fastest
development rates. A continuous increase
in production within the period of
2013-2017 is observed only with the
strawberry.

The raspberry cultivar is gaining
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no-roasmMo pasnpocTtpaHeHue n
WKOHOMWYECKO 3HA4YeHue, KakTo B CBeTa,
Taka u B bbnrapus.

Mpn dpeHcknTe rposga U 6oanu-
BOTO (HEMCKO, uapurpajicko) rposge ce
HabnwgaBa nek cnag B NpoU3BOACTBOTO.

B bbarapya oOT ArogonsiogHute
KyNTypy OCHOBHO Ce OTriexaa MasvHara.
Mpu nNpou3BOACTBOTO Ha sArogn ce
HabnwgaBa nogAbpXaHe Ha NouTu egHo

bigger  distribution and  economic
significance all over the world and in
Bulgaria.

A slight decline in the production of
currants and gooseberries is observed.

From the strawberry varieties, in
Bulgaria raspberries are mostly grown. In
the last few years, a steady trend in
strawberry production is observed.

HMBO Mpe3 nocneaHnTe HAKOJIKO rognHN.
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PE3IOME

N3cnepBaHeTo e npoBedeHO B
NIMK3 - TposH npe3 nepuoga 2014-2017
r. CMBOBO HacaxfeHue oT copT KaTuHka
ce oTrnexga npu HenosMBHU YC/I0BUSA,
BbPXY TUMUYHW 3a paiioHa nceBaonof-
30/IMCTWN, CBET/I0 CUBW TOPCKM MOYBMU,
Xapakrepusunpaliy ce c Kucena peakuus,
HACKO CbAbpXaHue Ha Xymyc, crabo
3anaceHun C XpaHWTeIHM BellecTBa.

MpoyyeHo e BAMSAHMETO Ha pasnny-
H/Y BapvaHTX Ha MogAbpXaHe Ha noyse-
HaTa MOBBLPXHOCT (yrap, ecTecTBeH Tpe-
BOCTOl, W3KYCTBEH TPEBOCTOl), BbPXY
CbAbPXaHNETO Ha XPaHUTESTHW efleMEHTH
(N, P, Ca), B nuctara Ha CnvBOBUTE
AbpBeTa.

CbAbpXaHMeTo Ha a3oT B /iMcrata
npes3 uscneABaHvs nepvog u npu Tpute
BapuaHTa Ha noagbpxaHe Ha noysata e
MO-HUCKO OT YTBbpAEHUTE CpeaHU HIBa.

YCTaHOBEHO €, Ye CbAbpPXaHUeTo
Ha cpocdop ¥ kKanuuini B Anctata npw
3aTpeBeHMTe BapuaHTW € MO0-BUCOKO, B

Accepted: 30.05.2019
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SUMMARY

The study was conducted in
RIMSA-Troyan during the period 2014-
2017. The plum tree plantation with
'Katinka' cultivar is grown under non-
irrigated conditions on typical for that
region pseudopodzolic light-gray forest
soils, characterized by acid reaction, low
humus content and substances that are
poorly stocked with nutrients.

The impact of different soil surface
maintenance variants was studied (fallow,
natural grassland, artificial grassland) on
nutrient content (N, P, Ca) in the leaves of
plum trees.

The nitrogen content in the leaves
during the survey period in all the three
variants of soil maintenance was lower
than the established average levels.

It was found that phosphorus and
calcium content in leaves of grass
covered variants was higher than the
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CcpaBHeHMe ¢ BapuaHTa yrap. OTyeTeHu
ca BWCOKM HMBA Ha Te3N efIeMeHTW, B
3aTpeBeHMTe BapvaHTu npes nepuoja Ha
npoyysaHe. [lpu BapuaHTa ecTecTBeH
TpeBocToin npe3 2016 © ca OTYETEHM
N3BBHPEAHO BMCOKM CTOMHOCTM Ha P205 —
0.46%; CaO — 4.33%.

KntovoBn gymn: cbObpxaHue Ha
XpaHUTeSIHW  efNleMeHTn B JicTaTta,
noaAbpxaHe Ha noysara, c/mBa

yBO/[,

CnvBoBaTa Ky/nTypa B N/IaHUHCKMTE
paiioHn ce oTrexga OCHOBHO BbPXY
cnabo npoaykTMBHM MNo4YBKM, GeaHUM Ha
XPaHUTEsTHN BeLecTBa, Npu nogabpxaHe
B yrap wau 3adyvmMsBaHe Ha uanarta nsioLl.
HayuHu n3cnegsaHusa nokaseaT, ye cnepg
NPOABL/IKATESTHO NOAAbPXAHE Ha MnouyBa-
Ta B YepHa yrap, pa3ko ce BfoLwasart arpo
dm3nyHuTE 1A cBoiicTBa (Merwin, 2004).

MeToabT Ha /iMcTHaTa AnMarHocTu-
Ka, M3Mos3BaH 3aefHo C JaHHW OT aHa/In3
Ha no4ysara, faBa AOCTOBEpPHa NpejcTaBa
3a 3aKOHOMEpPHOCTUTE B XPaHEHETO Ha
pacTteHusitTa U npeaocTaBs Bb3MOXHOCT
3a perynupaHeto My (Krishkov et al.,
2005).

XUMUYHUAT CbCTaB Ha nucrtara Ha
OBOLUHWTE [AbpBeTa ce MNpPOMeHs nof
B/IMSAHNETO Ha Ce30HHU KosiebaHnsa B Ku-
MaTa, MpuiaraHata arpoTexHuka, COpT,
noasioxka, MEeCTOHaxoXAaeHue, Bb3pacT
Ha AbpBeTaTa W Ap. haktopm (Martin-
Prevel et al., 1987; Pacholak, 1990; Failla
et al., 1990).

AHanmn3 Ha nucta, 120 gHu cnepg
nbAeH UbPTEX, MOXe Aa O6bAe MHOro
TOYEH METO[ 3a XpaHWUTesiHa AnarHocTuka
npw cnuea (Singh-Sidhuand Kaundal, 2005).

OT HanpaBeHWTE Wu3CneaBaHns Yy
Hac, BbPXY XMMWYHMSA CbCTaB Ha C/IMBOBU
cTa, NOoBEe4YeTo aBTopu MNpenopbyBaT
NINCTHUTE Npobu pJa ce B3emar cnepg
3aTuxBaHe Ha pactexa, peHohasa KoAaTo
HacTbnBa nNpW pPas/iMyHn  KIUMaTUYHU
ycnosus npes tonu-asrycT (Vitanova, 1979).

Llenta Ha HacToALOTO MpPOy4YBaHe
€ Ja ce YCTaHOBM B/IUSAHUETO Ha
pas/iMyHM CMCTEMU Ha NoAAbpXaHe Ha

fallow variant. High levels of these
elements were reported in the grass
covered variants during the survey period.
Extremely high values of P205 (0.46%)
and CaO (4.33%) were recorded in the
variant with natural grassland in 2016.

Key words: nutrient content in the
leaves, soil maintenance, plum

INTRODUCTION

Plum crops in mountain areas are
grown mainly on poorly productive,
nutrient-poor soils, maintained on fallow
terrains or areas thoroughly covered by
grass. Scientific studies show that after a
long-term maintenance of soil in fallow, its
agro-physical properties deteriorate
sharply (Merwin, 2004).

The leaf diagnostics method, used
along with soil analysis data, gives a fair
idea of the patterns of plant nutrition and
provides an opportunity for its regulation
(Krishkov et al., 2005).

The chemical composition of leaves
of fruit trees changes under the impact of
seasonal variations in climate, the applied
agro-technology, cultivar, rootstock,
location, age of the trees and other factors
(Martin-Prevel et al.,, 1987; Pacholak,
1990; Failla et al., 1990).

Leaf analysis, 120 days after full
flowering stage, can be a very accurate
method of nutritional diagnostics for plums
(Singh-Sidhuand Kaundal, 2005).

Most of the authors suggest that
the leaf samples should be taken after the
growth rate is slows down, a phenophase

that occurs under different climatic
conditions in  July-August (Vitanova,
1979).

The purpose of this study is to
determine the effect of different systems
of soil maintenance in the plum plantation
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noysaTa B C/IMBOBO HacaxieHue, BbpXy
CbAbpXaHMeTo Ha a30T, docdop u
Kasiumini B nnctara Ha gbpBeTa OT copT
KaTuHka.

MATEPVAT N METOON

OnuteT e nposeneH npe3 2014-
2017 r. B WIDK3-TposH B C/MBOBO
HacaxaeHne ot copT KatuHka, cb3gaje-
HOo npe3 2010 r., Ha naouy oT 8 da, BbpXy
ncesgonoA3onucTa noysa cnabo 3anace-
Ha C XpaHuTesniHu BewecTBa (Tabnuua 1).
3noxeHneTo Ha Ck/loHa e ceBepo3anaj-
HO, C Hak/oH 4-5°. IbpBeTaTa ca 3acaje-
HU B nocafgbyHu amu 3apefeHun ¢ 30 kg
obopcku Top u 400 g cynepdocdar npu
cxema 5x3 m.

on the content of nitrogen, phosphorus
and calcium in the leaves of 'Katinka’
trees.

MATERIAL AND METHODS

The experiment was carried out in
2014-2017 at RIMSA-Troyan in a plum
plantation of 'Katinka’ cultivar, established
in 2010 in an area of 8 da, on a pseudo-
podzolic soil, poorly stocked with nutrients
(Table 1). The exposure is northwestern
exposure with a slope of 4-5°. The trees
were planted in planting pits stocked with
30 kg of manure and 400 g of
superphosphate in 5x3 m scheme.

Tabnumuya 1. XMMnyeH CbCTaB Ha nouBarta B ONUTHMSA yyacTbk 3a 2015 T.
Table 1.Chemical soil composition in the experimental site in 2015

Obn6ounHa
Soil depth pH >N P205 K20 Ca Xymyc
cm H20 KClI NH4+NO3 mg/kg mg/100g mg/100g Cmolkg %
0-20 5.1 4.7 15.0 5.2 25.3 10.6 2.32
0-40 5.1 4.1 8.6 1.1 14.9 17.0 1.17
YCTaHOBEHO € CbAbpXaHWETO Ha The nitrogen, phosphorus and

asoT, dhocchop 1 Kanuuii B niMctara npm
cnefHUTe BapuaHTu:

1. YepHa yrap — nognbpxaHe Ha
mMexaypeausTa B yrap, Ypes AMKCKyBaHe;

2. EcTtecTtBeH TpeBoOCTOW  —
3auMmsiBaHe Ha  Mexgaypeausata  C
€CTeCTBEHN MHOTOroAULIHY TPEBU;

3. W3kycTtBeH TpeBocTOl  —
3a4yMMsiBaHe Ha MexaypeausaTa ¢ TpeBHa
cMmecka OT 6060BM U XWUTHW TPEBU B
cboTHOweHue (1:1), c BugoBeTE: 3BE€34aH
W 4yepBeHa BfacaTka, Npu MOCeBHa
Hopma 5 kg/da;

JinctHnte npobm 3a aHanmns ca
B3€MaHW €eXerogHo npes asryct u ca
06paboTeHN B XMmM4YecKa nabopaTopust
Ha WIDK3-TposH, nNo MeToAn KakTo
cnepsa:

- a3oT (%) — no Kengan

- thocchop (%) — KOOPUMETPUUHO
npv peaykTop xugpasuH cyndgar

- kKanuuii (%) — KOMNIEKCOMETPUYHO

calcium content of the leaves was
determined in the following variants:

1. Fallow - the interrows are
maintained as a fallow by disking;

2. Natural grassland - the interrows
are covered by turfgrass of natural
perennial grasses;

3. Artificial grassland - interrows
are covered by turfgrass of grass mixture
from legume and grasses in ratio (1:1)
with bird’s-foot-trefoil and red fescue at a
seeding rate of 5 kg/da;

The leaf samples for analysis were
taken annually in August and were
processed in the chemical laboratory of
RIMSA-Troyan according the methods as
follows:

- nitrogen (%) - according to Kjeldahl

- phosphorus (%) - colorimetrically
with hydrazine sulfate reducer

- calcium (%) - complexometric
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Pesyntatute oT XMMWYHWUTE aHa-
N3N Ce CcpaBHSABAT CbC CTaHOAPTHU
CTOMHOCTM, Taka 4e ce nosiyyaBa penTuHr
Ha XpaHuUTeNHWs cTaTyCc Ha oOBolWHaTa
rpagvHa. Tabnuua 2 gaBa CcTaH4apTHU
CTOMHOCTM 3a CbAbpPXaHWe Ha XUMWUY-
HATE €JIeMEeHT B ncta OT  CAUBK
Agriculture.vic.gov.au, (2017):

The results of the chemical
analyzes were compared with standard
values, so that the nutrition status of the
orchard was obtained. Table 2 gives
standard values for the content of
chemical elements in the plum leaves
Agriculture.vic.gov.au, (2017):

Ta6nuua 2. CTeneH Ha 3anaceHoCT C OCHOBHUTE XPaHUTESTHW eflIeMeHTU B INCTa

npu cnuesa
Table 2. Level of nutrient storage in plum leaves
Element Deficient Low Normal High Excess
Hepoctur Hwucko HopmasiHo Bucoko M3nunwsK
N% <17 1.7-2.3 2.4-3.0 3.1-4.0 4.0+
P% <0.09 0.09-0.13 0.14-0.25 0.26-0.40 0.40+
K% <1.0 1.0-1.5 1.6-3.0 3.1-4.0 4.0+
Ca% <1.0 1.0-14 1.5-3.0 3.1-4.0 4.0+

PE3YJITATU N OBCBXXOJAHE
Mpn 3anaraHe Ha onuta 2014 r. C
no-BMcokKa a3oTHa KoHUeHTpauua (1,46%)
ca nucTHWTe npobu Ha pAbpBeTara oT
BapuaHT 3 — U3KYCTBEH TPEBOCTOW, crej-
BaH OT BapuaHT 1 — yrap, a ¢ Hail-Hucka
KOHLUeHTpauua Ha asoTr (1,17%) e 2-pu
BapuaHT (ECTECTBEH TPEBOCTOI). TeHAEH-
uusiTa 3a Hal-HMCKa KOHUEHTpauus Ha
a3oT B J/McTata npuv  2-pu  BapuaHT
(ecTecTBEH TpeBOCTOlM) ce 3anassa W
npes ocTaHaMTe TPWU TOAWMHK, OCO6EHO
npes 2016, korato € oOT4yeTeHa Hai-
HuMckaTa cToiiHocT oT 0,68% a3oT, Hamno-
NI0BMHA NO-Manko, B CpaBHeHMe ¢
apyrute aBa BapuaHTa (durypa 1).
Mo-BuCOKa a3oTHa KOHLUEeHTpauus
npe3 wu3cnefBaHus Nepuog e OoTvyeTeHa
npu NUCTHMTE Npobu OT AbpBeTara Ha
nbpBu BapuaHT (yrap). B cpaBHeHue c
BapuaHTa ecTecTBEH TPEBOCTON pasfnnka-
Ta e okosno 0,3 %.

RESULTS AND DISCUSSION

At the setting of the experiment in
2014, the foliar samples of the third
variant had higher nitrogen concentration
(.46 %) in the artificial grassland,
followed by variant 1 - fallow, whereas the
lowest nitrogen concentration (1.17 %)
was found in the 2nd variant (natural
grassland). The tendency for the lowest
nitrogen concentration in the leaves in the
2nd variant (natural grassland) remained
for the other three years, especially in
2016, when the lowest value of 0.68%
nitrogen, half less, compared to the other
two variants (Figure 1).

Higher  nitrogen  concentration
during the study period was observed in
leaf samples from trees of the first variant
(fallow). Compared to the natural
grassland variant, the difference is about
0.3%.
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our. 1. CbabpXaHue Ha a3oT B anctarta (%), no BapnaHtu (2014-2017)
Fig. 1. Nitrogen content in leaves in different variants (2014-2017)

BAv3kute CTOMHOCTM Ha KOHLEH-
TpaumMaTa Ha asoT B fucTarta, Mexay
BapuaHTuTe npes uscnenBaHUTe rognHu,
rnokassa 4e cuctemara Ha noggbpxaHe
Ha noysata He oOka3Ba CblLECTBEHO
B/IMSAHWE NPY YCBOSIBAHETO Ha a3oTa.

AHaNM3bLT Ha CbAbPXaHWETO Ha
a30T B JMCcTaTa Ha fAbpBerara nokassa
Heo6XoAMMOCT OT BHacsiHe Ha [ONbJIHU-
TEJ/IHO KONIMYeCTBO a3or.

Hopmata 3a a3ota e 2.4-3.0%, a
3a Hepgoctur ce cmATa nog  1,7%
(Tabnuua 2) CbabpXaHMETO Ha as3oT B
nmctaTa Ha copT KatuHka npes roguHure
Ha n3crefBaHeTo, B pa3IMyHNTE BapuaH-
TV Ha noAaAbpXaHe Ha no4ysara e Haro-
JIOBMHA MO-MaJsIKO OT HOPM&asTHUTE HUBA U
nog kputuyHma npar (1.7%). ToBa OT
CBOsI CTpaHa nokassa, 4Ye npegnocagby-
HOTO OPraHW4yHO W MWHEpasIHO TOpeHe
npu cb3fjaBaHe Ha Hacax[eHWeTo, He
ocurypsisa HykHuTe 3anacu, ga obesneuu
pacTteHusiTa C¢ HeobxoAumMuUTe Kosuyec-
TBa a3oT, 3a ONTUMasIHO pa3BuTHe.

Mo OTHOWEHMEe CbAbPXKAHMETO Ha
hochop, HsAMa ChblieCTBEHaA pasfivka
Mexay  OTAesnHuTe  BapuaHTu  npu

The close values of the nitrogen
concentration in the leaves, among the
variants during the years studied, indicate
that the soil maintenance system has no
significant effect on nitrogen uptake.

The analysis of nitrogen content in
the leaves of the trees shows the need
for introducing additional nitrogen.

The rate of nitrogen is 2.4-3.0%
and the deficiency is considered to be
less than 1.7% (Table 2). The nitrogen
content in leaves of 'Katinka' cultivar
during the years of the study, for the
different variants of soil maintenance is
half less than normal levels and below
the critical threshold (1.7%). This, in turn,
shows that pre-planting organic and
mineral fertilization when establishing the
plantation does not provide the necessary
supplies, to provide the plants with the
necessary amounts of nitrogen, for
optimal development.

Regarding the phosphorus content,
there is no significant difference between
the different experimental variants in
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3as1araHe Ha onuta 2014 r., kato npu
3aTpeBsiBaHETO (eCTeCTBEH U U3KYCTBEH
TPEeBOCTOI1) KOHLEHTpaumaTa Ha dpocdop
€ C MaJIKo No-BMCoKM ctoiHocTu (0,19%).
Bcuukn ca B onTUMasiHUTE rpaHuuy Ha
o6esneyeHocT no Tabnuua 2. Mpes ocTa-
Ha/ITe TOAMHU Ha U3cnefBaHns Nepuog,
CbAbPXaHNETO Ha hocdop B McTaTa Ha
3aTpeBeEHMTE BapuaHTu € B MNbTU Mo-
BMCOKO. Haii-BcOKa KOHLUEeHTpauus e oT-
yeTeHa Mpu BapuaHTa ecTecTBEH TPEBO-
ctoin 2016 r. - 0,45% (durypa 2). MNpes
2015, 2016 n 2017 r., B 3aTpeBeHUTE
BapuaHT e OTYETEHO BUCOKO CbAbpXa-
HME M U3NUWBLK Ha ¢hocthop B IMCTHUTE
I'Ip06|/l, cnepoBaresiIHO cuctemara Ha nopa-
ObpXaHe Ha rnouysaTa OKasBa CblLUECTBEHO
BNMsIHME NpuW YCBOsIBaHETO Ha dpocdhopa.

p
0.5
0,45 -
04 i
0,35
0,3
f 0,25 -
0,2
0,15
0,1
0,05
0 Il
2014 2015 2016

2014, as the phosphorus concentration
had slightly higher values (0.19%) in
grass covering (natural and artificial
grassland). All variants are within the
optimum limits of stockpile of nutrients in
Table. 2. During the other years of the
study period, the phosphorus content in
leaves of grass covered variants was
several times higher. The highest
concentration (0.45%) was reported for
the natural grassland variant in 2016
(Figure 2). In 2015, 2016 and 2017, the
grass covered variants reported a high
content and excess of phosphorus in the
leaf samples, therefore the soil
maintenance system had a significant
impact on the absorption of phosphorus.

|

2017

m | ¥rap Fallow

® || ECcTecTBeH TPeBoCTOR
Matural grassland

1l M3y CTREH TRERDCTOR
Artificial grassland

our. 2. CbabpxaHue Ha dhocdop B nucTaTta (%), no BapmaHTn (2014-2017)
Fig. 2. Phosphorus in leaves, in different variants (2014-2017)

AHa/IM3bT Ha CbAbPXAHMETO Ha
hocdhop B NuctaTa M Npu TpUTe BapuaH-
Ta 3a uscnefBaHus nepuog nokasea, ye
Te ca AocTaTbyHO 0b6e3neyeHn, KOeTo He
Hanara [JOMb/IHUTE/IHO BHacsHe Ha
hochopHu TopoBe.

CbAbpXaHNeTO Ha Kajuuin B
nucTata e B onTumasiHata Hopma v npu
TpWTE BapvaHTa 3a Npoy4YBaHnTe roguHM.

Haii-BMcoka KOHUeHTpauus e oTue-
TeHa npe3 2016 1. - 4.33% (Purypa 3).

An analysis of the phosphorus
content in leaves in all three variants for
the study period shows that they are
sufficiently stockpiled, which does not
require additional fertilizer application.

The calcium content in leaves was
at the optimum rate in all three variants
for the years studied.

The highest concentration (4.33%)
was reported in 2016 (Figure 3).
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Fig. 3. Calcium in leaves in different variants (2014-2017)

HabnogasaT ce pas/siku B CbAbp-
XaHWeTo My, Ab/DKally ce Ha cucTemMaTa
Ha nogabpXaHe Ha noysaTa. Mpu 3aTpe-
BEHWUTE BapuaHTX ce MHAyumMpa no-BuCo-
KO CbAbpXaHune Ha Kasiuuii B nucTata, B
CpaBHEHMWe C BapwaHTa yrap, Kato CTerneH-
Ta Ha 3anaCceHoCT € OT BUCOKa A0 U3NMNLUBK.

n3Boan

Mpe3 n3cnegsaHnsa nepuog, cucre-
MaTa Ha noAgbpXaHe Ha no4ysata He
OKasBa B/MSIHME Ha as3oTHaTa KOHLEH-
Tpauus B nuctaTa Ha copT KatuHka. N B
TpuTe BapuaHTa ce HabngaBa HefoCTur
Ha as3or.

MogabpxaHeTo  Ha  noyBeHaTta
NMOBBLPXHOCT B €CTECTBEH W W3KYCTBEH
TPEeBOCTON MMa NosoXutTeneH edekt 3a
YCBOSIBAHETO Ha hocdhop U Kasuuii, KaTo
HMBaTa Ha KOHLEeHTpauus B suctaTta ca
BMCOKM ¥ Ca Haj, ONTUMa/IHUTE CTOHOCTK.

JlnctHata pmarHocTMka Ha ToBa
npoyysaHe nokassa, 4Ye MNpu BCUYKM
BapuaHTu Ha nogAbpXxaHe Ha noysara ce
HanaraT no-BUCOKN HOPMU Ha a30THO TO-
peHe, foKaTo Npv NoAAbpXaHe Ha noysa-
Ta B UMM (ecTecTBEH M U3KYCTBEH TPeBO-
CTOI), HE € HeobXxoANMO AOMb/HUTESTHO
BHacsiHe Ha (pocthopHY 1 KanuneBmn TOpoBe.

There are differences in its content
due to the soil maintenance system. The
grass covered variants induce higher
calcium content in leaves than the fallow
variant, as the stockpile degree is
because of excess storage.

CONCLUSIONS

During the study period, the soll
maintenance system did not influence the
nitrogen concentration in the leaves of
'Katinka’ cultivar. In all three variants there
is a nitrogen deficiency.

Maintaining the soil surface in
natural and artificial grassland has a
positive effect on the absorption of
phosphorus and calcium, as the
concentration levels in the leaves are high
and above optimal values.

The foliar diagnostics of this study
show that higher rates of nitrogen
fertilization are required in all variants of
soil maintenance, whereas when the soil
is covered with turf (natural and artificial
grassland), no additional application of
phosphorous and calcium fertilizers is
required.
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PE3IOME

Plum pox virus (PPV, pog
Potyvirus) e npuunHuTen Ha 6onecTTa
Lapka, KosiTo ce cunta 3a Hali-narybHoTo
BUPYCHO 3abonsBaHe npu KOCTWU/IKOBUTE
Bngose. OT CBOETO OTKpUTME npe3 1932
r. B bbarapusa 6onectrta ce pasnpocTtpa-
HABa nporpecuBHo B UuUsna Espona u
OPYrM  KOHTMHEHTUW, C U3K/OYEHME Ha
AscTpasnivga. PPV npuunHABa 3HaUYNTESTHU
3arybm B o6uBa 1 NoOHWXaBa Ka4yecTBOTO
Ha naogoBeTe Npu YyBCTBUTE/THU COPTO-
BE C/NMBU, MpackoBm 1 kaiicuun. Lapkata e
ycTaHoBeHa B Cbpbus npe3 1935 r. u
Jocera e NoTBbPAEHO HA/IMYMETO Ha TpU
ocHoBHM wama (PPV-M, -D u -Rec).
Mpean netHagecet roguMHn B 3cneposa-
TEICKN UHCTUTYT NO OBOLLApCTBO, Yauak,
3anoyHa LIMpoKo-MalabHo npoyyBaHe 3a
Ha/MuMeTo, pasnpocTpaHeHUeTo, reHe-
TMYHOTO pasHoobpasve u enugemmnosno-
rmsita Ha wamoseTe Ha Plum pox virus.

B HacToAWOTO wu3cnedBaHe ca
00606LLEeHN pe3ynTaTuTe OT HalW MOJSICKU
n nabopaTopHu u3cnedBaHus, npegcTa-

Accepted: 28.06.2019

Published: 05.08.2019

SUMMARY

Plum pox virus (PPV, genus
Potyvirus) is the causal agent of Sharka
disease that is considered the most
detrimental viral disease of stone fruits.
Since its discovery in 1932 in Bulgaria,
the disease has spread progressively to
entire Europe and other continents,
except Australia. PPV causes significant
yield losses and reduces fruit quality in
sensitive plum, peach and apricot
cultivars.

Sharka was reported in Serbia in 1935,
and so far the presence of three major
strains (PPV-M, -D and -Rec) was
confirmed. Fifteen years ago, a large-
scale study on the presence, distribution,
genetic diversity and epidemiology of
Plum pox virus strains has begun at the
Fruit Research Institute, Cacak.

In this review, we summarized the
results of our field and laboratory research
and presented the future prospects for
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BEHM ca 6bAewmn NepcrnekTMBu 3a KOHTPON
BbpXy 60nectta B Cbpbus, KbAeTO Liapka-
Ta e eHfeMuyHa, 3a MpUMeMNnBO MNoaAbLP-
XXaHe TbProBCKO Npon3BoACTBO Ha nioaoBe.

KntouoBn gaymun: Plum pox virus,
LLlamMoBe, KOHTPO/ Ha 6onecTTa

CwuHsaTa cnmBa ce cuuTa 3a efivH oT
Han-TpagMUMOHHUTE CpPbOCKM nNNoaoBe.
Cnopeg pgaHHm Ha FAO (FAOSTAT),
CpefHOTO roAWLLIHO NMPOU3BOACTBO HA CUHU
cnmeu B Cbpbus 3a nepuopa 2012-2017
r. e 404.109 t (FAOSTAT, 2017). bnaro-
NPUATHUTE KNUMATUYHU N NOYBEHWN YCNO-
BUSA, WKOHOMUYECKUAT UHTEpec 1 Tpaau-
uusaTa Ha oTrexgaHe u npepaboTka,
NnpaBAT CUHATA C/vMBa BOAELY, OBOLLEH
Buz B Cbpbus. Mpon3BoACTBOTO Ha Apyrn
KOCTWU/IKOBU  NJI0I0BE €  3HauYUTesHO
CKPOMHO. 3a CbluMsA nepuofs cpefHoTo
roAVWHO MPOU3BOACTBO Ha Kaiicum u
npackoBu e CbOTBETHO 22.529 t n 84.694 t.

Plum pox virus (PPV) e uecto
cpeLlaH naTtoreH npu KOCTU/IKOBUTE BUAO-
Be B Cbpbua. PPV e npuunHuten Ha
6onecTTa Wapka, KoATo e Hai-narybHoTo
BUPYCHO 3abofiiBaHe Mnpu CUHU CUBWU,
Kalicum, npackoBM W HeKTapuHu. Hsma
omumnanHn faHHM 3a 6pos Ha 3apase-
HUTe AbpBeTa ¢ PPV B cBeToBeH Mallab,
HO cropef oueHkata OT 90-Te roguHU
noseye oOT 100 MWUIMOHA KOCTWJ/IKOBYU
nnogHN gbpBeTa ca 3apas3eHn B EBpona
(Roy and Smith, 1994). MNMosiBaTta Ha wwap-
Ka uma Ccepuo3Hu arpapHu,, MKOHOMUYec-
KM 1 NONNTUYECKN nocneacTBusa. Hamansa-
BAHETO Ha Ka4yecTBOTO U pAobuBa Ha
nnogoseTe, NpexaeBpeMeHHOTO onajaHe
Ha nnojoBeTe ca YecTo cpellaHuTe npo-
671eMy B OTIrNIEXAAHETO Ha YyBCTBUTENHN
copToBe C/MBa, KalicMsa W Mpackosa.
Crnopef, oueHKUTe, CBETOBHUTE pasxoau
(Nnpekn n Henpekn), cBbp3aHn ¢ PPV,
Bb3/M3aT Ha noseye oT 10 munmnapga
€BpO 3a nepuoj OT TpU AeceTunieTus
(Cambra et al., 2006).

PPV 3a nbpBM NbT € onucaH npu
cnHaTa cnuea (Prunus domestica L.) B
Bvnrapusa npes 1932 r., a Tpu rogmHu no-
KbCHO KU B Cbpbus (Atanasov, 1932;

disease control in the country where
Sharka is endemic to maintain feasible
commercial fruit production.

Key words:
strains, disease control

Plum pox virus,

Plums are considered one of
Serbia’s most traditional fruits. According
to FAO’s Food and agriculture database
(FAOSTAT), the average annual
production of plum fruits in Serbia in the
period 2012-2017 was 404.109 t
(FAOSTAT, 2017). Favorable climate and
soil conditions, economic interest, and
tradition of growing and processing made
plum a leading fruit species in Serbia.
Production of other stone fruits is
considerably modest. In the same period,
the average annual production of apricots
and peaches was 22.529 t and 84.694 t,
respectively.

A common pathogen of stone fruits
in Serbia is Plum pox virus (PPV). PPV is
the causal agent of the Sharka disease —
the most detrimental viral disease of plum,
apricot, peach and nectarine. There are
no official data on the number of PPV
infected trees worldwide, but according to
the estimation from the 1990s, more than
100 million of stone fruit trees were
infected in Europe (Roy and Smith, 1994).

Sharka occurrence has serious
agronomic, economic and political
consequences. Reduction of fruit quality
and vyield, premature fruit drop are the
common problems in the growing of
sensitive  plum, apricot and peach
cultivars. According to estimations, global
costs (direct and indirect) associated with
PPV amounts more than 10 billion Euros
in the period of three decades (Cambra et
al., 2006).

PPV was first described on
European plum (Prunus domestica L.) in
Bulgaria in 1932, and three years later in
Serbia (Atanasov, 1932; Josifovi¢, 1937).
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Josifovié, 1937). OtTorasa 6osnectra ce e
pasnpocTtpaHuna B usna Espona v B
MHOIO CTPaHW Ha APYrn KOHTUHEHTU, C
M3KYeHne Ha ABCTpasins.

Wapkata npucbctBa B Cbpbus
nosevye ot 80 roAMHWM W OCBEH ApYyru
(hakTopu onpenens 3HauuMTeNHUTE Mpo-
MEHU B OTINEeXAaHeTo Ha CUHW CUBW.
Jloxeraya®, HAKora OOMUHMpALL, C/IBOB
COpT , AHecC NpuUcbCTBa camo B cTapu u
N30CTaBEHW OBOLLHU rpagnHu. OCHOBHU-
Te COpTOoBe B MNIOAONPOU3BOACTBOTO ca
,CTeHneii* n copToBe, OTreXgaHn B
M3cnepoBsartesnicku MHCTUTYT MO OBOLLAp-
cTBO B Yauak ("HauaHcka pogHa", "HauyaH-
cka nenotuya”, ,BaneBka“, "YauyaHcka
Hanbonsa“ n ap.). Bb3 ocHoOBa Ha Hay4Ha-
Ta U MKOHOMMYecka 3HayumocTt, PPV e
egnH oT 10-Te Hal-BaXHU pacTUTEsTHU
Bupycu B ceeTa (Scholthof et al., 2011).
Mpe3 nocnegHwute OBe AeceTuieTus ce
nosioXxuxa rofemun ycunus 3a nogobpsiea-
He Ha KOHTpona u ynpasneHueTo Ha Plum
pox virus.

PPV npuvHagnexmu kbMm pog Potyvirus
OT cemelicTBO Potyviridae. Motusmpycute
ca MHOro M ca UKOHOMWYECKN BaXKEH pofg
OT pacTtuTesiim Bupycu. NeHombT Ha PPV
e TunudeH 3a pof Potyvirus n cbabpxa
eflHa ronsiMa pamMka OTBOpPEHa 3a 4YeTeHe
(ORF), wuspaseHa kaTo MNOAUNPOTEMHOB
npekypcop ot 340-370 kDa, KONTO KO- U
MoCcT-TpaHCcauMoHHO ce pasuensa oOT
BMpYC-KOAMPAaHN NpoTeuHasw, A0 Mony-
yaBaHe Ha 10 npoTeuHoBu npogykra: P1,
HC- Pro, P3, 6K1, Cl, 6K2, Nla, VPg, NIb
n CP (Salvador et al., 2006). Mpu apyr
KpaTtbk ORF - pocta nHTepeceH Potyviridae
ORF (PIPO) cbwo ce cbobulaBa 3a
Potyviruses (Chung et al., 2008).

Jocera ca npusHatu pgecetr PPV
wama: PPV-M, -D, -EA, -C, -Rec, -W, -T,
-CR, -An and -CV. Wamose PPV-M, -D u -
Rec ce cuuTtaT 3a OCHOBHW, KOUTO Npwu-
CbCTBaT B MHOIMO AbpXasu U 3apasssart
CVHU CAMBU, KailcuM u npackosw. [Apyru
(He3HaumTenHn) WwamoBe ca C reorpadcko
3HaYeHVe UIn OrpaHNYEHO Pas3npoCTPaHeHu.

PPV npepgussuksa CMMNTOMMU Bbp-
Xy pas/iMyHu pactuTesiHn opraHu: Mpu

Since then, the disease has spread
throughout Europe and many countries on
other continents, except Australia.

Sharka is present in Serbia more
than 80 years, and apart other factors,
contributed to the significant changes in
plum growing. ‘PoZegaca’, once dominant
plum cultivar, is today only present in old
and abandoned orchards. Major cultivars
in the production are ‘Stenley’ and
cultivars bred at the Fruit Research
Institute in Cacak (‘Cacanska Rodna’,
‘Cacanska Lepotica’, ‘Valjevka’,
‘Cacanska Najbolja’ and others).

Based on the scientific/leconomic
importance PPV is one of the ‘top 10’
plant viruses in the world (Scholthof et al.,
2011). Great efforts were made in the
past two decades to improve the control
and management of the Plum pox virus.

PPV belongs to the genus
Potyvirus in the Potyviridae family.
Potyviruses are numerous and

economically important genus of plant
viruses. PPV genome is typical for
Potyvirus and contains one large Open
Reading Frame (ORF) expressed as a
polyprotein precursor of 340-370 kDa that
is co- and post-translationally cleaved by
virus-encoded proteinases to produce 10
protein products: P1, HC-Pro, P3, 6K1,
Cl, 6K2, Nla, VPg, NIb and CP (Salvador
et al., 2006). Another short ORF - Pretty
Interesting Potyviridae ORF (PIPO) was
also reported for Potyviruses (Chung et
al., 2008).

Ten PPV strains have been
recognized so far: PPV-M, -D, -EA, -C,
-Rec, -W, -T, -CR, -An and -CV. PPV-M,
-D and -Rec strains are considered as
major strains that are present in many
countries and they infect plum, apricot
and peach. Other (minor) strains are
geographically or host limited.

PPV induce symptoms on different
plant organs: leaves, flowers, fruits, seeds
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YyBCTBUTE/IHW COPTOBE CUMMATOMUTE MO
nnogoseTe ca Texkn n PPV nHdekymata
M npaBu HEU3nos3BaeMu U Henpoga-
Baemu. Mpu Texka WHpeKuns npu copt
"Moxeravya" gobmBbLT MOXe Aa nagHe C
80-100%.

PPV ectectBeHO 3apassiBa MHOIO
KyNTypHM  KOCTW/IKOBM  BMAOBE  KaTo
Hanpumep: CUHA C/vBa, SANOHCKa CrivBa
(P. salicina Lindl.), npackosa (P. persica
(L.) Batsch), kavicus (P. armeniaca L.),
yepewa (P. avium L), BuwHa (P. cerasus
L.) u 6agem (P. amygdalus L.).

PPV ce npeHacs OT BbLUKM U Hap,
20 Bga ca noco4vyeHn KaTo nosevye Unu
no-Masiko edekTMBHM NpuHOCUTENN. 3apa-
3eHUAT NocafgbyeH U PENpPOAYKTUBEH MaTe-
pvasl € OCHOBHUAT HauMH 3a pasnpocTpa-
HeHWe Ha BUpyca Ha Aa/IeYHN Pa3CTOSHUSA.

M3cnenBaHe Ha Bupyca Ha PPV B
Cbpbus

Mopagn ronsiMOTO CUM MKOHOMUYECKO
3HaueHWe, LlapkaTa e Hali-u3cnefBaHoTO
BMPYCHO 3abosisBaHe npu pacTeHusTa B
Cbpbusa. MNpoyyBaHETO 3a Hanuuve Ha
Plum pox virus B Cbpbus 3anoyHa cnep
OTKpVBaHeTo My B Kpas Ha 30-Te roguHu
Ha MMHanusa Bek, HO npe3 50-Te rognHu B
W3cnepoBaTencku WHCTUTYT MO OBOLLAp-
CTBO B Yauak 3anoysaTt yCWIeHW uscnes-
BaHVA. Llenta Ha nbpBUTE NpoyyBaHusa e
[a ce ycTaHOBM Bb3geicTBMeTo Ha 60-
NecTTa BbpXy pas/IMyHU COPTOBE C/IMBMU,
0Ccob6eHO BbPXY KauyecTBOTO Ha niogose-
Te n 3arybute B Ao6MBa, HO CbLLO Taka U
pasnpocTpaHeHneTo Ha 6onectta B
HacaxgeHusita. MNo-KkbCcHUTE n3cneaBaHus
Cca HacoyeHW KbM u3CnefBaHe Ha Hali-
noaxoasLwuTe TPEBHU U AbPBECHU UHAM-
KaTopHM  pacTeHns 3a  OMONOrMYHK
TectoBe (Jevremovic and Paunovic,
2014). Pa3paboTBaHETO Ha CEPOSIOrNYHN
TexHukn (ELISA) nopgobpsiea 1 yckopsia
OTKpPVBAHETO Ha BMpyca B pas/iMyHU
pactutenHn npobu. MetoabT ELISA e
LUMPOKO M3MoN3BaH 3a oTKkpuBaHe Ha PPV
B Mpobu OT pas/iMuHn Buaose Prunus ot
HayanoTto Ha 80-Te rognHu (Rankovi¢ and
Vuksanovi¢, 1981).

and branches. In sensitive cultivars,
symptoms on fruits are severe and PPV
infection make them unusable and
unmarketable. In severe infection of plum
‘PozegaCa’ vyield loses can reach
80-100%.

PPV  naturally infects many
cultivated stone fruit species: European
plum, Japanese plum (P. salicina Lindl.),
peach (P. persica (L.) Batsch), apricot (P.
armeniaca L.), sweet cherry (P. avium L.),
sour cherry (P. cerasus L.) and almond
(P. amygdalus L.).

PPV is aphid borne virus and more
than 20 aphid species are reported as
more or less efficient vectors. Infected
planting and reproductive material is the
main manner for long distance virus
spread.

PPV research in Serbia

Because of its great economic
importance, Sharka is the most studied
plant viral disease in Serbia. The survey
on Plum pox virus presence in Serbia
started after its discovery in late 1930s,
but intensive studies were initiated during
1950s at the Fruit Research Institute in
Cacak.

First studies were aimed to investigate the
impact of the disease on different plum
cultivars, particularly on the fruit quality
and vyield loses, but also the disease
spread within the orchards.

Later research was focused on the
investigation of the most appropriate
herbaceous and woody indicator plants
for biological tests (Jevremovi¢ and
Paunovi¢, 2014). The development of
serological techniques (ELISA) improved
and speeded up the detection of the virus
in different plant samples. ELISA
technique was widely used for PPV
detection in samples of different Prunus
species since the beginning of 1980s
(Rankovi¢ and Vuksanovi¢, 1981).
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MNpe3 nocnegHute 15 roguHu wus-
cnejpaHuaTa ce cbCcpefoTovaBaT BbpXy
npuiaraHeTo Ha HoBM pa3paboTeHu npo-
TOKONMN 3a MONEKYNAPHO OTKpMBaHE W
xapakrtepusupaHe Ha PPV usonatwn.
OCHOBHUTE L/ Ha HaCTOALLL0TO nscnes-
BaHe ca fa ce YCTaHOBM Ha/MyuneTo,
pasnpocTpaHeHneTo U enuaemMumosiornaTa
Ha wamoseTe Ha PPV B Cbpbus.

XapakTtepucTumka Ha wama

Mo BpemMe Ha u3cnegBaHeTo, Npo-
BeAeHo ot 2005 go 2013 r., ca cbbpaHu n
aHanm3aupaHy 618 npobu OT KOCTWU/IKOBMU
sugose  (Jevremovi¢, 2008, 2013;
Paunovi¢ n Jevremovi¢, 2009). lNonamva
yacT OT NpobuTe ca OT cuHA cnmBa (338),
cnegBaHn OT npackosa (74), kalicus (56)
n yepewn (150). MpobuTe ca TecTBaHU
ype3 IC-RT-PCR TecT, KOWTO No3BO/sBa
TOYHO OnpejeniiHe Ha KOHKPETHMA Lwam
(-MoBe) BBLB BCsika u3crefBaHa npoba.
PPV e yctaHoBeH B 434 npotu (70%).
PPV-Rec e Hail-pa3npocTpaHeHuAT wam,
oTkputT B 51.8% OT npobute KaTo
camMoCTosITe/IHA U CMeceHa WHQIEKLMS.
Hannune Ha PPV-M un PPV-D ca nouytu
eflHakBM B M3cneABaHuTe npobu (npwu
CaMOCTOATE/THN U CMECEHU UHAIeKUmn),
CboTBeTHO C 28.3% u 30.4%. N Tpute
OocHoBHM PPV wama ca oTKputuM npu
cnvBa u kalicus. B npackoBa ca noTBbp-
jeHn camo wamose PPV-M un PPV-D.
Jopn npu BuCOK 3apaseH (QOH He e
OTKPUTO HUTO €AHO MNPAacKOBEHO WK
HEKTapMHOBO [AbpBO, 3apas3eHo C LWam
PPV-Rec. WambT PPV-Rec e xapaktepu-
3upaH npes3 2004 r. ot Glasa et al. (2004),
N 3HAYUTESTHOTO MYy pasnpocTpaHeHue B
cTpaHute oT M3TtoyHa u CpegHa EBpona
npegnonara HeroBOTo AbATOCPOYHO MpK-
cbCTBME B Ta3u o61acT. MNpu nscnensaHe
Ha pekoMbuHaHTHU PPV wu3onatm ot
Cobpbusa, Glasa et al. (2005) wuspasuxa
xunote3a, 4e OuBwa tOrocnaeus e
LeHTbp Ha npousxon Ha wawma PPV-Rec.
Pesyntatute ot nocnegsas aHavMi3 Ha
CEKBEHUMSITA Ha ronsm O6poil pekomou-
HaHTHW u3onatn oT Cbpbua un apyru
CTpaHu ocnopsat No-ropHOTO TBbPAEHME

In the last 15 years, the research
was focused on the application of newly
developed protocols for molecular
detection and characterization of PPV
isolates. The main goals of this research
were to access into the presence,
distribution and epidemiology of PPV
strains in Serbia.

Strain characterization

During study performed from 2005
to 2013, a number of 618 samples of
stone fruits were collected and analyzed
(Jevremovi¢, 2008, 2013; Paunovi¢ and
Jevremovi¢, 2009). The great majority of
samples were from plum (338), followed
by peach (74), apricot (56), and cherries
(150). Samples were tested by IC-RT-
PCR test that allowed proper
characterization of present strain(s) in
each tested sample. PPV was detected in
434 samples (70%). PPV-Rec was the
most prevalent strain detected in 51.8% of

the samples in single and mixed
infections. PPV-M and PPV-D were
almost equally detected in analyzed

samples (in single and mixed infections),
28.3% and 30.4%, respectively.

All three major PPV strains were found in
plum and apricot. In peach, only PPV-M
and PPV-D strains were confirmed. Even
in high inoculum pressure not a single
peach or nectarine tree infected with PPV-
Rec was found. PPV-Rec strain was
characterized in 2004 by Glasa et al.
(2004), and significant distribution of this
strain in East and Middle European
countries suggests its long-term presence
in this area.

Analyzing recombinant PPV isolates from
Serbia Glasa et al. (2005) put a
hypothesis that former Yugoslavia is a
center of origin of PPV-Rec strain. Results
of further sequence analysis of the large
number of recombinant isolates from
Serbia and other countries disagree with
this statement (Jevremovi¢, 2013).
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(Jevremovic¢, 2013)

Bcuukn ocHoBHM PPV wamose ca
NOTBBLPAEHN B MPOYYEHUTE Haxoauwa B
ysana Cbpbusa (durypa 1). eorpadickoto
pasnpefesnieHve Ha LaMOBeTe e B Mpska
3aBNCUMOCT OT BWAOBETE rOCTOMPUEMHU-
uun. OT oTKpmBaHeTo npe3 1935 r., PPV ce
€ pasnpocTpaHun B Uufnata cTpaHa,
3apassiBaiiku  pas/iviHM  BUMAOBE U
coptoBe. [lHec, cropef Hawarta OLeHKa,
okono 70% oOT cnMBOBUTE AbpBeTa ca
3apaseHu.

Bcuukn coptoBe cnvBM, KOUTO ce
oTrnexaar B TbProBCKM HacaxeHus,
nokassar AcHuW cumntomn Ha PPV
UHekuma no nucrtara. CumnTomuTe Ha
Wwapka BbpXy JucTata OT kalicusa u
npackoBa He ce 3abenia3BaT /IeCHO, KakTo
npu cnvBa WM Kn34e3BaT MpuU BUCOKU
NeTHU Temnepatypu, KOeTo 3aTpygHsBa
BU3yaNHUTE mn3cnensaHus. HaAma oueHka
3a MpoUEHTA Ha 3apaseHn Kalicum wu
npackosu. T[lo BpemMe Ha Hawwute
Nnpoy4YyBaHNsA He e yCTaHOBeHAa Bpb3ka Ha
PPV wama v Bnga N MHTEH3MBHOCTTA Ha
n3paseHunTe JIMCTHU CUMMTOMMU.

MNpu wu3cnegsaHe HaNMyMeTo Ha
PPV npu 4epewun He e OTKPUTO HUTO
€[lHO YepelwoBO W BULIHEBO [bpPBO,
3apaseHo ¢ Plum pox virus (Paunovi¢ n
Jevremovi¢, 2009). Llamose u u3onatw,
npuroieHn KbM 4Yepelun, ecTecTBEHO
3apassBaT camMoO 4YepelumnTe U BULLHUTE.
[Jocera ca onucaHu Tpu LWama, KOUTO
HOCAT UHpeKLmATa no Yepewute: PPV-C,
PPV-CR n PPV-CV (Chirkov et al., 2018).
Te3sn wun3onatu ca OTKpuTM B Pycus,
Benapyc, Mongosa, YHrapus, Utanua n
XbpBatua. BnunaHuneto Ha PPV Bbpxy
WHOYCTPUasiHoTO npoun3BOACTBO Ha
yepeLun, BCe OLLEe He e N3BECTHO. .

All  major PPV strains were
confirmed in surveyed localities
throughout Serbia (Figure 1).

Geographical distribution of strains was
directly dependent on the host species.
Since discovery in 1935, PPV has spread
to entire country infecting different species
and cultivars. Today, according to our
estimation, about 70% of plum trees are
infected.

All plum cultivars that are grown in
commercial plum orchards express clear
foliar symptoms of PPV infection. Sharka
symptoms on apricot and peach leaves
are not easily noticeable as in plum, or
disappear during high summer
temperatures making visual surveys
complicated. There are no estimation for
the percentage of infected apricot and
peach trees. During our studies we have
not found association of the PPV strain
and the type and intensity of the
expressed foliar symptoms.

Investigating the PPV presence in
cherries not a single sweet and sour
cherry tree infected with Plum pox virus
was found (Paunovi¢ and Jevremovic,
2009). Cherry-adapted strains and
isolates naturally infect only sweet and
sour cherries. To date, three strains
infecting cherries were described: PPV-C,
PPV-CR and PPV-CV (Chirkov et al.,
2018). These isolates were detected in
Russia, Belarus, Moldova, Hungary, Italy
and Croatia. The PPV effect of on cherry
industry is still unknown.
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1. PasnpocTpaHeHne Ha uwamoBe Ha PPV B Cbpbusa (Jevremovi¢ and

Fig. 1. Distribution of PPV strains in Serbia (Jevremovi¢ and Paunovi¢, 2014)

KOoHKYypeHTOCNOCO6GHOCT Ha LWaMoBeTe
WN3cnepsaHna Ha KOHKYpPeHTOCNOCo6-
HOCTTa M [AMHamMuKaTa Ha pasnpocTpaHe-
HueTto Ha wamosete PPV-Rec n PPV-D
3anousar npe3 2008 r. (Jevremovi¢, 2013).
W3cnepsaHeTo Uenelwe ga ce ycTaHOBU
pasnpocTpaHeHneTo Ha 6onectta B
eKCnepmuMeHTaIHW OBOLLUHWU TpajuHKU OT
CMBM W Kalicuu, KaTo ce u3nonssart
CbBPEMEHHN MOIEKYNAPHU TEXHOOTUN.
EKCNepMMeHTBLT € 3a/l0keH B OBOLLHM
rpagvHu oT CNAMBM W Kalicuu, 3acafeHu

Competitiveness of strains

The ongoing research on the
competitiveness and  dynamics  of
spreading of PPV-Rec and PPV-D strains
has started in 2008 (Jevremovi¢, 2013).
The focus of the research was to evaluate
the disease spread in plum and apricot
experimental orchards using up-to-date
molecular techniques.

The experiment was set up in plum and
apricot orchards planted in 2008 in locality
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npe3 2008 r. B wMecTHocTTa OcCTpa,
3anagHa Cbpbus. PasnpocTpaHeHmeTo
Ha PPV wama ce npocregn B oBOLLHA
rpaguHa ¢ 400 cnvBoBKM AgbpBeETa OT COPT
,HadyaHcka nenotuya“ n B Kalicnesa rpa-
AnHa ¢ 400 gbpeBeTa OT copT ,PokcaHa”.
OT Hayas/iI0TO Ha €eKcrnepuMeHTa BCUYKM
ObpBeTa exerogHo ce nposepsiBaT
BU3yasiHO U ce TecTtBaT 4ype3 ELISA u IC-
RT-PCR. Bcuyku OTKpUTW un30Matn ca
YyacTU4HO cekBeHnpaHu (n-ter CP obnacr)
W aHann3npaHu.

MonyyeHnTe pesynTtaTn nokassar,
ye PPV-Rec nsonartnte ca KOHKYPEHTHU 1
noTteHunasiHo no-3apasHun ot PPV-D
n3onarute B CNuBOBaTa rpajvHa npwu
CpbOCKATE  arpoekosIorMyHn  ycnoBus
(Jevremovi¢ et al, 2017). TMogo6Ho
uscneflBaHe B C/IMBOBU HacaxieHus e
n3BbpLWeEHO N B bbnrapusa (Kamenova et
al, 2017), noTBbpXAaBankn 4OMUHMpPALLO-
TO pasnpoctpaHeHne Ha PPV-Rec. B
rpagvMHata OT Kaiicuum He e YCTaHOBEHO
pasnpocTpaHeHne Ha 6onecTTa HAKOSKO
roguHun cnepg 3acaxgaHeto (Jevremovié,
Henyo6iMkyBaHu pesynrartn).

Envgemmnonormns

lMpoBeneHo e TPUroouLHO NPOYyY-
BaHe BbpPXY JieTaTesiHaTa akTMBHOCT W
BUAOBUA CbCTaB Ha BbLUKATE, BbPXY
cnvBu 1 kKalicum B 3anagHa Cbpbusd
(Jevremovi¢ et al., 2016). Monynayuute
OT /IUCTHU BBLLUKM ce HabnogaBar ypes
MeToZa Ha 3asiensaHe Mo seropacta, oT
Kpas Ha anpun [0 Kpas Ha centemBpw.
OTKpUTU 1 naeHTUULUMpaHn ca noseye
oT 40 pa3nuyHn BMAa, KOUTO nocelasar
OBOLUHWTE TpaguHy OT C/AVBU W Kaicuw.
Haii-pasnpocTpaHeHnte BMAOBE, UAEHTU-
dvumpaHn npe3 faBe OT roguHUTE Ha
npoy4ysaHeTo, npuHagnexar KbM pof
Aphis, a B egHa OT rognHWTE Ha NpPoy4-
BaHeTo Myzocallis. [IBaHageceT y/n0BeHU
BMAa ca rnocoyeHun npeau tosa kato PPV
BekTopu: Rhopalosiphum padi (Linnaeus),
Aphis fabae Scopoli, Aphis craccivora
Koch, Aphis spiraecola Patch, Hyalopterus
pruni (Geoffroy), Phorodon humuli
(Schrank), Brachycaudus helichrysi

Ostra, Western Serbia. PPV strain spread
was followed-up in plum orchard of 400
‘Cacanska Lepotica’ trees and apricot
orchard of 400 ‘Roxana’ trees.

Since the beginning of the experiment, all
trees were annually visually inspected and

tested by ELISA and IC-RT-PCR. All
detected isolates were partially
sequenced (n-ter CP region) and
analyzed.

Obtained results showed that PPV-
Rec isolates are competitive and
potentially more epidemic than PPV-D
isolates within the plum orchard in
Serbian agro-ecological conditions
(Jevremovic et al., 2017). Similar research
in plum orchard was also performed in
Bulgaria (Kamenova et al., 2017),
confirming the dominance of PPV-Rec
spread within the orchard. In apricot, there
was no disease spread within the orchard
several years after planting (Jevremovi¢,
unpublished results).

Epidemiology

A three-year study was conducted
to evaluate flight activity and species
composition of the aphids landing on plum
and apricot trees in Western Serbia
(Jevremovi¢ et al, 2016). Aphid
populations were monitored using sticky
shoot method from late April to late
September. More than 40 different
species were detected and identified that
visit plum and apricot orchards. The most
abundant species identified during two
years of the study belonged to the genus
Aphis, and Myzocallis in one year of the
study.

Twelwe captured species were previously
reported as PPV vectors: Rhopalosiphum
padi (Linnaeus), Aphis fabae Scopoli,
Aphis craccivora Koch, Aphis spiraecola
Patch, Hyalopterus pruni (Geoffroy),
Phorodon humuli (Schrank),
Brachycaudus helichrysi (Kaltenbach),
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(Kaltenbach), Myzus persicae (Sulzer)
Brachycaudus cardui (Linnaeus), Aphis

gossypi  Glover, Macrosiphum rosae
(Linnaeus) u Metopolophium dirhodum
(Walker). MakcumanHuTe nuKOBE Ha

nonynaumum  OT  JIMCTHW  BbLWKM B
rpafMHUTE OT C/MBK U Kalicuu B Cbp6us
ca perucTpupaHu npes nposerTa.

Cenekuua

Pa3npoctpaHeHneto Ha PPV He e
KOHTPO/IMpaHO B no-rosigmara 4act oT
EBpona. OTrnexgaHeTo Ha no-cnabo
YyBCTBUTENHWU W/WUNWN TOMEPaHTHU COPTO-
Be e eflHa OT Hali-BaxHUTe Mepku 3a
KOHTpON Ha PPV B Abp)KaBu ¢ eHOeMUYHO
npucsbcTene Ha PPV. [lporpamata 3a
pa3paboTBaHe Ha TONepPaHTHU/PE3UCTEHTHU
KbM PPV copToBe cnvBu B Cbpbusa 3a-
noyHa npes3 80-te roguHn B MN3cneposa-
TENICKN MHCTUTYT MO OBOLLApCTBO. Ekvnu
OT CeJiIeKUMoHepn W BUPYCO/03M OChb-
LlecTBsiBaT A b/IOCPOYHA NporpamMa 3a fa
ce cb3fajar HOBW cOpToBe C M0-406po
KayecTBO Ha N/ofoBeTe, HO TONEepPaHTHU
unn yctoiumen Ha PPV. Hosu xubpunan
ca TeCTBaHM 3a YYBCTBUTE/NIHOCT KbM
PPV, u4pe3 wu3KycTBEeHO 3apasfiBaHe C
pasnvuHn PPV wamoBe. Yact oT
nporpamara BK/I0UBa OLEeHKa Ha Xmbpuan
npw Nosickn ycnosusi kKbM PPV nHbekuyus
OT JINCTHWN BBLLIKW.

MNpe3 nocnegHute 15 rogvHu B
WHctutyTa no osowapcrso ca paspa-
60TeHW [eBeT HOBW CAMBOBU COPTA,

ToMlepaHTHM  kbm  PPV:  "Mungopa“,
"TumoyaHka", "bopaHka", "lNo3Ha MNnaBa",
"3natka”, "Hapga", "OuBHa" n '"MeTpa"

(Luki¢ et al., 2016; GIliSi¢ et al., 2018).
Bcuukn nocoyeHu copToBe ce cuuTart 3a
TONIePaHTHN, Tbil Kato nokassar
cumntomn Ha PPV unHdekuns camo no
nicta, a nnogosete ca 6e3 BMAMMM
nospeu. sa copta cnusu "Mungopa" u
"3natka" nokasBaT BWCOKa YCTOMYMBOCT
npu Nosickn ycnosusi kKbM PPV nHbekuyus
OT J/IMCTHMW BBLLIKM W npeacTaBnssar
3HauuTesieH pecypc 3a ObAewata
cenekuums npu cnvea.

Myzus persicae (Sulzer), Brachycaudus
cardui (Linnaeus), Aphis gossypi Glover,
Macrosiphum rosae (Linnaeus) and
Metopolophium dirhodum (Walker). The
maximum peaks of aphid populations in
the plum and apricot orchards in Serbia
were recorded during spring.

Plum breeding

The spread of PPV is not under
control in most of Europe. Cultivation of
less susceptible and/or tolerant cultivars is
one of the most important measures for
PPV control in countries with endemic
PPV presence.

Plum breeding program for developing
PPV tolerant/resistant cultivars in Serbia
has started in 1980s at the Fruit Research
Institute. Teams of breeders and
virologists have been realizing this long-
lasting program with the goal to create
new cultivars of better fruit quality, but
tolerant or resistant to PPV. New hybrids
have been tested on the PPV
susceptibility by artificial inoculation with
different PPV strains. A part of the
program includes hybrid evaluation in
open field conditions to PPV infection by
aphids.

In the past 15 years, nine new plum
cultivars tolerant to PPV were released
from the Fruit Research Institute:
‘Mildora’, ‘Timocanka’, ‘Boranka’, ‘Krina’,
‘Pozna Plava’, ‘Zlatka’, ‘Nada’, ‘Divha’ and
‘Petra’ (Luki¢ et al., 2016; GliSi¢ et al.,
2018). All stated cultivars are considered
as tolerant as they express only foliar
symptoms of PPV infection, but the fruits
are without any visible damage.

Two plum cultivars ‘Mildora’ and ‘Zlatka’
showed high field resistance to PPV
infection by aphids and may represent a
significant source in plum breeding in the
following period.
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KoHTpon

B Cbpbus HAMa TekyLy nporpamu
3a nuvkeugupaHe Ha PPV. 3a pga ce
M3BBLPLWN  YCNEWHO  JIMKBUANPAHETO,
BCUYKM [AbpBeTa OT pof Prunus B
rnocoyeHata 30Ha TpsA6bBa pga Obaar
OoTCTpaHeHwW. Nopaau naTteHTHUSA nepuog,
4aCTMYHOTO NMKBUAMPaHe (OTCTpaHsBaHe
caM0 Ha [AbpBeTa CbC CUMMNTOMU Ha
lwapka) He e goctaTbyHOo. PPV e wupoko
pasnpoctpaHeH B Cbpbua n n3KopeHsBsa-
HEeTO He e BapuaHT 3a KOHTpon. MNonesHa
N HeobXxoAvMa MspKa € U3KOpeHSBaHeTO
Ha MaUiky No pasmep NAoLuuM, npegHasHa-
YeHN 3a NPOM3BOACTBO Ha nocagbyeH
mMaTtepuan Ha OTKPUTO, OTroBapsy Ha
BCUYKM 3aKOHOBMW pasnopenbu. MogobHa
Mspka e nposegeHa npe3 2008-2009 r.
Ha LeHTpasiHo mAcTo B Cbpbusa (/lasape-
Bal, Kpywesay) CbC 3HaumTenieH 6poii
pascagHuun. Llen Ha nporpamata 6e
N3KOPEeHSAIBaHe Ha BCUYKM ObpBeTa OT poj
Prunus oT kagactbpa Ha O6wwmHa Jlasa-
peBal 1 Aa ce cb3gage 30Ha 6e3 PPV un
no-wmpoka OydepHa 30Ha 3a pascafHu-
un. Benuku npomssogutenn 6saxa KOMMeH-
cupaHu 3a pasxoguTe no npemMaxsaHe Ha
ObpBeTara. MepkuTe gafoxa nosioxuTes-
HW pes3ynTaTu, HO nporpamara He 6elle
pasLwmpeHa 3a no-obLumpHa o6nacT.

BopbaTta cpelly BMpyca Ha Liapka-
Ta B Cbpbus e BaxHa 4acT oT putoca-
HUTaApHUA KOHTPON B cTpaHaTta. PPV e
perynvpaH pactuTefnieH natoreH u MeTo-
OvuTe 3a u3cnegBaHe W OTKpMBaHe ca
onvcaHn B CraHfapTHaTa onepaTtuvBHa
npouegypa 3a naboparopHa AuarHocTuka
Ha pacteHus 3a Plum pox virus-PPV
(Paunovié¢ 1 Jevremovié, 2008). MaTo4Hu
HacaXJeHNs OT KOCTU/IKOBU EXerogHo ce
npoBepsaBaT BMU3YasTHO N BCUYKN AbpBeTa
ce u3cneagar /1abopaTtopHO 3a Hannuune
Ha PPV, uype3 ceposiorMyHn u MoOseky-
NApHW MeToaun. Tasn MapKa e 3afb/iKu-
Te/iHa 3a MaToYHN HacaXAeHns OT CNUBMK,
Kaiicum, nNpackoBu M HekTapuHosu Yepe-
lMTEe He nonagar B Te3nW MepKu 3a
KOHTPOJ1, TbI1 KaTo LWamoseTe, ajganTtupa-
HA KbM 4Yepella, He MnpUCLCTBAT B
Cbpbus. BusyanHute nNpoBepku CbLIO ca

Control

There are no ongoing programs for
PPV eradication in Serbia. To conduct
eradication successfully all Prunus trees
from the stated area must be removed.

Because of the latency period, partial
eradication (removal of only trees with
Sharka symptoms) is not sufficient. PPV
is widely dispersed in Serbia and
eradication is not an option for the control.
Useful and required measure is
eradication of the small-scale areas
intended for the production of planting
material in an open field satisfying all law
regulations. Such measure was
conducted during 2008-2009 in a location
in central Serbia (Lazarevac, KruSevac)
with significant number of nurseries.

The aim of the program was to eradicate
all Prunus trees from the cadastral
municipality of Lazarevac and to create
PPV-free area and wider buffer zone for
nurseries. All producers were
compensated for the costs of removing
the trees. The measure gave positive
results, but program was not expanded to
wider area.

The control of Sharka virus in
Serbia is important part of the
phytosanitary control in the country. PPV
is regulated plant pathogen and survey
and detection methods have been
described in the Standard Operating
Procedure for plant diagnostic
laboratories  Plum  pox  virus-PPV
(Paunovi¢ and Jevremovi¢, 2008). Mother
blocks of stone fruits are annually visually
inspected and all trees are laboratory
tested on PPV presence using serological
and molecular methods.

This measure is obligatory for plum,
apricot, peach and nectarine mother
blocks. Cherries are not under this control
because cherry-adapted strains are not
present in Serbia. Visually inspections are
also regular procedure for nurseries.
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pefoBHa npoueaypa 3a pascagHuuuTe.
He TpsibBa ga MmMa cMMNpOMKU MNOA06HM
Ha Lwapka Mo BCUYKM [ObpBeTa U axo
HAKOM OT Te3n cumnToMu e 3abenssa,
pacTeHusTa ce nognarar Ha nabopaTop-
HU aHa/m3n. AKO ce OTKPUAT WMHAIEKTU-
paHun c¢ PPV abpBeta B MaTOYHOTO
HacaxfaeHue, Te Tpsa6Ba ga 6baart JIMKBK-
AVipaHy 1 HacaxaeHveTo ga 6bae 6/10ku-
paHo 3a efHa roguHa. MNpu NOTBbLPXAE-
HMe 3a Hasmume Ha PPV B pa3cagHuK, Tol
npeycTtaHoBsiBa U HUTO efuH nocagbyeH
mMaTepuan He MOXe fa n3fnese Ha nasapa.
TBbProBCKUTE HaACaXeHUsA He ca 06ekT Ha
ohuumaneH KOHTPOS BbPXY HaIMUYMETO
Ha PPV.

B Cbpbuss He cbliecTByBaT cne-
LUasin3mpaH UHCTUTYLMKN 3@ CepTucnLm-
paHe Ha OBOLLeH nocafbyeH marepuar.
3a pga ce ocbwecTBM nporpama 3a
ceptudomumpaHe  Npou3BOACTBOTO  Ha
nocagbyeH marepuan ot cnvsu, W3cne-
[0BaTesICKUAT UHCTUTYT MO OBOLWAPCTBO
npegnpvemMa TakaBa AeiiHocT npe3 2002
r. (Jevremovi¢ and Paunovi¢, 2010). B
pesyntar Ha ToBa € MNpou3BefeH U Mpo-
BEpeH OT MMHMCTEpPCTBOTO Ha 3emepenue-
TO, ropute W ynpasB/eHUETO Ha BoOAuUTE,
npen6asoB matepuan ot 14 cinBoBM copTa.

KoHTponsT Ha PPV e cnoxHa 3ana-
Ya B pamMKuTe Ha doutocaHuTapHata cuc-
TemMa M BCUMYKM YYaCTHULW B MNPOU3BOA-
CTBOTO Ha KOCTWUJ/IKOBW M/I040BE, OT npa-
BUTEJICTBEHN W HAYYHU UHCTUTYUUU, (hu-
TOCaHUTapHW CNYX6K, OT NPOU3BOAUTENN
Ha nocafbyeH marepuan [0 Npou3BoAu-
Tenu Ha nnojose, TpAbBa Aa yyacTsar.

Bbaewn nepcnektmen

Mporpamata 3a cenekuua npwu
CNMBM € efHa OT K/II4Y0oBUTE TEMU B
JeiiHocTTa Ha W3cnepoBaTesickm WMHCTW-
TYT no osowapcTso. CerekunoHepute 1
BMPYCO/103UTE HENPEKbCHATO PaboTAT 3a
Cb3fjaBaHe Ha HOBW COpPTOBE C/AMBU C
efpn N BMUCOKOKa4yeCTBEHM NI0AOBE, BU-
coka 1 pefoBHa POLOBUTOCT, PaHHO UK
KbCHO Yy3psiBaHe W TOJIEPAHTHOCT KbM
3HauMMnTe 3abonsABaHuWA W BpeauTenu,
ocobeHo kbM PPV. TonepaHTHOCTTa Mnn
pe3ucteHTHoCcTTa KbM PPV e egHa oOT

All trees must be free from Sharka-like
symptoms, and if any of these symptoms
are noticed plants are subjected to the
laboratory analysis. If PPV-infected trees
are found in the mother block, they must
be eradicated and the block is suspended
for one year. For nurseries, if there is a
laboratory confirmation of PPV presence
the entire nursery is suspended and not a
single planting material from the nursery
block can enter onto the market.
Commercial plantations are not a subject
of any official control on the PPV
presence.

Specialized institutions for
certification of fruit planting material do
not exist in Serbia. In order to implement
the certification program in the production
of plum planting material Fruit Research
Institute has started this activity in 2002
(Jevremovi¢ and Paunovi¢, 2010).

As a result, pre-basic material of 14 plum
cultivars have been produced and verified
by the Ministry of Agriculture, Forestry
and Water Management.

PPV control is a complex task
within the phytosanitary system and all
participants in the stone fruit production,
from the government and scientific
institutions, phytosanitary service,
producers of the planting material to the
growers should be included in its control.

Future prospects

Plum breeding program is one of
the key topics of the Fruit Research
Institute activity. Breeders and virologists
are continuously working to create new
plum cultivars with large and high quality
fruits, high and regular fertility, early or
late maturation time and tolerance to the
significant diseases and pests, particularly
to PPV.

Tolerance or resistance to PPV is one of
the main prerequisite for successful
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OCHOBHWUTE MpeanocTaBkM 3a YCMeLlHo
oTrnexjaHe Ha KOCTW/IKOBW BUAOBE Npwu
eHAeMUYHOTO npucscTeue Ha PPV. HoBu
copToBe M xmbpuam we 6baat mscneg-
BaHW NPV KOHTPOJSIMPaHW YCNOBUA Cref
W3KYCTBEHO WHOKYNMpPaHe C pasfinyHu no-
KanHu PPV n3onatn Ha OCHOBHUTE LLIAMO-
Be. CKOpO npusHaTuTe COPTOBE C/UBW,
kato "OusHa" n "MeTpa”, cbllo Ue 6baaT
uscneBaHn npu MOJCKA YCNOBUSA Ha
HAKOJIKO MecTa C pas3/IM4yHO pasnpocTp-
aHeHve Ha PPV.

Mo-HaTaTblWHM NPOyYBaHUA BbPXY
LiaMoBeTe Ha Bupyca e 6baar Hacode-
HW KbM Mu3CfeABaHe Ha Bb3MOXHOTO
Hasinune Ha pgpyrn wamose Ha PPV B
Cbpbus. Cbpbusa e ronsdm U3HocuTen, Ho
W BHOCUTEN Ha OBOLLEH nocajbyeH maTe-
puan. BHOCBLT Ha nocagbyeH maTepuan
OT KOCTU/KOBM OT AbpXaBu C NOTBbPAEHO
Hasimume Ha Apyrm wamose Ha PPV,
npeacrasnsBa OMNAcHOCT OT  TAXHOTO
BbBexXaaHe. o BpemMe Ha BCeKM BHOC,
omumnanHata nabopaTopusi U3BBLPLLBA
nabopartopHu TecToBe 3a HaMune Ha
PPV B matepuana. BusyanHute mnscnea-
BaHUs W abopatopHWTe aHaIM3n Ha
cuMnToMatuyHMTe npobu OT HoBO3aca-
[EeHN OBOLWHM rpagvHn TpabBa pa ce
M3BbPLIBAT Npe3 MbpBUTE TOAUHWN Ccref
3acaxjaHeTo.

LLnpokoTo pasnpocTpaHeHue Ha
PPV, npucbCTBMETO Ha BCUYKUTE TpWU
OCHOBHU LLlama, 3HauuTesieH NpPoLeHT oT
CMEeCEeHN WHeKLMKn, OTKPUTM nNpu eau-
HUYHM ObpBETa, Ca NpeanocTaska 3a Bb3-
MOXHa MosiBa Ha HOBW PEKOMOWHAHTW,
KakTo e noco4yeHo no-paHo. MNpoyysaHeTo
Ha pa3HoobpasneTo Ha PPV npu cuHATa
cnvBa TpsAbBa fa NpoAb/ikuM, 3awoTo TH
npeacraensasa “vaeasiHAA” rocTonpuemMHUK
3a Bb3HUKBaHe Ha HOBW PEKOMOUHAHTH.

Mpes cnegBawnTe roguHN e npo-
Ob/XKN  ennaeMunonormyHoTo npoyysaHe
Ha KOHKypeHTocnocobHocTTa Ha PPV-Rec
n PPV-D uwjamoBeTe B CMBOBU rpagunHu.
MnaHbT e ga ce npocneau pasnpocTpa-
HEeHMeTOo Ha Te3un WamMoBe 10 MOMeHTa Ha
3apassiBaHe Ha BCUYKM [AbpBeTa OT
OBOLLiHaTa rpaguHa.

growing of stone fruits in endemic PPV
presence.

New cultivars and hybrids will be
evaluated under controlled conditions
after artificial inoculation with different
local PPV isolates of major strains. Lately
recognized plum cultivars ‘Divha’ and
‘Petra’ will be also evaluated in the field in
several locations with different PPV
inoculum pressure.

Further research on PPV strains
will be focused on the investigation of the
possible presence of other PPV strains in
Serbia. Serbia is a big exporter, but also
importer of fruit planting material.

The import of stone fruits planting material
from countries with confirmed presence of
other PPV strains poses a risk of their
introduction. During each import event,
official laboratory performs laboratory test
on the PPV presence in the material.

Visual surveys and laboratory analysis of
the symptomatic samples from newly
planted orchards should be performed in
the first years after planting.

Wide PPV distribution, presence of
all three major strains, significant
percentage of mixed infections detected in
single trees represent a prerequisite for
possible occurrence of new recombinants,
as reported earlier. The research of PPV
diversity in plum should continue because

plum represents the “ideal” host for
emerging new recombinants.
Epidemiological study on the

competitiveness of PPV-Rec and PPV-D
strains in plum orchard will be continued
in the following years. The plan is to follow
the spread of these strains until the
infection of all trees from the orchard.

173



N3BOAN

B HacTosilwma o630p ca 0606LLeHu
pesyntatun oT u3cnegsaHe Ha Plum pox
virus B Cbpbus npe3 nocnegHute 15
roAvHM.

[bnrocpoyHnTe npoy4yBaHua  ca
HaCoOYeHU KbM: JOCTBN 4O pasnpocTpaHe-
HMETO WM TFeHeTMYHOTO pas3Hoobpasve Ha
PPV wn3onatn, kaTo ce W3non3saTr Haii-
TOYHMTE MONEKYNSAPHN METoaM 3a OTKpU-
BaHe W XxapakTepusupaHe; wuscnenbaHe
WHTEH3VBHOCTTA Ha pas3npocTpaHeHue u
KOHKYPEHTOCNOCOOHOCTTa Ha LamoBeTe
PPV-Rec n PPV-D B ekcnepumMeHTaslHu
OBOLWUHM TPagvHM OT C/MBA W Kaicuu;
OUEHKa Ha JfleTaresiHata akTMBHOCT WU
BMAOBUS CbCTaB Ha JIMCTHWUTE BBLLUKU B
MOCOYEHNTE OBOLWHW TpaguHN; un3crnes-
BaHe Ha HOBOMpPU3HATU COPTOBE C/IMBU U
Xnépuam 3a PPV 4yBCTBUTENHOCT; Npuna-
raHe Ha nporpamarta 3a ceptuduumpaHe
Ha NPOM3BOACTBOTO Ha nocagbyeH
mMaTepuan 3a C/vBu.

Tes3u npoyyBaHMsA JOHECOXa HOBU U
oboratmxa CblUECTByBaWUTE MO3HAHUSA
3a Bupyca Ha Plum pox. CenektMpaHeTo
N OTIIeXAAHeTO Ha TONepaHTHU W
YCTOYMBU COPTOBE KOCTW/IKOBM BUOOBE,
KakTo 1N MPOU3BOACTBOTO M U3MO/I3BAHETO
Ha 6e3BMpYCeH nocagbyeH matepuan ca
Hali-BaXXHUTE MEpKM 3a NPOW3BOLCTBO Ha
naofoBe 3a nasapa.

BNATrO4APHOCTU

HacTosweTo npoyysaHe e nogkpe-
neHo ot rpaHt ECONET Ne 10159PL,
FP7 npoekt SharCo, u npoektn TR-
20013A u TR-31064, cuHaHcupaHu OT
MUHUCTEP-CTBOTO Ha 06pasoBaHUETO,
HaykaTa U TeXHO/IOTMYHOTO pasBuTHe Ha
Peny6nuka Cbpbus.

CONCLUSIONS

In this review, we summarize our
results of the research on Plum pox virus
in Serbia in the last 15 years.

Long-term studies were aimed to:
access into the prevalence and genetic
diversity of PPV isolates using the most
accurate molecular methods for detection
and characterization; investigate the
intensity of spreading and competitive-
ness of PPV-Rec and PPV-D strains in
experimental plum and apricot orchards;
evaluate flight activity and species
composition of the aphids landing in
stated orchards; test newly recognized
plum cultivars and hybrids on PPV
susceptibility; and  implement  the
certification program in the production of
plum planting material.

These studies have brought new
and improved existing knowledge on Plum
pox virus. Breeding and cultivating
tolerant and resistant stone fruit cultivars
and the production and use of virus-free
planting material are the most important
measures to ensure feasible commercial
stone fruit production.
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PE3IOME

Mpe3 nepuopga 2017-2018 r. e
HanpaBeHO m3cneaBaHe BbPXy NPUUUHK-
TenuTe Ha rbbHUTE 60NECTU: YepBEHM
nncTtHM netHa (Polystigma rubrum), pbx-
Aa (Tranzschelia pruni-spinosae f. typical)
1 caumsiHka (Stignima carpophila) n peak-
uusiTa Ha CMBOBUTE copToBeTe: MasiBa-
3uHKa, Tyney tumnypuy, Onan, HeseHa,
AHHa LWWneT n Ctenneii. MNpoyyuBaHeTo €
M3BBbPLIEHO B eanHafeceTroguHO Crun-
BOBO HacaxjeHue BbB chununan psaHoBO,
KbM UIMK3-TposH. MNpn nscnepsaHvsata e
usnonssaHa obLionpreTara MeToamka 3a
n3yyaBaHe Ha pacTuUTeNHWUTE pPecypcu.
Mpe3 nepuoa Ha Npoy4BaHETO € oTyeTe-
Ha BUCOKa YyBCTBUTEJIHOCT CNpPSIMO 4ep-
BEHW NNCTHW NEeTHa npu coptoBeTe Onas
n AHa wnet. MNpe3 2017r. nopaxeHuATa
HaHeCeHN OT pbXAa ca B MHOIO HUCHK
npoueHT (nog 5%) npu BCUYKN Habnwoaa-
BaHW copToBe. CNpsMO caymsHKata npwu
coptoBeTe MasiBa3vHka M AHa Lnet e
oTYeTeHa NO-BMCOKa YYBCTBUTENHOCT Haf
15%, 3a cobwmat nepuog. lMpes 2018r.
nopaxeHuaTa OT pbXxga ca Mno-roaemu
KatTo npuv  YyBCTBUTESIHUTE  COPTOBE

Accepted: 25.04.2019

Published: 05.08.2019

SUMMARY

In the period of 2017-2018, a study
was carried out on the causes of fungal
diseases: red leaf spot (Polystigma
rubrum), rust (Tranzschelia  pruni-
spinosae f. typical) and shot hole disease
(Stignima carpophila) and responses of
plum cultivars: 'Malvazinka’, 'Tuleu
Timpuriu', 'Opal’, 'Nevena’, 'Anna Spaeth’
and 'Stanley’. The study was conducted
in an eleven-year plum plantation at the
Plum Experimental Station in Dryanovo, a
branch of RIMSA-Troyan. The commonly
used methodology for the study of plant
resources was used in the studies.
During the study period, a high sensitivity
to red leaves was observed in 'Opal’ and
'Anna Spaeth’. In 2017 the damages to
rust were in very low percentage (less
than 5%) for all cultivars observed.
Compared to the Malvinkinka and Anna
Schweit variety, the sensitivity of more
than 15% was recorded for the same
period. Compared to 'Malvazinka’ and
'Anna Spaeth’, higher susceptibility was
reported for the same period. In 2018 rust
damages were greater, as for the
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CteHneli n Onan e otyeTeH Hag 15%.
HanageHuaTta ot caumsaHka npe3 2018r.
ca no-rofiemv npu coptosete AHHa LWneT
(18,8%) n ManBasuHka, a npu agpyrute
copTtoBe e nog 10%.

KntouoBu oymu: 6onecr,
YyBCTBUTE/IHOCT, COPT, PbXAa, YepBEHU
JINCTHW METHa, caumsHKa

YBO/,

CnvBoBaTa Ky/nTypa € OBOLUEH BUA,
KOWTO ce Hanaga OT MHOro 6onectu,
NPUYMHEHN OT BUPYCU, IbOU N GakTepuw.
M6HUTE 60/MECTM  HaHacAT CEepPUO3HM
LeTn Ha cnvBoBaTa kyntypa. lNposieata
UM Ce BNuUsie OT KAMMaTU4yHMTE akTopu
Ha paiioHW, HO HaiA-CUNHO OT COpTOBUTE
ocobeHocTu (Vitanova et al., 2006). KoHoO-
MWYECKM 3HAYMMM FbOHK B0OEeCcTn ca yep-
BEHW NIMCTHW NETHA, PbX4a 1 caumsiHKa.

Bonectta 4YepBeHM NUCTHM MNETHA
(Polystigma rubrum Pers.D.S.) ce sBsaBa
MoYTN €XEerogHo B TUMMYHWTE C/IMBOMPO-
N3BOAUTE/THN paioHM Ha cTpaHaTa. bo-
NlecTTa ce nposiBsBa caMO MO /iMcTa BbB
BWL Ha CpaBHUTE/IHO e€Apv 3aKpbl/NIEHU
neTHa, UBETbT Ha KOWTO nNpe3 Bereta-
unsaTa ce M3MeHs OT 6nefo 3eneH Ao
yepseH. MNpu cUNHO HanageHwe NPUYNHA-
Ba NpexAeBpeMeEHEH ficTonaz owe KbM
cpeparta Ha NaAToTo, Nopajn KoeTo naoao-
BeTe ocTasaT Hepoy3penu (Balevski et al.,
1971). Cnopep, HabntogeHns Ha Borovinova
(2006) paHHMA nucTonag Boau A0 3anara-
He Ha no-Masiko NAOAHW MbMKK 3a crej-
Bawara roguHa. lliev n Stoev (2011) ca
npoyysasin  4YyBCTBUTENHOCTTA Ha 25
C/IMBOBM cOpTa, KaTo ca v rpynupanv B
YyeTUpW KaTeropun CNpsMo peakuusaTa uMm:
npakTnyeckn yctonumsm (OKTOMBpUIACKa,
KuweHescka paHa, BusnaH n Pyt Nepue-
Tep); cnabo wyscTBMTENHM (KanudopHuii-
cka cuHs, Xbnta 6ytunkosuaHa, CTreH-
neii); ymepeHo u4yctButenHm (YauaHcka
Halibone, LleHTenap, Banop); cuaHO
yyBcTBUTENHN (YauvaHcka nenotuua u
KiocTeHguncka cuHsa cnmea). Todorova
(2012) e yctaHoBuna, 4ye copt 'ynsieBa e
TONepaHTHa Ha YepBEHU NINCTHU NEeTHa.

Cnopeg Tsonkovski (1970) pbxaga-

susceptible cultivars 'Stanley’ and 'Opal
they were over 15%. The attacks of shot
hole disease in 2018 were larger for 'Anna
Spaeth’ (18.8%) and 'Malvazinka’, and for
other cultivars they were below 10%.

Key words: disease, susceptibility,
cultivar, rust, red leaf spots, shot hole
disease

INTRODUCTION

Plum is a fruit species that is
attacked by many diseases caused by
viruses, fungi and bacteria. Fungal
diseases cause serious damage to plum
crops. They are influenced by the climatic
factors of the regions, but most strongly
by the cultivar characteristics (Vitanova et
al., 2006). Economically significant fungal
diseases are red leaf spots, rust and shot
hole disease.

Red leaf spots (Polystigma rubrum
Pers.D.S.) occurs almost annually in the
typical plum-growing regions of Bulgaria.

The disease manifests only on the leaves
in the form of relatively large rounded
spots, whose colour changes during
vegetation from pale green to red. In
severe attack, it causes premature leaf fall
as early as mid-summer, leaving the fruits
unripe (Balevski et al., 1971).

According to observations by Borovinova
(2006), early leaf fall leads to fewer fruit
buds set for next year. lliev and Stoev
(2011) examined the susceptibility of 25
plum cultivars, grouping them into four
categories according to their response:

practically resistant ('Octomvriiska’,
'Kishinevska ranna’, 'Vizian’ and 'Ruth
Gerstetter’); slightly susceptible
(‘California blue’, ‘'Jalta butilkovidna’,
'Stanley); moderately susceptible

(Cacanska najbolja’, 'Centenar’, 'Valor);
highly susceptible ( 'Cacanska lepotica’
and 'Kystendilska plum’). Todorova (2012)
found that the 'Gulyaeva’ is tolerant to red
leaf spots.

According to Tsonkovski (1970),
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Ta HaHacs Hali-ronemMy nopaxeHus B
C/IMBOBUTE HacCaxX[eHWs B 3aTBOPEHU U
HenpoBeTpMBM NaguHn Ha Bbarapus.
MpuunHnTenar (Tranzchelia pruni-
spinosae Pers. D. ¢ gse chopmu f. typical
u f. discolor) Hanaga nuctarta u no-psgkKa
netopactu. OT ropHata cTpaHa Ha siucTa-
Ta ce Habnwogasar apebHu, brnosatu,
XBbTEHVKABW WM BUONETOBO YepBEHMKA-
BM neTbHUa. OT gofniHaTa cTpaHa nog, Tsx,
npe3 NATOTO ce ob6pasyBaT KYNUUHKU OT
copycu, CbC CBETNO kaaB LUBAT —
CMNOPOHOLLIEHVE 3a MacoBO 3apassiBaHe, a
npe3 eceHTa — COPYCM C YepeH UBAT,
CNopoHOLLIeHVe 3a 3umyBaHe. bonectra
n3byxea MacoBO, KOrato mma npeHoc Ha
rofemu Macu ypegocnpy B YMepeHo
Tonno (20-23°C) u BnaxHo Bpeme (Karov
and Andreev, 2000). Makap, 4ye pbXxaaTta
ce nposiBiBa CpPaBHWUTENIHO KbCHO, B
cpefarta Ha fiATOTO, MOXe Aa NPUYMHK
3HauUMTeNHW  LWeTu  BCNeACTBME  Ha
npexaespemeHeH nucrtonag (Stoyanova
and Minev, 2005).

M6HaTa caumsiHKa Mo nucrara Ha
cnmBata ce npuuMHaABa OT  Stigmina
carpophila. MpuuMHUTENAT ce XapakTepu-
3Mpa CbC CPaBHUTENIHO Masiku Mo pasme-
pY, HEKPOTUYHU METHA C ACHO oyepTaHa
yepBeHMKaBa rpaHuLa Ha mnopaseHaTa
TbkaH W OTAeNisAHe Ha cbliata oT 34pa-
BaTa 4yacT. B pesyntar Ha ToBa ce nony-
yaBaT npobute yyactbum. CUIHO nospe-
JeHnTe fucTa noXbATABaT U onajsaT
npexaespemMeHHo (Stancheva, 2001).

Llenta Ha n3cnegBaHeTo e ga ce
yCTaHOBW YyBCTBUTE/IHOCTTA Ha U3NUTBa-
HWUTE C/IMBOBW COPTOBE KbM MKOHOMWYEC-
KN BaXHWUTE IbOHM 6onecTute B painoHa
Ha [psHOoBO.

MATEPWNAN N METO4WA

W3cnegsaHeto ce nposefe npes
nepuwoga 2017-2018 r. B C/VMBOBMU
HacaxgeHms B paiioHa Ha [psiHOBO.
lMpoyyeHa e peakumaTa Ha LWecCT C/IMBOBU
copta: MansasuHka, Tyney Tumnypuy,
Onan, HeBeHa, AHHa LUnet u CteHneit,
CNpAMO NPUYUHUTENUTE Ha MbOHUTE 60-
NecTn: YyepBeHN NUCTHWU neTHa (Polystigma

rust causes the greatest damage to the
plum plantations in closed and airless
hollows of Bulgaria. The causative agent
(Tranzchelia pruni-spinosae Pers. D. with
two forms f. typical and f. discolor) attacks
the leaves and less often the shoots.
There are small, angular, yellowish or
violet reddish spots on the upper side of
the leaves. On the underside of them, in
the summer, piles of sori are formed, with
a light brown colour — a fructification for
mass contamination, and in the autumn —
sori with a black colour, a fructification for
wintering.

The disease erupts massively when large
masses of uredospores are transported to
the device in moderate warm (20-230C)
and wet weather (Karov and Andreev,
2000). Although rust occurs relatively late
in mid-summer, it can cause significant
damage due to premature leaf falling
(Stoyanova and Minev, 2005).

The fungal shot hole disease on the
plum leaves is caused by Stigmina
carpophila. The causative agent is
characterized by relatively small, necrotic
spots with a clearly marked reddish
border of the affected tissue and
separating it from the healthy part. The
results are pierced spots. Severely
damaged leaves turn yellow and fall
prematurely (Stancheva, 2001).

The aim of the present study is to
determine the susceptibility of the tested
plum cultivars to the economically
important fungal diseases in the region of
Dryanovo.

MATERIAL AND METHODS

The survey was conducted during
the period 2017-2018 in plum plantations
in the region of Dryanovo. The response
of six plum varieties was studied:
'Malvazinka’, 'Tuleu Timpuriu’, 'Opal,
'Nevena’, 'Anna Spaeth’ and 'Stanley’, to
the cause of fungal diseases: red leaf
spots (Polystigma rubrum), rust
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rubrum), pwbxga (Tranzschelia pruni-
spinosae f. typical) n caumsaHka (Stignima
carpophila). [ObpBeTata ca Ha
eAnHageceT rogulliHa Bb3pacT U He e
M3BbPLIEHO nNpPbCKaHe C  yHrMumMan.
OTrnexpgar ce no Bb3anpuerara MeToamka
npu HenonveHu ycnosus (Nedev et al.,
1979). HabnoaeHneTo BbpPXy pasBUTUETO
Ha 6ofnectute e KV3BbPLIEHO nNpwu
ecTecTBeH (POH Ha 3apasa. lNpobute ce
oTunTaT MO BPEME Ha MacoBO pas3BuUTUE
Ha 6osnectuTe, kato ce B3emar no 200
nmcta oT 5 AbpeBeta OT BCeKM COpT.
PasButneTo Ha 6Gonectute (M3paseHun
KaTo % nopaseHa nsoLl) ce usuucnssar
no coopmynata Ha McKinney:

5

MHOEKC Ha pa3Butmne Ha

(n. k)
N.K

Kboeto | —
6onectTa B %;
n — 6poil oTYETEHN pacTeHns OT AafeHa
Kareropus;
k — cTeneH Ha noBpefa No CbOTBETHUSA
6an (ckana);
N — 06L, 6poi1 OTYETEHN pacTeHus;
K — Hali-BMcOKaTa CTeneH Ha nospega no
npueTtusa 6an (ckana).

3a onpegenisiHe Ha ycToinymBoCcTTa
Ha copToBeTe KbM IbOHUTE BonecTn ce
13non3eBa MeTofukaTa 3a u3yyaBaHe Ha
pacTuTenHUTe pecypcu Mo OBOLHUTE
pacteHuns (Nedev et al., 1979), kaTto ce
n3nonssa cnegHata ckana: 0 — UMyHHU —
6e3 neTHa no nucrtata; 1 — npakTnyeckm
YCTOMUMBU — Ma/IKU eOUHUYHY NeTHa; 2 —
cnabo 4vyBCcTBMTENHU — A0 5% noBpeaun
no nucrara; 3 — CPefHO YyBCTBUTESHU —
o 10% HanagHata NOBBLPXHOCT; 4 —
YyBCTBUTE/IHN — HanageHne o 25% no
nicrata; 5 — CWIHO 4yBCTBUTESIHU —
50% v noseye HanageHve no nucrara.

PE3YJITATU N OBCBXXOAHE

B paiioHa Ha LleHTpanHa Crtapa

nnaHuHa mmMa 61aronpusaTHA YCNOBUA -

yecTn npeBasiiBaHUs U BUCOKA aTtmoc-

(hepHa BNaxHOCT npe3 BereTauuAtTa 3a
pa3BuTME Ha IMbOHM 6OMECTN.

(Tranzschelia pruni-spinosae f. typical)
and shot hole disease (Stignima
carpophila) The trees are eleven years old
and no fungicides have been sprayed.
They are grown according to accepted
methodology under non-irrigation
conditions (Nedev et al., 1979). Disease
development was monitored against a
natural  background. Samples are
recorded during the mass development of
the disease, taking 200 leaves from 5
trees of each cultivar. Disease
development (expressed as % of affected
area) is calculated using the McKinney
formula:

.100

where | is the disease development index
in %;

n — number of plants reported in a given
category;

k — degree of damage according to the
corresponding score (scale);

N — total number of recorded plants;

K — highest damage rate on the received
score (scale).

To determine the resistance of
cultivar to fungal diseases, the
methodology for the study of plant
resources in fruit plants is used (Nedev et
al., 1979), using the following scale: 0 —
immune — no spots on the leaves; 1 —
practically resistant — small single spots;
2 — slightly susceptible — up to 5% leaf
damage; 3 — medium susceptible — up to
10% damaged surface; 4 — susceptible —
up to 25% damage on leaves; 5 — highly
susceptible — 50% or more damage on
leaves.

RESULTS AND DISCUSSION
There are favourable conditions in
the region of the Central Balkan Mountain
(frequent rainfall and high atmospheric
humidity during the vegetation season) for
the development of fungal diseases.
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Tab6nmuya 1. Cyma Ha BasiexxmTe 1 CpeHO MeceyHn TemnepaTtypu 3a 2017-2018 r.
Table 1. Total precipitation amount and average monthly temperatures for 2017-2018

Mecey, Cyma Ha Basiexure CpefHO MeceyHu TemnepaTypu
Month Precipitation amount — l/m? Average monthly temperatures -°C
2017 2018 2017 2018

Axyapu / January 71.7 33.2 -5.6 1.4
despyapu / February 14.0 96.1 1.2 2.3
MapT / March 55.2 80.5 8.9 5.4
Anpun / April 57.7 10.6 9.9 16.7
Maii / May 127.8 65.3 15.2 19.5
FOHM / June 57.4 1145 20.7 21.1
Konun / July 122.5 147.0 23.5 21.8
ABryct / August 3.0 195 22.2 22.6
CentemBpu / September 29.9 39.5 18.8 17.9
OkTtomspu / October 134.5 28.5 14.0 12.7
O6Lwa cyma Banexm 673.7 628.4
Total precipitation amount

B HauyanoTo Ha BereTauusTa, npes At the beginning of the vegetation
ABeTe roguHN ce oTynTaT TemnepatypHu | season, temperature differences were

pasfvkn, KOUTO OKasaxa B/IUSHUE BbpXY
enuaemuornornsaTa Ha natoreHuTe
(Tabnuua 1). Cymarta Ha Banexute npes
BereTauMoHHua nepuog € 65v3ka  3a
asete roguHu. Tpe3 2018 roauHa,
oblwarta cyma Ha BanexuTe 3a nepuoga
AHyapu-oKkToMBpn e 628 mMTpa KaTto
konnyectBa Hag 100 I/m°. ca nagHamu
npes toHu 1 onun. 3a 2017 roguHa cymara
Ha BanexuTe 3a CbWnAT nepuog e 673,7
I/m®, kaTo NO-roNsSIMO  KOJMYecTBO e
OTYETEHO Mpe3 MeceuuTe Maik, Han u
OKTOMBpWY, a 3a M. aBryct e easa 3,0 I/m?
(Tabnuua 1).

observed during the two years, which had
an impact on the epidemiology of the
pathogens (Table 1). Precipitation
amount during the vegetation season is
almost similar for both years. In 2018, the
total precipitation amount for the period
January-October is 628 liters with
quantities exceeding 100 I/m? fell in June
and July. For 2017, the amount of
precipitation for the same period is 673.7
I/m?, with a higher amount reported in
May, July and October, and for August it
is only 3.0 I/m® (Table 1).

Tabnnua 2. YyBCTBMUTENIHOCT Ha C/IMBOBU COPTOBE KbM IbOHUTE 60necTtn — UepBeHn
JINCTHU NeTHa, pbXaa N cauyMsaHKa 3a nepuoga 2017-2018r.
Table 2. Susceptibility of plum cultivars to fungal diseases — Red leaf spots, rust and

shot hole disease for the period 2017-2018

Copt YepBeHN NNUCTHU NeTHa Pbxaa CaumsHka
Cultivar Red leaf spot Rust Shot hole disease

2017 2018 2017 2018 2017 2018

Onan / Opal 19.2% 18.0% 2.0% 15.6% 8.8% 9.0%

Crenneli / Stanley 2.2% 2.2% 2.8% 15% 8.0% 9.2%

HeseHna / Nevena 4.6% 5.0% 4.0% 9.8% 2.4% 9.8%

MansasuHka 4.0% 1.6% 1.8% 3.0% 9.8% 15.2%

Malvazinka

AnHa LLnet 12.8% 11.8% 3.2% 5.0% 9.2% 18.8%

Anna Spaeth

Tyney Tumnypuy 2.6% 3.8% 2.2% 2.8% 8.0% 11.4%

"Tuleu Timpuriu’
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Mo nuTepaTypHN AaHHK, 3apas3sBa-
HETO C YepBeHW NINCTHM MeTHa cTasa
npes3 nposetta v No BpemMe Ha ubdrexa
Nnpu 4ecTn N MPOABL/IKUTENHN BaEXMW.
Mpe3 nepvoga Ha u3cneasaHeTo 6sxa
HanpaBeHN EHONOMMYHN HabnwaeHns
Ha CNMBOBUTE COPTOBE, KATO Ce OTYeTOXa
pasnTe — Hayas10 Ha LbqITEX M Kpail Ha
ubrexa. Mpe3 2017r. ubTEXBLT € Npo-
Tekbn B nepuoga 31.03 - 17.04; a npe3
2018r. B uvHTepBana 07.04 - 21.04. Yys-
CTBUTE/IHN Ha 6onecrtra ca miagute
nuncta ot 1-ua go 43-ua  geH, cnep toea
Te cTaBar WUMyHHU. llosiBaTa Ha nucTa
3anoysa fBa [0 Tpu AHW Cfef HavyanoTo
Ha ubdrexa. MeTeoponornyHuTe ycno-
BMA Npe3 [BeTe roAuHW, Mo Bpeme Ha
ubdTexa ce pasnMyaBar KakTo CrpsiMo
BaUIeXUTEe, Taka W CNpsaMO MeceyHuTe
Temnepatypu. pe3 anpun cpegHome-
ceyHarta Temnepatypa npe3 2018 r. e ¢
6°C no-BUCOKA B CPaBHEHWE C Npeaxof-
HaTa, a Ko/fmMyecTBaTa Ha Banexurte 3a
CBHLUMSAT Nepuog e cboTBeTHo 57,7 I/m® 3a
2017r., a npe3 2018 r. e eaga 10,6 I/m?
(Tabnumuya 1).

C BucOKa cTeneH Ha HanafgeHue ot
YepBEHW JINCTHW MeTHa W npe3 [ABeTe
roguHy Ha HabnwgasaHe e copt Onan, ¢
19,2% — 2017r. n 18% 3a 2018r. Apyruar
COPT NPOABW/I YYBCTBUTENHOCT € AHHAa
Wnet — 12,8% 3a 2017r. n 11,8% cboT-
BeTHO 3a 2018r. (Tabnuua 2). Mpwu octa-
HanvTe HabsogaBaHU C/IMBOBU COPTOBE
cTeneHta Ha HanageHue e nog 5%, 3a
AByrogvwHuTe HabnwogeHuns. Cnopef
ckanaTta Ha Nedev et al. (1979) rn onpe-
JensMe  kato cnabo  YyBCTBUTESTHU
cnpsiMo 60s1ecTTa YepBEHU JIMCTHU NETHA
(Tabnuua 2).

OT pgBe roguwHuTe HabnaeHus
3a rbbHata 60/1ecT pbxaa ycTaHOBUXME
pasfiMyHa cTeneHTa Ha HanageHve. pes
2017 r. u3cneaBsaHUTe C/NMBOBK COPTOBE
nposisuxa cnaba peakunsa — nog 5%
CTeneH Ha HanageHve. ToBa Ce Ob/XU
Ha HMCKaTa akTMBHOCT Ha naroreHa.

MNpe3 meceuuTe OHW U AN Ha
2018r. meceyHuTe Banexu ca Hap Hop-
MaUlHUTE KO/MM4YecTBa, CbOTBETHO: 114,5

According to the literature,
infestation with red leaf spots occurs in
spring and during blossoming in frequent
and prolonged rainfall. Phenological
observations of plum cultivars were made
during the study period, taking into
account the phases - beginning of
blossoming and end of blossoming. In
2017 blossoming took place in the period
31.03 - 17.04; and in 2018 in the interval
07.04 - 21.04. The young leaves from day
1 to day 43 are susceptible to the
disease, after which they become
immune. The appearance of the leaf
begins two to three days after blossoming
begins. Meteorological conditions during
the two years, during blossoming, differ in
both precipitation and monthly
temperatures.

In April, the average monthly temperature
in 2018 is 6°C higher than the previous
one, and the precipitation for the same
period is 57.7 I/m? for 2017, and in 2018 it
is only 10.6 I/m® (Table 1).

'Opal’ cultivar has a high degree of
red leaf spots during both years of
observation, with 19.2% — 2017 and 18%
for 2018. ’'Anna Spaeth’ is also
susceptible — 12.8% for 2017 and 11.8%
for 2018 respectively (Table 2). In the
other plum cultivars observed, the rate of
attack is below 5% for two-year
observations. According to the scale of
Nedev et al. (1979), we define them as
slightly susceptible to red leaf spots
(Table 2).

There is a different degree of
attack of rust for two year observations.
In 2017, the plum cultivars tested showed
a weak reaction - below 5% attack rate.
This is due to the low activity of the
pathogen.

In June and July 2018, the monthly
rainfall is above normal, respectively:
114.5 I/m? and 147.0 I/m? (Table 1) at the
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I/m® n 147,0 I/Im® (Ta6nvya 1) npu onTu-
MaUlHa CcpefHO MeceyHa Temneparypa,
KoeTo 6GnaronpuaTcTBa pasBUTUETO Ha
ypegocnopute. Npn Te3n ycnosusa ce oT-
yeTe MHOIO BUCOKa CTENeH Ha Hanafje-
HWe npu BCUYKU U3CnefBaHN COPTOBETE
cnpamo npeaxogHara roguHa. OT u3-
cnefBaHuATa, 3a CblUMA nepuog, Habnto-
JaBaxme cnaba 4yBCTBUTENHOCT Npu cop-
ToBeTe: ManBasvHka, AHHa LLUneTt u Tyney
Tumnypuy. YyBCTBUTENHOCT NposiBUXa Cop-
ToBeTe Onasl n CTeHNel, Npu CTENEH Ha
HanajeHue, cboTBeTHO — 15,8 1 15,0%.
Mpn copt HeBeHa ycTaHoBUXME cpefHa
yyBCTBUTENHOCT — 9,8% (Tabnmuya 2).

3a pas3BuTMeTo Ha rbbHata cau-
MsHKa 6n1aronpuATHUM YCnoBuA ca npo-
Ob/DKUTENHU  OBXA0BHU nepuoan. bo-
necTTa e B CbCTOSAHME [a ce pa3Bue He
camo npes nposieTTa u ASTOoTOo, HO 1 Npes3
eCceHTa, a npu Torn/10 BpemMe 1 npes 3nma-
Ta. VI npes3 gBeTe roavHu ca Habnwogasat
noAo6HM yCoBUS.

Cnpsamo rbbHaTa caumsiHka npes
2018r. e OT4YeTeH MO-BUCOK MPOUEHT Ha
HanageHve npu BCUYKM HabnwgasaHu
copToBe. KaTo 4yBCTBUTENIHN COPTOBE Ce
ot6enassar AHHa LlUneTt — 18,8%, Man-
BasnHka — 15,2% wu Tyney Tumnypuy —
11,4%. lMNpu gpyrute cCoOpToBe CTEneHTa
Ha HanageHne e nog 10% w ce
onpenenat kato cnabo uyBCTBUTESHU
(Tabnuua 2). Mpe3 2017r. npy BCUYKK
HabnwgaBaHW COpTOBE Ce OTYeTe HUcka
peakuMs  Ha  MposAIBNIEHWE  CNpPAMO
rbbHaTa caumsiHKa. ToBa BEpPOATHO ce
ObKN Ha cnab nHekunoseH oH.

N3BOAN

OT wusBbpWeEHUTE U3C/eaBaHus
npe3 nepuoga 2017 wn 2018 roguHu
MOXeM fia Hanpasum cnegHuTe N3Boau:

Kato uyscTBUTENHWM Ha 6GosnectTa
yepBeHn NUCTHM neTHa  Polystigma
rubrum Pers.D.S.) onpegnensime coptoBe-
Te Onan u AHHa Lnet. Kato cna6o
YyBCTBUTE/IHN, CBHC CTENeH HanajeHue
nog 5% ca coptoBete CTeHnei, HeeeHa,
Mansa3uHka n Tyney Tumnypuy.

Kbm 6onectta pbxga, Tranzchelia

optimum average monthly temperature,
which favors the development of the
uredospores. Under these conditions, a
very high degree of attack was observed
in all the cultivars tested compared to the
previous year. From the surveys, for the
same period, a low susceptibility is
observed in the following -cultivars:
'Malvazinka’, 'Anna Spaeth’ and 'Tuleu
Timpuriu'. 'Opal' and 'Stanley’ cultivars
are susceptibility, with an attack rate of
15.8% and 15.0%, respectively. 'Nevena’
cultivar has medium susceptibility of 9.8%
(Table 2).

Long rainy periods are favourable
conditions for the development of shot
hole disease. The disease is able to
develop not only in spring and summer,
but also in autumn, but in warm weather
and in winter. Similar conditions have
been observed for both years.

Compared to shot hole disease in
2018, a higher attack rate was observed
for all cultivars observed. 'Anna Spaeth’ —
18.8%, 'Malvazinka’ — 15.2% and 'Tuleu
Timpuriu' — 11.4% are susceptible.

In the other cultivars, the rate of attack is
less than 10% and is considered to be
slightly susceptible (Table 2). In 2017, a
low response to shot hole disease was
observed in all cultivars. This is probably
due to a low infectious background.

CONCLUSIONS

The following conclusions can be
drawn from the conducted surveys during
the period 2017 and 2018:

'Opal’ and 'Anna Spaeth’ are
susceptible to red leaf spots (Polystigma
rubrum Pers.D.S.) Slightly susceptible,
with an attack rate of less than 5% are
'Stanley’, ’'Nevena’, ’Malvazinka’ and
Tuleu Timpuriu'.

The plum varieties tested in 2017
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pruni-spinosae Pers. D. wuscnegsaHute
cnueoBn coptoBe npe3 2017 rog.
nposisuxa cnaba peakuna — nopg 5%
cTeneH Ha HanageHuve. lpu onTManHu
yCcnoBus 3a pasButuMe Ha 6onectra npes
2018 rof. u4yBCTBMTENIHOCT MposBMXa
copTtoBeTe Onasn n CTeHnei, a coptToBeTe
Mansa3uHka, Tyney Tumnypuy n AHHA
LLineT ca cnabo 4yBCTBUTESTHN.

Cnpsamo rb6HaTa cauMsHKa
(Stignima carpophila), npe3 2018 r. e
OTYETEH NO-BUCOK NPOLLEHT Ha HanajeHue
npu BCUYKM HabnwgasaHu copTtose. Kato
YyyBCTBUTE/IHN onpenenuxme AHHa LUner,
MansasuHka n Tyney Tumnypuy, a karto
cnabo yyBcTBUTENHN — Onan, CTennein un
HeBeHa.

showed a weak reaction to rust
(Tranzchelia pruni-spinosae Pers. D.) —
below 5% attack rate. Under the optimum
conditions for the development of the
disease in 2018, 'Opal'’ and ’'Stanley
cultivars are susceptible, while
'Malvazinka’, 'Tuleu Timpuriu’ and 'Anna
Spaeth’ are slightly susceptible.

In 2018, a higher percantahe of
shot hole disease (Stignima carpophila)
was reported for all cultivars observed.
'Anna Spaeth’, 'Malvazinka’ and 'Tuleu
Timpuriu' are considered as susceptible,
and 'Opal, 'Stanley’ and 'Nevena' as
slightly susceptible.
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PE3IOME

W3cnepBaHeTo e npoBefeHo npes
nepuopga 2017-2018 rogmMHa B KONEKUMNOH-
HO KacUCOBO HacaxeHue B paiioHa Ha
WHCTUTyTa MO NMaHWHCKO >XMBOTHOBbBA-
CTBO 1 3emegenune-TposiH Npyu COPTOBETE
Lissil n Titania.

M3nuTaHn ca O6MOMOTMYHO CepTu-
uuupaHute  npenapatn:  Sectomyel,
Grafox, Myelfos u Demolution MPT,
Funguran 3a 6opba C WKOHOMUWYECKM
BaXHWTE  60MeCTM  —  aHTpakHo3a
(Gloeosporium ribis ) n amepukaHcka
6pawHecta MaHa (Sphaerotheca mors-
uvae) no Kacuca.

Mpe3 nepuoga Ha nscnegBaHe K-
MaTUYHUTE YCNOBUSA 6sixa 6naronpusaTHU
3a pasBuUTME Ha rbbHUTE 60n1ectun. M npes
ABeTe roguHn 6elle oTY4eTEHO Mo-criabo
HanageHve nNpu BapuaHtTuTe ¢ 6Monorny-
HO cepTudmumMpaHuTe npenapaTn B cpas-
HEHWEe C KOHTpo/MTe, Kato npu copt
Titania e oTyeTeHa no-cnaba 4YyBCTBUTEN-
HOCT M npu pgBeTe 6onectn (7,29%
WHAEKC Ha HanageHue npe3 2017 roguHa
OT amepukaHckata OpallHecTata MaHa
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SUMMARY

The survey was conducted during
the period 2017-2018 in a collection
plantation with black currant in the region
of the Research Institute of Mountain
Stockbreeding and Agriculture in Troyan
with 'Lissil' n 'Titania’ cultivar.

The following certified biological
preparations were tested: Sectomyel,
Grafox, Myelfos and Demolution MPT,
Funguran for fight over the economically
important diseases, such as anthracnose
(Gloeosporium ribis) and powdery mildew
(Sphaerotheca mors-uvae) on black
currant.

During the study period, climatic
conditions were favourable for the
development of fungal diseases. There
was a lesser attack on variants with
biologically-certified preparations
compared to controls in both years.

Titania’ was less susceptibile to both
diseases (7.29% attack index in 2017 of
powdery mildew (Sphaerotheca mors-
uvae) and 6.70% of anthracnose
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(Sphaerotheca mors-uvae ) un 6,70% ot
aHTpakHo3a (Gloeosporium ribis ) npes
2018 rognHa.

Mpu BapvaHTa C MeACbAbpXalin
npenapaTn MHAEKCHT Ha HanageHue u ot
aBete 6onectn e HUCHK (0,70% npwu copT
Lissil n 8,00% uHaekc Ha HanajeHue npu
copt Titania 3a Gloeosporium ribes) n
cboTBeTHO 11,30% 3a Titania u 12,0%
npu copt Lissil 3a Sphaerotheca mors-
uvae).

Pesyntatute oT npoyyBaHeToO ca
OCHOBa 3a pa3paboTBaHe Ha pacTuUTesHO-
3aWnTHM  TexHonormm 3a  6opba ¢
6onectuTe no Kacuca.

KntouaBn gymum: kacuc, 6onectu,
copToBe, 61onorMyHN npenapartn, 6opba

YBO/[,

UepHoTo ppeHcko rpo3ge (Ribes
nigrum) W3BECTHO OLe KaTo Kacuc e
AroAoNI04Ha KynTypa, KoiTo ce Hapexaa
Ha BTOPO MACTO B CBeTa cnej arogata. Y
HacC HaWi-LMPOKO pasnpocTpaHeH e npes
60-Te rognHn Ha MuHasIMa Bek. Hanoc-
neabK KynTypata 6esexmu HOBO pasButue,
KOeTo ce onpegens OT LeHHWTe U Xpa-
HUTEJTHU, QUETNYHMW, TEPANEBTUYHMN 1 CTO-
naHcky kadectsa (Hristov, 1980). OTrnex-
JaH Npu HENoaxo4sAWM ycnoBnus — 3aTBO-
peHM ¥ HenpoBeTpVBM MECTOPaCTEHUS,
KacucbT ce Hanaga oT peguua 6onectu, B
TOBa 4YMC/O aHTpakHO3a M amepukaHcka
6pallHecTa MaHa, KOUTO HaHacAaT roaemu
nopaxeHusi, B pe3yntaT Ha KoeTo
[o6MBMTE HamansaBaT 3HAUUTEsSTHO, KaTo
noBpeanTe ce oTpassBaT Ha nnogoja-
BaHETO U npe3 cfejBawara roguHa
(Tsonkovski and Krasteva, 1970).

Pa3ButneTo 1 cTeneHTa Ha Hana-
AeHune oT 6osiecTuTe 3aBUCK OT METEOPO-
NOTUYHUTE  ycnoBms ”n  BMONOrMYHUTE
ocobeHocTn Ha coptoBeTe (Goryacheva,
1962, Natalina, 1963; Litvinova and
Ravkin, 1972; Kuzmina, 1986).

3a pailoHa Ha TposiH e npoyyeHa
YyBCTBUTE/IHOCTTA HA HAKOM HOBOWH-
TpoAyuupaHn 1 MEepCcrnekTUBHU COPTOBE
KbM [BETE MKOHOMMWYECKN BaXXHU 60NecTn
no kKacmuca — aMepukaHcka OpallHecTa

(Gloeosporium ribis) in 2018.

In the variant of copper containing
preparations, the attack index of both
diseases was low (0.70% for 'Lissil' and
8.00% for 'Titania’ by Gloeosporium ribes)
and 11.30% for 'Titania’ and 12.0% for
'Lissil' cultivar by Sphaerotheca mors-
uvae).

The results of the study provide a
basis for the development of plant
protection technologies for the control
over black currant diseases.

Key words: Dblack
diseases, cultivars,
preparations, fight

currant,
biological

INTRODUCTION

Black currant (Ribes nigrum) is a
berry crop that ranks second in the world
after strawberries. In Bulgaria it was most
widespread in the 1960s. Recently, that
fruit crop has undergone a new
development, which is determined by its
valuable nutritional, dietary, therapeutic
and economic qualities (Hristov, 1980).

Grown under inappropriate conditions —
closed and nonventilated habitats, the
blackcurrant is attacked by a variety of
diseases, including anthracnose and
powdery mildew, which cause major
damage, resulting in significant yield
reductions, with damages affecting the
fruit in the following year (Tsonkovski and
Krasteva, 1970).

The development and extent of
disease onset depends on the weather

conditions and the biological
characteristics of the cultivars
(Goryacheva, 1962; Natalina, 1963;
Litvinova and Ravkin, 1972; Kuzmina,
1986).

The susceptibility of some newly
introduced and promising cultivars to both
economically important black currant
diseases, such as powdery mildew and
anthracnose in the natural background of
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MaHa M aHTpakHO3a npu ectecTBeH (OOH
Ha 3apasa. C komnfekcHa cnaba u
cpefHa 4YyBCTBUTE/THOCT Ha mM3cneaBaHu-
Te 6onectn ca coprtoBeTe Ben Sarek,
Heocunatwowumsaca, boratnp,  Titania,
Ometa (Stoyanova et al., 2008).

Mma paspaboTeHa HOBa pacTUTesHo-
3almMTHa cuctema 3a 6opba C HsKowu
HenpuATeNM No Kacuca € NPUIOXKeHne
camo Ha 6uonornyHm cpeactea (Minkov,
2012).

Llenta Ha mn3cnepgBaHeTo e ga ce
paspaboTaT antepHaTtMBHW MeToaM 3a
6uonoruyHa 60pba ¢ MKOHOMUYECKU Bax-
HUTE 60MecT NO Kacuca — aHTpakHo3a
(Gloeosporium  ribis) un amepukaHcka
6pawHecta MaHa (Sphaerotheca mors-
uvae).

MATEPVAJT U METOOU

M3cnegBaHeTto e npoBefeHO B
palioHa Ha WHCTUTYTa npu Kacucosute
coptoBe Titania u Lissil, oTrnexpaHn B
KOMIEKLMOHHO OBOLLHO HacaxeHue, Cb3-
fapeHo npes3 2015 rognHa. N3nutaHu ca
61onornyHo ceptTuduumpaHnTe npenapa-
Tn: Sectomyel, Grafox, Myelfos, Demolution
MPT u Funguran OH 50 BI1. 3asioxeHun
ca 4 BapunaHTa CbC CNefHUTe KOMOUHaLMK:

| - Bu BapuaHT Sectomyel (500
ml/da) + Grafox (B posa 0,3 l/da) +
Myelfos (200 ml/da) + Demolution MPT
(400 ml/da)

Il - pn BapuaHT MegHuAT npenapar
Funguran OH 50 BIN B posa 0,15%
pa3TsBop

Il - TM BapuaHT - TpeTupaHe c
XUMUYHUTE npenapaTtn — CUCTaH cynep B
KoHL. 0,03% + Hypene Aypc6aH - 0,07%

IV - Tv BapuaHT - HeTpeTupaHa
KOHTpoOsa

lMpoBedeHn ca 7 TpeTupaHus OT
HayaslI0TO Ha BeretaumsaTa Ha Bceku 10-
15 gHu. Pesynrtatnte OoT NMbpBu U BTOPU
BapvaHT cpaBHABaxXxmMe C  XUMWUYHUA
BapvaHT 1 KoHTpoiaTa.

OTuntaHuaTa 3a HanajeHueTo OoT
6onectute M edhekta OT npunaraHuTe
npenapaTtn ca HanpasBeHW cblnacHo Me-
ToAvKaTa 3a n3yvyaBaHe Ha pacTuTesiHuTe

the infection, has been studied in the
Troyan region. '‘Ben Srek’,
Neosypayuschiyasya, 'Bogatir, 'Titania,
'Ometa’ cultivars show a complex slight
and average susceptibility to the studied
diseases (Stoyanova et al., 2008).

A new plant protection system has
been developed to combat some
blackcurrant pests using only biological
agents (Minkov, 2012).

The purpose of the study is to
develop alternative methods for the
biological control of economically
important diseases on black currant -
anthracnose (Gloeosporium ribis) and
powdery mildew (Sphaerotheca mors-
uvae).

MATERIAL AND METHODS

The study was conducted in the
area of the Institute on blackcurrant
cultivars of 'Titania’ and 'Lissil’ grown in a
collection fruit plantation, established in
2015. The following certified biological
preparations were tested: Sectomyel,
Grafox, Myelfos, Demolution MPT and
Funguran OH 50 VP. There are 4 variants
with the following combinations:

| variant - Sectomyel (500 ml/da) +
Grafox (0.3 l/da) + Myelfos (200 ml/da) +
Demolution MPT (400 ml/da)

Il variant - Copper preparation
Funguran OH 50 VP at a dose of 0.15%
solution

Il variant - Chemical Treatment -
Sistan Super in concentration of 0.03% +
Nurelle Dursbhan - 0.07%

IV variant - untreated control

Seven treatments were performed
from the beginning of the growing season
every 10-15 days. The results of the first
and second variants were compared with
the chemical variant and the control.

Disease attack reports and the
effects of the preparations used were
made according to the Methodology for
Studying Plant Resources in Fruit Plants
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pecypcu npu oBowHMTe pacteHus (Nedev
et al., 1979). VIHAEKCHT Ha HanageHne oT
npoy4yBaHUTe 6OMIECTU € U3YUC/EH MO
hopmynarta Ha Mc Kinney (1923).

PE3YJITATU N OBCBXXOAHE

MoBMLWEHOTO MOTPEGUTENICKO Tbp-
CeHe Ha €eKOJIOTMYHO Npou3BeAeHn Mo-
[OBe 1 U3NCKBaHMATA 3a onasBaHe Ha
oKosiHaTa cpefa, Hanarat Heo6xoanMocCT-
Ta OT paspaboTBaHe Ha anTepHaTUBHM
MEeTOAM 3a KOHTPO/1 Ha 6onecTuTe kaTo ce
orpaHuum ynoTpebata Ha XUMUYECKU
npenapatu.

Bopb6aTa ¢ MKOHOMWYECKN BaXKHUTE
60M1eCTV MO Kacuca e BaXEH e/IEMEHT 3a
oTrnexgaHe 1 ona3BaHe Ha TO3U OBOLEH
Bug. lNpe3 nepnoga 2017-2018 roguHa
NpoOBEAOXME MOJICKA OMUTU MPU Kacuco-
BUTE copTtoBe Titania n Lissil, ¢ n3non-
3BaHe Ha KOMOMHaUUM OT GMOAOrMYHK
npenapatn 3a 3awWmta Ha xpactute oT
aHTpakHo3a (Gloeosporium ribis) n ame-
pukaHcka 6pawHecta maHa (Sphaerotheca
mors-uvae).

Pesyntatute oT npoBegeHUTe onu-
TV 3a yCTaHOBsIBaHe 6MoniornyHaTa eqoek-
TMBHOCT Ha Mpoy4yBaHuWTe Guonpenapartu
3a 6opba C WKOHOMMYECKN BadKHUTE
6onectn no kacuca ca npeactaBeHun B
Tabnmuya 1 n 2.

Mpe3 2017 roguHa B nepuoga Ha
3apassiBaHe Ce Cb3Aagoxa 6/1aronpusitHu
YCNOBMSA 3a pas3BuMTME Ha Mpoy4YBaHWTE
6onectn. KonmyectBOoTO Ha M3MepeHuTe
BasIeX1 camo 3a M. Maii 6ele 133,1 I/m?,
B cbuyeTaHMe C Bucokata Bb3gyllHa
Bfara U ymepeHu temneparypu Hanage-
HMETO OT aHTpakHo3a npu copT Lissil
6ewe 11,20% npuv nNbpBM BapuaHT W
12,00% npu BTOpWM BapuaHT. CxofHu
CTOMHOCTW OTYETOXME NPU TPETU BapuaHT
(koHTpONa CbC U3NON3BAHE HA XUMWUYHWU
cpepctea) - 11,20%. Haii-BMCOK MHAEKC
Ha HanageHue 6e OTYETEH NpW BapuaHTa
HeTpeTupaHa koHTpona (25,60%). Hana-
[EHMEeTO OT amepukaHckata 6palHecTta
MaHa npu copt Lissil no BapuaHTh e
25,60% 3a nbpBu BapuaHT N 24,00%
WHOEKC Ha HanajeHue 3a  BTOpW.

(Nedev et al., 1979). The attack index of
the diseases studied is calculated using
the formula of Mc Kinney (1923).

RESULTS AND DISCUSSION
The increased consumer demand
for organic fruits and environmental
requirements necessitate the
development of alternative methods of
disease control by limiting the use of
chemicals.

The fight with  economically
important diseases on black currant is an
important element for the cultivation and
conservation of this fruit species. During
the period 2017-2018, we conducted field
experiments on black currant cultivars of
'Titania’ and 'Lissil', using combinations of
biological preparations for the protection
of anthracnose (Gloeosporium ribis) and
powdery mildew (Sphaerotheca mors-
uvae).

The results of the biological
efficiency of the studied biological
preparations  for the control  of

economically important diseases on black
currant are presented in Table 1 and 2.

In 2017, there were favourable
conditions for the development of the
studied diseases during the period of
infection. The amount of precipitation for
May only was 133.1 I/m®. Combined with
the high air humidity and moderate
temperatures, the anthracnose attack on
'Lissil' cultivar was 11.20% in the first
variant and 12.00% in the second variant.

Similar values were reported for the third
variant (using chemical agents with the
control) - 11.20%. The highest attack
index was reported in the untreated
control variant (25.60%). The attack of
powdery mildew on ’Lissil' cultivar is
25.60% for the first variant and 24.00% for
the second one.
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CpaBHUTENHO 6/IM3KA CTOMHOCT UMa W
npu TPeTu BapuaHT (KOHTpona C W3non-
3BaHe Ha XMMW4YHKU npenapaTn) - 31,20%.
Mpu BapunaHTa HeTpeTmpaHa KOHTposa €
oTyeTeH Hag 50% MHAEKC Ha HanageHue.
Mpe3 2018 rogmHa npu copt Lissil 6axa
oTYeTeHn 6aM3KM CTOMHOCTM Ha Hanage-
HWe C Te3n OTYeTEeHW B npegxogHara ro-
OnHa oT aHTpakHo3aTa - 11,33% 3a nbpBu
BapuaHT 1 8,00% 3a BTOpY BapuaHT. Npu
KOHTpO/iaTa C W3MNo/f3BaHe Ha XUMUYHU
cpeAcTBa WMHAEKCHT Ha HanajeHue e
26,67%, a npy HeTpeTMpaHara KoHTpona -
42,67%. 3a amepukaHckata OpallHecTa
MaHa MHAEKCHT Ha HanageHue e 19,33%
npu nbpeu BapmaHTt 1 12,00% npu BTOpN.
3a cpaBHeHWe Mnpu KOHTpO/IUTe ca oT4e-
TEHN CbOTBETHO 28,67% npu TpeTtu
BapuaHT 1 Hapg 50% npu HeTpeTnpaHata
KoHTpona. (Tabnuua 1). Mpu copt Lissil
npes3 ABeTe roAuHV Ha uscnepgsaHe Haii-
HUCBK WHAEKC Ha HanafjeHuwe e oT4yeTeH
BbB BTOPM BapuaHT - C M3M0/s3BaHe Ha
®yHrypaH OH 50 BI1, cnegsaH oT Nbpsu
BapuaHT C NPUIOXeHNe Ha 6MO0rMYHO
ceptudpmumpanuTe npenapartu. M3nosn-
3BaHUTe cpeacTBa Npu asaTta 6UosIorMyYHN
BapuaHTa nokassar MHOro o6bp edekrt
BbPXY M3cnegBaHnTe 60n1ecTu.

There is a relatively similar value in the
third variant (control using chemical
preparations) - 31.20%. More than 50%
attack index was reported in the untreated
control variant. In 2018, similar attack
values for 'Lissil' cultivar were reported to
those in the previous year by anthracnose -
11.33% for the first variant and 8.00% for
the second variant.

The attack index for the chemical control
was 26.67% and in the untreated control
was 42.67%. The attack index for
powdery mildew was 19.33% in the first
variant and 12.00% in the second one.

For comparison, controls accounted for
28.67% in the third variant and over 50%
in the untreated control, respectively.
(Table 1). For 'Lissil' cultivar during both
years of study, the lowest attack index
was reported in the second variant - using
Funguran OH 50 VP, followed by the first
variant with the use of biologically certified
preparations.

The agents used in both biological
variants show a very good effect on the
diseases studied.

Tabnuua 1. iIHaekc Ha HanageHue (%) OT amMepuKaHcka OGpallHecTa MaHa U
aHTpakHo3a npu kacmucoBusi copT Lissil (2017-2018)
Table 1. Attack index (%) of powdery mildew and anthracnose for ‘Lissil’ black

currant cultivar (2017-2018)

BapuaHTu 2017 2018

Variants Sphaerotheca Gloeosporium Sphaerotheca Gloeosporium
mors-uvae ribes mors-uvae ribes

I-B1 C NPOAYKTU Ha

Green Smile 25,60 11,20 19,33 11,33

I  Green Smile

products

Il- pu ¢ PyHrypaH

OH 50 BIN 24,00 12,00 12,00 8,00

Il Funguran OH 50

WP

1-Tn XumunueH 31,20 11,20 28,67 26,67

Il chemicals

IV-pu KOHTpona

HeTpeTupaHa Hag 50% 25,60 Hag 50% 42,67

IV untreated control
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CpaBHUTEIHO HUCBK WHAEKC Ha
HanafeHve OT aHTpakHO3a W amepuKaHcKa
bpalwHecTa MaHa € OT4YeTeH npu copT
Titania npe3 2017 rognHa npu gsata 6uo-
NIOTUYHN BapuaHTa 3a aHTpakHo3aTta - npu
nbpBu BapumaHt 8,00% uHAekc Ha Hanage-
Hue n 1,60% npu BTOpU BapuaHT. MNpn KOH-
TPO/IHWUTE BapuaHTW MHAEKCHT Ha Hanage-
Hue e 3,20% npu TpeTu BapvaHT U Hapg
50% npu HeTpeTupaHaTa KoHTposna. lpe3
2017 rogvHa HanafeHneTo OT Apyra-ta us-
cnepaHa 6onect - amepukaHckara bpatu-
HecTa MaHa B MbpBWM BapuaHT € oTyeTeH
7,20% vHAEeKC Ha HanajeHne, a BbB BTOpU -
3,20%. B pgBata KOHTPO/SIHM BapuaHta -
TpeTu 1 YeTBBbPTU CTOMHOCTUTE Ca eHaKkBM
(22,40%). Mpe3 2018 roguHa npu copT
Titania WMHAMKCBLT Ha HanageHue OT
aHTpakHO3a OTHOBO € Hali-HUCHK Npu ABaTta
61ONOTMYHY BapmaHTa - Npy BTOpU BapuaHT
0,67%, a npu nNbpBM BapwaHTt - 6,67%
(Tabnuua 2). [lBata KOHTPOSIHM BapuaHTa
ca CbC CTOMHOCTM CbLOTBETHO 28,67% 3a
Tpetn BapuaHT u 34,00% 3a 4YeTBBLPTU
BapuaHT (HeTpeTupaHaTta KoHTpona). MNpwu
copT Titania HanageHVeTo OT aMepuKaHcka
bpallHecTa MaHa e C N0-BUCOKW CTOMHOCTU
OT npepxofHata rognHa - 16,67% 3a nbpeu
BapnaHT n 11,33% 3a BTOpM BapuaHT, B
CpaBHEeHVe C HeTpeTupaHaTta KOHTpoia npu
KOATO € OTYeTeHo HanageHue Hag 50%.

The relatively low anthracnose and
powdery mildew attack index was
reported for 'Titania' cultivar in 2017 for
both biological variants for anthracnose -
the attack index for the first variant was
8.00% and 1.60% in the second variant.
In the control variants, the attack index
was 3.20% in the third variant and above
50% in the untreated control. In 2017, the
attack index of powdery mildew in the first
variant was 7.20% and it was 3.20% in
the second one. In both control variants,
the third and fourth one, the values were
the same (22.40%).

In 2018, the anthracnose attack index for
Titania cultivar was again the lowest for
both biological variants - 0.67% in the
second variant and 6.67% in the first
variant (Table 2). Both control variants
were respectively 28.67% for the third
variant and 34.00% for the fourth variant
(untreated control). The powdery mildew
attack index for 'Titania' cultivar was
higher than the previous year - 16.67%
for the first variant and 11.33% for the
second variant, compared to the
untreated control which reported an
attack of more than 50%.

Tabnuua 2. iIHaekc Ha HanageHue (%) OT amMepuKaHCka OGpallHecTa MaHa U
aHTpakHO3a Npu KkacmcoBusi copT Titania (2017-2018)
Table 2. Attack index (%) of powdery mildew and anthracnose for ‘Titania’

blackcurrant cultivar (2017-2018)

BapuaHTn 2017 2018

Variants Sphaerotheca Gloeosporium Sphaerotheca Gloeosporium
mors-uvae ribes mors-uvae ribes

I-BM C MpoAyKTU Ha

Green Smile 7,20 8,00 16.67 6.67

I Green Smile

products

II- pn c ®yHrypaH

OH 50 BIl 3,20 1,60 11.33 0.67

Il Funguran OH 50

WP

I-Tn XMnyeH 22,40 3,20 40.67 28.67

Il chemicals

IV-pn KOHTpONa

HeTpeTnpaHa 22,40 Hag 50% Hag 50% 34.00

IV untreated control

190




N npn copt Titania Ha-HUCDBK
WHAEKC Ha HanajeHuwe OT aHTpakHo3a U
6pallHecTa MaHa e OT4eTeH BbB BTOPM
BapuaHT C W3N0N3BaHe Ha npenapara
®yHrypaH OH 50 BI1, cneggaH oT nbpBu
BapuaHT. M3nutBaHWTe npenapatn npu
MbpBM W BTOPWM BapuaHT MMaT MHOro
[o6bp  ediekT BbpPXy uM3creaBaHuTe
6onectu.

N3BOAN

Mpe3 neproga Ha Npoy4yBaHe Haii-
HUCBK MHOEKC Ha HanafeHue OT aHTpak-
HOo3a 1 6paluHecTa MaHa npu copToBeTe
Lissil n Titania e oTyeTeH npu BapuaHTa
n3nos3saHe Ha npenapara ®yHrypaH.

BronorunuHo cepTumumpaHnTe
npenaparun  13non3BaHW BbB  MbPBYU
BapvaHT nokassaT MHOr0 [06bp edekT
npu 6opbara ¢ aHTpakHo3a 1 6GpaluHecTa
MaHa npu coptoBeTe Lissil n Titania B
CpaBHeHWe C BapuaHTa HeTpeTupaHaTa
KOHTpoONa.

OT HanpaeeHuTe u3cnefBaHuss W
noslydeHnTe MHOro fobpu pesyntatun npu
Kacuca ycnewHo MoOxe fa ce npwiara
6ronornyHa pacTuTesniHa sawmTa.

For 'Titania’ cultivar, the lowest
anthracnose and powdery mildew attack
index was reported in the second variant
using Funguran OH 50 VP preparation,
followed by the first variant. The test
preparations in the first and second
variants have a very good effect on the
diseases studied.

CONCLUSIONS

During the study period, the lowest
anthracnose and powdery mildew attack
index for 'Lissil' and 'Titania' cultivars was
reported after using Funguran product.

The biologically certified
preparations used in the first variant show
a very good effect in the control of
anthracnose and powdery mildew for
'Lissil' and 'Titania' cultivars compared to
the untreated control variant.

The present studies and good
results show that biological protection can
be successfully applied for plant
protection of black currant.

NWMTEPATYPA /| REFERENCES
1. Bielenin, A., D. Gajek, J. Gwozdecki, J Lisek, B. Labanovska, J. Mochecki
and E. Niemczyk, 2002. Integrowana Produkcja Owocow-Porzeczki, Skierniewice,

pp. 52-53.

2. Goryacheva, E., 1962. Development of Measures to Fight Diseases and Pests
on Black Currant in the Region of Leningrad. Collection of reports of a scientific
conference on plant protection 1960, Tartu, pp. 230-237 (Ru).

3. Hristov, L., 1980. Black Currant. Hristo G. Danov, Plovdiv, pp. 70-73 (Bg).

4, Kuzmina, E., 1986. Assessment of the Potential Productivity of Black Currant
Cultivars. Collection of scientific reports, 46, 41-45 (Ru).

5. Litvinova, B. and A. Ravkin, 1972. Evaluation of Black Currant Cultivars for

Susceptibility to Powdery Mildew and Bud Mites in the Moscow Region. Collection of
fruit growing and berry growing in the non-chernozem zone, Moscow, vol. VIII (Ru).

6. Mc Kinney, H. H., 1923. Influence of Soil Temperature and Moisture on
Infection on Wheat Seedling by Helmintosporium sativum. J. Agric. Research,

34:108-114.

7. Minkov, P., 2012. Adaptation and Development of Elements of Existing
Technologies for Fruit Production in Mountain Conditions to the Requirements of
Organic Agriculture. Dissertation, Troyan, pp. 103-105 (Bg).

8. Natalina, O., 1963. Diseases on Berries. Moscow, pp. 171-192 (Ru).

191



9. Nedev, N., Y. Grigorov, H. Baev, S. Serfimov, A. Strandzhev, L.
Kavardzhikov, K. Lazarov, N. Nikolov, V. Dzhuvinov, L. Popova, N. Slavov, P.
lliev, D. Stoyanov, |. Kunev, H. Krinkov, Yu. Vishanska and M. Topchiiska, 1979.
A Methodology for Studying Plant Resources in Fruit Plants, Plovdiv, pp. 121-123 (Bg).
10. Stoyanova, T., P. Minkov and lv. Minev, 2008. Attitude of Introduced Black
Currant Cultivars to Some Fungal Diseases for the Troyan Region. Ecology and
Health, Academic Publishing House of Agrarian University, Plovdiv, pp. 291-296 (Bg).
11. Tsonkovski, K. and V. Krasteva, 1970. Grey Leaf Spots on Black Currant
(Mycosphaerella ribis Lind) Biology and Fight, Academy of Agricultural Sciences,
Complex Experimental Station, Troyan, Sofia, pp. 203-212 (Bg).

192



Journal of Mountain Agriculture on the Balkans, 2019, 22 (2), 193-204
Research Institute of Mountain Stockbreeding and Agriculture, Troyan

ISSN 1311-0489 (Print)
ISSN 2367-8364 (Online)

Ponsa Ha doutoynctatTMHUTe B yCTOMUYMBOCTTA Ha
3emMeesiCKUTe Ky/ITypu KbM abnUOTUYHN CTpecoBU hakTopu

[MeTa XpuctoBa

ArpobnovHcTuUTy T, 1164 Codhusa, Bbnarapus

The Importance of Phytocystatins for the Resistance of
Crop Plants to Abiotic Stress Factors

Petya Christova

AgroBiolnstitute, 1164 Sofia, Bulgaria
E-mail: petyachristova@abi.bg

Review paper

Received: 14.04.2019

PE3IOME

PactutenHute uymctatuHu (dnto-
uMcTaTuHM) ca 06eKT Ha 3ab/1I60YeH!
n3cnegsanusa nosede ot 30 rognHu. Te ca
LMCTENMHOBY NpoTeasHu UHXNMOUTOPU U ca
n30NMpaHy OT pasMyHU BUOBE pacTe-
HuA. duTouMCTaTMHUTE yyacTBaTr B peau-
1a BaXXHN PYHKUUN B XXNU3HEHUS LKL Ha
pacTeHusTa, 3anoysBaikm OT NOKb/IBAHETO
Ha cemMeHarta, 3almta OT O6UOTUYHM U
abnoTnyHN cTpecosBu pakTopu, cTapeeHe-
TO W nporpamMupaHaTa KieTbyHa CMBbPT.
MpogbixaBawuTe rnodasHn KNMMaTuyHmn
NPOMeHW npe3 nocrefHuTe feceTuneTus
u3snckesaT no-fobpa agantaums Ha pacTe-
HUATA KbM BHe3arnHo npoMeHsilara ce
cpefa. Mo Tasy npuvyuHa UMcTaTUHUTE
UMaT BaxHa posia Npu akTUBUPaAHETO Ha
KOMMJIEKCHN MexaHu3Mny 3a 3awura B
pacTeHusiTa 1 3a nogobpsiBaHe Ha YCTON-
Y/BOTO pasBUTUE HA 3eMefefcKUTe Kyn-
Typu. Hawmrte 15 roguiHn nscneasaHus
B Tasn obnacT [oka3BaT 3HaYeHVeTo Ha
UMCTaTMH OT MLUeHMUa B 3awmTaTa Ha pac-
TEeHUATa OT abnUoTMYEH N BUOTUYEH CTPEC.

KntouoBn aymun: dmtoumncTaTuiHu,
3acyllasaHe, HUCKN Temneparypu,
3aconsBaHe, pacTuTesiHa 3awmuTa

Accepted: 24.04.2019
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SUMMARY

Plant cystatins (phytocystatins) are
object of intense investigations more than
30 years. They are cysteine protease
inhibitors that have been isolated from
various plant species. Phytocystatins are
involved in many important functions in
the life cycle of plants, starting from seeds
germination, protection to biotic and
abiotic stress factors, senescence and
programmed cell death.

The on-going global climate changes over
the last decades require better adaptation
of plants to the suddenly altering
environments. Therefore, the role of plant
cystatins is significant for the activation of
a cross tolerance mechanisms for plant
protection and the improvement of
agricultural crops sustainability.

Our 15-year studies in this topic proved
the importance of a wheat cystatin in the
plant response to abiotic and biotic stress.

Key words: phytocystatins,
drought, cold temperatures, salinity, plant
protection
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duTouMCTaTMHNTE Cca npoTeasHu
WMHXMOUTOPM ydyacTBalM B 3alWuWTHUTE
MEXaHU3MM Ha pacTeHnsaTa KbM 6GUOTUYHN
(Martinez et al., 2003; Alvarez-Alfageme
et al. 2007; Goulet et al. 2008; Popovic et
al., 2012) n abnoTuyHN CTpecoBu hakTo-
pu (Gaddour et al., 2001; Massonneau et
al., 2005; Chojnacka et al., 2015). Te ca
BK/IIOYEHN B KOMIMJ/IEKC OT perynaTopHu
MEeXaHu3Mu, KOUTO BOAAT [0 OTrOBOP Ha
pacteHusTa CrnpsAMOo pasnnyHu Hebnaro-
npusTHU ycnoeus Ha cpepaTa (Velasco-
Arroyo et al., 2018b). Mo Tasn npuynHa,
pacTuTesiHATE UMCTaTMHM Ca BaXHM 3a
ouensBaHeTO Ha pacTeHusTa, nogobps-
BaHe KauyeCcTBOTO Ha 3emefesickuTe Kyn-
TYpU 1 kaTto cneacTene oT ToBa 3a yBe-
NMyaBaHeTo Ha fob6usute. NpomeHuTe B
TAXHaTa eKcnpecus nMaT K1H4voBa poss B
afianTypaHeTo Ha pacTeHusATa KbM K/Iu-
MaTUYHUTE MPOMEHMW, KOUTO CTasaTt BCe
Nno-eKCTpemMHu n yectu. Peamua npumepu
nokassar, ye nosuLleHaTa TONIePaHTHOCT
Ha 3emefesnickuTe Kyntypu u MopenHuTe
pacTeHuss KbM abuoTuueH cTpec e
CBbp3aHa C yBEMYEHUM HUBA Ha
ekcnpecusaTa Ha coutouuctatuHm (Van der
Vyver et al. 2003; Zhang et al., 2008;
Wang et al., 2012; Quain et al. 2014; Tan
et al.,, 2016). HaTpynaHuTe pAaHHM 3a
ponATa Ha uucTaTMHWTE B 3alumTara Ha
pacTeHusTa okasBar TeXHWUA noTeHuunasn
U y4yacTMeTo UM B pas3paboTBaHeTO Ha
cTparermn 3a nofobpsisaHe kKayecteara
Ha 3emMefiefickutTe KynTypu v passuTneTo
Ha YCTOMYMBO CeCcKO CTONaHCTBO.

BnvaHneTo Ha abuoTuyHuTe cTpe-
coBM hakTopun, KaTo 3acyllaBaHe U Ha-
BOAHABAHE, HUCKM W BUCOKM TemnepaTy-
pu, 3aconsBaHe 1 apyru, Bbpxy AobusuTe
Ha OCHOBHUTE 3eMefesfiCku KynTypu no
cBeTa ce uscnejga 3aAbsiboyeHo. Peau-
La npoy4yBaHusTa OLeHsIBaT TAXHOTO 3Ha-
YyeHve 3a 3emMefesICKOTO NPOU3BOACTBO U
6e3onacHoCTTa Ha XpaHuTe B rnobaneH
Mawab (Porter et al., 2014). Pa3zpaboTeHun
ca pasNnyHuM MOAEsSHN CUCTEMM 3a Npefj-
CKasBaHe Ha pucka OT HamasisiBaHe Ha
[obusute OT 3emefenckute KynTypu B

INTRODUCTION

Phytocystatins are well known
protease inhibitors that are involved in
protective mechanisms of plants to biotic
(Martinez et al., 2003; Alvarez-Alfageme
et al. 2007; Goulet et al. 2008; Popovic et
al., 2012) and abiotic stress factors
(Gaddour et al., 2001; Massonneau et al.,
2005; Chojnacka et al., 2015). They take
a part in the complex of regulatory events
that leads to the response to a various
unfavourable conditions of the
environment (Velasco-Arroyo et al.,
2018b). Therefore, plant cystatins are
important for plant survival, crop
improvement and increase of yields in the
agriculture.

Their modified expression has a key role
in the adaptation of plants to climate
changes that become much more extreme
and frequently occurred.

Several examples presented elevated
tolerance to abiotic stress of crops or
model plants based on higher level of the
expression of phytocystatins (Van der
Vyver et al. 2003; Zhang et al., 2008;
Wang et al., 2012; Quain et al. 2014; Tan
et al., 2016).

Accumulating evidence for the
significance of the cystatins for plant
protection suggests their potential usage
in strategies for the improvement of crops
and sustainable agriculture.

The effect of abiotic stress
conditions such as drought and flooding,
cold and heat, salinity and other factors
on the yield of a major crop species
worldwide is thoroughly explored. A lot of
investigations assessed their impact on
agricultural production and global food
security (Porter et al., 2014).

Moreover, a variety of modelling systems
to predict the risk for yield losses of crop
plants caused by abiotic stress have been
developed (Zhao et al.,, 2017; Leng and
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cneacTtene Ha abmnotmyeH ctpec (Zhao et
al.,, 2017; Leng and Hall, 2019). Pe3ynta-
TMTEe OT Cepus aHa/m3yM nokaseaT, u4e
€XEerofHoTO MoBMLIaBaHe Ha Temnepa-
TypaTa MoXe Aa fosefe [0 peayumpaHe
Ha p[obuBUTE Ha ronaMa Teputopus B
rnobaneH mawab (Porter et al., 2014).
O6eKT Ha CTPOr MOHUTOPWHI Ca XUTHUTE
pacTeHusi, kato egHa OT Hal-BaxXHuTe
3emMefesickn KynTypu. YCTaHOBEHO €, ye
uapesuuata M nuweHUUata ca Hai-3a-
CTpalleHn OT MOoBMWIABAHETO Ha Temne-
patypata ¢ 1°C, crnopef pesynrarurte ot
npoy4ysaHe, nybnukysaHo npe3 2017r.
(Zhao et al.,, 2017). W3uucneHo e, ue
[o6uBKTeE OT Lapesuua u niieHnLa morat
ce NoHmXaT cpefHO CbOTBETHO CbC 7.4%
n 6%, ako Temneparypara ce NoBuLWK C
egnH rpagyc. Cbuwarta TemnepaTtypHa
npoMsiHa LWWe [oBefe WM [0 HamassiBaHe
Ha fobuea oT opu3 ¢ 3.2%. 3HaunTesnHo
MOHMWKEHNE Ha [J06MBWTE OT €YEMUK B
pesyntaT Ha EeKCTPEMHM YC/oBMA Ha
cpefata € KaslkynmpaHo C noMoLita Ha
Earth System Models (Xie et al., 2018).
M3uncneHute 3arybm 3anousaT oT 3% u
moraTt ga gocrturHar go 17%, B 3aBucu-
MOCT OT cunarta Ha CTpecoBuTe akTopw.
MocnegHuTe npoyyBaHWs MokKasBa, 4e
[o6uBMTE OT MweHunya morat ga Hama-
NeAT noj CPefHOTO HUBO B pe3y/Tar Ha
eKkcTpemasiHO 3acywasaHe (Leng and
Hall, 2019). OcBeH XWUTHUTE pacTeHus,
ApyriTe 3emefenckn KynTypu Cblio ca
3acerHaTu OT MPOMEHUTE B YC/IOBMATA Ha
cpepata. KauecTtBOTO M xpaHuTenHata
CTOMHOCT Ha NnoJoBeTE W 3e/ieH4yuuTe
3aBMCM OT Ha/IM4YMeTO Ha BoJa W Temne-
patypaTa, W Morat 3HauMTesiHoO Ja ce
noBAUSAT OT HebnaronpuaTHU hakTopu
no Bpeme Ha npubupaHe Ha pekonTarta,
06paboTBaHe, CbXpaHeHVWe W TpaHCMopT
(Toivonen and Hodges, 2011). Peguua
uscneABaHns nokasear, 4e 3acylla-
BaHETO Hanpvmep BOAW A0 MOHWKaBaHe
KayecTBOTO Ha M/1I040OBETE M HamasisiBa
[obueuTe B oBowapcTeoTo (Girona et al.,
2010; Marsal et al., 2010; Lopez et al.,
2013). ETO 3auwo, egHa OT OCHOBHUTE
uenn B cenekuusta u nporpamute 3a

Hall, 2019).

Several analyses showed that annual
increasing of temperature can lead to the
reduction of crop yields across a wide
area (Porter et al., 2014).

As the most important agricultural crop,
cereals are strictly monitored and series
of analyses have been published.
According to a new study that calculates
the impact of each degree Celsius of
rising global temperature, corn and wheat
are at a major risk (Zhao et al., 2017). It
was estimated that corn and wheat yields
could fall average of 7.4% and 6%
respectively, if the temperature rise up
with 1°C. The yield of rice will decrease by
3.2% as a result of the same temperature
changes.

Significant decrease of barley yields
worldwide cause by extreme weather
conditions was predicted by using Earth
System Models (Xie et al., 2018).
Calculated losses started from 3% and
can reach up to 17% depending on the
severity of stress factors. More recently it
was found that the yields of wheat could
fall below the average at the result of
exceptional drought conditions (Leng and
Hall, 2019). Besides cereal plants, other
agricultural crops also suffer by the
extreme changes of environmental
conditions.

Quality and nutritional value of fruits and
vegetables depend on water supply and
temperature, and can be significantly
affected by unfavourable factors during
harvest, handling, storage and distribution
(Toivonen and Hodges, 2011).

A lot of investigations showed that
drought stress for example implicates fruit
quality and vyield of orchards (Girona et
al., 2010; Marsal et al., 2010; Lopez et al.,
2013). Therefore, the stress tolerance is a
one of the main targets for crop breeding
and improvement programmes in

195



pasBuTVe Ha YCTOMYMBO 3emepenve, e
noBuvLUIaBaHe TOJIEpaHTHOCTTa Ha CTpec
(Araus et al., 2008; Parry et al., 2012).

B TO3M 0630p ca npencTaBeHu
0000LWEHN AaHHN 3a uTouMCTaTUHUTE,
yyacTBaly B TO/IEPaHTHOCTTA Ha 3eme-
JencknTe KynTypu KbM abUOTUYEH CTpec,
TAXHaTa eKcnpecusi Npu pas/iMyHKu ycno-
BMS Ha cpegarta M NoTeHUMasbT MM 3a
noBulIaBaHe Ha YyCTOWYMBOCTTA Ha
pacTeHusTa.

dutouncTaTMHN OT 3emMenesiCKu
KynTypu, yvacTBawy B TOJiepaHT-
HOCTTa KbM abnOTUYEH CTpec

Ponata Ha uwuctatuHWTe B TOSE-
paHTHOCTTa Ha pacTeHusTa KbM pasnnu-
HN abMOTUYHM CTPECOBM (hakTopy € AoKa-
3aHa npu peguua semegesnckn kyntypu. B
Tabnuua 1 ca npeacraBeHu uM36paHu
npuMepKn 3a UUCTaTUHW OT XUTHWU, APYrn
3emMefiefNICKM KyNnTypu 1 OBOLLHW BUOBE.

Tabnmuya 1. duTouyuctatuHu OT
TOJ/IEPaHTHOCTTa KbM abnOTUYEH CTpecC

3emMefesicKu

sustainable agriculture (Araus et al., 2008;
Parry et al., 2012).

This review presents a summarized
data for phytocystatins that are involved in
response of crops to abiotic stress factor,
their diverse expression under different
environmental conditions and the potential
application in stress tolerance of plants.

Phytocystatins of crop plants
involved in abiotic stress response

Involvement of phytocystatins in the
response to different abiotic stress factors
was reported for various crop plants.
Some examples of cystatins from cereals,
field and fruit crops are presented at
Table 1.

KynTypu, yyacTBawum B

Table 1. Phytocystatins of crop plants involved in abiotic stress response

Cystatin; Crop plant; Kyntypa Abiotic stress; AGMOTUYEH CTpec Author; ABTOp
LinctatnH
HvCPI barley; evemunk cold shock, dark; ctya, TbMHUHA Gaddour et al., 2001
(Hordeum vulgaris)
drought; 3acywaBaHe Velasco-Arroyo et al., 2018a
TamMDC1 wheat; nweHuua cold, drought, salinity, abscisic Christova et al., 2006
(Triticum aestivum) acid; cTya, cywa, 3aconsisaHe,
abCLMCUHOBA KNCEIMHA
TrcC-8 triticale; TpuTukane water-deficit; BogeH pedmumnt Chojnacka et al., 2015
(Ttiticum monococcum)
OsCYS rice;opus (Oryza sativa) | cold, drought, salt; cTyg, cywa, Wang et al., 2015
3aconsBaHe
CcC maize; uapesuua (Zea cold, drought; cTyg, cywa Massonneau et al., 2005
mays)
BvM14 sugar beet; 3axapHo salt; 3aconsBaHe Wang et al., 2012
uBekno (Beta vulgaris)
VuC1 cowpea; acnepxoB 606 | drought, abscisic acid; cywa, Diop et al., 2004
(Vigna unguiculata) abCLMCUHOBA KUCeIMHa
AhCPI amaranth; amapaHT drought, salinity, cold, heat; Valdés-Rodrigues et al.,
(Amaranthus cylla, 3aconsaBaHe, CTy/, BUCOKK 2007
hypochondriacus) Temneparypu
Cystatin grape; rpo3ae (Vitis drought, salinity; cywa, Cramer et al., 2007
vinifera) 3aconsisaHe
MdCYS apple; s6bnka (Malus drought, cold, heat; cywa, cTya, Tan et al., 2014
sp.) BVCOKM TeMneparypu

B XWUTHU KyNTypu ca ugeHTuunum-
paHu peauua  LUMCTEMHOBW nNpoTeasHu

196

Several cysteine protease inhibitors
associated with response to cold, drought




WUHXMOUTOPWU CBBbP3aHW C peakuusatTa Ha
cTyfd, cywa un 3aconssaHe. CeMeincTBoTo
Ha uMcTaTMHUTE B eyemMuka ce CbCToU OT
13 unieHoBe 1 HAKOW OT TAX ce nHayumpar
OT HUCKM Temnepatypu WU TbMHUHA
(Gaddour et al., 2001), gokato Aapyru ca
CBbP3aHu C TO/IepaHTHOCTTa KbM 3acyLua-
BaHe (Velasco-Arroyo et al.,, 2018a). B
uyapesvua (Zea mays) CbLO ca OTKPUTH
LMCTaTUHN C pa3NnNYHK (PyHKLMKU, CBbp3a-
HMW C OTroBopa Ha pacTeHusTa KbM 3a-
cTygABaHe M 3acylwaBaHe (Massonneau
et al., 2005). B reHombT Ha opu3 (Oryza
sativa) ca xapakrepusupaHu 11 uyucrartu-
HOBM reHa, Kato rossMa 4acTt OT TAX ca
acouumpaHun ¢ ycToYMBOCTTa Ha CTpeco-
BM (pakTopu Ha cpegaTa, BK/IOYUTENHO
CTyn, Cylla, 3acofnsBaHe W B/USHME Ha
pactutenHu xopmoHu (Wang et al., 2015).
OT aknuMmMpaHa Ha CTy[, 3uMHa nieHuua
(Triticum aestivum cv. Chihoku) e n3zonu-
paH uuctatmH TaMDC1, cbcTosw, ce oT
ABa [OOMeEHa, KOMTO ce wuHayuupa oT
Huckn Temnepatypu (Christova et al.,
2006). OcBeH 0T CTyA, TO3M LMCTATUH ce
HaTpynBa B pacTeHuATa W Npu Apyru
abuoTMUHM CTPecoBe KaTo cyla, 3acons-
BaHe n TpeTtupaHe ¢ ABA. B Ttputukane
(Triticum monococcum), xubpug Mexay
nueHnLa 1 pbXx, € YyCTaHOBEHA NnoBULLEHA
ekcnpecusi Ha uuctaTnH TrcC-8 B pesynTar
Ha BogeH pedmumt (Chojnacka et al., 2015).

OcBeH B XWUTHW, hUTOUUCTATUHN
CBbp3aHM € abuoTWyHuWa cTpec, ca
OTKPUTU W XapakTepusupaHu B peguua
Apyrn 3emegencku kyntypu. OT fiucta Ha
sBurHa (Vigna unguiculata) cnep 3acylila-
BaHe e usonmpaH myntugmctatni VuCl,
CbCTOAL Ce OT ABa UUCTAaTUHOBM AOMeHa
(Diop et. al., 2004). MNMpoy4yeHO e 3Hauye-
Hueto Ha kAHK Ha TO3M uucTatTMH B
KNeTbyHUSA OTFOBOP Ha MPOrpecuBHO 3a-
cyllaBaHe, Jecukauus U TpeTupaHe C
abcumcuHoBa kucenunHa. Pepuua abuo-
TUYHM CTpecoBu hakTopu, B TOBA YUC/O
BOLEH AeduUnT, BUCOKA M HUCKa Temne-
patypa, 3aconssaHe, npegu3BUKBaT
TbKaHHOCMeuudmyHa  ekcnpecuss  Ha
uuctatuH AhCPI B amapaHT (Amaranthus
hypochondriacus; Valdes-Rodrigues et

and salinity of cereal crops have been
identified. The cystatin family of barley
(Hordeum vulgaris) is consisted of 13
members and some of them are induced
by cold shock and dark (Gaddour et al.,
2001), whereas others are involved in
drought tolerance (Velasco-Arroyo et al.,
2018a). A number of cystatins with distinct
functions that respond to cold and drought
stress were also identified in maize, Zea
mays (Massonneau et al., 2005). Wang et
al. (2015) characterized 11 cystatin genes
in rice (Oryza sativa) genome and showed
that majority of them are responsive to
various environmental stress factors as
cold, drought and salt, as well as plant
hormones (Wang et al., 2015).

A cold inducible multidomain cystatin
TaMDC1 was isolated from cold
acclimated  winter  wheat  Triticum
aestivum cv. Chohoku (Christova et al.,
2006). In addition to cold, accumulation of
the TaMDC1 was provoked by other
stresses including drought, salt and ABA
treatment. The elevated expression of the
TrcC-8 cystatin in triticale (Triticum
monococcum), a hybrid of wheat and rye,
in a response to water-deficit was recently
reported (Chojnacka et al., 2015).

In addition to cereals,
phytocystatins from other crop plants that
are involved in response to abiotic stress
were also identified and characterized. A
multicystatin VuC1 containing of two two
cystatin-like domains was isolated from
leaves of cowpea (Vigna unguiculata)
after induction by drought stress (Diop et.
al., 2004). Involvement of the VuC1 cDNA
in the cellular response to progressive
drought-stress, dessication and
application of exogenous abscissic acid
was studied. A multiple abiotic stress
factors, including water deficit, heat, cold
and salinity, induced tissue-specific
expression of the AhCPI cystatin in
amaranth Amaranthus hypochondriacus
(Valdés-Rodrigues et al.,, 2007). An
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al., 2007). MauwabeH wMPHK aHanus
nokassa CbLl0, Ye BOAHUAT aeduunt u
3ac0M19BaHeTo MHAyUMpPAaT eKcrnpecus Ha
LUMCTATUH BbLB BEreTaBHUTE TbKaHW Ha
nosa (Vitis vinifera cv. Cabernet Sauvignon;
Cramer et al.,, 2007). Pesyntatute oT
TOBa npoyyBaHe Moka3BaT TpaH3uUTHa
eKcnpecus Ha uuctatuHa Ha 4-Tn foeH oT
TpeTupaHeTo, nocnejsaHa OT HEroBoTo
HapacTBallo CUHTe3upaHe Mexay 8-mu n
16-Tm [eH, KoeTo [Joka3Ba ydvacTue Ha
umcTaTuHa OT f103a B HavyaslHUTE NPOMEHN
Ha reHHaTa ekcnpecus, CBbp3aHu C peak-
umaTa Ha cTpec. [pyro wuscnepnsaHe,
yCTaHOBSABa, Ye TPeTUMpaHeTo CbC Ccofe-
BW CTpec Ha cemeHadyeTa OT 3axapHo
uBekso (Beta vulgaris) Boau o HatpyneaHe
Ha uyuctatH BvM14 (Wang et al., 2012). B
reHoMbT Ha A6bska (Malus x domestica
Borkh.) e wugeHTUdMUMpaHO CeMeNCTBO
uuctatnHu, cbeTtosawo ce ot 26 PhyCys
reHa U e aHa/iM3MpaHo y4yacTueTo Ha 8 oT
TAX B OTroBOpa Ha pacTeHusTa KbM
TpeTupaHe C eAuH WM noBeye abuoTUYHU
cTtpecosu thaktopu (Tan et al., 2014).

Ekcnpecuss Ha uyuctatmHM Mpu
abnoTuyeH cTpec ”N  MYNTUYHK-
LMOHa/THOCT

MoBeyeTo pacTUTESTHU UUCTaTUHU
umart MoBuLIEHA eKCpecus nog BAusHue
Ha pas3nM4yHu cTpecoBu dhakTopu. OCBeH
TOBa, TAXHOTO HaTpynBaHe € CBbpP3aHo
CblIO Taka C OpraHHa WM TbKaHHa
cneyndmnyHOCT, KakTo U C U3NbJIHEHUE Ha
pegvua gpyrv oyHKuMK,. Taka Hanpumep
€ ycTaHOBeHa MoBuLleHaTa ekcrnpecus Ha
OCeM UMCTaTMHOBM reHa B fA0bska B
pesyntar Ha TpeTupaHe C abuoTUYHU
ctumynmn (Tan et al.,, 14). TAXHOTO HMBO
Ha Tpackpunuus ce nosBuwasa W Mo
BpEME Ha HapacTBaHETO N CTapEeEHEeTOo Ha
nmMctaTa, KOeTO nMoka3Ba Yy4yacTue Ha
UUCTaTMHUTE B Pa3BUTMETO Ha TbKaHUTe
N CTapeeHeTo Ha nucTarta, B AONbJ/IHEHNE
KbM poOfisiTa UM B TOSIEPAHTHOCTTA KbM
cTpec. MynTndyHKUMOHAIHOCT € Jokasa-
Ha ¥ 3a uuctatmH oT amapaHT AhCPI,
KOWTO OT efHa CTpaHa € perynarop Ha
NOKb/IBAHETO Ha CEMEHa, HO CblLO Taka e
3alMTEH efleMeHT nNpy abuoTuyeH cTpec.

induction of cystatin expression in
vegetative tissues of grapevine (Vitis
vinifera cv. Cabernet Sauvignon) under
water deficit and salinity stress was
demonstrated by the large-scale mRNA
analysis (Cramer et al., 2007). Resultas of
this experiment showed that transient
peak of cystatin at the day 4" followed by
increasing accumulation between the day
8" and the day 16" proved that the
cystatin in grape is involved in early
changes in gene expression associated
with stress response.

In the other experiments, Wang et al.
(2012) reported that salt-stress treatment
leaded to accumulation of the BvM14
cystatin in seedlings of the sugar beet
(Beta vulgaris). Cystatin family consisting
of 26 PhyCys genes were identified within
the entire apple genome (Malus x
domestica Borkh.) and eight selected
genes involved in response to treatment
with one or more abiotic stresses were
analyzed (Tan et al., 2014).

Expression pattern in response
to abiotic stress and multiple functions
of cystatins

Most of plant cystatins have been
found to be up-regulated by different
stress factors. Moreover, their expression
is also associated with organ or tissue
specificity, as well as multiple functions.

For example, the up-regulation of eight
cystatin genes from apple in response to
abiotic treatments was reported (Tan et
al., 14). Their transcription level was also
elevated during maturation and
senescence of leaves indicating for the
involvement of cystatins in the tissue
development and leaf senescence, in
addition to stress tolerance.

Diverse functions were described also for
the amaranth cystatin AhCPI that was
described as a regulator of seed
germination as well as a protective agent
against abiotic stimuli.
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Herosata ekcnpecusa ce nosuLliasa
3HauWUTENIHO B KOpeHM U CTbbna npu
BOAEH AeduuunT, 3aconsBaHe, TpeTupaHe
C HWCKM 1 BUCOKW Temnepartypu, JOKaTO B
JIUCTa e ycTaHOBEeHa TpaH3MTHa ekcnpe-
cuMaA  camo Mpu  BUCOKW TemnepaTypw,
KOeTO rnokassa TbKaHHa cneundnyHocT B
HaTpynBaHeTo Ha UUCTaTWH B 3aBUCUMOCT
oT npunoxeHus ctpec (Valdes-Rodrigues
et al., 2007). AHanusnupaHa e (pyHkumaTa
Ha uumctatmH VuCl npu 3acywasaHe,
Jecuvkauuma n TpetupaHe ¢ ABA Ha aBa
copTa BUrHa, pasnnyasally ce no TsaxHa-
Ta TONepaHTHOCT KbM BogeH cTpec (Diop
et al., 2004). YcTaHOBEH € pa3/IMyeH Mo-
Jen Ha HatpynsaHe Ha VUC1 TpaHcKpun-
Ta BbB BCEKM OT COPTOBETE, CHLOTBETCTBA-
IO Ha TAXHOTO HMBO Ha TO/NEpPaHTHOCT
KbM CcTpec. Hawwute wun3cnensaHus
nposeneHun ¢ myntnyuctatnd TaMDC1 ot
nueHnua Ccblwo noTBbPXAaBaT nnelio-
TPOMHUTE (OYHKLMU HA pacTUTesiHuTe
uuctatuHn  (Christova et al., 2006;
Christova et al., 2018). Ekcnpecus Ha
MPHK Ha TaMDC1 ce nosuweHaTa B
3apoauiia,  NbpPBUYHUTE  JiCTa WU
KOpeH/Te Ha cemMeHadyeTa Mo Bpeme Ha
aKMMMpaHeTo Ha nuweHuuara. Ycrta-
HOBEHO € CbLU0 Taka M HaTtpynsaHe Ha
MweHUYeHns LUMCTaTUH B INCTa U KOPEHU
npu  3acywlaBaHe,  3acofnsgBaHe U
TpeTupaHe ¢ ABA (Christova et al., 2006).

Jokato no-ronsma 4act OT uucTa-
TUHWUTE Ce XapakTepusupart C HaTpynsaHe
npu abuoTnyeH CTpec, 3a HAKOW npeAcTa-
BUTE/IM HA CEMENCTBOTO € YCTaHOBeHa
MOHWXKEHa eKcrnpecua wWanm nunca  Ha
npomsHa (Massonneau et al., 2005; Wang
et al., 2015). [Ba uuctatnHosu reHa (CC8
n CC9) B uapesBula ce wuHayuupat oT
HUCKM Temneparypu, [0KaTo neT Apyru
reHa (CCIl, CC3, CC4, CC5 n CC9) nmar
Mo-HWCKO HMBO Ha eKcrnpecus Npu BoAeH
pecuumt (Massonneau et al, 2005).
OcBeH TOBa, reHbt CCI ce HaTpynBsa
rMaBHO B He3psAna MeT/vua, Apyrv Asa
reHn (CC8 m CC10) ce ekcnpecupart B
passmBally Ce 3bpHa, [OKATO HAKOU OT
reHuTe ce ekcripecupar B rnoseve OT efHa
pactutenHa TbkaH. Te3n pesynrtatu

The expression of the AhCPI cystatin was
significantly elevated in roots and stems in
the response to water deficit, salinity, cold
and heat treatment, whereas a transient
accumulation of the transcript in leaves as
a result of high temperatures was
detected suggesting for tissue and stress-
specific mode of the cystatin accumulation
(Valdés-Rodrigues et al., 2007). The role
of the VuC1l cystatin in response to
drought stress, dessication and treatment
with ABA was analyzed using two cowpea
cultivars with different water stress
tolerance (Diop et al., 2004).

Diverse accumulation pattern of the VuC1
transcript in each cultivar was observed,
corresponding to their level of stress
tolerance. Our investigations with the
multidomain wheat cystatin TaMDC1 also
confirmed pleiotropic functions of plant
cystatins (Christova et al., 2006; Christova
et al., 2018).

Elevated expression of the TaMDC1
mRNA in crown, shoots and roots during
cold acclimation of wheat was detected.
Accumulation of the TaMDC1 in shoots
and roots was also induced by drought,
salt and ABA treatment (Christova et al.,
2006).

Whilst the majority of cystatins
demonstrated elevated expression, some
members of the family have been
reported to be down-regulated by abiotic
stimuli or remain stable (Massonneau et
al., 2005; Wang et al., 2015).

Two cystatin genes in maize (CC8 and
CC9) were induced by cold stress, but
other five genes (CCIl, CC3, CC4, CC5
and CC9) were down-regulated in
response to water deficiency
(Massonneau et al., 2005). Moreover, the
CCl gene was mainly expressed in
immature tassels, CC8 and CC10 genes
were accumulated in developing kernels,
while the other seven cystatin genes were
expressed in more than one plant tissue.
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nokaseaT pa3HO0bOpasveTo OT QYHKLUK
U3MbJIHABAHM OT yuctatuHosute CC reHu
B uUapeBuua (Massonneau et al., 2005).
Bb3 OCcHOBa Ha mMojena Ha ekcnpecus Ha
11 umcTtatnHOBM reHa B Opu3 e foKasaHa
TAXHaTa  MYyNTUAYHKUMOHANHOCT  MpK
NMPOMEHN B yC/oBMATa Ha cpepaTta, a
CblLO Taka 1 No BpemMe Ha pasBUTMETO Ha
cemeHata (Wang et al.,, 2015). 3a no-
rofiiMa 4acTt OT TFeHMTe € YCTaHOBEHO
yyacTue B OTrOBOpa Ha pacTeHusiTa Ha
pasiMyHn abuoTUyYHKU hakTopu, A[0oKaTo
HSKOW FeHn ocTaBaT CTabuiHun nNpu cTpec,
KOEeTO nokasBa TsAXHaTa BaxHa posia 3a
HOPM&/IHOTO pasBUTME Ha pacTeHuaTa
(Wang et al., 2015).

HaTtpynBaHeTo Ha duTOoUMCTaTUHU
npu abuoTnYeH CTPeC, TEXHUAT MoJes Ha
eKCrpecuss U U3Mb/IHEHMETO Ha pasHo-
0o6pasHN yHKUUM [okasBa K/wyoBaTa
ponsi Ha UMCTaTMHUTE B KOMMJIEKCHUS
OTrOBOp Ha pacTeHusiTa CNpsMO pas/iny-
HA  cTUMynn. TexHuWAT NAeinoTponeH
edekT 1 NOTEHLMANTHOTO UM MPUNOXKEHNe
3a nofobpsiBaHe Ha 3eMefesickUTe KynTy-
puTe ca npefcTtaBeHM B M3cnefBaHuATa
Ha peguua astopu (Munger et al. 2011;
Kunert et al., 2015; Chrsitova et al., 2018;
Velasco-Arroyo et al., 2018b).

CBpbxekcnpecus Ha doumTo-
uncTaTtuHK, obycnassa TosIepaHTHOCT
KbM CTpecC

MonyyeHuTe pesynTtatu OT ulcnen-
BaHMATa Ha hutToumucTaTMHUTE MOKa3Bar,
ye Te UMaT BaHa pons B aganTupaHeTo
Ha pacTeHusiTa KbM pas/inyHu CTPECOBWU
thakTopn. Pegnua npoyyBaHus aHanzm-
paT yHKUMSITA Ha pacTUTENHWUTE uucTa-
TUHW B OTTOBOP Ha abuUOTUYEH CTPeC ypes
€K30reHHa EeKCnpecuss Ha LMCTEMHOBU
npoTeasHn UHXMBUTOPW FNaBHO B Mogen-
HN pacTeHns kato Arabidopsis 1 THOTIOH,
HO CbLLO Taka W MPU HAKOWU KyNTypu KaTo
COfl, 3axapHo UBEK/O M si6bKa. Taka Ha-
npumep unctatnH ot opus (OCI) yyactea
B peayuMpaHeTo Ha HeraTuBHNA edpekT oT
OT Bb3[ENCTBMETO Ha HUCKWTE Temnepa-
TYpU BbPXY NPOTMYAHETO Ha DOTOCKHTE-
3ata Npu TPaHCreHHW PacTeHUs THOTIOH,

All these findings demonstrated the
variety of distinct functions performed by
CC genes in the maize plant
(Massonneau et al., 2005). Multiple roles
of eleven rice cystatin genes in the
response of plants to environmental
changes as well as at the time of seeds
development were established based on
their expression pattern (Wang et al,
2015). Most of the genes were responsive
to different abiotic factors, while some
others were stable under stress, indicating
their essential roles in normal plant
development (Wang et al., 2015).

The accumulation of phytocystatins
in response to abiotic stress, their
expression pattern and the performance
of multiple functions proved the key place
of cystatins into the complex response to
different stimuli.

Their pleiotropic effect and potential for
the crop improvement is presented by a
number of investigations (Munger et al.
2012; Kunert et al., 2015; Chrsitova et al.,
2018; Velasco-Arroyo et al., 2018b).

Overexpression of phytocystatins
for stress tolerance

Collected data for phytocystatins
showed that they are important for the
adaptation of plants to various stress
factors. A series of studies have explored
the function of plant cystatins in the
response to abiotic stress by exogenous
expression of cysteine protease inhibitors
mainly into model plants Arabidopsis and
tobacco, but also in some crop species as
soybean, sugar beet and apple.

The oryzacystatin | (OCI) decreased
negative effect of chilling temperatures on
photosynthesis in transgenic tobacco
plants expressing rice cystatin (Van der
Vyver et al., 2003).
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ypes nosuLLeHaTa My ekcnpecus (Van der
Vyver et al., 2003). OcBeH ¢ Temneparyp-
Hua ctpec, OCIl e cBbp3aH 1 C ToNlepaHT-
HOCT KbM cywa npu cos (Glycine max) n
MoAesiHoTo pacTeHue Arabidopsis thaliana
ypes akTMBUpaHe Ha CTpuUrasakToOHOBUS
curHaneH MexaHmsbM (Quain et al.,
2014). PonaTa Ha uMcTaTvHU OT S6DBKa
npuM pasivyHm  abuoTUYHU  CTPEcOoBU
hakTopy € [JokKasa-Ha Hackopo u4pes
cBbpxekcnpecusaAta MM B A6baka (Malus
prunifolia) n A. thaliana. Excnpecusita Ha
A6bAKOBUAT umuctatnH MpCYS5 obycna-
BS TOJIEPAHTHOCT KbM COJIEBU CTpecC B A.
thaliana (Tan et al., 2016), gokaTto CBPbX-
ekcnpecusita Ha MpCYS4 B Arabidopsis n
A6bnka (Malus domestica) noBuwasa
TO/lepaHTHOCTTa KbM cywa uype3 ABA
TpaHcaykumna (Tan et al.,, 2017). Xomo3u-
roTHU pacteHns Arabidopsis ¢ nosuleHa
YCTOMYMBOCT Ha 3acofisiBaHe ca nosyyeHu
W B CNEeACTBME Ha CBPbXEKCnpecus Ha
umctatmH BvM14 o1 3axapHoO LBEK/o
(Wang et al., 2012). KomnnekcHa Tone-
PaHTHOCT KbM Cylla, CTyf, 3aconsiBaHe u
okucnmTeneH crtpec npu Arabidopsis e
nocTurHaTa 4Ypes ek30reHHa ekcrnpecus Ha
ABa UUCTEVMHOBM NpPOTeasHu MHXMbutopa
AtCYSa n AtCYSb nsonupaHu ot cbLms
pacTteTeH Bug (Zhang et al., 2008). Bcuu-
K/ Te3n MofesiHn CUCTEMU, CBPbXEKCnpe-
cupawm dutoumcTaTHK, nokassar 3Ha-
YEeHMeTO Ha uucTaTUHWTE 3a TOJiepaHT-
HOCTTa Ha pacTeHusaTa KbM Hebnaro-
NpUATHUTE YCNOBUA Ha cpegaTta. Te Cbluo
Taka nognomarar usyvyaBaHeTo MeXaHu3-
Ma Ha YCTONYMBOCT Ha pacTeHusita KbM
abuoTnyeH CTpec, KOWTO BCe ouwe He e
[obpe npoyyeH.

N3BOAN

duToUMCTaTMHMTE ca KNoYoB ddak-
TOp 3a NPUCNOCco6sBaHETO Ha KyNTypHUTE
pacTeHnsi KbM Heb6naronpusiTHUTE ycro-
BMS Ha okonHaTa cpega. OcBeH cC
TO/IEPAHTHOCTTA Ha pacTeHusiTa KbM
abuoTuYHM cTpecoBu hakTopu, Te ca
CBbpP3aHU U C YCTOWYMBOCTTA Ha 6MOTU-
yeH cTpec. ETo 3alo uuctaTuHnTe urpast
BaXkHa POJs 3a aKTMBMpPAHETO Ha Mexa-

In addition to temperature stress, OCI is
also associated with drought tolerance in
soybean (Glycine max) and Arabidopsis
thaliana through strigolactones-mediated
signalling (Quain et al. 2014).

Recently, the involvement of the apple
cystatins in various abiotic stress factors
was proved by overexpression in apple
(Malus prunifolia) and  Arabidopsis
thaliana.

The ectopic expression of the MpCYS5
cystatin led to salt stress tolerance of A.
thaliana (Tan et al., 2016), whereas
overexpression of MpCYS4 in Arabidopsis
and apple (Malus domestica) enhanced
drought tolerance by ABA-mediated signal
transduction (Tan et al., 2017).

Improved salinity tolerance of
homozygous Arabidopsis plants as a
result of overexpression of the sugar beet
cystatin BvM14 was reported (Wang et
al., 2012). A multiple tolerance to drought,
cold, salt and oxidation in Arabidopsis
plants was achieved by overexpression of
two cysteine proteinase inhibitors AtCYSa
and AtCYSb isolated from the model plant
(Zhang et al., 2008).

All  these plant model
overexpressing phytocystatins  supply
significant knowledge for the role of
cystatins into abiotic stress tolerance and
support the examination of a resistance
mechanism, that is still not well examined.

systems

CONCLUSIONS

Phytocystatins they are a key factor
in the adaptation of crop plants to
unfavourable conditions of the
environment. In addition to response of
plants to abiotic stress factors, they take a
part in resistance to biotic stress factors.
Therefore, plant cystatins play an
important role for the activation of a cross
tolerance mechanisms for the protection
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HM3MK 3a KOMMNJIEKCHa 3awmTta Ha pactu- | of plants and the sustainability of
TenHa n nogobpsiBaHe Ha ycToinumBocTTa | agricultural crops.
Ha 3eMefesnckuTe KynTypu.
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PE3IOME

LWect Bmaga ot pog Phytophthora
nsonupann B bBbarapua (Phytophthora
rosacearum, P. cryptogea, P. plurivora, P.
cambivora, P. citricola n P. megasperma)
6s1Xa TecTBaHu B in Vitro ekcnepumMeHT 3a
YyBCTBUTE/THOCT KbM Pas/imyHn oyHruLm-
an. M3nonsesaHn ca 4etmpu NonynspHu
dyHrMunaa, peructpupaHu 3a 6opba ¢
oomuueTtuTe: Beputa Bl (667 g/kg any-
MUHUeB gpo3eTnn u 44 g/kg heHamunaoH),
Akpo6aT ML} (90 g/kg gumeTtomopd 1 600
g/kg maHkoue6), Hgunuto CK (625 g/l
nponamokap6 xuapoxnopug n 62,5 g/l
dnyonukonug) w Pugomun Tong ML
(64% maHkoueb n 4% wmeTanakcui—M).
UeTupute doyHrmumaa notuckar B passimy-
Ha CTeneH pacTexa Ha Muuena Ha
uscnegBaHnte  usonatn.  PyHrMUMAbLT
BepuTa B Hali-HWUCKa CTENEH B/MSE BbpXY
MULENHMA pacTeXx Ha mM3osaTute npu in
Vitro ekcnepuMMeHTWUTe, KaTto TOBa MOXe
Ja ce 06SICHM C HEeroBUS MEXaHU3bM Ha
pelictene. OT TecTBaHMTE U30/aTU HaWi-
YyBCTBUTE/NIEH KbM BCUYKM (hyHrMumnanm e
P. rosacearum T 8/2. Mo-ronsam goyHru-
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SUMMARY

Six Phytophthora species
originating from Bulgaria (Phytophthora
rosacearum, P. cryptogea, P. plurivora, P.
cambivora, P. citricola and P.
megasperma) were tested in in vitro
experiment for susceptibility to different
fungicides. Four popular fungicides
registered for control of the Oomycetes
were used: Verita WG (667 g/kg fosetyl
aluminum and 44 g/kg fenamidone),
Acrobat M DG (90 g/kg dimethomorph
and 600 g/kg mancozeb) ,Infinito SC (625
g/l propamocarb hydrochloride and 62.5
g/l fluopicolide) and Ridomil Gold MZ 68
WP (64% mancozeb and 4% metalaxyl-
M). The four fungicides exhibited varying
mycelial growth inhibiting effect on the
tested isolates. Among the tested isolates,
the most sensitive to all fungicides was P.
rosacearum T 8/2. The fungicide Verita
had the lowest impact on the growth of
isolates in the in vitro experiments, which
may be explained by its action
mechanism.
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cTaTuueH edekT BbpXY MULLESTHNSA pacTex
Ha usonatute nmaxa yHruumanTe AKpo-
6at, Pungomun rong un MIHpMHWUTO, KOUTO
€BEeHTYyasIHO MoraT ga ce M3nonseart npu
orpaH/4aBaHe Ha BpeauTe NPUYMHSIBAHU
OT Te3U pPacTUTE/IHN NaToreHu npu in vivo
ycnoBusi.

KntouoBn pgymun: Phytophthora,
hyHrMUMAKN, MULENEH pacTex

yBO/[,

Buposete ot pog Phytophthora ca
BaXKHW NaToreHn no 3eMefesiCkuTe KynTy-
pu. Phytophthora infestans npuunHaBa
6onectTta MaHa no KapTouTe,
Phytophthora capsici HaHacsi Bpegu no
pasnNYHM MKOHOMMWYECKN BaXHWU KYNTypwu
or cem. TukeoBum (Cucurbitaceae),
Phytophthora cactorum u Phytophthora
cryptogea npuumHsaBaT 601ecTy No OBOLL-
HUTe pacTteHusa u T.H (Erwin and Ribeiro,
1996). B nocnegHuTe gBe gecetunetus
HapacHa 3HayeHMeTo Ha pacTuTenHuTe
naroreHu ot pofg Phytophthora 3a ropcku-
Te ekocucTemu. B cneacteue Ha pasnuvu-
HY haKTopy KaTo MHTEH3NMNLMPAHETO Ha
MeXayHapoaHaTta TbproBus ¢ pacTeHus u
APpYru, HAKOM WHTPOAYUMpaHu BMAOBE OT
pog Phytophthora ce npeBbpHaxa B ro-
nAmM npo6siem 3a ecTeCTBEHUTE EeKOCUC-
Temu. Taka Hanpumep 3armBaHeTo Ha
0bukHoBeHUusA 6yk (Fagus sylvatica L.) ce
cBbp3Ba ¢ Phytophthora  plurivora,
Phytophthora cambivora n P. cactorum
(Jung et al., 2005). 3arnBaHeTo Ha enwa-
Ta ¢ Phytophthora alni, a Phytophthora
ramorum C BHe3arnHoTO 3arvBaHe Ha
Obba B CMeceHuTe ropy Ha LeHTPasiHOTO
KanndopHuiicko kpaiibpexne n OperoH
(CALL) (Brasier et al., 1999, Garbelotto et
al., 2001). KoHTponbT Ha 6onectute
NPUYUHABAHW OT OOMULIETW, BK/THOUUTESTHO
Phytophthora ¢ nomowta Ha chyHrMumMam e
06ekT Ha peguua npoyusaHus. MNopagu
TOBa, Ye OOMULETUTE HE MoraT fAa CUHTe-
3upar CTeponu, Te He ca YyBCTBUTESTHU
KbM (PyHIMLMAN, MHXMOMpaLLM CUHTE3a Ha
CTEpONM 3a pasnvka OT CbLUMHCKMTE
rbou. B HacToALWOTO M3cneaBaHe npu in
Vvitro ycnoeusa ca m3nuTaHu WwecT Buga oT

A greater fungistatic effect on the mycelial
growth of the isolates was demonstrated
by the fungicides Acrobat, Ridomil Gold
and Infinito, which are promising in
restriction of disease symptoms caused
by these plant pathogens in vivo.

Key words:
fungicides, mycelial growth

Phytophthora,

INTRODUCTION

Species of the genus Phytophthora
are important pathogens on agricultural
crops. Phytophthora infestans is the
causative agent of the potato late blight,
Phytophthora capsici is a pathogen on
economically important crops from
Cucurbitaceae  family, Phytophthora
cactorum and Phytophthora cryptogea are
causing diseases on horticulture plants
and etc. (Erwin and Ribeiro, 1996). In the
last two decades the importance of plant
pathogens from the genus Phytophthora
for forest ecosystems has increased. As a
result of a various factors, like the
intensification of international plant trade
and others, alien Phytophthora species
have become a major problem for natural
ecosystems.

For example, beech (Fagus sylvatica L.)
decline is associated with Phytophthora
plurivora, Phytophthora cambivora and P.
cactorum (Jung et al., 2005). The alder
decline is associated with Phytophthora
alni, and Phytophthora ramorum is the
causative agent of Sudden Oak Death in
the mixed forests of the central California
coast and Oregon (USA) (Brasier et al.,
1999, Garbelotto et al., 2001). The control
of diseases caused by Oomycetes,
including Phytophthora, through
fungicides, has been a subject of a
number of studies. Because oomycetes
do not synthesize sterols, they are not
susceptible to fungicides that inhibit
synthesis of sterols as opposed to the
Fungi. In the present study six
Phytophthora isolates recovered from
different  ecosystems in Bulgaria
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pon  Phytophthora  usonupaHn ot
pasnuuHu ekocuctemn B Bwarapua (P.
rosacearum, P. cryptogea, P. plurivora, P.
cambivora, P. citricola 1 P.megasperma)
3a YyBCTBUTE/IHOCT KbM YEeTUPU PYHTULM-
[Aa peructpupaHu 3a 6opba c oomuLeTn.

MATEPWNANT N METOA4WA

Ot BCcuukn un3onatn Phytophthora
6ewe wu3bpaH No eavH npeacrtasuTen or
BMA, KaTo ca noabpaHu Hali-arpecuBHUTE,
cnopef pesynratuTe OT TecToBeTe 3a naTo-
FeHHOCT NpPOoBeAEeHN B NPeAULLIHO u3cnenBa-
He (Lyubenova et al., 2016). CnegHute
n3onatn Phytophthora 6sixa TecTBaHM 3a
UyBCTBUTE/NIHOCT KbM 4 Buaa yHruumam
pernctpupaHu 3a 6opba c oomuuetute: P.
rosacearum T 8/2, P. cryptogea b 10/2, P.
plurivora T 2/1, P. cambivora B 4/1, P.
citricola '] 1 n P. megasperma Bp.c. 3/2a.

Bewe npurotBeH 1% pa3TBOp B
cTepuiHa gectunupaHa Bofa Ha BCEKM OT
yHrMunanTe. B ueHTbpa Ha lMeTpuesun
6ntoga ¢ mopkoBeH arap (16 g arap, 3 ¢
CaCO03, 100 ml mopkoBeH cok/1L) 6sixa
nocTaBeHM Masku napyeHua Muuen Ha
BCEKW OT uscnegsaHute nsonatu. lNo age
MeTpuesBn 6/04a 3a BCAKa KOMOUHALMSA
dyHruyua/mzonar v olle 4YeTUpu KOH-
TposiHM 6e3 hyHrumMa ca WHOKY/MpaHu
Mo TO3M HaYVH.

MeTpuesute 6nt0aa 65xa OCTaBEHM
3a eguH OeH Mpu CTallHM YCMoBuS 3a
UHULMMpaHe Ha pactexa. pes3 ueHTbpa
Ha BcsKo lMeTpueBo 6711040 € npekapaHa
NMHMA MpeMuHaBalla npes3 LeHTbpa Ha
KOJIOHMATA W Mpe3 TOYKUTE B KOMTO Lie
6bae HakanaH pyHrnumga. Mpeam Hakan-
BaHEeTO BbPXY /IMHUATA e oTbenssaH kpas
Ha KOJIOHWUATA, KOETO U HavasiHata Touka
3a usmepsaHe Ha pactexa. Mo 30 pul ot
1% pa3TBOp Ha BCekU yHruuua 6axa
HakanaHu OT ABeTe CPeLLynosiIOXHU CTpa-
HW Ha KOJIOHMATA BbPXY CTEPWUSTHN KPbI-
yeta (UNTbpPHA XapTmsa C AnaMmeTbp
okosio 3 mm. OTYMTaHETO € U3BbPLUIEHO
OBa NbTW - cnef TpuU U cnep net [Hu.
M3mepeH e paguyca Ha KOMOHUUTE MO
ObnxnHaTa Ha npeasapuTesiHo
HayepTaHUTe SIMHUK, OT MOMEHTAa Ha Ha-

(Phytophthora rosacearum, P. cryptogea,
P. plurivora, P. cambivora, P. citricola and
Phytophthora megasperma) have been
tested for susceptibility to various
fungicides in in vitro experiment.

MATERIAL AND METHODS

The Phytophthora isolates used in
this study have shown to be the most
aggressive  in  pathogenicity  tests
performed in a previous study (Lyubenova
et al., 2016): P. rosacearum T 8/2, P.
cryptogea B10/2, P. plurivora T 2/1, P.
cambivora V 4/1, P citricola GD 1 and P.
megasperma Vr. s. 3/2a.

A 1% solution was prepared in
sterile distilled water of each fungicide. At
the center of petri dishes with carrot agar
(16 g agar, 3 g CaCO3, 100 ml carrot
juice/1L) were placed small agar pieces
with culture of each of the studied
isolates.

Two Petri dishes for each fungicide/isolate
combination and four other non-fungicidal
controls were prepared in this way.

Petri dishes were left for one day
under room conditions to initiate growth. A
line intersecting the center of the colony
and the points where the fungicide will be
drip in the center of each Petri dish was
drawn. Before the dripping of the
fungicide, the end of the colony on the line
is indicated, from where should be the
starting point for measuring. 30 pl of 1%
solution of each fungicide was dripped
from the two opposite sides of the colony
onto sterile circles of filter paper with a
diameter of about 3 mm.

Measurements are done twice - after
three and five days. The radius of the
colony was measured along the lines
intersecting the center of the colony and
the drop-in point.

207



KansaHe [0 TO3M Ha oTunTaHeTo. Hanpa-
BEHW ca NO ABe M3MepBaHUA 3a BCAKO
MeTpueso 6nt0f0. Pesyntatnte oT BapuaH-
TMTe ¢ hyrmyuante ca CpaBHEHN C Tesu
OT KOHTPOJIHWUTE BapuaHTn 6e3 yHrmuma,.

PE3SYNTATU N OBCBbXOAHE

UeTupn nonynspHu  dpyHruunaa,
peructpupaHn 3a 6opba c oomuueTute
O6sixa M3Mof3BaHM 3a TecTBaHe Ha
YyyBCTBWUTENIHOCTTA Ha n3onaftunte: Beputa
Bl (Bayer crop science), Akpobatr ML
(BASF), NndmHnto (Bayer crop science)
n Pugomnn Fong ML, (Syngenta). AKTuB-
HUTe BewecTBa Ha chyrnunga Beputa Bl
ca 667 g/kg anymuHueB chozeTnn un 44
g/kg theHammaoH. MNpenapaTtsbT UMa npeg-
nasHo u neyebHo aelicteme, nonaga B llI-
Ta kateropus 3a ynoTpeba (3a csobogHa
ynoTpeba oT nvua Hasbpwuam 18 rogu-
HW); perucTpvpaH e 3a kaptodleHa mMaHa
no gomatu (P. infestans) (opaHxepuiiHo
npon3eoAcTB0). Akpobat ML, e ¢ akTMBHM
Bewectea 90 g/kg aumeTtomopd u 600
g/kg maHkoue6. Toii e perucTpupaH 3a
6opba cpelly 06MKHOBEHM MaHU Mo N034,
3€/1IEHYYKOBN N TEXHWYECKM KyNTypu, C
npeanasHo n feyebHo aelicTeue, B Ao3a
200 g/da n e lll-Ta kaTeropusa 3a ynoTpe-
6a. VIHhMHUTO e C aKTMBHO BeLWEeCTBO 625
g/l nponamokap6 xugpoxnopua n 62,5 g/l
donyonukonug, lll-ta kateropusa 3a ynoT-
peba, peructpvpaH 3a kapTodeHa maHa
no kaptogum (P. infestans). ima npegnasHo,
neye6HO ¥ aHTMUCNOPYNaHTHO AelicTBre
cpewly natoreHn ot knac Oomycetes.
Mpenapata ce noema 4pe3 aucrtara u
oTTaM Cce pasHaca N0 npoBojdwaTta
cucuTeMa Ha pacTeHusATa. [ponamokap6
Ce BK/Il0YBa B HAKOJIKO CTagms B CUHTE3a
Ha dhochonmnuan N MacTHUTE KUCENUHN,
Taka paspywasBa o06pasyBaHeTO Ha
KNeTbyHUTe MembpaHn. dnayonukonug
pascTpoiiBa K1eTbyHaTa CTPyKTypa Ha
nartoreHa M npeun Ha QOPMMUPaHETO Ha
npoTenHMTEe, Wrpaewm BaxHa pons B
CTabuIHOCTTa Ha K1eTbyHaTa MembpaHa.
M3non3ea ce B koHueHTpaunsa 0,024-0,06
%. YeTBbPTUAT M3MNON3BaAH (yHrMuug €
Pupgomun MNong ML, ¢ akTuBHM BewjecTBa

Two measurements were made for each
Petri dish. The results of the fungicide
variants were compared with those of the
control variants without fungicide.

RESULTS AND DISCUSSION

Four popular fungicides were used
in this study: Verita WG (667 g/kg kg
fosetyl aluminum and 44  gl/kg
fenamidone), Acrobat M DG (90 g/kg
dimethomorph and 600 g/kg mancozeb),
Infinito SC (625 g/l propamocarb
hydrochloride and 62.5 g/l fluopicolide)
and Ridomil Gold MZ 68 WP (64%
mancozeb and 4% metalaxyl-M). The
fungicide Verita has a precautionary and
curative effect, falling into the Il category
for use and is registered for potato late
blight on tomatoes (P. infestans) for
greenhouse production.

Acrobat MC is registered for use against
downy mildew on grapevine, vegetables
and technical cultures, with protective and
curative action, at a dose of 200 g/da and
is third category for use.

Infinity has active substance of 625 g/l
propamocarb hydrochloride and 62.5 g/l
of fluopicolide, the third category for use,
registered for potato late blight (P.
infestans). It possesses protective,
curative and antisporullant action against
Oomycete pathogens.

The preparation is taken through the
leaves and from there spreading through
the conductive system of plants.
Propamocarb is involved in several stages
in the synthesis of phospholipids and fatty
acids, thus destroying the formation of the
cell membranes. Fluopicolide disrupts the
cellular structure of the pathogen and
interferes with the formation of proteins
that play an important role in the cell
membrane’s stability. It is used at a
concentration of 0.024-0.06%.

The fourth fungicide used is Ridomil Gold
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64% MaHKkoueb n 4% meTanakcun-M
(medbeHokcam), lll-Ta  kaTeropust 3a
ynoTpeba, perucipypaH 3a MaHu no

3e/1IeHYYKOBUTE KYNITYpu C npegnasHo wu
neyebHo pelicteue. Mpunara ce B Jo3a
250 g/da. MedheHokcam € CcUCTEMEH
QoyHrMLMA, KOMTo ce noema 6bpP30 OT
3e/ileHuTe yacTm Ha pacteHuaTa (3a 30
MUHYTK) TpaHcnopTvpa ce 4pe3 ABuxe-
HMETO Ha pacTUTENIHUS COK U ce pasnpe-
jena B nucTtHata Maca. W uyetnpute
TecTBaHu (pyHrnumaa - Beputa, Akpobar,
WHguHUTO 1 Pugomun Fong nposiesaBat
notuckaw, pactexa Ha
n3onatun edekt (durypa 1).

n3cnegBaHuTe

MC with active ingredients 64% mancoceb
and 4% metalaxyl-M (mefenoxam), 3rd
category for use, registered for late blights
on vegetable crops with protective and
curative action. It is applied at a dose of
250 g/da. Mefe noxam is a systemic
fungicide that is rapidly absorbed by the
green parts of the plants (for 30 minutes)
transported by the movement of the plant
juice and distributed to the foliage. All of
the four tested fungicides - Ridomil Gold,
Acrobat, Infinito and Verita exhibited
inhibitory effect on the growth of the
studied isolates (Figure 1).

dur. 1. Pactex Ha nsonatute ot pog Phytophthora npu TpeTupaHe ¢ pyHruunante
Pugomun Nong, Akpob6art, MHduHUTO 1 Beputa.
Fig. 1. Growth of Phytophthora isolates after treatment with the fungicides Ridomil

Gold, Acrobat, Infinito and Verita
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dyHrMumabT Beputa BN B Hali-HUCKa
CTeneH B/Msie BbpXy pacTtexa Ha usona-
TUTE Npu in Vvitro ekcrnepumeHTTe. ToBa
MOXe fa ce 0BACHW C HEeroBus MexaHu3bM
Ha [feiicTBue, nposiBsBall, Ce B XXMBOTO
pacteHne. ®PyHrMUMAHOTO [JeicTBue Ha
aKTMBHOTO MY BeLLEecTBO a/lyMuHueB ho3se-
TUN ce Ob/DKU B rofisiMa CTeneH Ha Henps-
KOTO My JeicTBue, n3passsallo ce B TOBa,
ye TpeTupaHuTe pacTeHMs MHOTO No-6bP30
obpasyBaTr (puTOoaNEeKCUHW MNpPU KOHTaKT C
natoreHa B CpaBHEHWe C HETPEeTUpaHUTE un
npeau3BuKBaT pas/iMyHM  NPOMEHUW BbHB
B3aMMOAelCTBUATa  FOCTONPUEMHUK — —
natoreH (Smillie et al., 1989). OT TecTBaHu-
Te 130M1aTu Hali-4yBCTBUTENIEH KbM BCUYKU
GyHruuman e P. rosacearum T 8/2. Mo-ronam
doyHrucTaTmyeH eekT Bbpxy pactexa Ha
usonatute umat qyHruumaute Akpobart,
Pugomun rong v MHduHuto (Purypa 2).

P cryptogeo B 10/2

Fungicide Verita has the lowest
impact on the growth of isolates in in vitro
experiments. This can be explained by its
mechanism of action appearing in the
living plant. The fungicidal action of its
active substance kg fosetyl aluminum is

largely due to its indirect action,
expressing in that the treated plants
much more rapidly synthesize

phytoalexins when are in contact with the
pathogen, than untreated and cause
various changes in the host-pathogen
interactions (Smillie et al., 1989). Of the
tested isolates, P. rosacearum T8/2 is the
most sensitive to all fungicides. The
major fungistatic effect on the growth of
the isolates has the fungicides Acrobat,
Ridomil Gold and Infinito (Figure 2).
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odur. 2. BnnaHne Ha dyHruumgmte NHdmHnTo, Beputa, Akpobat n Pugomun rong,
BbpXYy pacTexa Ha 6bsirapckute nsonatu P. cryptogea b 10/2, P. citricola I'4 1, P.
plurivora T 2/1, P. cambivora B 4/1, P. megasperma Bp. c. 3/2a n P. rosacearum T 8/2.
Fig. 2. Effect of the fungicides Ridomil Gold, Acrobat, Infinito and Verita on the
growth of Bulgarian isolates P. cryptogea B 10/2, P. citricola GD 1, P. plurivora T 2/1,
P. cambivora V 4/1, P. megasperma Vr. s. 3/2a and P. rosacearum T 8/2
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N3BOAN

Hali-cunHo noTuckawo aelicteme —
NHXMOMpaLL, edekT BbpPXY MULEHMA pac-
TEX Ha BCWMYKM TecTBaHW MU30/7aTN KaTo
usano ce nposesasa OT WIHWHMTO U
AkpobaT, cneasaH ot Pugomun ong u
Hali-cnab npu Bepwuta. MbpBuTe Tpn OyH-
rmumga ce nposiBsBaT KaTto NOTEHUUaHo
ehekTVBHN MpU OrpaHnyaBaHe Ha pas-
NpPOCTPaHEHNETO Ha W3NUTaHUTE BUAOBE
Phytophthora npu ectectBeHn ycnosusi
Ha TepeH.

CONCLUSIONS

The most potent inhibitory effect on
mycelial growth of all tested isolates, is
generally demonstrated by Infinito and
Acrobat, followed by Ridomil Gold and the
weakest Verita.

The first three fungicides appear to be
potentially effective in limiting the spread
of tested Phytophthora species under
natural terrain conditions.
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