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PE3IOME

B N3nutatenHaTta 6asa Ha WHCTU-
TYT NO /103apCTBO U BMHAPCTBO - M1eBeH
ca npoBefeHn ABeroguliHn HabnwaeHus
BbPXY pasBUTUETO U PasnpoCcTpaHeHneTo
Ha 3a60/15IBAHETO YepPHO rHueHe. CpasHe-
HA ca [OB€ WAEHTUYHW HacaxieHus, C
€0HN N CblUM COpPTOBE /103X, KOUTO ca
HernocpeAcTBeHO efHO Ao apyro. [pu
€[HOTO HacaxAeHne ca 13nona3BaHu npo-
OYKTU 3a KOHBEHUUWOHAUTHO 3emegenve, a
npu Apyroto — nNpoAayktu 3a 6MosIornyHo
3emegenve. MNMpes 2015 roguHa B Hacax-
JeHneTo ¢ 6MONOrMYHO HanpasfieHne ce
OTKposiBaT TpW COpPTa, KOUTO nokassat
BMCOKa 4YyBCTBUTE/THOCT KbM 3ab6onsiBa-
HeTo. ToBa ca: BpayaHCKM MWUCKET C
WHOEKC Ha HanageHue (27,5 %), Mucket
oToHen ¢ (7,16 %) n Opyxb6a (11,5 %). A
Te3an C Hail-BUCOKa YCTOWYMBOCT ca
KabepHe cOBUHBLOH C (2,5 %) u MuckeT

SUMMARY

Two-year observations were held
on the development and incidence of
black rot disease in the Experimental
base of IVE - Pleven.

Two identical plantations with the same
varieties located in immediate vicinity
were compared. Products for conventional
farming were used in one of the
plantations while in the other one -
products for organic farming.

In 2015 in the organic plantation three
varieties showed high susceptibility to the
disease, namely: Muscat Vrachanski with
index of attack (27.5 %), Muscat Ottonel
(7.16 %) and Druzhba (11.5 %).

The highest resistance demonstrated
Cabernet Sauvignon (2.5 %) and Muscat
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Kainbwkn ¢ (1,66). Kato nposisun no-
BMCOKa 4YyBCTBUTENHOCT 3a 2016 roguHa,
OCBEH TpWUTE YYBCTBUTENIHWU, MOXE [a ce
OoTHece u copT Hacnaga (6MoNoOrMyHO
OTrIeX4aHo HacaXkAeHue), KaTto Npu Hero
WHOEKCHT Ha HanageHue 3a 2015 e (3 %),
a npe3 2016 cToiiHocTTa My e (13,3 %).
KntouoBu gymun: 61M0n0rMyHo, YepHo
rHneHe, HanageHue, coptose,
YyBCTBUTEJTHOCT, HacaxxaeHus, yCTOVI'—IVIBOCT

YBO[,

YepHOTO TrHUEHe npousxoxaa oT
CeBepHa Amepuika, OTKbAETO € npeHece-
Ho B EBpona. MNpe3 1885 roguHa 6onect-
Ta e HabnogaBaHa BbB ®paHuua ot P.
Viala n L. Ravaz, kouTo 9 cbobuasaT 3a
nbpBM NbT BbB dmTONaToNOrMYHaTa
nutepatypa B CALL (Vanev, 1963). Cnepg,
ToBa 6onectta e HamepeHa B Wtanwus,
Pycus, 'py3unsa un AzepbaiigxaH, YkpaliHa
n gp. Cnopeg HAKON aBTOpU HE MOXe Aa
Ce roBOpu 3a YepHOo rHMeHe B obnacture
Ensac, WamnaH wn bBypryHama, kato
usknoyeHne npasu CaoHa u Jloapa,
KbAeTo 6onectta e OoTKpuTa OTHOBO.
Opyrn obnactu, B KOUTO He ce cpela
3abonsiBaHeTo, ca paiioHnTe JlaHregok u
PycuiioH (Besselat, 1983). YepHOTO rHue-
He e cepuo3Ha 3anjaxa 3a N03saTa, 0co-
6€eHO B palioHM C rofieMU BOAHW U3TOY-
Huum (Onesti et al., 2016).

B cTpaHuTe, 3a KOUTO YepHOTO
FHAEHE € WMKOHOMMWYECKM BaXkHO 3abons-
BaHe (CAL, KaHaga v gp.) kaTo NpUYMHK-
Ten ce nocoysa rbbara Guignardia
bidwellii (Elis) Viala and Ravaz c aHa-
Mopd Phyllosticta ampelicida (Engleman)
Vander Aa. Guignardia bidwelli.Ta e
ackomuueTHa rbba, KOoSTO o0b6pasyBa
nceBgoTeUMii ¢ UWIMHAPUYHN A0 Gyxan-
KOBUOHW ackycu, KOMTO CbAabpxar no 8
€[HOKMETbYHN  XMAJ/IMHHM  ackocnopwu
(Vanev, 1963; Harizanov et al, 2009).

3a NbpBuM MbT Y HAC 3a60NABaHETO
e cbobuweHo npe3 1904 roguHa ot T1.
Kosapes BbB BugumHcko (Raykov and
Nachev, 1968; Raykov and Nachev,
1971). MNpe3 1961 roamHa ca HaboaaBa-
HW MPOSIBM Ha YEepHO THMeHe B [neBeH-

Kaylashki (1.66 %). For the year 2016,
except the three susceptible varieties,
Naslada variety (organically grown) also
showed higher susceptibility as its index
of attack for 2015 was (3 %), while in
2016 - (13.3 %).

Key words: organic, black rot,
attack, varieties, susceptibility,
plantations, resistance

INTRODUCTION

Black rot originated from North
America, from where it was transmitted to
Europe. In 1885 the disease was
observed in France by P. Viala and L.
Ravaz, who reported it for the first time in
the US phytopathological literature
(Vanev, 1963). Later, the disease was
found in ltaly, Russia, Georgia,
Azerbaijan, Ukraine and other countries.
According to some authors, black rot
could not be related to the regions of
Alsace, Champagne and Burgundy,
except for Saone and Loire, where the
disease was found again. Other areas
where the disease did not occur were the
regions Languedoc and Roussillon
(Besselat, 1983). Black rot was a serious
threat to vineyards, particularly in areas
with large water sources (Onesti et al.,
2016).

In countries where black rot is an
economically important disease (USA,
Canada, etc.) the pathogen is considered
to be the fungus Guignardia bidwellii (Elis)

Viala and Ravaz with anamorphic
Phyllosticta ampelicida (Engleman)
Vander Aa. Guignardia bidwellii. It is an
ascomycetes fungus, forming

pseudocetes with cylindrical or club-
shaped ascus containing 8 unicellular
hyaline ascospores (Vanev, 1963;
Harizanov, 2009).

For the first time the disease in
Bulgaria was reported in 1904 by P.
Kozarev in the region of Vidin (Raykov
and Nachev, 1968; Raykov and Nachev,
1971). In 1961, limited manifestations of
black rot were observed in Pleven, Ruse,
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CKn, PyceHckn, MNnosanBckn v BuUAnHCKK
OKPBb3W B OrpaHuyeHy pasmepu. Mo Tosa
Bpeme 6oniectta € HamepeHa BbpXy
y3penu 3bpHa oT copT bonrap B ONUTHOTO
nose HWWNB B rpag lNneseH (Vanev,
1963).

Y Hac 6onectta e cnabo pasnpo-
CTpaHeHa, BbNPEKN TOBA B HAKOW FOA4MHN,
KOraTo BPEMETO € B/I&XXHO C MHOIO 4YecTu
Ba/IEXMW, MOXE [a HaHece 3HauuTesHu
3arybu. Hait-yuecto ce Hamagat nossTa,
pasnosiokeHn MO YEepHOMOPCKOTO Kpaii-
6pexve 1 Tesn B HUCKUTE HENPOBETPUBYU
mecTa (Malenin, 2003).

Bonectra Hanogo6siBa CUMNTOMU-
Te Ha CMBO rTHMWEHe No ncrara u Ha MaHa
no rpo3zoBeTe, kaTo ce xapakrepusupa c
HenpasW/IHX NeTHa No ucTaTa, YepBeHu-
KaBU Ha UBAT W 3a0buKoneHn OT kachsas
npbcTeH. OT nmMcTara 3apasarta ce npe-
XBbp/si BbPXY rpPO3[0BETE, KaTo 3apassi-
Ba [OPBXKWUTE, Yenknute U 3bpHata. Te
cTaBaT ka)siBU U Ce MOKpPUBAT C YEpHU
nycTynu, cnepj kKoeto u3cbxsar. [lo
3bpHaTa netHara ce paspacTsar 6bp30 u
obxBawar uenute 3bpHa. Mo TaAx ce
obpasyBaT KOHUEHTPUYHU KPbrOBE OT
CpaBHUTENHO eapu nukHuamm (Harizanov
et al., 1994). Te ca cHabaeHn C Kpbrbh
OCTWOJ, OT KOWTO wm3TU4a ekcygatr oT
nukHugunocnopw. Mpe3 nponetTa, cnep
AbXA, y3penuTe NMKHUAMM 0cBOGOXaaBaT
crnopvTte. HamuneTo Ha BOAHW Kanumuy e
3a4b/HKUTENHO YC/I0BME 3a MOKb/IBAHETO
um (Vanev, 1963; Vanev, 1995;
Stancheva, 2006). B cyx0 CbCTOSIHVNE
crnopvTe 3anasBaTr KM3HecnocobHocTTa
cn 3a noBeye OT efgHa rogmHa (Raykov
and Nachev, 1968; Raykov and Nachev,
1971). NNo3aTa e 4YyBCTBUTE/IHA HA YEPHO
rHAEHe npe3 uanara Beretauus, npu
MHOF0O Ba/ieXxu npe3 nposetTTa 3apassBa-
HETO € MacoBo, a NMpu siMnca Ha 06uUHK
Ba/IEXMN 3apassiBaHETO cTaBa Mnpe3 NSTo-
TO (Besselat and Tisse, 1983).

Plovdiv and Vidin districts. At the same
time the disease was found on ripened
berries of Bolgar variety in the
experimental base of Research Institute of
Viticulture and Enology - Pleven (Vanev,
1963).

In Bulgaria the disease was not
widely spread however in certain years of
wet weather and very frequent rainfall it
might cause significant losses. It attacked
most often the vineyards located along
the Black Sea coast and those in
lowlands, not well aired (Malenin, 2003).

The disease resembles the
symptoms of grey mould on the leaves
and downy mildew on the clusters
characterized by irregular spots on the
leaves, reddish in colour and surrounded
by a brown ring. From the leaves it is
transmitted to the clusters and infects the
petioles, the rachis and the berries. They
turn brownish and are covered by
pustules as afterwards wither. On the
berries the spots grow quickly and cover
the whole berries. Concentric circles are
formed on them of relatively large
pycnidia (Harizanov, 1994). They have a
circular ostiole from which an exudate of
picnispores leaks out. In spring, after rain
the mature pycnidia release the spores.

The presence of water droplets is an
obligatory condition for their germination
(Vanev, 1963; Vanev, 1995; Stancheva,
2006). When dried the spores remain
viable for more than one year (Raykov
and Nachev, 1968; Raykov and Nachev,
1971). Grapevine is susceptible to black
rot throughout the whole vegetation period
as when rainfall in the spring is heavy the
infestation is massive while in the
absence of abundant precipitation vines
are infected in summer (Besselat and
Tisse, 1983).
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MATEPWNAN N METO4WA

Mpe3 2015 n 2016 roguHa B N3nu-
TaTesiHaTa 6a3a Ha W/IB - lneseH ca
npoesefieHN HabMIOAeHUSA, BbPXY pa3Bu-
TUETO W pasnpocTpaHeHneTo Ha 3abons-
BAHETO YepHO rHueHe. Llenta Ha npoyu-
BAaHETO e [Ja Ce ycTaHOBM Mma nu pas-
/ivKa no OTHOLLeHWe Ha ToBa 3abonsBaHe,
KaTo ce CpaBHAT KOHBEHLMOHA/IHO U 6uo-
NOTMYHO oOTriexaaHu nos3f. Cobllo Taka
Ja ce YCTaHOBAT HAKOW COPTOBE MNOAXO-
Aauwm  3a GMONOMMYHO  NPOU3BOACTBO
CMPSAMO YEPHO THUEHE.

BapuaHTu Ha onuta ca: Mwucket
Kalinblwky, Hacnaga, MyuckeT BpavaHcKu,
MuckeT oTtoHen, [pyx6a, KabepHe coBu-
HbOH. VI3Mon3BaHn ca [iBe HacaxieHus C
eflHaKB/ pasmepy W HenocpeacTBeHO
e/[lHO [0 [pyro, KaTo 3a eHOTOo ca U3noJsi-
3BaHU NPOAYKTU 3a 6UOMI0rMYHO, a npwu
Opyroto ca Wu3nos3BaHW nNPoAyKTN 3a
KOHBEHUWOHaNHoO 3emenenue. 113nonssa-
HO e CbLUO N efHO Hacax/jeHue, CbCTos-
Lo ce OT copToBeTe MUCKET KalibLuky 1,
MwvckeT oToHen 1 n PybuH 1, KoeTo e oT-
JaneyeHo oT NbpBUTE ABE N € C Hanpas-
NleHVe 3a KOHBEHUMOHA/IHO 3eMeenve.

OueHeHu ca no 100 rpo3ga ot copT
no cegem-6anHara ckana:

(Ban 0 — HAmMa HanageHue, 6an 1
0o 5 %, 6an 2 ot 6 go 15 %, 6an 3 o1 16
0o 25 %, 6an 4 ot 26 go 50 %, 6an 5 ot
51 po 75 % n 6an 6 ot 76 go 100 % ot
rposfa e 3acerHar).

MHOekchT Ha HanaZeHue e u34vuc-
neH no dpopmynata Ha McKinney.

3a 2015 roguHa npu KOHBEHLMO-
HaNHO Hanpas/fieHVe ca HanpaseHu 6
TpeTupaHus ¢ npoayktute: 3a |-Bo TpeTu-
paHe (Oparo n CuctaH), ll-po (Pngomnn
rong n Cuctan), lll-to (Pungomun rong v
CuctaH), IV-To (gparo n Tnosut gxer), V-
T0 (Kabpuo Ton 1 Tonas) nVI-To npbckaHe
¢ (Kopcent 1 Tonas). 3a Hanpas/ieHne ¢
6100rMYHO 3eMefenive: ca HanpaseHun 7
TpeTupaHus ¢ npoayktute (TUOBUT LXeT
n ®yHrypaH).

3a 2016 npu KOHBEHUMOHAsTHO
oTrnexjaHe ca M3non3saHu MpPoAyKTUTe
3a |-Bo TpetupaHe (Pugomun rong wu

MATERIAL AND METHODS

In 2015 and 2016 at the
Experimental base of IVE - Pleven
observations were carried out on the
development and incidence of black rot
disease. The objective of the investigation
was to find out if there was any difference
referring this disease by comparing the
conventional and organic grown vines as
well as some varieties to be established
suitable for organic production concerning
black rot.

The trial variants were: Muscat
Kaylashki, Naslada, Muscat Vrachanski,
Muscat Ottonel, Druzhba, Cabernet
Sauvignon. Two plantations of equal size
were included next to each other as
products for organic agriculture were
applied in one of them and products for
conventional agriculture were used in the
other one. The trial also comprised a
plantation of the varieties Muscat
Kaylashki 1, Muscat Ottonel 1 and Rubin
1, remote from the others, also used for
conventional agriculture.

A hundred clusters per variety were
assessed by seven-score scale:

(Score 0 — no infestation, score 1
up to 5 %, score 2 from 6 to 15 %, score 3
from 16 to 25 %, score 4 from 26 to 50 %,
score 5 from 51 to 75 % and score 6 from
76 to 100 % of the cluster was infected).

The index of attack was calculated
by McKinney’s formula.

In 2015 in the conventionally grown
plot 6 treatments were performed with the
following products: 1% treatment (Drago
and Systane), 2" (Ridomil gold and
sttane), 3 (Ridomil gold and Systane),
4™ (Drago and Thiovit jet), 5 (Cabrio top
and Topaz) and 6" (Corseit and Topaz).
For the organic production 7 treatments
were applied with the products (Thiovit jet
and Funguran).

In 2016 for the conventional
production the following products were
applied for the 1% treatment (Ridomil gold
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Tonas), ll-po (Pugomnn rong v Tonaa), -
10 (Pmgomun rong u Tonas), IV-to (
Tpuomakc wn  TuoBUT  OxeT), V-To
(Tpuomakc wn Twuosut mxet) u VI-To
npbckaHe c¢ (paro n CuctaH). 3a Hanpas-
NeHne ¢ B1oMorMYHO 3eMeenve: ca Hanpa-
BEHW 7 TpeTupaHusi ¢ npoayktute (TuoBUT
LKeT n ®yHrypaH). KnumatnuHute dpaktopu
BasIeXu Temnepartypa U oTHOCUTE NHA Bax-
HOCT Ha Bb3/yXa ca OTYETEHU NOCPELCTBOM
€/IeKTpOHHAa ~ METEOPONorMYHa  CTaHuus
IMETOS (Pessl Instruments GmbH).

PE3SYNTATV N OBCBbXOAHE

Mpu oTuMTaHe Ha rpo3goseTe 3a
2015 roguHa, Hali-icHO ce OTKposiBaT Tpu
copTa OT HacaxfjeHueTo 3a 6GMONOrMYHO
HanpaBs/ieHne, KOWUTO TMoKasaxa BMCOKa
YyBCTBUTE/NIHOCT CNpsAMO 3abonsBaHeTo,
ToBa ca: BpayaHCKM MUCKET C UHOEKC Ha
HanageHue (27,5 %), MucKeT OTOHen ¢
(7,16 %) n [pyxb6a (11,5 %). A Tesu c
Hali-BMcoka ycTohumBocT ca KabepHe
COBWHbLOH C (2,5 %) 1 MUCKET Kali/TbLLKN C
(1,66 %) wnHpekc Ha HanageHue. CbLuo
Taka oTuutaHute Tpu copta (Mucket
Kalimbwkn 1, MuckeT otoHen 1 u Py6uH
1), ce oTKpouxa CcnpsiIMO OcCTaHanute,
KaTo npu TAX He ce Habnwjasale
HanajeHve 1 NnoBpeau CnpsaMo rpo3noBe.

Mpe3 2016 rogunHa npu obcnenga-
He Ha paioH B 6a3arta Ha WHcTuTyTa no
N03apcTBO Y BUHAPCTBO Ca OTKPUTU NeT-
Ha OT YepHO rHYEHe No NncTa olLLe cpena-
Ta Ha Mecel, Mali. Mo-BMCOKa MHTEH3UB-
HOCT Ha HanajeHue ce Habnwogasa npwu
coptoBeTe BpauaHcku MuckeT, MwuckeT
OTOHenN n [pyxba oTrnexaaHm 6uonorny-
HO. KbM TAX Morat ga ce OTHecaT wu
Hacnapa oT cblWoOTO HanpasneHue. Mpu
Hes MHAEKCHT Ha HanageHue npes 2015 e
6un (3 %), a npe3 2016 cToliHOCTTa My €
(13,3 %). KabepHe COBMHbLOH OTYETEHO U
B [BETE HarnpaBfieHus npes usmuHanara
2015 rognHa npuv KOHBEHLMOHAIHO Npo-
n3BOACTBO e ¢ uHaekc (0 %), a npu 6uo-
norunyHo e c¢ (2,5 %). MNpe3 2016 roguHa e
CbOTBETHO 3a KOHBEHUMOHasnHo 5,8 1 3a
6vonornyHo 17,6. B HacaxgeHueTo oT
MwuckeT kannbwkn 1, MuckeT oToHen 1 u

and Topaz), 2" (Ridomil gold and Topaz),
3" (Ridomil gold and Topaz), 4™ (Triomax
and Thiovit jet), 5™ (Triomax and Thiovit
jet) and 6" spraying with (Drago and
Systane). For the organic production 7
treatments were applied with the products
(Thiovit jet and Funguran). The weather
factors: rainfall, temperature and relative
humidity were recorded by the electronic
weather station IMETOS 000003CA
(Pessl Instruments GmbH).

RESULTS AND DISCUSSION

When accounting the clusters,
three varieties from the organic grown
plantation were distinguished clearly,
showing high sensitivity to the disease,
namely: Muscat Vrachanski with an index
of attack (27.5 %), Muscat Ottonel (7.16
%) and Druzhba (11.5 %).

Those with the highest resistance were
Cabernet Sauvignon (2.5 %) and Muscat
Kaylashki (1.66 %). Also the three
varieties (Muscat Kaylashki 1, Muscat
Ottonel 1 and Rubin 1) were distinguished
compared to the rest as no cluster attack
and damages were observed in them.

In 2016 during the routing
observation of an area in the base of the
Institute of Viticulture and Enology spots
of black rot on the leaves were found
already in mid-May. Higher intensity of
attack was observed in the organic grown
plantation varieties Muscat Vrachanski,
Muscat Ottonel and Druzhba. Naslada
from the organic grown varieties could be
referred to them. The index of attack in
Naslada variety was 3 in 2015, and in
2016 — (13.3 %). For Cabernet Sauvignon
the accounted values in 2015 in the
conventional production had an index (0
%) and the organic — (2.5 %)

In 2016, it was respectively (5.8 %) for
conventional and (17.6 %) for organic. In
the plantation of Muscat Kaylashki 1,
Muscat Ottonel 1 and Rubin 1 in 2016 it
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Py6uH 1 npe3 2016 roamMHa ce Habnwaa-
Ba NposiBa Ha 4epHO THuWeHe. MpegcTon
npocnegsisaHe W npe3 cregpawute
roguMHW, 3a fJa ce YyCcTaHoBM wuMa u
NMpoMsiHa B arpecyMBHOCTTa Ha nartoreHa
(Tabnuuya 1).

was observed manifestation of black rot.

Observations shall be carried out over the
next years for determining any change in
the aggressiveness of the pathogen
(Table 1).

Tabnuua 1. IHAeKC Ha HanageHme cnpsiMo YepHOo rHMeHe no rposgose
Table 1. Black rot index of attack per clusters

BapuaHT Bcuuko KOHBEHLMOHa/THO NPOM3BOACTBO BronornyHo nponsBoACcTBO
Variant (6poit) Conventional growing QOrganic growing
Total  BonHu (6poit) MHAeKe Ha HanageHwe BonHu (6poii) MHaekc Ha HanaaeHve
(No.) Infected (No.) Index of attack (%) Infected (No.) Index of attack (%)

2015 2016 2015 2016 2015 2016 2015 2016
M. KainbLUIKK 100 5 18 0,66 53 3 16 1,16 6,6
Muscat Kaylashki
Hacnapga Naslada 100 5 4 1,16 0,6 14 7 3 13,3
Bp. Mucket 100 15 23 4,16 9,1 81 20 27,5 10,1
Muscat Vrachanski
M. oToHen 100 7 11 1,16 2,6 31 19 7,16 6,1
Muscat Ottonel
[Opyx6a / Druzhba 100 5 29 0,83 17,8 42 35 11,5 22,5
K. COBWHBOH 100 0 16 0 5,8 10 38 2,5 17,6
Cabernet Sauvignhon
M. KainbLwku 1 100 0 5 0 1,3 - - - -
Muscat Kaylashki 1
M. oToHen 1 100 0 6 0 1,6 - - - -
Muscat Ottonel 1
Py6uvH 1 / Rubin 1 100 0 4 0 0,8 - - - -

Mpe3s 2015 roavHa nagHanute
Ba/IEXMN B paiioHa npe3 Mecel, anpwi u
Mai ca 3HauuTesIHO MO-Masiko B cpaBHe-
HMEe C OTYeTeHUTe 3a CblUA MNepuop,
npes 2016. BugHo ot (durypa 1) Bnax-
HOCTTa Ha Bb3fyxa e npasonponopLumo-
Ha/NHa Ha KO/IMYeCcTBOTO Ha BasiexuTe. B
cpaBHeHue ¢ 2015 rogmHa Temneparypa-
Ta n3MepeHa npes mecel, anpwun 3a 2016
e No-BMCoKa, a TeMnepartypara oTyeTeHa
3a Mecel, mMait 3a 2016 e no-Hucka. Kato
UAN0 no OTHOLWeEHVe Ha 3abonsiBaHeTo
YepHO THMWEHe W npes3 ABeTe roAUHU OT
U3BBbPLUEHUTE HabNAEeHNS nMa yCnoBus
3a nposiBa 1 pasBuTue Ha 3ab0naBaHeTo,
HO No-go6Gpu ycnoeusi ce HabnwgasaT
npes3 2016 roguHa. NpeactoaT Habnwae-
HWS Hag ToBa 3abonsBaHe W npes cneg-
BallMTe rOOUHM 3a fJa ce npocneau
pactexa W pasBUTUETO My nMpu Mno-
pasNnyHn KNMMaTU4HM YCNOBUS.

In 2015 the precipitation in the
region during the month of April and May
were significantly less compared to the
same period in 2016. As shown in (Figure
1) the humidity was proportional to the
amount of rainfall.

The temperature in April of 2016 was
higher compared to 2015 while the
temperature in May 2016 was lower.

Generally, referring the black rot disease
in both years of the investigation there
were conditions for the onset and
development of the disease, but better
conditions were observed in 2016.

The monitoring of the disease shall
continue for following its development
and incidence in different weather
conditions.
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N3BOAM

1. BnonorMyHoTo NPoM3BOACTBO Kpue
HEKOJIKOKpPaTHO MO-BUCOK PUCK OT MosiBa U
pasnpoctpaHeHne Ha 3ab0NfBaHETO YepHOo
rHWeHe, B CpaBHEHWE C KOHBEHLUMOHAIHOTO
HanpasneHve. [punaraHeTo Ha BCUYKK
MEeTOAM W arpoTexHU4ecks MeponpuaTus
6uxa umann orpaHmyasaly edekT cnpsMo
pa3BuTUETO Ha 3abonsiBaHeTO.

2. OuakBa ce C Bcska crefsauja
rofvHa WHTEeH3MBHOCTTa Ha HanajeHve aa
ce yBenuuasa. W 3abonsBaHeTo fga ce
nposiBABa B NO-rofIiMa CTeneH, kaTo HaHacs
BCe noseue 3arybu 3a nNpou3BoACTBOTO U B
[BeTe HanpasneHus.

3. Le ce yBenunyasart 1 pasxogute 3a
6opba cbC 3abonsiBaHMSATaA NO nosaTa, Tbil
Kato LWe ce npunaraT U AONb/HUTEHM
MepPKW 3a KOHTPOJT HA YEPHOTO THUEHE.

4, CopT MwuckeT Kalnbllkn e
noaxogsu, 3a O6MOMornyHO 3emepnenue,
cnpsmMo  3ab0/19BaHETO 4YEpHO THUEHE.
UyBCTBUTENIHUTE COPTOBE Ca MOAXOAALLN
3a KOHTPOJIHM COPTOBE MpU M3NUTBaAHETO
Ha HOBW aKTMBHW BeLLleCcTBa.

CONCLUSIONS

1. The organic grapes production
has much higher risk of emergence and
spread of black rot compared to the
conventional growing. The implementation
of all methods and agricultural procedures
might have a limiting effect on the disease
development.

2. It is expected the intensity of the
attack to increase each year to follow, and
the disease to be manifested in a greater
degree by causing more losses in both
types of production.

3. The cost for the disease control
will increase as additional measures for
black rot control will be applied.

4, Muscat Kaylashki variety is
suitable for organic farming concerning
black rot disease. The susceptible

varieties are suitable for control varieties
in testing new active substances against
black rot on vine.
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PE3OME

Mpe3 nepuopga 2014-2016 1. B
parioHa Ha rp. lneBeH e uW3BBLPLUEHO
n3cnefiBaHe B/IVSHWETO Ha KIMMaTuyHuTe
yC/10BUSA Npes3 3MMHUA Nepuo, BbpXy CbC-
TOAHWETO Ha rnaBHWUTE U 3amecTBalluTe
MbMKAW Ha /103U OT LWECT BMHEHW copTa.
YcTaHOBEHO €, Ye KiMMaTtuyHarta xapak-
TEpUCTMKA Ha CTOMaHCKMTe rofvHu npes
nepuopa 2014-2016 rognHa no OTHOLUe-
HUWe Ha BasiexuTe npes3 BeretauyMoHHUA
nepvof rm onpefens kato snaxHa (2014
n 2015 r.) n cpegHoBnaxHa (2016 r.), a no
OTHOLLIEHMe Ha  CcpefHOoAEeHOHOoLWHaTa
TemMmrnepaTtypata Ha Bb3fyXa Karto MHOro
xnagHa (2014 ), ropewa (2015 r.) n cpea-
Ha (2016 r.). Mpe3 3uMHMA nepuog Ha
2014 1. He ca yCTaHOBEHM EKCTPEeMHO
HUCKN TemnepaTypu Ha Bb3gyxa, nopaau
KOETO He ca KOoHcTaTupaHu nospegu no
rnaBHUTE © 3amecTBawy nbhku. [pes

SUMMARY

During the period 2014- 2016 in the
region of Pleven a study was carried out
on the impact of the weather conditions
during the winter period on the primary
and replacement buds of six wine
grapevine varieties. It has been found that
the climate features during the period
2014-2016 in terms of rainfall during the
growing season defined the years as
moist (2014 and 2015) and medium-moist
(2016) and in terms of average air
temperatures as very cool (2014), hot
(2015) and average (2016).

Extremely low air temperatures were not
recorded during the winter period of 2014,
therefore damages to the primary and
replacement buds had not been found.

During the winter period of 2015 air
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3UMHMA nepuod Ha 2015 r. e peruc-
TpupaHa TemnepaTypa Ha Bb3fyxa B
AnanasoHa ot -20,00C pgo  -21,9°C
(01.01.2015 ., B nepuoga ot 0,00 go 9,00
y). MNpe3 mMecel, AHyapu e yCTaHOBEHO U
3HauUTENHO 0b6nefeHsABaHe Ha no3uTe ¢
NPOABL/IKUTENHOCT Han 24 vaca. [pwu
610NOrMYHOTO MPOU3BOACTBO YCTaHOBe-
HUTe noBpeau ca Nno-rofiemMn oT Tesu npu
KOHBEHLMOHA/THOTO NPOM3BOACTBO — Haii-
ronemMu nospegun Mo rnaBHUTE U 3aMecT-
BallMTe NbMKU ca YyCTAHOBEHU Mpu copT
BpayaHcku mwuckeT, CbOTBETHO 93,3 1
65,7% npun 6MONOTMYHOTO U 74,22 n”
43,16% npuv KOHBEHUMOHa/IHOTO. Haii-
Masikv ca nospeauTe npu copt KalnbLuku
muckeT — 46,0 n 22,0% npyn 61MONOrNYHO-
TO0 1 5,80 n 1,20% npu KOHBEHUMOHA/THO-
T0. 3a 2016 r. MakCUManHO HUCKM TeMre-
patypu Ha Bb3yxa ca YCTaHOBEHUW Ha
20.01, Bapupawy B gnanasoHa ot -20,1
[0 -21,3°C (C NpoAb/MKUTESTHOCT 4 yaca).
Mpe3 mecel aHyapu 2016 r. e yctaHOBEH
W MPOABL/IKUTEsNIEH Nepuos CbC Ccpef-
HOL,EHOHOLLHN TemnepaTypu OKOJo 1 Nnoj
-15,0°C. lMpu 61MOI0rMYHOTO NPOM3BOACTBO
nospeavTe OTHOBO ca MNO-rofiemMu OT Tesu
npu KOHBEHLMOHA/IHOTO MNpPOM3BOACTBO —
Haili-ronemn ca npu copT BpauaHcku
mMuckeT— 32,28 % npu rnasHute u 14,35%
npu 3aMecTBalluTe MbNkM NpyY GUONOTNYHO-
TO 1 24,22 n 20,07% npy KOHBEHUNOHATHO-
To. Hali-Huckn ca nospeguTe npu copt
KannblUKn MUCKET — CcbOTBETHO 8,36 u
5,09% npu 6uonornyHotTo n 3,18 n 0,35%
NpU KOHBEHLMOHA/IHOTO NPOM3BOACTBO.

KntouoBn agymu: nospegu o
nosnte, OMOMOMMYHO, KOHBEHLMOHA/HO,
Npov3BOACTBO Ha rpo3fje, KIMMaTUyHu
ycnosusi

YBO/,

EdektuBHOCTTa Ha 6GMOMOrMYHOTO
N KOHBEHLMOHA/IHOTO MPOWU3BOACTBO Ha
rpo3fe v BMHO 3aBMCK OT MHOTO hakTopw,
OCHOBHMTE OT KOWUTO ca MoaxoAsLwo
noa6paHuTe Tepoap, COPTOBa CTPYKTYpa,
TEXHO/MOrMA Ha oTrnexpaHe, TexHuyecka
eKMnMpoBKa M Ap. KnumatnyHute ycno-
BMS Ha MUKpOpailoHa W XapakTepuctu-

temperature was registered within the
range from -20.0°C to -21.9°C (January
1%, 2015, 0.00 a.m. to 9.00 a.m.).

In January it was also found significant
icing of the vines, longer than 24 hours. In
organic production the damages were
greater compared to conventional
production — the greatest damages to the
primary and replacement buds were
recorded in Muscat Vrachanski variety,
respectively 93.3 and 65.7% in organic
and 74.22 and 43.16 % in conventional
growing.

The least damages were found in Muscat
Kaylashki variety — 46.0 and 22.0% in
organic and 5.80 and 1.20% in
conventional. In 2016 the maximum low
air temperatures were registered on
January 20", ranging from -20.1 to
-21.3°C (lasting for 4 hours). In January
2016 it was also recorded a long period
with average temperatures about and
below -15.0°C. In organic growing the
damages were again greater than the
conventional production - the most severe
was the impact on primary buds (32.28%)
and replacement buds (14.35%) in
organic grown Muscat Vrachanski variety
and 24.22 and 20.07% in the conventional
production. The least damages had
Muscat Kaylashki variety — respectively
8.36 and 5.09% in organic and 3.18 and
0.35% in conventional production.

Key words: grapevine damage,
organic, conventional, grapes production,
weather conditions

INTRODUCTION

The effectiveness of the organic
and conventional grape and wine
production depends on many factors, the
most important of which are suitably
selected terroirs, varietal structure,
cultivation technology, technical
equipment, etc. The climatic conditions of
the micro-region and the characteristics of
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KUTE Ha KOHKPETHUS TEpPEH okasBar ornpe-
Jensiwo BAWSIHME KaKTO BbPXY XWU3He-
HOCTTa, pa3BUTMETO M NI0AO0LABAHETO Ha
no3nTe, Taka W BbPXYy MABbTHOCTTA MU
B/IMSIHUETO HA WKOHOMWYECKN BaXKHUTE
6onecTtun. B Ta3n Bpb3ka, 0CO6EHO 3a 6UO-
NOTMYHOTO NPOMU3BOACTBO € BaXHO ycTa-
HOBSIBAHETO Ha B/INAHWETO HA MUKPO-
palioHMpaHeTo, KakTo BbpPXY GUOOTNYHM-
Te 1 CTOMaHCKM MokasaTenu Ha no3oBarta
KyNnTypa, Taka 1 Ha epeKkTMBHOCTTA Ha To-
Ba MpPOM3BOACTBO. [MepnognMyHOTO Mosy-
yaBaHe Ha HeratuBHW pesysitaTt oT 6uono-
TMYHOTO NPOM3BOACTBO Ha rpo3ge n BUHO B
HAKON permoHn Ha CTpaHaTa Hasiara npo-
BEXOAaHETO Ha AO0MbJ/IHUTEJTHU 3a,qbn6oqe-
HN n3cneaBaHna 3a yctaHoBsABaHe W npea-
naraHe Ha MnpakTukata Ha pauuoHa/lHKn u
e(*)EKTVIBHVI opraHn3ayoHHW, TEXHO/TOTUYHN
N TEXHNYECKN peLlleHna B Ta3n HacokKa.

MATEPVAT N METOON

Mpe3s nepuopga 2014-2016 r. B
palioHa Ha NPOU3BOACTBEHO-EKCNEPUMEH-
TanHata 6a3a Ha VIHCTMTyTa Mo Jso3ap-
CTBO ¥ BMHapCTBO - Ip. [/1eBeH e n3BbLp-
LEeHO u3crefBaHe C Len ycTaHoBsBaHe
B/IMAHNETO HAa KIMMaTUYHUTE YC/I0BUSA
npe3 3UMHWA Mepuog npes MnocovyeHnTe
rOAVHKN, BbPXY CHCTOAHWETO Ha rasHUTE
N 3aMecTBaluTe MBLMAKA U MIBTHOCTTA U
B/IMAHNETO Ha 6onecTuTe MaHa n onauym
Ha /1031 OT copToBeTe KalnbLUKN MUCKET,
Hacnapga, BpayaHcku muckeT, MwuckeT
oToHen, [pyx6a n KabepHe CoBUHLOH. 3a
LuennTe Ha U3crefBaHeTo ca WU3nos3saHu
ABe oTAenHu napuenu ¢ naow, ot no 0.6
ha (MuckeT kannswkun — 0,2 ha, Hacnaga —
0,2 ha, Myckar OtoHen - 0,05 ha,
BpauyaHcku mucket — 0,05 ha, Apyxba —
0,05 ha n KabepHe coBunHboH — 0,05 ha),
B /I030BO HacaxieHue cb3gafeHo npes
2006 r. PascTosHuATa Ha 3acaxpgaHe ca:
Mexaypenoso 3.20 m M BBLTPEpPenoBO
1.20 m, cpepHocTbbNeHa ¢opMUMpPOBKa
(OBypameHeH KOpAoOH) C BUCOYMHA Ha
cTbbnata 1,00 m.

MouBeHUAT TN e cnabo W3NnyxeH
yepHo3eM, 06pasyBaH BbPXY [IMHACH/
nboc.

the specific terrain have a decisive impact
on vine vitality, growth and fertility as well
as on the density and the impact of the
economically important diseases.

However, it is significant, especially for
the organic production, to be defined the
impact of the micro-regions both on vine
biological and economic indicators and
the efficiency of this production.

The repeated negative results from the
organic production of grapes and wine in
some regions of the country necessitates
further thorough research for identifying
and suggesting the practice of rational
and effective organizational, technological
and technical solutions in this respect.

MATERIAL AND METHODS

During the period 2014-2016 in the
area of the production-experimental base
of the Institute of Viticulture and Enology -
Pleven a study was carried out on the
impact of the weather conditions during
the winter period of these years on the
primary and replacement buds and the
density and impact of powdery mildew
and downy mildew on vines of the
varieties Muscat Kaylashki, Naslada,
Muscat Vrachanski, Muscat Ottonel,
Druzhba and Cabernet Sauvignon.

For the purposes of the study, two
separate plots with an area of 0.6 ha each
were used (Muscat Kaylashki — 0.2 ha,
Naslada — 0.2 ha, Muscat Ottonel — 0.05
ha, Muscat Vrachanski - 0.05 ha,
Druzhba - 0.05 ha and Cabernet
Sauvignon — 0.05 ha), in a vineyard
created in 2006. The planting distances
were: 3.20 m between the rows and 1.20
m in the rows, medium-stem training
system (2-arm cordon) with a stem height
of 1.00 m.

The soil type was slightly leached
chernozem formed on clayed loess.
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MpocnepeHun ca
nokasarenu:

- CpefHOAeHOHOWHa Temnepartypa
Ha Bb3fyxa B palioHa Ha Mpou3BoACTBEHO-
ekcnepumeHtanHata 6asa Ha WB-
MneBeH, OTuMTaHa Ha BCekM 4ac OT
aBTOMaTU4YHa CTauMoOHapHa efliekTPOHHAa
ctaHuusa, mogen IMETOS.

- noBpean OT HUCKW 3MMHU Temne-
patypu un obnegeHsBaHe, onpefesieHo
Bb3 OCHOBA Ha CTerNeHTa Ha 3armpaHe Ha
nbnkute (rNaBHM WM 3amMecTBallM), Ha
TbKaHuUTe (SIMKOBa TbKaH M AbPBECUHA) U
opraHuTe (NPbYkK, paMeHa U KOpAOHU —
efgHoroguwHaTa WM MHOroroguvwHata
AbpBecrHa) Ha o3unte. 3a uenTa ce
u3non3ea MeToauka, paspaboTeHa B
WNB-MNneBeH.

- noepeau Mo sMctata W rpo3go-
BeTe OT 6osiecTute maHa u ouguym - % u
WHAEKC Ha NopaxeHue, Kato OTYUTaHeTo
Ce M3BbpLIBA MO YTBbpAEHA MeToAuKa.
OueHsiBaHeTO Ha naBpeauTe € n3BbpLUe-
HO Mo cegembanHa ckana, a UHAEKCHT Ha
nopaxeHve e usducneH no dgopmynara
Ha Mc Kinney (Kostadinova, 2012).

cnepHuTe

PE3YJITATU N OBCBXXOAHE
Mpe3 3umHUA nepuog Ha 2013/2014
r. He ca OTYETEHU Nepuoan C KPUTUYHO
HUCKM Temnepatypu Ha Bb3gyxa — durypa
1, nopaay KOETO He ca KOHCTaHWpaHu no-
Bpeau No nbhkuTe (r/1aBHY 1 3aMecTBaLLm).

The
monitored:

- average daily air temperature in
the area of the production-experimental
base of IVE-Pleven, recorded every hour
by an automatic stationary electronic
station, IMETOS model.

following indicators were

- damages from low winter
temperatures and icing, determined on
the basis of the degree of death of the
buds (primary and replacement), the
tissues (connective tissue and wood), and
the organs (canes, arms and cordons —
the annual and perennial wood) of the
vines. A methodology developed at IVE-
Pleven was used for this purpose.

- damages to the leaves and the
clusters caused by powdery mildew and
downy mildew - % and damage index, as
the accounting was done in accordance
with an approved methodology. The
damage evaluation was performed on a
seven-score scale, and the damage index
was calculated using Mc Kinney’s formula
(Kostadinova, 2012).

RESULTS AND DISCUSSION
Extremely low air temperatures
were not recorded during the winter
period of 2013/2014 — Figure 1, therefore
damages to the buds (primary and
replacement) had not been found.
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Fig. 1. Average daily air temperature for the period December-February, 2014-2017
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Mpe3 BereTauMoOHHWUA Nepuos Maii-
okTOoMBpM Ha 2014 roguHa cymara Ha
Basiexute e 511 mm, ¢ o6e3sneyeHocT 11
%, KOeTo onpenensa nepvoja kato Bna-
XeH. CpefiHOAeHOHOLHATa Temneparypa
Ha Bb3ayxa e 17,1 °C, ¢ o6esneyeHocT
97 %, xapaktepusupalia nepuoga Kato
MHOro x/s1aZleH, a MakcumasiHaTa Temne-
patypa Ha Bb3gyxa e 23,9 °C, C
ob6esneyeHocT 85 %, koeTo onpenens
nepvofa kaTto xnafeH (durypa 2).

45

During the May-October 2014
vegetation period, the precipitation sum
was 511 mm, ensuring 11% of the water
supply that determined the period as wet.
The average daily air temperature was
17.1°C, ensuring 97%, characterizing the
period as very cool while the maximum
air temperature was 23.9°C, ensuring
85%, which determined the period as
cool (Figure 2).
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Fig. 2. Rainfall and course of the average daily, minimum and maximum
temperatures during the vegetation period: a - 2014; b - 2015; c — 2016

XapakTepHuTe CMMNTOMU Ha Hab-
nogaesaHuTe 6osectn ¢ ronaMa nabT-
HOCT Ca YCTaHOBEHW B Mnepuoau Hemno-
CpPefCTBEHO cnepj, 3HauYNTesIHU BasiexXu —
3a 2014 r. npe3 mecew, oM ca nagHaau
Banexu ot 122 mm, karto camO B
nepuoga 14.07-23.07 B paiioHa Ha [lpo-
N3BOACTBEHO-EKCNepuMeHTasiHaTa 6asa
ca nagHanv Banexu ot 98 I/m2 (camo 3a
22 1 23.07 — 80 I/m?). JaHHuTe 3a nospe-
OM no fiMctHaTa maca v rposgoseTe oT
6onectta mMaHa NOTBbpPXAaBaT ropeus-
NIOXEHOTO — [JaHHWUTe, OTYEeTEeHU Ha
30.06.14 r. npu gBarta BapumaHTa Ha Tpe-
TMpaHe ca 6513k, C Masiko Mo-BUCOKU
CTOMHOCTM Ha MWHAEKCa Ha nopaxeHune
npy NoBevyeTo COPTOBE MPU KOHBEHLMO-
HaNHOTO MPOU3BOACTBO (C U3KNKOUYEHME
Ha copT Kannblwku muckeT). MNpu otum-
TAHETO Ha CTOMHOCTUTE Ha MHAEKca Ha
nopaxeHve B Ha4yasioTO Ha Mecel, cen-
TEMBpPW € YCTaHOBEHO, Ye Te3Un CTOMHOC-
TW Cca 3HauuTesIHO MO-BWCOKW Mpu Ba-
praHTa 61MoMI0rMYHO NPOU3BOACTBO, KaTo
pocturat o 66,0 npu copt BpauvaHcku
muckeT (4,0 Nnpy BapraHTa 3a KOHBEHLMO-
HaNHO npon3BoAacTeo), 44,0 npu copT
KabepHe coBuHLOH (2,0 Npy BapraHTa 3a
KOHBEHLMOHaIHO Npou3BoACTBO). Moaob-
Ha 3Ha4MTesNIHa pas3/ivka B CTOMHOCTTa Ha

The typical symptoms of the
monitored diseases with high density
were found in periods immediately after
significant precipitation — in 2014, the
rainfall in July reached 122 mm, as only
in the period 14-23 July the rainfall in the
area of the production-experimental base
was 98 I/m2 (only on 22 and 23 July — 80
I/m2),

The data on leaf and cluster damage by
downy mildew confirmed the above
statement — the data, reported on 30
June 2014 for both treatment variants
were close, with somewhat higher values
of the damage index for most varieties in
conventional production (except Muscat
Kaylashki variety).

When accounting the damage index rates
at the beginning of September, it was
found that these values were significantly
higher in the organic production, reaching
66.0 for Muscat Vrachanski variety (4.0
for the conventional production), 44.0 for
Cabernet Sauvignon variety (2.0 for the
conventional production).

A similar significant difference in the rate
of this index was also recorded for
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TO3W WHOEKC e OTyeTeHa W npu CcopT
MwuckeT oToHen. JaHHUTe M TyK He ca
€/JHOMOCOo4YHM — npun copT Apyx6a nHaek-
CbT Ha MopaxeHwe no rposgoseTte e no-
BMCOK MPW KOHBEHLIMOH&/THOTO NPOU3BOS-
cTBO — 6,0, B cpaBHeHue ¢ 1,0 npu 6uo-
NOrNYHOTO. MIHOEKCHT Ha nopaxeHue no
rposgoBeTe OT ouAWYM NPU MOBEYETO
COpTOBE € M0-BMCOK MpY BapuaHTa KOH-
BEHLMOHa/THO MPOM3BOACTBO, KaTto pas-
nMkaTa npu 4yBCTBUTE/IHUTE COPTOBE €
3HauMTeslHa — MMuUCKeT BpayaHCKu -
WHAEKC Ha nopaxeHue 82,0 Npn KOHBEH-
ymoHanHo n 21,0 npu BapmMaHT 6MOMornY-
HO Npon3BOACTBO. [pn ocTaHanuTe cop-
TOBE Te3n pasnnuusa ca no-manku. Npwm
coptoBeTe KabepHe coBMHLOH U Hacna-
[Ja oTyeTeHWTe CTOMHOCTW Ha MHAEKC Ha
nopaxeHve ca fno-BuCOKM Mpu 61osnoruy-
HOTO npoussoAcTeo (Tabnuua 2).

Mepuop ¢ KPUTUUYHO HUCKU Temne-
patypu Ha Bb3ayxa npe3 2014/2015 r. e
KoHcTaTMpaH Ha 01.01.2015 — ot -20,00
°C po -21,9 °C, c npogb/mkmutenHoct 9
yaca — ot 0.00. go 09. 00 vaca. Ha
09.01.2015 r. 3a nepuog ¢ NPOAb/IKNTES-
HOCT Hag 12 uvaca e KoHcTatnpaHo
obnepeHsBaHe Ha N03uTe, OCHOBHO Ha
efiHoroauwHUTEe Npbykn. Cneacrteve Ha
nocoyeHnTe (pakTopu, C OCHOBHA TexecT
obnepsiBaHeTo, ca YCTaHOBEHW 3Hauu-
TesIHW NoBpeau No /103MTe, OCHOBHO MO
rnaBHUTE U 3amecTBalluTe Nbnkn. Benu-
ysHaTa Ha nospeauTe e no-ronsma npu
BapvaHTuTe € OWONOIMMYHO NPOU3BOA-
CTBO. Hait-ronemun nospeau ca yctaHoBe-
HMW npu copT BpauaHckm mwucketr -—
CbOoTBeTHO 93,3% npu rnasHuTe 1 65,7%
npu 3amecTBalmMTe NbAKA NPU 6MON0rNY-
HOTO N CHOTBETHO 74,22% u 43,16% npwn
onuTa ¢ KOHBEHLMOHA/THO NPOU3BOACTBO.
Bucok e NnpoueHTbT Ha noBpeauTe 1 Npu
coptoBeTe MwuckeT oToHen u KabepHe
COBMHbOH — Tabnuua 1. Hait-mankm ca
noepeanTe Npu copT KannbLlIKM MUCKET —
46,0% npu rnasHute un 22,0% npu
3amMecTBalnTe MbNKA NpyY  BapuaHta
61010rMYHO NPOM3BOACTBO U CHLOTBETHO
5,8% 1 1,2% npu BapuaHta C KOHBEH-
LMOHaIHO MPOM3BOACTBO.

Muscat Ottonel variety.

The data here were not unidirectional
either — for Druzhba variety, the damage
index on the clusters was higher in the
conventional production — 6.0 compared
to 1.0 in the case of the organic one. The
powdery mildew damage index on the
clusters for most varieties was higher for
the conventional production, as the
difference in the susceptible varieties was
significant — Muscat Vrachanski — 82.0 for
the conventional and 21.0 for the organic
growing. In the rest of the varieties these
differences were smaller. For Cabernet
Sauvignon and Naslada varieties, the
reported damage index rates were higher
for the organic production (Table 2).

A period of critically low air
temperatures in 2014/2015 was recorded
on 1% January, 2015 — from -20.00°C to -
21.9°C, with duration of 9 hours — from
0.00 to 09:00 a.m. On 9™ January 2015,
over a period of more than 12 hours, it
was found icing of the vines, mainly on
the one-year-old canes. As a result of the
above factors, with a major burden of
icing, significant damages to the vines
were found, mainly on the primary and
replacement buds. The damages were
greater for the organic production
variants.

The biggest damages were found for
Muscat Vrachanski variety — 93.3% in the
primary and 65.7% in the replacement
buds in the organic production and
respectively 74.22% and 43.16% in the
conventional growing. The damage ratio
was also high for the varieties Muscat
Ottonel and Cabernet Sauvighon — Table
1. The smallest were the damages to
Muscat Kaylashki variety — 46.0% for the
primary and 22.0% for the replacement
buds for the organic production and 5.8%
and 1.2%  respectively for the
conventional production.
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Tabnuua 1. NoBpean OT HUCKM 3UMHU TemrepaTypu Mo rnaBHU 1 3aMecTBalLm Mbhnku
Mo copToBe Npu 6MOMOTMYHO N KOHBEHLMOHA/THO NPOM3BOACTBO — 2014-2016 .
Table 1. Damages by low winter temperatures on primary and replacement buds per
varieties in organic and conventional production — 2014-2016

Copt 2014 r. 2015r. 2016 .
Variety FnaBHu 3amecTBam FnaBHn 3amecTBam naBHu 3amecTBalu
MbMKN MbMKK MbMKK MbMKK MbMKN MbMKK
Primary Replacement | Primary | Replacement Primary Replacement
buds, % buds, % buds, % buds, % buds, % buds, %
BuonornyHo npounssoacteo / Organic production
KanmbLukm He ca He ca
MUCKET YCTAHOBEHWN yCTaHOBEHU 46,0 22,0 8,36 5,09
Muscat KaylashkilNot found  |Not found
Hacnapa He ca He ca
Naslada YCTAHOBEHWN yCTaHOBEHMU 60,0 36,0 9,93 8,22
Not found  |Not found
BpayaHcku He ca He ca
MUCKeT / Muscat ycTaHOBEHM |yCTaHOBEHMU 93,3 65,7 32,28 14,39
\Vrachanski Not found  |Not found
MwuckeT oToHen |He ca He ca
Muscat Ottonel |ycTaHOBEHM |yCTaHOBEHMU 72,3 419 15,96 6,03
Not found  |Not found
dpyxba He ca He ca
Druzhba YCTAHOBEHWN yCTaHOBEHMU 47,4 32,3 21,99 15,96
Not found  |Not found
KabepHe He ca He ca
COBMHbLOH YCTaHOBEHM |yCTaHOBEHU 65,0 46,0 24,33 22,64
Cabernet Not found  |Not found
Sauvignon
KoHBeHLmoHanHo npoussoacTso / Conventional production
KanmbLukm He ca He ca
MUCKET YCTAHOBEHWN yCTaHOBEHU 5,8 1,2 3,18 0,35
Muscat KaylashkilNot found  |Not found
Hacnapa He ca He ca
Naslada YCTAHOBEHWN yCTaHOBEHMU 18,6 10,3 15,3 2,48
Not found  |Not found
BpayaHcku He ca He ca
MUCKeT / Muscat ycTaHOBEHU |yCTaHOBEHMU 74,22 43,16 24,22 20,07
\Vrachanski Not found  |Not found
MwuckeT oToHen |He ca He ca
Muscat Ottonel |ycTaHOBEHM |yCTaHOBEHU 15,22 4,35 9,15 3,17
Not found  |Not found
dpyxba He ca He ca
Druzhba YCTAHOBEHWN yCTaHOBEHMU 14,2 8,3 7,91 0,79
Not found  |Not found
KabepHe He ca He ca
COBMHbLOH YCTaHOBEHM |yCTaHOBEHU 64,29 23,21 12,5 6,67
Cabernet Not found  |Not found
Sauvignon
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Ta6r||/|u,a 2. BnnsHue Ha KnumMmaTtnyHmuTe ycnoBuAa npel3 BeretaynoHHuA nepmnog mn
n3non3BaHNTeE NPoAyYKTU BbPXY 6onectnute MaHa u ongnym ro sio3ara npes

nepvopa 2014 r. — 2016 .

Table 2. Impact of the weather conditions during the vegetation period and the
products used for downy mildew and powdery mildew on vines in the period

2014-2016
BapuaHT| Jlucta /Leaves po3gose/ Clusters
Varian] MHaekc Ha nopaxeHue oT | IHAEKC Ha NopaXeHMeoT MaHa| WHAekc Ha nopaxeHue oT
maHa / Downy mildew damage| Downy mildew damage index | ouguym / Powdery mildew
index damageindex
co KOHBEHUMOHaUTHO 6MOM0rMYHO [KOHBEHUMCHaIHO| BMOMOrMYHO [KOHBEHLMOHAUTHO BMOIOrMyHO
pT : ) ; : X )
Variety Conventional Organic Conventional Organic Conventional Organic
2014
MWCKET KabLUKM 0 5 13 0 11 0
Muscat Kaylashki
Hacnaga Naslada 2 7 4 8 1 2
pyx6a Druzhba 4 66 100 22 82 21
MucKeT BpavaHcKu 6 25 15 14 13 10
Muscat Vrachansk
MuckeT OToHenN 2 1 25 9 7 3
Muscat Ottonel
KabepHe COBMHLOH 44 15 23 10 18
Cabernet Sauvignon
2015
MWCKET KalinTbLUKN 0 0,66 7 35 1,5 9,2
Muscat Kaylashki
Hacnaga Naslada 2 1,16 24 60 6,5 16,5
pyx6a Druzhba 0,16 1,08 97 100 53,83 77,83
MuckeT BpavaHCcKu 0,25 1,16 66 96 26,66 75
Muscat Vrachansk
MuckeT oTOHen 0 0,41 49 74 15,66 34,33
Muscat Ottonel
KabepHe COBMHLOH 0 0,41 76 100 32,83 52,5
Cabernet Sauvignon
2016
MWCKET KaliTbLUKN 0,3 0,33 0 0 0 0
Muscat Kaylashki
Hacnaga Naslada 0,3 0,33 0 0 0 0
pyx6a Druzhba 1,8 1,83 27 31 12 17,3
MuckeT BpavaHCcKu 1 1 23 42 12 22,5
Muscat Vrachansk
MuckeT OTOHen 0,3 0,33 10 20 5,6 10,5
Muscat Ottonel
KabepHe COBMHLOH 1,6 3,66 13 20 5,8 11,8
Cabernet Sauvignon
Mpe3 BereTaunoHHWs nepuog maii- During the May-October 2015

okToMBpM Ha 2015 roguHa cymara Ha
Basniexute e 491 mm ¢ obesneyeHocT 14
%, KoeTo onpegena nepuofa Kato
BnaxeH. CpefHoAHEBHaTa TemnepaTypa
e 19,9 °C c o6e3sneyeHocT 30 %
Xapakrepusupalla nepuoga kaTo ropet,
a MakcumanHata e 27,7 °C cC
obesneveHocT 7 %, koeTo onpegens
nepvoga kato MHoro ropeuy, (durypa 2).
MeTeoposiornyH1Te YC/0BUA npes

vegetation period, the precipitation sum
was 491 mm ensuring 14% of the water
supply that determined the period as wet.
The average daily air temperature was
19.9°C ensuring 30% characterizing the
period as hot while the maximum air
temperature was 27.7°C, ensuring 7%,
which determined the period as very hot
(Figure 2).

The meteorological conditions in
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Meceuute OHW U centemBpn 2015 T.
cb3gagoxa 6naronpusATHU YcnoBus 3a
pasBUTMETO Ha npocnegsBaHuTe bOHU
6onecTu No no3ara v 3aTpygHuxa n3Bbp-
LWBAHETO Ha 4acT OT TEexXHO/IornyHuUTe
onepauun, nNpeavMHO  MeXaHuU3npaHu.
MoTBbpavxa ce HabnwgeHUsaTa oT npea-
XOOHW Nepuoau — nosiBara Ha 3HauuTes-
HO 3apa3siBaHe cTaBa B MNepuof Heno-
CpPefCTBEHO cnepf, 3Ha4YNTesIHU BasieXu —
3a 2015 r. npe3 mecel, HOHM B paiioHa Ha
ExkcnepumeHTasiHaTta 6a3a ca nagHanu
Basiexu ot 120,6 mm (3a cpaBHEHMue 3a
2014 r. TakMBa Bas/IeXun ca KOHcTatnpaHu
3a mecel am — 122 mm).

[JaHHuTe 3a nospeguTe no siMcTHa-
Ta mMaca v rposgoseTe oT 60/1ecTTa MaHa
npy nbpBoTo (23.06.15 r.) n BTOpPOTO
oTuntaHe (27.08.15 r.) npn pBata Ba-
puaHTa Ha TpeTupaHe ca 613K1, C MUHU-
MaJ/iH/ CTOMHOCTWM Ha WHAEKCa Ha nopa-
XXEeHue, OCHOBHO Mpu BapuaHTa 3a 6uo-
NOTMYHO MPOW3BOACTBO (HaW-ronsAM MHAEKC
Ha nopaxeHwve npu coptT MuCKeT BpayaH-
ckm — 1,16, a Hail-manbK — Npy copToBe-
Te KabepHe coBMHbLOH U [pyx6a — 0,41).
Mpe3 2015 r. e KOHCTaTMpaHa KbCHa ara-
Ka OT MaHa (HayanoTo Ha cenTemBpwu),
OCHOBHO MO0 SIUCTHaTa Maca Ha CTpaHuy-
HUTE neTopacTu, KOATO He € HaHecna
noespeAau no rposgosete (Tabnuuya 2).

NHaekchT Ha nopaxeHue no rpos-
foBeTe OT OMAUYM NpU BCUYKM COPTOBE
BbB BapuaHTa 3a OWOMOrMYHO MPOMU3-
BOACTBO € MO-BUCOK OT TO3U MpPW KOHBEH-
LUMOHa/IHOTO, KaTo Hail-ronam e npu
4yyBCTBUTENHUTE COpTOBE — npu MuckeT
BpayaHCKM WHAEKCHT Ha MNopaxeHune no
rposfoBeTe npu BapuaHTa 6GUOMNOTUYHO
npoussoacteo e 77,83, npu BapuaHta 3a
KOHBEHUMOHaNHO — 53,83, npu copt MuckeTt
OTOHen CcboTBeTHO 75 wu 26,66, npu
KabepHe coBvHbOH — 52,5 n 32,83, npwu
Opyx6a — 34,33 n 15,66. MNpu octaHanute
COpTOBE TE3W pas/iMums ca no-Masku — npu
copT Hacnapa oTyeTeHUTe CTOMHOCTU Ha
WHAEKC Ha MopaxeHue npy 6MON0rMYHOTO
npoussoacteo ca 16,5, a npu KOHBEH-
LUMOHaNHOTO — 6,5, npu Kainblkn mMucket
CbOTBETHO 9,2 1 1,5 (Tabnuua 2).

HesaBucumo oT 06CTOATENCTBOTO,

June and September 2015 created
favorable conditions for the development
of the monitored fungal vine diseases and
made it difficult part of the technological
operations to be performed, mainly the
mechanized ones. The observations from
previous periods were confirmed - the
occurrence of significant infestation
occurred in a period immediately after
significant precipitation — in June 2015,
the rainfall in the area of the experimental
base was 120.6 mm (compared to 2014
when such precipitation was observed for
the month of July — 122 mm).

The findings for the leaf and cluster
damages from downy mildew from the
first count (23 June 2015) and the second
one (27 August 2015) were close for both
treatment varieties, with the lowest
damage index rates, mainly for the
organic production (the highest damage
index for Muscat Vrachanski variety —
1.16, and the lowest — for Cabernet
Sauvignon and Druzhba varieties — 0.41).
In 2015, a late downy mildew attack
(early September) was found, mainly on
the leaves of the lateral shoots, however
it did not cause any damages to the
clusters (Table 2).

The powdery mildew damage
index on the clusters for all varieties in
the organic production variant was higher
than the conventional one, as it was the
highest for the susceptible varieties — for
Muscat Vrachanski the damage index on
the clusters in the organic production
variant was 77.83, in the conventional
variant — 53.83, for Muscat Ottonel 75
and 26.66 respectively, for Cabernet
Sauvignon — 52.5 and 32.83, for Druzhba
— 34.33 and 15.66. For the other varieties
these differences were smaller - for
Naslada variety the reported rates of the
damage index for the organic production
were 16.5 and for the conventional one -
6.5, for Muscat Kaylashki 9.2 and 1.5,
respectively (Table 2).

Regardless of the fact that in the
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ye npu BapmaHTa 61oOrMUYHO NPON3BOA-
CTBO Ca M3BbPLUEHN ABYKPATHO MPOMYLL-
BaHe N 4aCTUYHO MPUBBLP3BaHE Ha J1eTo-
pactute “ efHOKpPaTtHO MexaHW3MpaHo
KbpLUeHe, Cb34an NPeanocTaBku 3a Mno-
[06po MpoHMKBaHe Ha npenapartuTe Ao
rposgoseTe M No-gobpa umpkyiauus Ha
Bb34YLIHUTE Macu BbB BbTPELUHOCTTA Ha
NI030BUTE XpacTu, KaKTo W Mo-rosiemMus
6poii TpeTupaHus (8 cnpsMo 6 Mpu KOH-
BEHLUMWOHA/THOTO), NONyYEHUTE pe3yntartu
rnokassat KOMIMIEKCHOTO B/IMSAAHME Ha KNu-
MaTUYHUTE YC/I0BUA Y ePEKTUBHOCTTA Ha
N3Mon3BaHNTE MPOAYKTU 3a pactuTesiHa
3awumTta (Peykov, 2006; 2012).

Mepunoaun ¢ KPUTUYHO HUCKKN TemMne-
patypu Ha Bb3fyxa npes3 3VMHUA Nepuos,
Ha 2015/2016 r. (durypa 1) ca KoOHCTa-
TMpaHu Ha:

- 20.01.2016 — ot -20,1 °C po -21,3
°C, C npoabs/kuTesniHoct 4 vaca — OT
07.00 go 10.00 yaca

- 21.01.2016 — ot -19,00°C po
-19,5 °C, ¢ npogb/mxkutenHoct 3 vyaca —
ot 04.00 po 06.00 vaca.

Hali-BMCOK NpoueHT noBpean no
MbMKWTE € YCTaHOBEH OTHOBO Mpu COpT
BpayaHcku mucket — 32,28% npu rnas-
HUTe 1 14,39% npu 3amecTBamTe MNbHMNKA
npu BapuaHta O6KOSIOTMYHO NPOU3BOSA-
CTBO M CbOTBETHO 24,22% un 20,07% npwn
BapuaHTa C KOHBeHUMoHanHo (Tabnuua
1). Hali-HMCBK e NpOoUEeHTLT Ha noBpeguTe
no MbnkuTe npu copT Kainbliku MUCKET —
8,36% npu rnaBHute un 5,09% npwn
3amecTBalLuTe Npu BapmaHTa 6rosiorny-
HO NPOW3BOACTBO U CbLOTBETHO 3,18% n
0,35% npu BapuaHTa C KOHBEHLMOHAJIHO.
Mpe3 BeretauuoHHWA nepuog mah —
oKkTOMBpM Ha 2016 roguHa cymara Ha
BanexuTte e 384,2 mm c ob6esneyeHocT
33 %, koeTo onpegena nepuoja kKaro
cpegHo BnaxeH. CpefHogeHOHoLWHaTa
TemnepaTtypa Ha Bb3ayxa e 19,5 °C, ¢
ob6esneyveHocT 50 %, XapakTtepusupaiia
nepuoga karto cpefeH, a MakcumanHara
Temnepatypa e 26,9 °C, ¢ obesneyeHocCT
15 %, koeTo onpegensa nepuoga Karto
cpefHo ropely (durypa 2).

MeTeoposiorMyHnTE  YC/IoBUSI B

organic variant it was performed twice
passing through and partial binding of the
shoots and single mechanized topping
that created prerequisites for better
penetration of the preparations to the
clusters and better air circulation inside
the vines, as well as the higher the
number of treatments (8 compared to 6
for the conventional variant), the obtained
results showed the complex impact of the
climatic conditions and the effectiveness
of the plant protection products used
(Peykov, 2006; 2012).

Periods with critically low air
temperature during the winter period
2015/2016 (Figure 1) were recorded on:

- 20 January 2016 — from -20.1°C
to -21.3°C, with 4 hours duration — from
07.00 a.m. to 10.00 a.m.

- 21 January 2016 — from -19.00°C
to -19.5°C, with 3 hours duration — from
04.00 a.m. to 06.00 a.m.

The highest rate of bud damages
was found again in Muscat Vrachanski
variety — 32.28% of the primary and
14.39% of the replacement buds in the
organic variant and respectively 24.22%
and 20.07% in the conventional variant
(Table 1). The lowest rate of bud
damages was recorded for Muscat
Kaylashki variety — 8.36% of the primary
and 5.09% of the replacement buds in the
organic variant and respectively 3.18%
and 0.35% in the conventional variant.

During the May-October 2016 vegetation
period, the precipitation sum was 384.2
mm ensuring 33% of the water supply
that determined the period as average
wet. The average daily air temperature
was 19.5°C ensuring 50% characterizing
the period as average while the maximum
temperature was 26.9°C, ensuring 15%,
which determined the period as average
hot (Figure 2).

The meteorological conditions at
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HayanoTo Ha BereTalMoHHUA Nepuos Ha
2016 r. (durypa 2) cb3gagoxa Hebnaro-
MPUATHM YCNOBMA 3a W3BbLPLUBaAHE Ha
YyacT OT TeXHo/orMyHuTEe onepauuu. rnos-
BaTta Ha 3HauMTes/IHO 3apassiBaHe C
HabniogasaHuTe 601ecTM  OTHOBO €
YCTaHOBEHO B Mepuoj HernocpencTBEHO
cnepf 3HauuTesnHu Basniexu — 3a 2016 T.
npe3 mecey, maihi — 90,8 mm 1 toHM - 98
mm. [loBpeAute Mo sfucTHaTa Maca U
rposgosete OT 6ofiectta MaHa npu
NbpPBOTO OoTUMTaHe (4.06.16 r.) npu gBara
BapuaHta Ha TpeTupaHe He ca
ycTaHoBeHW. [lpM BTOPOTO OTYUTaHe
(3-5.07.16 r.) cTOMHOCTUTE Ha MHAEKca
Ha nopaxkeHve ca Masiko Mo-BUCOKM Mpu
BapuaHTa 6MOMOrMYHO MNPOM3BOLACTBO —
1,8 npu copt BpauaBckun mucket (0,66
npu BapmaHTa 3a KOHBEHLMOHA/IHO Mpo-
n3BOACTBO), 1,6 npu copT KabepHe coBu-
HbOH (O Npu BapnaHTa 3a KOHBEHLMOHa-
HO MpOu3BOACTBO). He3HauutenHa e
pasnuka B CTOMHOCTTA Ha TO3M UHAEKC e
1 nNpu copT MuckeT oToHen (Tabnuua 2).

VIHAEKCHT Ha mnopaxeHue rno rpos-
[oBeTe OT ouANyM Mpu NOBEYETO COPTO-
BE e M0-BUCOK Npu BapunaHTa 61osIormyHo
NMpou3BOACTBO, KaTo pas/simkara npu 4ys-
CTBUTEJIHNTE COPTOBE € He3HauuTenHa —
MucKeT OTOHEeN — NMHAEKC Ha rnopaxeHue
no rposgosete 22,5 npu 6UMONOTMYHOTO U
12,0 Npy KOHBEHLMOHa/IHOTO MPOU3BOA-
CTBO, MuCKeT BpayvyaHCKM - WHOEKC Ha
nopaxeHve 17,3 npu 6uonornyHo n 12,0
npu BapuaHTa KOHBEHLMOHAa/IHO MpOou3-
BOZCTBO. [pn ocTaHa/MTe COPTOBE Te3N
pasnnuna ca no-manku. pu coptoseTte
KabepHe cOBUHLOH M [pyxba oTyeTeHu-
Te CTOMHOCTW Ha WHAEKC Ha MnopaxeHue
ca cboTBeTHO 11,8 n 10,5 npu 6uonorny-
HOTO 1 5,8 1 5,6 NpU KOHBEHLNOHA/THOTO
npoussoAcTeo. [Mpu copToBeTe Mwucket
Kannblwkn M Hacnaga He ca OTYeTeHu
nospeay OT oOMAUYM MO rPo3joBeTe
(Tabnuua 2).

N3BOAN

e 3HaunTenHute nospean no nos3nte ot
bonecTute maHa u ongnym okasBart BUA-
HMe Ha noBpeauTe OCHOBHO MO NMbNKUTE

the beginning of the vegetation period of
2016 (Figure 2) created unfavorable
conditions for performing part of the
technological operations. The occurrence
of significant infestation with the
monitored diseases was recorded again
in a period immediately following
significant precipitation — in 2016 the
month of May 2016 — 90.8 mm and June
- 98 mm. Damages on the leaves and
clusters from downy mildew during the
first count (4 June 16) for both treatment
variants were not found. During the
second count (3-5 July 2016) the damage
index rates were slightly higher for the
organic production variant — 1.8 for
Muscat Vrachanski variety (0.66 for the
conventional variant), 1.6 for Cabernet
Sauvignon variety (0 for the conventional
production). The difference in the rate of
this index was also insignificant for
Muscat Ottonel variety (Table 2).

The damage index by powdery
mildew on the clusters was higher for
most of the varieties in the organic
production variant, as the difference in
the susceptible varieties was insignificant
— Muscat Ottonel — damage index on
clusters 22.5 for the organic and 12.0 for
the conventional production, Muscat
Vrachanski — damage index 17.3 for the
organic and 12.0 for the conventional
variant. For the rest of the varieties these
differences were smaller. For Cabernet
Sauvignon and Druzhba varieties the
recorded damage index rates were
respectively 11.8 and 10.5 for the organic
and 5.8 and 5.6 for the conventional
production. For Muscat Kaylashki and
Naslada varieties no damages from
powdery mildew on the clusters were
recorded (Table 2).

CONCLUSIONS
e The significant damages to the vines
from downy mildew and powdery mildew
affected mainly the vine buds during the
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Ha s103WTe npe3 nocneisalims 3uMeH
nepvog. ToBa B MNO-rofiiMa CTeneH ce
oTHacs 3a 61MoI0rMYHOTO NPOU3BOACTBO.
e [lpn 6GMONOTMYHOTO NPOU3BOACTBO Ha
rpo3fe B/IMSHWETO W Bb3AENCTBMETO Ha
KIMMaTuyHuTE haktopy, BbPXY passu-
TMEeTO M NA040AABaHETO Ha flo3uTe e no-
CW/IHO U3paseHo.

e CbUeTaHWeTo Ha NPOMEH/UBUTE KMW-
MaTWUYHU YC/IOBWUA B FOAMHWTE W OrpaHu-
yeH Habop oT cpeacTtBa 3a 6opba cC
BpeguTenute no osaTta, Cb3gasart
Cepuo3HN TPYAHOCTM 3a OMOJIOTMYHOTO
NPov3BOLCTBO Ha rpo3je B palioHa Ha rp.
MneBeH.

e [OTBBPAMXA Ce JaHHUTE OT NpPeaxonHu
nepvogn 3a HeratvBHOTO BAMAHWE Ha
06/efileHABaHETO Ha /103UTe 3a Pepuos

Hapg 24 vaca.
e [lonyyeHute pesyntaty noCcTaBAT
OTHOBO  BbMNpoca 3a  NpaBUIHOTO

paiioHpaHe Ha /103apCcTBOTO B CTpaHara.
ToBa C ocoGeHa cufa ce oTHacs 3a
NI030BM HacaXAeHWsi, npeAHasHayeHn 30
61010rMYHOTO NPOM3BOACTBO Ha rpo3ae.

subsequent winter period. That referred
mostly for the organic production.

e In the organic grapes production the
influence and impact of the climatic
factors on the vine development and
fertility was more pronounced.

e The combination of variable weather
conditions throughout the years and the
limited means of vine pest control created
serious difficulties for the organic
production of grapes in the region of
Pleven.

e Data for the negative impact of vine
icing for over 24 hours from previous
periods were confirmed.

e The obtained results have again raised
the issue of the proper viticulture zoning in
the country. That particularly applies to
vineyards intended for organic production
of grapes.
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Theoretical curves for determining vine leaf surface
of Kaylashki rubin variety
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PE3IOME

WN3cnegBaHeTo e npoBefeHO npes
2016 r. npu copT KannbLku pybuH ¢ uen ga
ce MOCTPOAT TeOopeTUYHU KpuBM KU Ja ce
HaMepAT pPEerpecvoHHN YpaBHEHUs, C MO-
MOLLITa Ha KOMTO Ja ce onpeaesiv Bb3MOXHO
Hal-6bP30 1 TOYHO NNCTHATA NOL, Ha efnH
JINCT, eVH NneTopacT WK Ha efHa /103a.

Bb3 ocHOBa Ha 3aBMCUMOCTTA, KOATO
ChbllecTByBa Mexay nucTHarta nnow, (S) ot
efiHa cTpaHa ¥ Ab/pKMHaTa Ha LeHTpasiHuA
HepB (L;), cymarta Ha Ob/DKUHWATE Ha FOpHU-
Te gga (Z L,) wim gonHute asa (X Lj) cTpa-
HWYHWM HepBa Ha J1030BMSA INCT, OT Apyra
cTpaHa, nocpeAcTBOM PerpecuoHeH aHasv3
ca noslyyeHW TeOpeTWYHU KpuBWU. YpasHe-
HWATA, C KOUTO Ce OnucBaT perpecuoHHUTE
KpVBKM 3a BCeEKW OT napameTpute L;, Z L, u
S Ls ca: y; = 1,3208x° — 1,5861x + 1,0443;
Yy, = 04791x* - 0,0968x +2,789;
Y3 = O,8901x2 — 0,3408x + 6,8914, kbaeTo
.y’ € nuctHata nnouw, (B cmz), a x' —
Ob/mKMHaTa Ha LEeHTpaslHUs Heps; cymarta
OT AB/DKUHUTE Ha rOpHUTE ABa CTPaHWYHU
HepBa; cymaTta OT Ob/DKMHWUTE Ha AONHUTE
[Ba CTpaHWYyHU HepBa Ha /iMcTa, CbOTBETHO
(B cm).

B xoga Ha wu3cnegBaHeTto e
YyCTaHOBEHO, Ye M npu TpuTe napameTbpa
CTOMHOCTUTE Ha KoedmumMeHTUTe Ha onpe-
penenneto (R ca gocta 67M3KM, KOETO
no3sosiiBa W3Mo/s3BaHeTo MM 3a onpege-

SUMMARY

The investigation was carried out in
2016 with Kaylashki rubin variety for
plotting the theoretical curves and finding
regression equations by which to
determine quickly and accurately the leaf
area per leaf, a shoot or a vine.

The theoretical curves were
obtained by means of regression analysis
based on the correlation between the leaf
area (S) on the one hand and the length
of the central vein (L;), the sum of the
lengths of the two upper (= L,) and two
lower (L) lateral veins of vine leaf, on
the other hand. The equations describing
the regression curves for each of the
parameters L;, ~ L, and X Lz were
respectively: y; = 1,3208x° — 1,5861x +
1,0443 ; y, = 0,4791x° — 0,0968x +2,789;
Y3 = 0,8901x* — 0,3408x + 6,8914, where
,y" was the leaf area (in cm?), and ,x” - the
length of the central vein; the sum of the
lengths of the two upper lateral veins; the
sum of the lengths of the two lower lateral
veins of the leaf, respectively (in cm).

In the course of the study it was
found that the coefficient values of the
definition (RZ) for the three parameters
were very close, which allowed all three
parameters to be used for determining the
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NITHe Ha NMcTHaTa MOBBLPXHOCT C MPUG/U-
3UTeNIHO efHakBa To4yHOCcT. OCBEH ToBa
OTK/IOHEHUsITA OT perpecusita U nNpu Tpute
napaMeTbpa ca no-Masku oT 6 %, KoeTo
nokasea, 4e MeTOABbT OcurypsiBa NpuUeMn-
Ba TOYHOCT.

KnouoBn pymu: nosa, JMCTHA
NMOBBPXHOCT, COPT Kainbluku pyouH

yBO/[,

Kaiinblukm pybuH e cpefHo 40 KbCHO
3peeLy, YepBeH BUHEH COPT MNOJIyYeH no
NbTA Ha MexayBuaosata xmbpuamsauus ot
KpbcTOCBaHeTO Ha (Mamug X Xubpug VI
2/15) x (Fame Hoap x Vitis amurensis) B
WNB - MneseH, nateHTOoBaH npe3 2010 r.
(Simeonov et al., 2015; Ivanov, 2016). Kato
CpaBHUTE/THO HOB COPT, BbPXY HEr0 He ca
nposexgaHu n3cnefBaHvs 3a onpegensHe
3aBUCKMMOCTTa MexXay NucTHata nnaowy (S) u
Ab/KMHATa Ha uUeHTpanHus Heps (Ly),
cymata Ha Ab/mMKUHUTE Ha ropHuTe aga (Z
L,) wam ponHute gga (X Ls) CTpaHM4yHM
HepBa Ha /1030BUS /IUCT.

Cnopep Stoev u Dobreva (1974),
BCMYKM  M3CreABaHuss BbpXy JIMCTHaTa
NOBBPXHOCT M NPOAYKTUBHOCTTA Ha /iucTaTta
umaT 3a Len TbpCeHe Ha Bb3MOXHOCTU 3a
noBuLLIaBaHe Ha KONIM4YeCcTBOTO "
KauyecTBOTO Ha 06VBa OT rpo3gae.

PonsfiTa Ha fuctata KaTo OCHOBHM
acuMunupalLy opraHM Ha Jfosara e oT
U3K/TIOUMTE/THO 3HaYeHue, Tbid KaTo Hag 90-
95% OT 6MoNorMyHNA [O6UB ce HaTpynsa B
npoueca Ha ¢oTtocuHtesata (Nikolov,
1973). ETO0 3awo ca Heobxogmmu
JoCTaTbyHO 6bP3M M TOYHM MeToau 3a
onpefensHe Ha rofieMuHaTa Ha oTAeneH
JINCT, IMCTHaTa MOBBbPXHOCT Ha Lie/sn /103K.

Llenta e pa ce onpegenat
3aBNCUMOCTUTE MeXAy JMcTHaTa noLy
(S) u gbMkMHaTa Ha UEeHTpasiHMA Heps
(Ly), cymata Ha AOb/DKUHUTE Ha ropHUTE
oBa (X L,) wnn pgonHute gBa (X Ls)
CTpaHWYHW HepBa Ha N030BUA JIUCT OT
copT KalinblLukn pyouH.

MATEPVAT N METOON

W3cnepsaHeTo e npoBefeHO npes
2016 r. B EkcnepumeHTasHata 6a3a Ha
WNB - MNneBeH B ONUTHO HacaxaeHwe oT

leaf surface with approximately the same
accuracy. Moreover, the deviations from
the regression in all three parameters
were less than 6%, indicating that the
method provided an acceptable accuracy.

Key words: Vitis vinifera L., leaf
surface, Kaylashki rubin variety

INTRODUCTION

Kaylashki Rubin is medium to late
ripening red wine variety obtained by
interspecies hybridization by crossing of
(Pamid x Hybrid VI 2/15) x (Gamey noir X
Vitis amurensis) at IVE - Pleven, patented
in 2010 (Simeonov, 2015; Ivanov, 2016).
Being a relatively new variety it has not
been studied for determining the
correlation between the leaf surface (S)
and the length of the principal vein (L,),
the sum of the lengths of the two top (Z
L,) or the two underside (X Ls) lateral
veins of the grapevine leaf.

According to Stoev and Dobreva
(1974), all studies on the leaf surface and
leaf productivity have been aimed at
seeking opportunities to enhance the
quality and quantity of grapes vyield.

The role of the leaves as the main
assimilating organs of vine has been of
utmost importance, as over 90 — 95% of
the biological yield was accumulated in
the process of photosynthesis (Nikolov,
1973). Therefore fast and accurate
methods were required for determining
the size of the individual leaf and the leaf
surface of whole vines.

The objective was to determine the
correlation between the leaf surface (S)
and the length of the principal vein (L,),
the sum of the lengths of the two top (
L,) or the two underside (X L) lateral
veins of the grapevine leaf of Kaylashki
Rubin variety.

MATERIAL AND METHODS

The study was carried out in 2016
at the Experimental base of the Institute of
Viticulture and Enology - Pleven in a trall
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copT Kalinblwkn pybuH. Jlosute ce OT-
rnexgar cTbb/ieHO Ha [ABYyCTpaHeH Kop-
[OOH npun cxema Ha 3acaxgaHe 2,5/1,3 m.
M3non3eaH e MeTOABLT NPEA/IOKEH OT
Slavcheva (1983), KOATO YCbBBPLUIEHCTBA
To3n Ha Carbonneau (1976). Toin moxe ga
cnajHe KbM HefeCTpPyKTMBHWUTE MeToau 3a
onpefensiHe Ha AMCTHa now, (1McTata He
ce OTAeNnAaT OT pacTeHMEeTo) M Aa ce u3-
non3ea, Korato ce cneam 3a AMHaMukaTa Ha
HapacTBaHe Ha NiMcTHaTa n/oLy, BbB Bpeme-
To (Kerin et al., 2000). MeToabT € NpwIo-
XEH € uen fja ce nocTpoAaT TeopeTUyHM
KPMBU U [a Cce HamepsiT pPerpecuoHHU
ypaBHeHus, C NoMoLLTa Ha KouTo ga ce
onpefeny, Bb3MOXHO Hali-6bp30 M TOYHO
NMcTHaTa NsoLY Ha euH NCT, PECMEKTUBHO
Ha efiHa 103a Npu copT KaimbLUKu pyouH.
3a uenta ca nogbpaHn 100 nucta ¢
Bb3MOXHO Hail-pasHoo6pa3HM  pasmepu,
PasnoioXeHW Ha pa3/IMYyHU eTaxu No Abi-
XWHaTa Ha netopacnute. lNpeasaputesniHo
ca V3MEepeHU Ab/DKMHUTE Ha smctaTa no
HepBaTyparta — [/laBeH U CTpaHu4HKn (cm).

plantation of Kaylashki Rubin variety. The
vines were grown on two-sided trellis at
planting distance 2.5/1.3 m.

The method proposed by
Slavcheva (1983), that improved the one
of Carbonneau (1976) was used. It could
be considered as a non-destructive
method for determining leaf surface (the
leaves were not separated from the plant)
and utilized when the dynamics of the leaf
surface growth over time was monitored
(Kerin et al., 2000). It was applied for
constructing theoretical curves and finding
regression equations for determining, as
quickly and accurately as possible the leaf
surface per leaf, respectively, per vine of
Kaylashki Rubin variety.

For this purpose 100 leaves were
selected with the most varied sizes, from
different points along the shoot length.
The lengths of the leaves were pre-
measured along the venation — the
principal vein and the lateral ones (cm).

®dur. 1. Cxema Ha nnCT
Fig. 1. Diagram of a leaf

KakTto ce Bmxpaa ot durypa 1, ToBa
ca pasCTosHMATa MeXay OcHoBaTa Ha
OnallHNA BPA3 U Bbpxa Ha BCEKW eauH oT
HepBuTe. Jluctata ca CkaHuWpaHu C
nomMoLiTa Ha CkeHep. M3nonseaH e
KOMMIOTbPEH codTyep, kaTto Ha 6asa
6poil nukcenn e onpegesieHa nmcTHaTa
nnow, (cm?). B cbWOTO Bpeme ca
onpejesieHn Cymute OT AObJ/DKMHWUTE Ha

As seen in Figure 1, these were
the distances between the basal notch
and the apex of each vein. The leaves
were scanned. By means of software the
leaf surface (sz) was determined based
on the number of pixels. It was also found
the sum of the lengths of the two top
veins (Z L,) and the two underside lateral
veins (Z Lj).
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ropHuTe ABa CTpaHW4YHU HepBa (X L,) u
[ONHWTE ABa CTpaHU4YHM HepBea (X Ls).

TeOpeTI/Il-IHI/ITe KpmBn Cca nojiyvyeHu
NocpeACcTBOM PErpecroHeH aHasus, Karto e
M3non3BaH nporpamHus npoaykT Microsoft
Excel.

PE3YJITATN N OBCBXAJAHE

Ha dwurypa 2, 3 n 4 ca npeacraseHu
nosyyeHMTe NocpeacTBOM HenuHeilHa pe-
rpecus (NOJIMHOM OT BTOpa CTeneH) Teope-
TUYHU KPUBM 3a U3bpaHUTe napameTpu npu
copT Kainblikm pyéumH — Ly, £ L, n Z L,
KbaeTo:

L; — Ob/KMHA Ha UEeHTpasiHUA HepB Ha
nncTa,

> L, — cymaTta OT Ob/DKMHUTE Ha ropHuTe
[Ba CTpaHN4HY HepBa;

> L — cymaTta OT Ob/DKMHUTE Ha AONHUTE
[Ba CTpaHW4HY HepBa.

YpaBHeHUsATa, ¢ KOUTO Morat ga 6b-
[JaTt onucaHy perpecuoHHUTE KPYBW CbOT-
BeTHO ca: y; = 1,3208x* — 1,5861x + 1,0443
(Ly); y» = 0,4791x% — 0,0968x +2,789 (Z L,);
ys = 0,8901x% — 0,3408x + 6,8914 (= L),
KbAeTo ,y" e nucTHata nouy, (B cm?), a X" —
Ob/mKMHaTa Ha LUEeHTpaslHUS Heps; cymarta
OT AB/DKMHUTE Ha TOPHUTE ABa CTPaHWYHU
HepBa; cymaTta OT Ob/DKMHWUTE Ha AONHUTE
[Ba CTpaHWYyHU HepBa Ha /iMcTa, CbOTBETHO
(B cm).

The theoretical curves were
obtained by regression analysis using the
software Microsoft Excel.

RESULTS AND DISCUSSION
Figures 2, 3 and 4 represented the
theoretical curves obtained by non-linear
regression (a second order polynomial)
for the selected indicators of Kaylashki

Rubin variety — L4, 2L, and Z L3, where:

L, — the leaf principal vein length;

> L, — the sum of the two top lateral veins;

> Ly — the sum of the two underside
lateral veins;

The equations describing the
regression curves were respectively: y;
1.3208x> — 1.5861x + 1.0443 (L.); Y,
0.4791x* — 0.0968x +2.789 (T L); Vs
0.8901x*> — 0.3408x + 6.8914 (I Ly),
where “y” was the leaf surface (in cm?), “x”
— the principal vein length; the sum of the
two top lateral veins; the sum of the two
underside lateral veins, in cm.

400,00

L1

350,00

300,00

y=1,3208x?+1,5861x+1,0443 Py

< 250,00 R?=0,9443

€ 200,00

—_—

“ 150,00

100,00

50,00

0,00 T T T
0,00 2,00 4,00 6,00

8,00

10,00 12,00 14,00 16,00 18,00
L1 [cm]

dur. 2. TeopeTuyHa KpmBa 3a onpegensHe Ha iMcTHa naow no L1
Fig. 2. Theoretical curve for determining leaf surface in accordance with L1
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R*=0,982

y =0,4791x%- 0,0968x + 2,789

9

0,00 T 1
0,00 5,00 10,00

20,00 25,00 30,00

15,00
2L2 [em]

dur. 3. TeopeTUyHa KprBa 3a onpegesifiHe Ha INCTHa naow, no 2 L,
Fig. 3. Theoretical curve for determining leaf surface in accordance with Z L,
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400,00
350,00
300,00

250,00

y=0,8901x2- 0,3408x+ 6,

8914

R?=0,9742

200,00
150,00

S [em?]

100,00
50,00 -+

0,00 - .
0,00 5,00
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15,00 20,00 25,00

IL3 [em]

dur. 4. TeopeTrudHa KpmBa 3a onpegeniaHe Ha JIMCTHa NJow no X La
Fig. 4. Theoretical curve for determining leaf surface in accordance with X L3

Mexay nucTtHata nnaou, (S), u Abn-
XWHaTa Ha ueHTpanHua Heps (L;), cyma-
Ta Ha Ob/DKMHWUTE Ha ropHute asa (X Ly)
unun gonHuTe aga (Z L) cTpaHWyHU Hep-
Ba Ha J1030BMSA JINCT, CbLLECTBYBA HeNu-
HeliHa 3aBucMMOCT. Tbii KaTo kopena-
LUWOHHUA KoebuuMeHT He MOoxe Jda Jaje

There was non-linear correlation
between the leaf surface (S) and the
principal vein length (L), the sum of the
length of the two top (X L,) or the two
underside (X Lj) lateral veins of the vine
leaf. Since the correlation ratio could not
give an accurate picture of the existing
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TOYHa NpejcTasa 3a CbLUeCcTBYBaL/TE B3a-
VUMOOTHOLLEHNA MeX/y ABEeTe NPOMEH/INBY,
usnonssaxme kKoedmumeHTa Ha onpegerne-
HMeTO wu geTepmuHauusTa (R?) (Dimova
and Marinkov, 1999). Toii npepgcTasnsiBa
KBafpaTbT Ha koedmuMeHTa Ha kopenauus
W JaBa OCHOBaHWe ja ce npegnonara, ye
CbLUeCTBYBA MpUYMHHA BpPb3Ka Mexay
[Bara npu3Haka.

CToliHOCTTa Ha KoedmumeHTa Ha
onpeneneHneTo 3a napametbpa L; e:
R? = 0,9443, K0eTo 03HauaBa, Ye 94,43 %
OT BapupaHeTO Ha siMcTHaTa nsjow, nof
B/IMSHMETO Ha TO3M NapameTbp MOXe Ja
ce 06ACHM C wm3dncneHaTa HenvHelHa
perpecus. OTKNOHEHVETO OT perpecusta

1 - Rz) e 557 %, KoeTo nokasBa
cTeneHTa Ha Bb3AeNCTBUE Ha CryyYanHu-
Te dhakTopu.

3a napameTtbpa Z L, cTOMHOCTTa
Ha koedumumeHTa Ha onpefesieHneTo e
Masnko no-sucoka R = 0,9829 unu 98,29
% OT BapupaHeTo Moj, BusiHWe Ha Jaje-
HUS napamMeTbp ce 06sicHABa nocpep-
CTBOM KpMBO/IMHEHaTa perpecus.
OTknoHeHneTo oT perpecusata e 1,71 %.

KoehnumeHTbT Ha geTepMuHauus
3a napametbpa X Lz e R® = 0,9742,
cneposateniHo 97,42 % OT BapupaHeTo
Ha /ucTHata now, ce o6sAcHsABa C
perpecusata n 2,58 % e noj BnvaHue Ha
cnyyariHuTte dhaktopu.

Kakto ce 3abenssesa v npu Tpute
napametbpa CTOMHOCTUTE Ha koedwm-
UMEHTUTE Ha OMpeAeneHneTo ca gocrta
6/m3kn. OTKNOHEHUsITA OT perpecusaTa u
npv TpUTE NapaMeTbpa ca No-MaJsiku ot 6
%, KOeTO Nnokassa, Ye MeTOAbT OCUrypsi-
Ba NpMeM/iMBa TO4YHOCT.

N3BOAN

1. Mexay nuctHaTta nnow, (S), oT
e[Ha CcTpaHa W Ab/hKUHATa Ha LeHTpasl-
HUSA HepB (L1), cymata Ha Ob/DKUHUTE Ha
ropHute asa (X L,) nan gonHute aga (Z
Ls3) CTpaHW4YHW HepBa Ha f1030BUS JICT,
OT Apyra cTpaHa, CbllecTByBa Kopena-
LUMOHHa 3aBUCUMOCT.

2. OTK/I0HEeHMATA OT perpecusaTa u
npv TpuTe NapameTbpa ca no-manku ot 6

relationship between the two variables, it
was used the determination ratio (R?)
(Dimova and Marinkov, 1999). It
represented the square of the correlation
ratio and justified the assumption that
there was a causal relation between the
two signs.

The determination ratio value for
the indicator L, was: R?> = 0.9443,
meaning that 94.43% of the variation in
the leaf surface under the impact of this
indicator could be explained by the
calculated nonlinear regression. The
deviation from the regression (1 — R?
was 5.57 %, indicating the impact rate of
the random factors.

For the indicator X L, the
determination ratio value was slightly
higher R* = 0.9829 or 98.29 % of the
variation under the impact of this indicator
was explained by the curvilinear
regression. The deviation from the
regression was 1.71 %.

The determination ratio for the
indicator X~ L; was R? = 0.9742, therefore
97.42 % of the leaf surface variation was
explained by the regression and 2.58 %
was under the impact of random factors.

It could be observed that the
determination ratio values for the three
indicators were very close. The
deviations from the regression for the
three indicators were less than 6%,
demonstrating that the method ensured
reasonable accuracy.

CONCLUSIONS

1. It exists correlation between the
leaf surface (S) on the one hand and the
principal vein length (L;), the sum of the
lengths of the two top lateral (Z L,) or the
two underside (X Lj) lateral veins of the
vine leaf, on the other hand.

2. The deviations from the
regression for the three indicators were
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%, KOeTo nokassa, Ye MeTo4bT MO3BO/ISA-
Ba [a ce onpefenu, Kakto ronemMmHaTa Ha
OTAEesIHM  JiMCTa, Taka M JiIMCTHaTa
NMOBBPXHOCT Ha Lenn No3n ¢ AocTarbyHa
TOYHOCT.

3. KoechmumeHtute Ha onpepene-
HMeTo (RZ) ca MHOro 6/IM3KM NO CTOWMHOCT,
KOeTO [aBa Bb3MOXHOCT JiMCTHATa no-
BbPXHOCT fa ce onpenens ¢ npuénusn-
Te/IHO efHakBa TOYHOCT W 4pe3 TpuTe
napameTtbpa.

4. KaTo npeaMMCTBO Ha TO31 MeToA
MOXe [a ce Mnocouyu, ye 3a onpegensiHe
Ha NuMcTHaTa NOBLPXHOCT He ce Hanara
ob6es3nncTBaHe Ha nosara, KoeTo ce oTpa-
39Ba BpefHO BbPXYy cwuaara v NpoAykK-
TUBHUTE i Bb3MOXHOCTMW.

less than 6%, demonstrating that the
method ensured the determination both of
the size of the individual leaves and the
leaf surface of whole vines accurately
enough.

3. The determination ratios (R?)
were very close in value allowing the leaf
surface  to be determined  with
approximately equal accuracy by the
three indicators.

4. The advantage of this method
was that for determining the leaf surface it
was not necessary defoliation of the vine,
which affected adversely its strength and
productive capacity.
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PE3IOME

lMpoyyBaHeTo e mnpoBefeHo Mnpes3
2013 r. B KOJIEKUMOHHO HacaxieHue Ha
VHCTUTYT NO NNaHMHCKO XMBOTHOBBLACTBO
n 3emepnenue - TposH. O6ekT Ha nscnes-
BaHeTo ca Tpu copTta 6esboannectu
KbnvHn — Xyn TopHnec, bnek CatnH u
[npkceH. MNpocnefeHo e BAUSHMETO Ha
HAKOM TOPOBE C KOHBEHLMOHANHO U 6Uo-
NIOTVYHO MPUJIOXEHUE BBbPXY LBETOBUTE
napameTpu Ha CBeXu NnojoBe.

lMokasaTtennte ca OTYETEHU MO
cuctemata CIE Lab. Mpu nsmepeaHeTo ca
B3€TW LBETOBUTE KoopauHaTu L, a u b: L —
APKOCT Ha LBeTa; +a — YepBeH LBAT; -a —
3e/eH UBAT; +b — XBbAT UBAT; -b — cuH
LBAT.

3a BCMYKM MpoOW, XbNAT LBETOBU
TOH € [JOMUHMpaLL npu npobu TopeHu C
TekamuH 6pukc 0.2 %, TekamMuH GpUKC
0.3 % 1 KoHTponaTa, AoKaTo npu npoba ¢
aMoHuveBa cenvTpa LBETOBUAT rnokKasaren
MUHaBa KbM CUHMAT LBETOBUM  TOH.

SUMMARY

The study was conducted in 2013
in the collection plantation of the
Research Institute of Mountain
Stockbreeding and Agriculture, Troyan.
The objects of study are three cultivars of
thornless blackberries - 'Hull Thornless’,
'‘Black Satin’ and 'Dirksen’. The influence
of some fertilizers was followed with
conventional and organic application over
colour parameters of fresh fruits.

The indicators were given acording
to the system CIE Lab. At the
measurement were taken chromaticity
coordinates L, a and b: L — colour
brightness; +a — red colour; -a — green
colour; +b — yellow; -b — blue.

For all samples, the yellow colour
tone was dominant in samples treated by
‘Tekamin Brix’ 0.2%, ‘Tekamin Brix’ 0.3%
and the control, while in samples with
ammonium nitrate the colour indicator got
into the blue colour tone. Data are

263



JaHHuTe ca cTaTUCTUYECKU pasinyuvMmn u
HauMHa Ha TOpeHe OKa3Ba B/MSHWE BbPXY
TO3K KoNMyecTBeH nokasarten (p<0,05).

KnouoBu aymun: KbNuHK, COPTOBE,
TOpeHe, LBETOBU NapameTpu

YBO/,

KbnuHata cnaga kbm rpynara Ha
AroAONI04HUTE KYNTYpW, OTIMYaBaliu ce
C aTpakTMBHOCT Ha naogoBeTe Mo BKYC,
apomaTr u 6orat OMOXMMWYECKM CbCTaB
(Halvorsen et al., 2002; De Souza et al.,
2014; Skrovankova et al., 2015). KbnuHo-
BWTE MN/I040OBE, BKKOYMTENHO M NIoA0Be-
Te OT peguua SArogonsaodHu KynTypu ca
npvBAekaTesiHA, KakTo 3a KOHCymauus B
MPACHO CbCTOSAHME, Taka 1 nog dopmara
Ha pa3nmyHn npomussoan (Yoo et al.,
2010; Slatnar et al., 2012). MNMoHacToSLLEM
WHTEPECHT KbM THAX HeNpekbCcHaTo ce
yBenuyaBa W Haiara WHTPOAYKUMS Ha
HOBW COpPTOBE, KOUTO ca C [obpu cTo-
MaHCK1 KayecTBa W MNPUCNOCOOUMW KbM
ycnoBusiTa Ha OTrnexjaHe 3a CbOTBeT-
Hus pernoH (Domozetova., 2012; Stoyanova
et al., 2015). KbnuHaTa e cbC cpaBHUTES-
HO fo6pa NNacTUYHOCT Ha pasnocTpaHe-
HWe, HO Ja peann3mpa CBOS PenpoayKTU-
BEH NOTEHUMas ce HyXjae OT onpegere-
HW arpoTexXHUYeckn MeponpuaTUs Ha OT-
rnexgaHe. TopeHeTo e efuH OT OCHOBHU-
Te pakTopy C MNpsSKO Bb3AENCTBUE BbPXY
BereTaTMBHMTE U PENPOAYKTVBHN MPOSIBYI
Ha pacTeHuATa. OT CbLIECTBEHO 3Haye-
HMe e npocseasiBaHe BANSHUETO Ha TOPO-
BETE BbPXY kayecTBaTa Ha M/I040BETE U
PECNEKTMBHO BbPXY pacTeHusaTa.

Llenta Ha HacToswara paspaboTka
e [a ce npocnean BUAHMETO Ha TOpoBe
C KOHBEHLMOHANIHO 1 6UOI0rMYHO NPUIO-
XEHUe BbpXy LBETOBUTE napamMeTpu Ha
npecHn naogoBe oT Tpu copTa 6e3 6oau-
nectu kbnuHM Xyn TopHnec, bnek CaTtuH
1 AnpkceH.

MATEPWNAN N METO4WA

EKCnepMMeHTBLT € 3a/lokeH npes
2013 1. B KO/IEKUMOHHO HacaxaeHue Ha
WHCTUTYT NO NNaHMHCKO XXUBOTHOBBLACTBO
n 3emegenue - TposiH. O6eKT Ha n3cneg-

statistically  differentiable  and  the
fertilization method had an influence over
that quantitative indicator (p<0.05).

Key words: blackberries, cultivars,
fertilizing, colour parameters

INTRODUCTION

Blackberries belong to the group of
berry crops, characterized by the
attractiveness of taste, aroma and rich
biochemical composition of their fruits
(Halvorsen et al., 2002, De Souza et al.,
2014, Skrankova et al, 2015).
Blackberries, including fruit from a number
of berry crops, are appealing both for
fresh consumption and different products
(Yoo et al., 2010; Slatnar et al., 2012).

At present, the interest in them is
constantly increasing and requires the
introduction of new varieties that are of
good economic quality and adaptable to
the conditions of cultivation for the

respective region (Domozetova, 2012;
Stoyanova et al., 2015). Blackberries
have relatively good distributional

plasticity, but they need certain agro-
cultivation activities to realize their
reproductive potential.

Fertilization is one of the major factors
with a direct impact on the vegetative and
reproductive effects of plants. It is
essential to observe the impact of
fertilizers on the quality of the fruits and
the plants respectively.

The purpose of the present study is
to investigate the influence of fertilizers
with conventional and biological
application on the colour parameters of
fresh fruit of three thornless cultivars of
blackberries, such as 'Hull Thornless’,
‘Black Satin’ and 'Dirksen’.

MATERIAL AND METHODS
The experiment was set in 2013 in
the Research Institute of Mountain
Stockbreeding and Agriculture - Troyan.
The subject of the study is three cultivars
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BaHeTO ca Tpu copTta 6esboannectu
Kb — Xyn TopHnec, bnek CatnH u
OupkceH. HacaxpgeHneto ce noagbpxa
CbC 3aTpeBeHU Mexaypeans u yepHa
yrap BbB BbTPEpPefoBOTO MPOCTPaHCTBO.
M3non3eaH e TekamMuH 6puKc, Top 3a 6uo-
NIOTMYHO MpefHa3HavyeHne, JIMCTEeH npu-
NOXeH [BYKpPaTHO B [Be KOHLEeHTpauuu
npes Beretauusata. AMOHMeBa cenuTpa,
BHECEH efAHOKpaTHO B Hayanoto Ha
BeretayuaTta.

OnuUTbLT € 3a/loKeH B cnefHuTe
BapvaHTN Ha TOpeHe:

- | - TekaMWH 6pUKC (IMCTHO) - B
KOHUeHTpaums 0.2 %;

- Il - TekaMuH BpUKC (INCTHO) - B
KOHueHTpaums 0.3 %;

- Il - AMOHMeBa cenuTpa B Ao3a
0.200 kg/1 nuHeeH MeTbp

- IV - KoHTpona

MeTopn Ha nsnuTBaHe

OTyeTeHV ca LUBETOBUTE XapakTe-
PUCTUKA Ha NPecHW nnofose OT Tpute
copTa KbNUHW OT BapuaHTUTe B nabopa-
TOopua Ha WHCTUTYT 3a u3cnegBaHe WU
pa3BuTME Ha XpaHuTe - MNNoBAVB.

> OnpepgensHe Ha UBAT NO
FapgHep — MHCTpyMeHTasIHO ¢ nabopaTto-
peH anapat “GOLORGRAD20007, Ha
dwmpmata BYK-GARDNER INC. USA.
MpobuTe KbMMHU ca CMAEHW Ha nabo-
patopeH Bond MPIA-2M ¢ anameTsbp Ha
oTBOpUTE Ha peweTkata 4 mm. MNMpobata
e [eaepuvpaHa BbB Bakyym kamepa npwu
Bakkym 0,85 kPa 3a 10 min.

Mokaszatennte ca OTYETEHU NO
cuctemata CIE Lab. Mpu nsmepeaHeTo ca
B3eTu uBeToBuUTE KoopamMHatn L, aun b: L —
APKOCT Ha LBeTa; +a - YepBeH UBAT; -a-
3eM1eH UBAT;, +b —XbAT uBAT — b- CuH
LBAT.

CTOMHOCTTa Ha UBETHUS TOH Wn
JOMUHMpallaTa Ab/DKMHA Ha BbjHaTa e
npeacraseHa oT CbOTHOLWEHNETO a/b.

> CTtatuctnycka obpaboTka
Ha npobuTe e npoBefeHa OT TPUKPaTHU
NOBTOPEHUs, [AaHHWUTE ca npeacTaBeHn
KaTto cpefiHn CTOMHOCTU U 06paboTeHN C
nporpamara ANOVA.

of  thornless blackberries -  'Hull
Thornless’, 'Black Satin’ and 'Dirksen’.
The planting is maintained with grassed
interrow spacings and black fallow in the
intra row spacing. Tekamin Brix, a foliar
fertilizer with biological application was
used, as it was applied twice in two
concentrations during vegetation.
Ammonium nitrate was introduced once at
the beginning of the vegetation.

The experiment was set in the
following variants of fertilization:

- | - Tekamin Brix (foliar application)
- in concentration of 0.2%;

-1 - Tekamin  Brix (foliar
application) - in concentration of 0.3%.

- Il - Ammonium nitrate at a dose
of 0.200 kg/l linear meter.

- IV - Control

Method of testing

The colour characteristics of fresh
fruits from the three blackberry cultivars
from the variants in the laboratory of Food
Research and Development Institute -
Plovdiv were reported.

> The colour was
determined according to Gardner Colour
Scale — using the laboratory apparatus
'GOLORGRAD2000' of BYK-GARDNER INC.
USA. The blackberry samples were
grounded in laboratory apparatus MPIA-2M
with diameter of the holes of 4 mm The
sample was deaerated in a vacuum
chamber at vacuum of 0,85 kPa for 10 min.

The indicators  were  given
according to the system CIE Lab. At the
measurement were taken chromaticity
coordinates L, a and b: L — colour
brightness; + a - red colour; -a green
colour; +b - yellow, -b - blue.

The value of the colour tone or the
dominant wavelength is represented by
the ratio a/b.

> Statistical processing of
the samples was carried out in threefold
repetitions, data are presented as
average values and processed with the
ANOVA program.
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PE3SYNTATU N OBCBbXOAHE

[JaHHuTe oT nposefeHunTe uscnepn-
BaHuA ca npeacraseHy B Tabnuum 1, 2, 3
n 4 un durypm 1-9.

CopToBeTe KbMUHW OT rpynata Ha
KOHTpONIHUTE pacTeHus (Xyn TopHnec, bnek
CatvH 1 [VpKceH) MO OTHOWeEeHue Ha
ApPKOCTTa C Hali-BUCOKa CTOMHOCT e npwu
nnofoserte ot copT AupkceH. JaHHuTe ca
CTaTUCTMYECKN pas/iMyuvMMu, KaTo COPTOBOTO
pa3Hoobpasune okassa BNusHVE BbpXY CTOM-
HOCTUTE Ha n3MepeHus nokasaren (p<0,05).

RESULTS AND DISCUSSION

The data from the conducted tests
are presented in Tables 1, 2, 3 and 4 and
Figures 1-9.

The highest value in terms of
brightness is found in fruit of 'Dirksen’
cultivar from the group of control
blackberry plants ('Hull Thornless’, 'Black
Satin’ and 'Dirksen’). Data are statistically
distinct, with cultivar diversity influencing
the measured value (p<0.05).

Tabnmua 1. LIBETOBU XapaKTEPUCTUKM Ha MpPecHu naogoBe (KOHTpoOau) oT
copTtoBeTe Xyn TopHnec, bnek CatuH v JupkceH
Table 1. Colour characteristics of fresh fruit (controls) of '"Hull Thornless’, 'Black

Satin’ and 'Dirksen’ cultivars

Coprtose kbnuHu / Blackberry cultivars L a b a/b
Xyn TopHnec / Hull Thornless 10,36+0,32 1,65 0,16+0,03 10,31
Bnek CatuH / Black Satin 3,79+0,53 9,97+0,06  1,2+0,32 8,3
OnpkceH / Dirksen 12,48 9,21 4,57 2,01

UepBeHUAT 1 XBbAT UBAT ca C Haii-
HUCKM CTOMHOCTW npu copT Xyn TopHnec
B CpaBHeEHWe C ocTaHa/mTe fABe npobu
(p< 0,05). MNMpK YepBEHUAT KOMMNOHEHT Ha
uBeTa 3a gpyrute asa copta bnek CatuH
N [JUpKCeH, faHHWTEe ca CTaTUCTUYECKM
HepasNMuMMmn 1 COPTOBOTO passivuve He
oKasBa B/IMAHWE BbPXY U3MeEpPeHus
nokasaten (p>0,05).

3a M3MepeHust XbNT LIBETOBU TOH
C Hai-BMCOKa CTaTUCTUYECKN pasnnynMa
CTOWHOCT ca nnojoBeTe OT cOpT JupKceH
(p< 0,05).

KayecTBeHMAT nokasates LBeTeH
TOH € C Hail-BMcoka CTOMHOCT npwu
nfofoBete ot copT Xyn TopHnec.

Mpu npoBefeHUTEe eKcrnepuMeHTU
Ha COpPTOBETE KbMUHW C TpeTupaHe Ha
0,2% TekamMuH GpUKC ce ycTaHOBsBa, 4ye
HauMHa Ha TOpeHe oKa3Ba B/MsAHUE
BbPXY LBETOBUTE XapaKTEPUCTUKK, KaTo
APKOCTTa Ce YyBe/myaBa nNpu  BCUYKK
COpTOBE U € C Hai-BMCOKa CTOMHOCTTa
npu bnek CatuH (p<0,05).

The red and yellow colours have
the lowest values in 'Hull Thornless’
cultivar compared to the other two
samples (p <0.05). In the red colour
component for the other two cultivars of
'‘Black Satin’ and 'Dirksen’, data are
statistically indistinguishable and cultivar
difference does not affect the measured
indicator (p>0.05).

The highest statistically significant
value for the measured yellow colour tone
is found in fruit of 'Dirksen’ cultivar
(p<0.05).

The quality indicator of colour tone
has the highest value in fruit of 'Hull
Thornless' cultivar.

In the experiments on blackberry
cultivars treated with 0.2% of Tekamin
Brix, it was found that fertilization manner
had an effect on colour characteristics, as
the brightness of all cultivars had
increased and the highest value was
found in 'Black Satin’ (p<0.05).
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Tabnuua 2. LiBeTOBM XapaKTepuCcTUKM Ha MpPecHU nao[oBe OT coprtoBeTe Xysi
TopHnec, bnek CatuH wn [OupkKceH TOopeHM C TekamMunH O6puUKC (IMCTHO) — B
KOHUeHTpauusa 0.2 %

Table 2. Colour characteristics of fresh fruit of 'Hull Thornless, 'Black Satin’ and
'Dirksen’ fertilized by 'Tekamin Brix" (foliar application) — at a concentration of 0.2%

Coprtose kbnuHu / Blackberry cultivars L a b a/b
Xyn TopHnec / Hull Thornless 7,62+0,44 8,74+0,49 0,92+0,12 9,60
Bnek CatuH / Black Satin 16,33+2,32 9,31+1,32 1,17+0,15 7,96
[AnpkceH / Dirksen 8,14+1,79 12,77+2,53 1,83+0,31 6,75
Mpn nokasaTten 4epBeH LBETOBU According red colour tone

TOH, Topa TekamuH OpUKC C Tasu KOH-
LeHTpauus, Bavse BbpXy NIogoBeTe OT
coptoBeTe [npkceH 1 Xyn TopHnec, kato
yBenMyaBa KosimyecTBeHaTa My CTOMHOCT
B cpaBHeHue c koHTponute (p<0,05). C
Hali-BMCOKa CTOMHOCT € YepBEeHUs LBETO-
BW TOH Npu Na040BE OT COPT JUPKCEH.

Mpu nokasaTes Xb/T LBETOBM TOH
npenapata TekamuH 6pukc 0,2 %
JelicTBa, KaTo yBennyasa KOJIMYECTBEHO
CTOMHOCTTa Npu nnogoseTe OT COpPTOBe-
Te Xyn TopHnec n Hamansasa npu naoao-
BeTe OT copT bnek CatvH n [upkceH B
CpaBHeHMe ¢ KOHTpo-nuTe (p<0,05).

C Hail-BMCOKa KayecTBEHA OLEHKa
Ha uBeTa e copT Xy/n TopHnec.

Mpy npoBefeHNTe eKCrepyMeHTU Ha
copToBeTe KbNMHU ¢ TpeTupaHe Ha 0,3%
TekaMuH BpUKC ce yCTaHOBABA, Ye HauMHa
Ha TOpeHe OkKa3Ba BJ/IMSIHME BbPXY LBETO-
BUTE XapakTepuCTWKW, KaTo spKocTTa ce
yBenuuaBa npu copt bnek CatuH 1 Hama-
nABa npu ocTaHanuTe fBa W3cneaBaHu
copTa B cpaBHeHWe ¢ kKoHTponuTe (p<0,05).

indicator, the fertilizer 'Tekamin Brix’ with
this concentration affects the fruits of
'Dirksen’ and 'Hull Thornless’ cultivars, as
it increases its quantitative value
compared to the controls (p<0.05). The
red colour tone has the highest value for
fruits of 'Dirksen’ cultivar.

For the indicator of yellow colour
tone, 'Tekamin Brix’ with a concentration
of 0.2% acts by increasing the amount of
the value in fruit of 'Hull Thornless’ and
decreasing it in fruits of '‘Black Satin’ and
'Dirksen’ compared to the controls
(p<0.05).

The highest quality evaluation of
the colour has 'Hull Thornless’ cultivar.

In the experimental experiments of
the varieties of blackberries treated with
0.3% tecamine briquite it was found that the
fertilization effect had an effect on the color
characteristics, the brightness increased in
the Black Satin variety and decreased with
the other two tested varieties compared to
the controls (p<0.05).

Tabnnua 3. LiBeTOBM XapakKTePUCTUKM Ha NpecHu njo[oBe OT copToBeTe Xy
TopHnec, bnek CatmH 1 [AupkceH o06paboTeHM € TekaMuUH O6puKC (JINCTHO)-B
KOHUeHTpauua 0.3 %

Table 3. Colour characteristics of fresh fruit of 'Hull Thornless’, 'Black Satin’ and
‘Dirksen’ treated with 'Tekamin Brix’ (foliar application) at a concentration of 0.3%

Coprose kbnuHu / Blackberry cultivars L a b a/b

Xyn TopHnec / Hull Thornless 10,11+0,56 2,86+0,46 0,08+0,13 35,75
Bnek CaTtuH / Black Satin 11,13+1,08 9,93+0,83 2,67+0,73 3,71
[JnpkceH / Dirksen 5,19+0,30 7,3+£0,40 -0,25+0,13 28,85

Mpn M3MepeHns YepBeEH LIBETOBWU In the measurement of red colour

TOH, TOpa TekaMuH GPUKC C KOHLEHTpa-
uma 0,3%, Bnvse kaTo yBesiMyasa KoOJu-
yecTBeHaTa CTOMHOCT BbpPXY BCUYKU U3-
cnegsaHn coptoBe nnogose (p<0,05). C

tone, the fertilizer 'Tekamin Brix' with a
concentration of 0.3%, influences by
increasing the quantitative value on all
fruit cultivars studied here (p<0.05). The
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Hai-BMCOKa CTOMHOCT € YepBeHUs LBeTO-
BW TOH Npu ns1040Be oT copT bnek CaTtuH.

Mpu wu3MepeHns XbNT LBETOBU
TOH, Topa TekaMuH 6pukc 0,3 % pgelicTBa,
KaTo yBesiM4yaBa KOJSIMYECTBEHO CTOWA-
HOCTTa npwv nnoaoBeTe OT COpToBeTE
Bnek CatnH 1 Hamansgsa npu naogoseTe
oT copT Xyn TopHnec B cpaBHeHue C
KoHTponaTa (p<0,05).

Mpu nnogosete OT copT [upkceH
TpeTmpaHeTo ¢ TekamuH 6pukc 0,3 %
B/IUSie B Hali-BMCOKA CTENEeH, Tbil Kato
XB/TUA KOMNOHEHT Ha LiBeTa NpemMuHasa
KbM CUH KOMIMOHEHT Ha LBeTa.

C Hail-BMCOKa KayecTBeEHa OLEHKa
Ha LUBeTa npu npunaraHeTo Ha TekamuH
6pukc 0,3 % BbPXY U3cneaBaHUTE COPTO-
Be e copT Xy TopHec.

Mpu npoBefeHUs ekcnepuMeHT Ha
TOpeHe C amOHWeBa CenuTpa, LBETOBUAT
rnokasaTen SpKOCT Ce YyBenvyasa npu
njofoBeTe OT copToBeTe Xyn TOpH/IeC u
Bnek CatnH 1 Hamanasa npu naofoBseTe
OT copT [MpKCEH B CpaBHEHWE C KOH-
Tponute. [aHHUTE ca CTaTUCTUYECKA
pasnnuMmMun, KaTo HauMHa Ha TpeTupaHe ¢
TOpa 1 nogbpaHarta KoHLUEeHTpauus, okas-
Ba B/IMSIHWE MpPU U3MEpeHus nokasares
(p<0,05).

red colour tone has the highest value in
'Black Satin’.

In the measurement of vyellow
colour tone, 'Tekamin Brix' with a
concentration of 0.3% acts as it
quantitatively increases the value of
'‘Black Satin’ fruits and decreases it in
'Hull Thornless’ as compared to the
control (p<0.05).

In fruit of 'Dirksen’, the treatment
with 'Tekamin Brix' 0.3% is most effective
as the yellow component of the colour
changes to a blue colour component.

'Hull Thornless’ cultivar has the
highest quality evaluation of colour in the
application of 'Tekamin Brix' 0.3%.

As a result of fertilizing with
ammonium nitrate, the colour brightness
indicator increases in fruits of 'Hull
Thornless' and ’'Black Satin’, and
decreases in 'Dirksen’ cultivar compared
to the controls. Data are statistically
identifiable, as the fertilizer treatment and
the selected concentration, have an
impact on the measured parameter
(p<0.05).

Ta6bnuua 4. LiBeTOBU XapaKTepPUCTUKN Ha MPECHU M040BE OT COPTOBeETE Xyil
TopHnec, bnek CatnH 1 inpkceH o6paboTeHn ¢ aMOHUEBa CennTpa
Table 4. Colour characteristics of fresh fruit of 'Hull Thornless’, 'Black Satin’ and

'Dirksen’ treated with ammonium nitrate

Coprose kbnuHu / Blackberry cultivars L a b a/b
Xyn TopHnec / Hull Thornless 10,6+0,32 2,01+0,61 -0,93+0,11 2,16
Bnek CatuH / Black Satin 6,91+2,91 7,23+1,34 -0,16+0,15 45,19
[npkceH / Dirksen 8,94+0,61 7,88+0,36 1,24+0,32 6,35
Mo OoTHOLWEHNEe Ha YepBEHUS KOM- In the case of red colour
MOHEHT Ha LUBeTa camo Npu nnogoseTe | component, the quantitative value is

Ha copTt Xyn TopH/Aec ce ysennyasa
Ko/myecTBeHaTa CTOMHOCT, Mpu OocTaHa-
nute aa copta bnek catuH u JupKceH,
CTOMHOCTTA HamansiBa B CpaBHeHMe C
KoHTposnmTe (p<0,05).

XKBbNTUAT LUBETOBU TOH HamasisiBa
cnepj TpetupaHeTo Ha nJofoBeTe C amo-
HueBa cenutpa npu copT [AWpKceH B
CpaBHeHWe C KOHTponara, a npu ocTa-
Hasnite asa copta Xyn TopHnec n bnek

increased only in fruits of 'Hull Thornless’
cultivar, as for the other two cultivars of
'‘Black Satin’ and 'Dirksen’, the value
decreases compared to the controls

(p<0.05).
The vyellow colour tone in fruit
decreases after the treatment with

ammonium nitrate of ’'Dirksen’ cultivar
compared to the control, and for the other
two cultivars, such as 'Hull Thornless’ and
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CaTvH npeM1HaBa KbM CUH LIBETOBMW TOH.
HaunHa Ha TpeTupaHe C npuioxeHarta
KOHUEHTpauua Ha mnpenapaTta, oOkas3Ba
CbLWECTBEHO B/MSHME Ha W3MEpEeHuTe
CTOHOCTM Npu To3u nokasaren (p<0,05).

LiBeTHMSs TOH npu nNpoBeAeHus
€eKCNepuUMEHT e C Hali-Bucoka CTOWHOCT

npu nyogosete oT copT bnek CaTtuH.
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Variants of fertilization in blackberries
of "Hull Thornless' cultivar

'‘Black Satin’ it converts into blue colour
tone. The manner of treatment with the
applied concentration of the solution has
a significant influence on the measured
values for this parameter (p<0.05).

'‘Black Satin’ fruit has the highest
value of the colour tone in the
experiment.

Influence of way of fertilization, variants of samples and accidental
factors on colour brightness in blackberries of 'Hull Thornless’ cultivar

B Accidental factors, 6%

Variants of
m samples, 3%

Way of
fertilization, 91%

dur. 1. ApPKOCT Ha uBeTa Ha KbMNUHW OT COPT Xy TOpHJIeC TpeTupaHn C TOPOBE C
KOHBEHLMOHA/THO N BMOTOTMYHO NPUIOXEHNE

Fig.1. Colour brightness in blackberries of 'Hull Thornless’ cultivar treated by
fertilizers with conventional and biological application

Mo OTHOWeHMe Ha fApKoCTTa Ha
uBeTa Ha u3cnensaHUTe BapuaHTU Ha
naogose ot copt Xyn TopHaec, ¢ Hai-
roNsM MpoLEeHT BJIMSIHUE BBbPXY U3Mepe-
HUTE CTOMHOCTM OKa3Ba HauMHa Ha
TpetnpaHe c Topose 91%, cnepgBaH OT
cnyvyalinute haktopu 6% 1 nogbpaHuTe
BapvaHTu Ha ekcnepumeHTa 3%. C Haii-
HMCKa CTOMHOCT Ha ApKOCTTa Ha LBeTa e
n3mepeHa npu nnoAoBe TpeTnpaHu C

TekamuH 6pukc 0,2%.

With regard to the colour
brightness in the studied variants of 'Hull
Thornless', the highest percentage impact
on the measured values shows the way
of treatment with fertilizers 91%, followed
by the random factors 6% and the
selected variants of the experiment 3%.
The lowest colour brightness value was
measured for fruit treated with 'Tekamin
Brix’ 0.2%.

Influence of way of fertilization, variants of samples and accidental
factors on red colour tone in blackberries of 'Hull Thornless’ cultivar
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red colour tone

Accidental factors, 16%

Variants of
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Variants of fertilization in blackberries of 'Hull Thornless’ cultivar

samples, 12%

Way of
fertilization, 72%

dur. 2. YepBeH UBETOBU TOH Ha KbMUHU OT COPT Xys1 TOpH/IeC TpeTupaHu c
TOpPOBE C KOHBEHLMOHATHO 1 BMOMOTMYHO NPUIOXKEHNEe
Fig. 2 Red colour tone in 'Hull Thornless’ cultivar, treated with fertilizers of

conventional and biological application
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UepBeHuAT LBETOBU TOH € C Haii-
BMCOKa CTOWMHOCT Mpw nogoBe TpeTupa-
HKU ¢ TekamunH 6pukc 0,2% B CpaBHEHNE C
KOHTpoNara W ocTaHamTe nogbpaHu
BapuaHTu. C Hali-BUCOK NPOLEHT BbPXY
N3MepeHnTe CTOMHOCTU OKa3Ba HauuHa
Ha TopeHe 72%, cnefBaH OT cay4vaiHuTe
hakTopn 16% u noabdpaHuTe BapuaHTh
Ha ekcnepumeHTa 12%.

Red colour tone has the highest
value for fruit treated with Tekamin Brix
0.2% compared to the control and the
other selected variants. The highest
percentage on the measured values
shows the fertilization method 72%,
followed by the random factors 16% and
the selected variants of the experiment
12%.
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Variants of fertilization in blackberries of 'Hull Thornless’ cultivar

dur. 3. XXbAT/CUH LUBETOBW TOH Ha KbMNWHU OT COPT Xyn TOpH/IeC TpeTupaHu c
TOPOBE C KOHBEHLUMOHA/THO 1 BUOTIOTUYHO NMPUIOXEHNE

Fig. 3. Yellow/blue colour tone in 'Hull Thornless’ cultivar treated with fertilizers
of conventional and biological application

XbATHMAT UBETOBM TOH € C Hali-
BMCOKA CTOMHOCT NPW KbMUHW TpeTMpaHu ¢
TekamvH 6pukc 0,2% B cpaBHEHWE C KOH-
Tponara v octaHanuTe nogbpaHu BapuaH-
TM. TpeTupaHeTo C amoHueBa cenutpa
OKa3sBa CbLLEeCTBEHO B/IUSIHUE BbPXY M3Me-
peHnAT nokasaTten Ha naofoBeTe, Thil kaTo
NPOMEHSAT LiBeTa CY KbM CUH LIBETOBU TOH.

The yellow colour tone has the
highest value in blackberries treated with
Tekamine brix 0.2% compared to the
control and the other selected variants.
Ammonium nitrate treatment has a
significant impact on the measured indicator
of fruit as it changes its colour to a blue
colour tone.

15

Influence of way of fertilization, variants of samples and accidental
factors on colour brightness in blackberries of 'Dirksen’ cultivar
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Variants of fertilization in blackberries of 'Dirksen’ cultivar

samples, 27% . Way of

L

fertilization, 58%

dur. 4. ApKOCT Ha uUBeTa Ha KbMNUHU OT COPT [AMPKCEH TpeTupaHu C TOPOBE C
KOHBEHLIMOHA/THO 1 BUONOTMYHO NPUNOXEHNE
Fig. 4. Colour brightness in ’'Dirksen’ cultivar treated with fertilizers with

conventional and biological application
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fpKkocTTa Ha LuBeTa Ha nnojoBeTe
npu copt [VpKceH HamassiBa npu BCUYKN
noabpaHn BapuaHT B CpaBHEHWE C
KOHTpO/1aTa, KaTto Hail-B1COK NPOLEHT Ha
B/IMSAHWE OKa3Ba BapuaHTUTE Ha TopeHe
58%, cnefBaH OT nogbpaHaTa CypoBUHA
27% v cnydaiHuTe dhakTopum.

The brightness of fruit colour in
'Dirksen’ decreases in all selected
variants compared to the control, as the
highest percentage of influence being the
fertilization variants of 58%, followed by
the selected raw material 27% and the

random factors.

red colour tone
®

Influence of way of fertilization, variants of samples and accidental
factors on red colour tone in blackberries of 'Dirksen’ cultivar

Accidental factors, 15%

Variants of fertilization in blackberries of 'Dirksen’ cultivar

Variants of
samples, 27%

Way of

fertilization, 58%

dur. 5. YepBeH uBeTeH TOH Ha KbMUHM OT COPT [JMpPKCeH TpeTupaHu ¢ TopoBe C
KOHBEHLMOHA/THO 1 BUONOrMYHO NPUIOXEHNE
Fig. 5. Red colour tone of 'Dirksen’ cultivar treated with fertilizers of conventional

and biological application

3a nogbpaHuTe BapuaHTU Ha Tpe-
TMpaHe Ha niojoBeTe OT TO3M COPT, caMo
npv nnogose TpeTvpaHy ¢ TekamuH 6pukc
0,2% konm4yecTBeHaTa CTOMHOCT Ha YepBe-
HWUA UBAT Ce yBesMyaBa CnpsiMoO KOHTpoa-
Ta 1 ocTaHasnmMTe nogbpaHn BapuaHTu. Ha-
YMHa Ha TOpeHe OKa3Ba Hali-BMCOK MPOLEHT
Ha BNVSIHWE BbPXY U3MEPEHUTE CTOMHOCTM
npv TO3W nokasarten, cnefsaH oT nogbépa-
HWTE BapumaHTu 1 criyyainHute hakropu.

For selected variants of treatment
of fruit of this cultivar, only in fruit treated
with Tekamine brix 0.2%, the red colour
value increases relative to the control and

the other selected variants. The
fertilization method has the highest
percent influence on the measured

values for this indicator, followed by the
selected variants and the random factors.
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Variants of fertilization in blackberries of 'Dirksen’ cultivar

dur. 6. XXbAT/CUH LBETOBU TOH Ha KbMUHU OT cOpT [INpPKCEH TpeTnpaHn ¢ Topose
C KOHBEHLMOHA/THO 1 BUONOTMYHO NPUIOXEHNE

Fig. 6. Yellow/blue colour tone of 'Dirksen’ blackberry cultivar treated with
fertilizers with conventional and biological application
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3a nogbpaHuTe BapuaHTM Ha
TOPEHEe XBbATMAT KOMMOHEHT Ha LBeTa
HamansiBa B CpaBHEHWEe C KOHTponara, a
npu naogose TpeTMpaHn c  TekamuH

For selected fertilization variants,
the yellow colour component decreases
compared to the control, and for fruit
treated with Tekamine Brix 0.3%, the

6pukc 0,3% uBETOBUAT TOH npemuHaBa | colour tone changes to blue colour.

KbM CUHUA UBAT.
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Variants of fertilization in blackberries of 'Black Satin’ cultivar

dur. 7. ApKOCT Ha uBeTa Ha KbnnHW OT copT briek CatuH TpeTupaHu € TOpoBe C
KOHBEHLIMOHA/THO 1 BUONOTMYHO NPUNOXEHNE

Fig. 7. Colour brightness of 'Black Satin’ cultivar treated with fertilizers with
conventioal and biological application

For all the selected variants of the
experiment for this cultivar, the colour
brightness increases as a result of
applied concentrations and fertilizer
selection compared to the control. Fruit
treated with Tekamine brix 0.2% has the
highest value for this indicator.

3a BcuukM noadbpaHu BapuaHTh Ha
eKcnepuMmeHTa nNpu To3W COPT, SpKOCTTa
Ha LBeTa ce yBe/nMyaBa B CNeAcTBME HA
NPUNOXEHNTE KOHLUEHTpaUMM 1 nopbdop
Ha TOpOBe B CpaBHEHMe C KoHTponata. C
Hali-BMcokKa cTolHOCT npu TO3M
rnokasatesn ca M/0A0BeETE TPETUPAHU C
TekamuH 6pukc 0,2%.

12 Influence of way of fertilization, variants of samples and accidental
factors on red colour tone in blackberries of 'Black Satin’ cultivars
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Variants of fertilization in blackberries of 'Black Satin’ cultivar

dur. 8. YepBeH UBEeTOBM TOH Ha KbMWHU OT copT bnek CaTnH TpeTtupaHu C
TOPOBE C KOHBEHLMOHA/THO 1 BUOJSTIOTUYHO MPUIOXKEHNE

Fig. 8. Red colour tone of 'Black Satin’ cultivars treated with fertilizers with
conventional and biological application

The value of the red colour
decreases in fruit treated with ammonium

CToliHOCTTA Ha YepBeHUs UBAT
Hamansiea npu nNnogoBe TPeTupaHu ¢

272



amMoHMeBa CcesMTpa B CpaBHEHME C
KOHTpO/1aTa 1 ocTaHa/IMTe ABa BapuaHTa.
BnvsiHne BbpXYy M3MEPEHUTE CTOHOCTM
oKasBaT B HM3XOAALW, pef — HayuMHa Ha
TOpeHe, cnegsaH OT  nogbpaHuTe
BapvaHTu u cayyaiiHuTe haktopu.

nitrate compared to the control and the

other two variants. The manner of
fertilization has an impact on the
measured values, followed by the

selected variants and the random factors
in descending order.
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Variants of fertilization in blackberries of 'Black Satin’ cultivar

dur. 9. XXbAT/CUH UBETOBM TOH Ha KbMUHW OT copT bnek CaTuH TpeTupaHu c
TOpOBE C KOHBEHLUMOHA/THO 1 BUOJTIOTUYHO MPUIOXKEHNE

Fig. 9. Yellow/blue tones of ’'Black Satin’ blackberry cultivars treated with
fertilizers of conventional and biological application

MnogoseTe TpeTupaHu ¢ npenapar
TekamMnH 6puKC B KOHUEHTpauun 0,2% un
0,3% HamansiBaT CTOMHOCTUTE Ha Xbil-
TMS LBETOBU TOH, a NIofoBeTe TpeTupa-
HW C amOHMeBa cenunTpa NPOMeHAT LBeTa
KbM CUHUS LLBETOBYU TOH.

n3BOAM

lMpocnefeHo e BAVAHWETO Ha HA-
KOW TOpOBE C KOHBEHUWMOHaU/IHO U 6uo-
JIOTUYHO NPUSIOXKEHNE BBLPXY LBETOBUTE
napameTpu Ha MpecHW Mnsof4oBe OT Tpu
copta 6e3 60AMNECTU KbMUHU — Xyn
TopHnec, bnek CatuH 1 InpkceH.

YctaHoB#M ce, 4e nfnogosete OT
coptoBete [upkceH wun Xyn TopHnec
TopeHu ¢ TekamuH 6pukc 0,2% yBenuua-
BaT KoJinyecTBeHara CW CTOMHOCT npwu
rnokasarenu SpPKoCT Ha LuBeTa, 4YepBeH
LBETOBM TOH W XBbAT LBETOBM TOH B
CpaBHEHMe C KOHTponarta.

3a nnopgosete OT coprtoseTe Xys
TopHnec wn bnek CaTuH TOpeHu C
aMoHMeBa CeniuTpa, XbATUAT KOMMOHEHT
Ha LUBeTa fnpemMuMHaBa KbM CUH LBETOBU
TOH B CpaBHEHMEe C KOHTpoara.

C Hail-BMCOKa kayecTBeHa OLeHka
Ha LBeTa 3a BCUMYKU COPTOBE KbMUHU ca
nnogosete oT copt Xyn  TopHnec,

Fruits treated with Tekamin Brix in
concentrations of 0.2% and 0.3% reduce
the values of the yellow colour tone, and
the fruits treated with ammonium nitrate
change the colour towards the blue
colour tone.

CONCLUSIONS

The influence of some fertilizers
with conventional and biological
application on the colour parameters of
fresh fruit of three cultivars of thornless
blackberries was observed, such as 'Hull
Thornless', '‘Black Satin’ and 'Dirksen’.

It was found that fruits of 'Dirksen’
and 'Hull Thornless' that were fertilized
with 0.2% Tekamin Brix increased their
quantitative value in terms of colour
brightness, red colour and yellow colour
compared to the control.

For fruits of 'Hull Thornless’ and
‘Black Satin’ that were fertilized with
ammonium nitrate, the yellow component
of the colour changes to blue colour tone
compared to the control.

Fruits of ‘Hull Thornless’ have the
highest quality grade for all cultivars of
blackberries, treated with 0.2% Tekamin
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TpeTupaHu ¢ TekamuH 6pukc 0,2% n 0,3%
B CpaBeHEeHue ¢ KoHTponara.

3a BCWMYKM wu3CnenBaHu LBETOBU
rnokasarenn Ha copToBeTe KbNUHWU Xy
TopHnec, bnek CatmH w©n  [OupkceH
HaYMHBT Ha TOpeHe oKasBa B/UAHUE

Brix and 0.3% in comparison with the
control.

The fertilization method has an
impact on the measured values for all
studied colour indicators in  'Hull
Thornless’, '‘Black Satin’ and 'Dirksen’.

BbPXY U3MEPEHUTE CTOWHOCTMW.
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Irrigation scheduling of apple in drip irrigation
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"N. Pushkarov", 7 Shose Bankya Str., 1331 Sofia, Bulgaria

PE3HOME
3a ycTaHOBsiBaHE Ha MOJIMBHUS
pexuM Ha S6bLAKM  OTFIEeX4aHu  npu

NMoYBEHO-METEOPO/IOTNYHNTE  YC/IOBUSA  Ha
Codpuiickn parioH npes nepunoga 2001-2005
r. 6ewe nposefeHO u3cnegsaHe npu Kar-
KOBO HamnosiBaHe. M3nuTaHW ca pas/iMyHu
pexvMn Ha HanosiBaHe — OT MbJIHO 380BO-
NsBaHe Ha exefHeBHWTe MOTPebHOCTU Ha
Kyntypata OT BOJa [0 HanosiBaHe C
peayumpanu ¢ 20% n 40% nosIMBHU HOPMW.

YCTaHOBEHWN Ca MOSIMBHUTE pPexumMu
Ha A6BbKM — GPOI NOMIMBKM, MOMBHU HOP-
MW, HamnouTesIHW HOPMU U [06MBUTE Ha
A6BbNKM 3a paioHa Ha CoIMIACKOTO none.

Haii-Bucokn p[o6buem ca nonyyveHu
npu HanossaHe cbC 100% nosvBHa Hopma —
2087 kg/da. HamaneHmeTo Ha HanouTesnHa-
Ta Hopma c 20% BOAM OO He3HauuTesiHO
HamansiBaHe Ha pgo6usute c 7%. To3u
MOJIMBEH PeXMM MOXe aa 6bae NpuioxeH
B YC/I0BUSI HA BOAEH AeULNT.

KniouoBu aymun: 6Bk cOpT
.PI0pMHA”", KankoBO HanosiBaHe, oTrnexgaHe
Ha AGB/IKM, NPOAYKTUBHO HanosBaHe

YBO/,

A6bnkaTa 3aeMa NbpBO MSCTO Y HAcC
no njou, W MPoOuW3BOACTBO Ha NofoBe B
CpaBHEHMWE C OCTaHaNNTe OBOLLHU KyNTYypM.
CTonaHckata M MKoHOMUYeckaTa edqeKkTuB-
HOCT Ha $IGB/IKOBOTO MPOW3BOACTBO MpPW

SUMMARY

Establishing irrigation scheduling of
apples grown in soil and weather
conditions of the Sofia region in the period
2001-2005 research with drip irrigation
was conducted. Different regimes of
watering to full satisfaction of daily needs
of the culture of water to irrigation reduced
by 20% and 40% irrigation norms were
tested.

Established irrigation schedulings
of apples — number irrigations, irrigations
depths, irrigation rate and yields of apples
of the Sofia plant.

The highest yields are obtained at
100% irrigation rate — 2087 kg/da. The
reduced irrigation depths with 20%
resulted in rather small drops in yields by
7%. This irrigation scheduling can be
applied in conditions of water deficit.

Key words: apple, variety
"Florina", drip irrigation, apple crop,
productivity irrigation.

INTRODUCTION

Apple ranks first in the country in
area and fruit production compared to
other fruit crops. Agricultural and
economic efficiency of apple production in
our climatic conditions largely be
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HalmMTe KAMMATWYHU YCMOBUSA, B 3HAYM-
TeflHa CTeneH ce onpeaesns oT npuaaraHeTo
Ha pavuvoHa/THU NOSIMBHU PEXUMU U NOAXO-
Jslla TeXHMKA 3a HamnosiBaHe.

MWKpO HanosiBaHeTO ce ABABa eayH
OT Hall-nepecnekTVBHUTE HAYMHM 3a HamMosi-
BaHe Ha OBOLUHW KyNTypu, rNaBHO nopaau
rofsiMaTta MKOHOMUSI Ha BOAA U Bb3MOX-
HOCTUTE 3a MNbjHa asToOMaTM3aumMsa Ha
NOSIMBHWS NpoLec.

Hapen ¢ Bcuukm npegumcrBa Ha
KarnkoBOTO HanosiBaHe BbB YU3MNO0rMYEH
N TEeXHOMOTMYeH nnaH, Hakh-cblecTse-
HOTO OT KOMTO € nojlyyaBaHeTo Ha 6uo-
niornyeckn onTumasneH [o6usB C BUCOKO
KayecTBO Ha NNOAOBETE MPU 3HAYUTENHA
WKOHOMWS Ha BOJAa B CpaBHeHWe ¢
TPaAMLMOHHUTE HauyMHM Ha HanosBaHe
(Dochev, 1983), Toii npepgnara u Haii-
[obpu npeanoctaBkM 3a npunaraHe Ha
T.HAp. HapyleH MNOMIMBEH pPexuM, 4pes
HamasiiBaHe pasMepa Ha NoJsIMBHUTE HOp-
mu (Lazarov and Mehandzhieva, 1982).

MocoueHuTe B NuTeparypara ontu-
MaJ/THM NOJIMBHU N HAMOWUTENIHWU HOPMU Cce
OBWKaT B WUpokM rpaHuum (Dochev,
1983) nopagn 3aBUCUMMOCTTA Ha Tesu
napameTpy OT MOYBEHO-KIMMAaTUUYHUTE
yC/oBUSA, Bb3pacTtoBuA nepuopn, Bereta-
TUMBHOTO pas3BWTWE Ha AbpBeTaTa, npunara-
HaTa TexHosiormsa Ha oTrnexpaHe (Keeler
and Karmelli, 1980).

WN3cnepgaHuaTa y Hac BbpXy NOMB-
HUS pexum Ha s16b/Ka B M1oAoAaBallo
Na/IMETHO HacaxgeHue B paiioHa Ha rp.
MnoBavB nokassaT, 4Ye HanouTesHuTe
HOpMW MPU KankoBO HanosiBaHe BapupaTt oT
140 mm pgo 300,0 mm (Dochev and
Gospodinova, 1987).

Doychev (1994) nocouBa, 4e WHTEH-
3MBHM AOBLKOBU HacaxeHus, HanosiBaHu
upes kankyBaHe TpsibBa Aa ce cb3gasar OT
BMCOKOAOGMBHM M C KauyecTBeHW n0[0Be
copTtoBe. Toi npenopbyBa nogsoxkara MM
106 n pa ce npunara NOJSIMBEH PeXum C
nonveHa Hopma Ha 100% ET, a npwu
HefoCTWUI Ha BoAa, peayumpaHa fo 60% ET.

MpunaraHeTo Ha TO3U MeETOA Ha
HanosBaHe MNpu OTINEeXAaHeTo Ha A6bAKa,
KOSITO € C To/1IMO CTOMaHCKO 3HaueHue,
U3ncKBa [eTaliNHO ycTaHOoBsBaHe napa-
METPUTE Ha NOJIMBHUSA PEXUM MPU KOHKPTHN

determined by application of rational
irrigation  regimes and  appropriate
irrigation techniques.

Microirrigation is one of the most
perspective ways for irrigation of fruit
crops, mainly due to big water savings
and opportunities for full automation of the
irrigation process.

Along with all the advantages of
drip irrigation in physiological and
technological plan, the most significant of
which is the preparation of a biologically
optimum vyield of high quality of the fruits
with a considerable saving of water
compared to traditional methods of
irrigation (Dochev, 1983), it provided best
prerequisites for the implementation of the
so-called broken irrigation regime by
reducing the amount of irrigation norms
(Lazarov and Mehandzhieva, 1982).

Referred to in the literature optimal
irrigation and irrigation rates vary within a
wide range (Dochev, 1983) due to the
dependence of these parameters from the
soil and climatic conditions, the age
period, the vegetative growth of the trees,
the applied technology of growing (Keeler
and Karmelli, 1980).

Studies in Bulgaria on irrigation
regime of apple fruit-bearing palmetto
plantation near the town. Plovdiv indicate
that irrigation with drip irrigation rates
ranging from 140 mm to 300,0 mm
(Dochev and Gospodinova, 1987).

Doychev  (1994) states that
intensive apple trees irrigated by dropwise
manner must be created by high-yielding
and high-quality fruit varieties. It
recommends the rootstock MM 106 and
applied irrigation regime with irrigation
rate of 100% ET, and low water, reduced
to 60% of ET.

Applying this method of irrigation at
growing apples, which has great
economic importance, requires detailed
parameters, establishment of irrigation
regime in particular conditions in the
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YCNOBUS Y Hac.

Lenta Ha paspab6oTkata e jga ce
YCTAHOBSIT  OCHOBHUTE MapaMeTpu Ha
NOJIMBHUA PEXUM Ha AGBLKW, OTINEeXAaHu
Npwv KankoBo HarnosiBaHe.

MATEPVAJT U METOOU

WN3cnepBaHuATa 3a ycTaHOBsSBaHe
Ha MOMMBHUSA PEXUM Ha nnogohasalim
AGBKN COPT «DOPUHA» BBbPXY NOAIOXK-
ka MM 106 npu KankoBO HanosiBaHe ca
npoBefeHN Ha ONUTHO nosne Yenoneuewe,
npe3 nepuoga 2001-2005r.

N3nnTaHu ca cnefgHnTe BapuaHTu:
1. HenonueeH BapuaHT;

2. HanosBaHe ¢ nosiveHa Hopma 100% m;
3. HanossaHe ¢ nonvsHa Hopma 80% m;
4. HanossaHe c nonnsHa Hopma 60% m.

ObpBeTtara ca 3acageHn Ha 4,5 m
MeXOypenoBo pasctofaHMe 1M 25 m
BbTPEpenoBo  pasCcTosHne wam 125
ApbBYETa HA €fUH feKap.

HanosBaHeTo ce wu3BbLPLIKN, 4pes
NMOBBPXHOCTHO KarnkyBaHe C karnkoobpasy-
Batenn KM - 4,6, nepcopupaH wnayx
npe3 0,60 m.

Bcekn pep oT oBowHarta rpagavHa,
cbeTosw, ce ot 30 ApbBYETA NpeacTaBs-
Ba BapuaHT B 4YeTUpW MOBTOPEHUS OT Mo
LIeCT ApbBYeTa B NOBTOPEHUE, C M/I0LL Ha
BCAKO NOBTOPEHMe OT 67,5 m? (2,5mx4,5
m = 11,25 m” NoLL, Ha efjHO AbPBO).

MouBaTta e wu3NyXeHa KaHeneHa
ropcka, JIeko MecbY/IMBO [MHECTa B
OpHUSA C1oii, hopmupaHa BbpXy OCHoBaTa
Ha cTap AenysuasieH KOHYC OT HaHOCHWU
matepvanu. Ta e cnabo 3anaceHa ¢ asor,
cpegHo ¢ cpbochop M JobGpe € KaswiA.
CpegHo 3a cnosa 0-60 cm noysara uma
cnegHWTe  BOAHO-(OU3MYHM  CBOICTBA:
MrB = 22,1%, BNaxHOCT Ha 3aBAXBaHe —
12,3% cnpsaMo Ternoto Ha abCotoTHO
cyxaTa no4ysa, o6emHo Tersio npu MNMB —
1,47 glcm®. 3a nouseHus cnoii 0-100 cm
CblUTE noKasaTenu umar CTONHOCTU:
MriB — 21,8%, BNaxHOCT Ha 3aBsXBaHe —
12,3% 1 06emHo Ternio — 1,50 cm”.

MouyBata e noaxofslia 3a OTr/ex-
AaHe Ha A0DBKN.

country.

The aim of the study is to establish
the basic parameters of the irrigation
regime of apples grown under drip
irrigation.

MATERIAL AND METHODS

The studies for the establishment of
the irrigation system of fruit-bearing apple
variety "Florina" on a rootstock MM 106 in
drip irrigation were carried out on an
experimental field Chelopechene, during
the period 2001-2005.

The following options were tested:
1. Irrigated option;
2. Irrigation with irrigation rate of 100% m;
3. Irrigation with irrigation rate 80% m;
4 Impregnation with irrigation rate 60% m.
The trees were planted
approximately 4,5 m spacing and 2,5 m
interrow distance or 125 trees per da.

Irrigation is done by superficially
dropwise manner with drippers CP - 4.6, a
perforated tube through 0,60 m.

Each row of the orchard, consisting
of 30 trees represents a variant in four
replicates of six trees in the repeat area of
each repetition of 67,5 m? 25mx45m
=11,25 m® area of a tree).

The soil was leached cinnamon
forest, slightly sandy loam in the plow
layer, formed on a substrate of an old
talus cone of alluvial material. It is poorly
stocked with nitrogen, an average of
phosphorous, and potassium. On average
in layers 0-60 cm soil has the following
water-physical properties: PPW = 22.1%,
humidity reduction — 12.3% by weight of
absolutely dry soil, a bulk density in PPW —
1,47 g/lcm®. For soil layer 0-100 cm same
parameters have the values: PPW -
21.8%, humidity reduction — 12.3% and
bulk density — 1,50 cm®.

The soil is suitable for growing
apples.
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MeTeoposnioruiyHu ycnoBusa, npu
KOUTO ca n3BeneHn onuTuTe

N3cnepBaHuaTa BbPXY MNOMMBHUTE
HOpMK, CbOOpPaseHn ¢ BOAHO-(IU3NYHATA
XapakTepucTuKa Ha NMOYBEHUSI TUM U METEO-
ponorMyHnTE YCnoBMSA Npe3  oTAesnHuTe
roguHW, cb3daBaT Bb3MOXHOCT Ja ce
yCTaHOBMW TakbB pasMep Ha MonvBkute, npu
KOWTO Hai-Nb/HO ce 3a[0BosisABaT 6Mono-
rMYHUTE NOTPEBHOCTU Ha KynTypute 6e3 aa
ce gonyckar ronemu 3arybu Ha Boja.

Weather conditions under which
the experiments were conducted

Research on irrigation norms suited
to water physical properties of soil type
and weather conditions over the years,
make it possible to establish such an
amount of irrigations in which most fully to
meet the biological needs of crops without
allowing large water losses.

Tabnuua 1. Baniexu npes BeretauynMoHHUA nepmog Ha S6bkuTe
Table 1. Rainfall during apples vegetation period

Mepuoau / Periods

Cyma Ha Banexwurte / Total rainfall, (mm)

FoguHu / Years 2001 2002 2003 2004 | 2005
M. 1V - IX 358 418 329 258 765
M. VIl - VIII 75 158 104 73 400

Mpe3 onuTHWTE roAuMHU o06e3neye-
HOCTTa Ha cymuTe Ha BanexuTte B 5 roguiu-
Ha nopejyua xapakrepusnpar BeretaunoH-
HWA Nepuoj Ha pasBUTMETO Ha KynTyparta
(anpun-centemspwn) kato cpegHn — 2001r.,
2002r., n 2003r., egHa BnaxHa — 2005r. u
efHa — 2004r. mHoro cyxa, kato 2002r e
cyxa MO OTHOLlEeHVMe Ha BasexuTe 3a
nepuoga VII-VIII, korato kynTyparta e Haii-
B3MCKaTeNHa KbM MouyBeHa Bnara. Haii-
Masiko Basiexu ca nagHanu npes 2004 r.
(258 mm), a Haii-mHoro npe3 2005r. (765
mm), a npe3 ocTaHaUTe TpW TOL4UHU
Banexute ca ot 329 pgo 418 mm 3a
nepuvoga IV-IX (Tabnuuya 1). MagHanute
Ba/IEXM Npes3 BeretaumsaTa Ha Kyntyparta ca
HepaBHOMEPHO pasnpefesieHn, Koeto e
[OBeno [0 peanv3vpaHe Ha MOJMBKM U
npes3 ONUTHU FOAUHN.

PE3YJITATU N OBCBXXOAHE

MonyyeHnTe pesyntartu oT
neTrogulHNTE M3c/edBaHNA MoKas3Bar,
ye OpoAT Ha NOAMBKUTE M pasMepbT Ha
HanouTesIHUTE HOpMU ce 006ycnaBAT oOT
METEOPOIOTMYECKUTE YCNOBUSA (Basiexu)
npes otTaesIHnuTe rogUHN.

BpoAT Ha NOMMBKUTE MO TFOAMHU
Bapuvpa oT 14 go 20 6pos, a paamepbT Ha
HanouTesiHata Hopma oT 190 go 360 mm.

CpefHo 3a nepvopga Ha u3cnenga-
HusATa (Tabnvua 2) npe3 BeretayMoHHUSA

Over the years of experiments the
rainfall availability in a sequence of 5
years a series characterize the vegetation
period of development of culture (April-
September) as average — 2001, 2002 and
2003, a damp — 2005 and one — 2004
very dry, as dry 2002 in terms of rainfall
for the period VII-VIII, during which
culture is the most demanding on the soil
moisture. At least rainfall fell in 2004 (258
mm), and most in 2005. (765 mm), while
in the remaining three years rainfall of
329 to 418 mm for the period IV-1X (Table
1). Precipitation in the vegetation of
culture unevenly distributed, which led to
the realization of irrigation in the years of
experiments.

RESULTS AND DISCUSSION
The results of the five studies show
that the number of irrigations and the
amount of irrigation norms are determined
by weather conditions (rainfall) over the
years.

The number of irrigations per year
ranged from 14 to 20, and the amount of
irrigation norm of 190 to 360 mm.

On average over the study period

(Table 2) during the vegetation period of
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nepvog Ha s06bKUTE ca nogageHn 17
6pos NoNMBKM CbC cpefHa NnosiBHa Hop-
Ma 19 mm u HanouTenHa Hopma 323 mm,
KaTto Han-ronsim 6poi NosMBKM ca peanu-
3upaHu npes cyxarta roguHa (2004), kbaeto
6posAT Ha nonuekute poctura 20, a pasme-
pbT Ha HanouTenHara Hopma 360 mm.

apples 17 irrigations were performed
medium irrigation rate 19 mm and 323
mm irrigation rate, the largest number of
irrigations were realized in the dry year
(2004), where the number of irrigations
reached 20, and the amount of irrigation

of 360 mm.

Tabnuua 2. MNonMBeH pexnmM Ha S6bJIKA NPU KankoBO HarnosiBaHe
Table 2. Irrigation scheduling of apple drip irrigation

roauHu/Years| 2001 2002 2003 2004 2005 CpepgHo / Average 2001-2005
Bp. Mon. Bp. Mon. Bp. Mon. Bp. Mon. Bp. Mon. Bp. Mon.
BapviaHT Han. Hop.
nonue. | HopMa | NOAMB. | HOpMa | MOMMB. | HOPMa | NOAWB. | HOpPMaA | MOMMB. | HOPMa | MOAWB. | HOpMa
\ariant Num. [Irrigation] Num. |Irrigation] Num. |Irrigation| Num. |Irrigation| Num. |Irrigation| Num. |Irrigation| Irrigation
irrigaions|rate mmiirrigaions|rate mmiirrigaions|rate mm irrigaionsjrate mmiirrigaions|rate mmiirrigaionsirate mm rate total (mm)
Henonmsen 0 R 0 0 R 0 R 0 - 0 - -
Noirrigation
100%M. 17 20 15 19 18 19 20 18 14 17 17 19 323
80%M 17 16 15 15 18 15 20 14 14 15 17 15 255
60%M 17 13 15 12 18 13 20 12 14 13 17 12 204

MonuBHUTE HOpPMK ca peasm3npaHu
3a nepuoja OT HayasoToO Ha Mali Ao Kpas
Ha centemBpu. MexaynonveBHUTE nepuoau
npes Beretauusita Ha Kynatypata ca pas-
JINYHW 1 ca B 3aBUCKMOCT OT KOIMYECTBOTO
W pasnpenesieHneTo Ha BasiexuTe, KakTo u
OT (hasuTe Ha pas3BUTUETO Ha Ky/nTypara.
YcTaHOBEHO e, Yye M3NCKBaHuATa Ha SA6bJ1-
KATe KbM Bfiarata B roysara ca no-rosiemu
B HAYa0TO Ha Ub(TeX, nnogoobpasysHe
[O nprvbupaHeTo Ha nao4oBeTe, nopagu
KOoeTo Bfarata B MoyBaTa npe3 TO3n
nepuos e Heobxogumo fa ce NoAadbpxa
80-85 % ot TMNB. B Hayanoto Ha Bere-
TaumaTa Ha Kyntypara, Kakto U KbM Kpas
noanBkUTe ce peanusnpart npes 14-15 gHu,
a B nepmoga Ha akTuBHa Beretaums, Lbd-
TeX W nnogoobpasyBaHe npe3 5-6 AHK
(Tabnuua 2).

MonyyeHute pesyntatu 3a pobusa
OT A0BJKW Npe3 pasIyHUTE BbLB BAX-
HOCTHO OTHOLLEHWE rOAWHWN Noka3saTt BAWSA-
HMETO Ha KankoBOTO HarosBaHe BbpXy
Herosus pasmep. Haii-ronsimo ysesmyeHune
Ha fobusa e nosyyeHo npes3 2004 r n 2002
r. (cyxu), koeto e cbC 55%-60% noseue,
CrnpsAMO HenonnBHUA BapuaHT (Tabnuua 3).
Haii-manko yBenuueHue ¢ 667 kg/da (25%)
e nony4yeHo npes BnaxHara 2005 r., kaTo
cpefHO 3a MneTTe  W3cfefBaHn TroAuHU
yBe/iMyeHneTo Ha gobmea e ¢ 821 kg/da,
CNPSAMO HEMOJIMBHUA BapuaHT.

Irrigation norms were implemented
for the period from early May to late
September. Irrigation vegetation periods
in culture are different and depend on the
amount and distribution of rainfall, and
the phases of development of culture. It
was found that the requirements of
apples to moisture in the soil are larger at
the beginning of flowering, fruit formation
to harvest the fruit, so that moisture in the
soil during this period is necessary to
maintain 80-85% of PPW. At the
beginning of vegetation of culture, and at
the end the irrigations are implemented in
14-15 days and during the active growing
season, flowering and fruit formation in
5-6 days (Table 2).

The results yield of apples in
different humidity in respect of years
demonstrate the influence of drip
irrigation on its size. The greatest
increase in yield was obtained in 2004
and 2002 (dry), which is a 55%-60%
more than the non-irrigated variant (Table
3). At least an increase by 667 kg/ha
(25%) was received in the wet in 2005,
with the average for the five years studied
the increase in yield is 821 kg/ha
compared to non-irrigated option.
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PeanusvpaHute nNOAMBHU pexXumMu
npe3 oTAesIHUTE FTOAUHM CbLLO ca okasanu
B/IMSIHME BbPXY NonyyeHuTe obusun. Hai-
BMCOKM A06MBKM ca NOSyYEHU MpU BapuaH-
TUTe, HanoaBaHn cbC 100% nosiMBHa Hop-
Ma 2087 kg/da, a Hall-HUCKM NpWY HENONUB-
HUTe BapuaHTn 1266 kg/da. HamaneHueto

Realized irrigation regimes over
the years have also affected the yields
obtained. The highest vyields were
obtained at variants which are irrigated
with 100% irrigation rate 2087 kg/ha, and
the lowest in irrigated variants 1266
kg/ha. The decrease of the irrigation rate

Ha HanoutenHara Hopma ¢ 20 n 40% e
[OBENO 10 HaMansaBaHe Ha gobusute ¢ 7%
n 14%. CpefHO 3a nepuoga, HaMasleHNeTo
Ha pobvBa He e [ApacTUYHO W TakuMBa
MOJINBHU PEXMUMU MoraT fa ce uU3nonssar B
Cnyyail Ha Bb3HUKHaN BOAEH AeduumT
(Tabnuua 3).

by 20 and 40% led to a decrease in yields
of 7% and 14%. Average for the period
reduction in vyield is not drastic and
irrigation regimes can be used in the case
of water deficit (Table 3).

Ta6bnuua 3. [o6uBM OT SA6BLMAKA MNpU KarNkoBO HamnosiBaHe B paiioHa Ha
Codmsa,YenoneueHe

Table 3. Yield of the apples of drip-irrigation in the region near to Sofia,
Chelopechene

FognHa CpepHo / Average
Years 2001 2002 2003 2004 2005 2001-2005 .
[fo6us | OTH. | Jo6wB | OTH. | Jo6bwB | OTH. | fJo6uB | OTH. | Jo6uB | OTH. | Jo6uB OTH.
BapuaHT [o6vs [o6vs [o6vs nobus nobus nobus
Variant Yeild |Relative| Yeild |Relative| Yeild |Relative| Yeild |Relative| Yeild |Relative| Yeild | Relative
kg/da | yield | kg/da | yield | kg/da | yield | kg/da | yield | kg/da | yield | kg/da yield
% % % % % %
HenonvieeH 1567  [100 704 100 1135 [100 855 100 2070  |100 1266  [100
noirrigation
100%M 2122 |135 1769 251 1945 (171 1866 [218 2737 132 2087  |164
80% M 2053 131 1603 228 1828 161 1681 196 2592 125 1952 154
60% M 2004 |128 1421 202 1712 (150 1459 (170 2444 118 1808 [142

M3cnegBaHuAT MOMVMBEH pexnm e
oKasan BMMAHWE BbPXY MNPOAYKTUBHOCTTA
Ha nofvBHata Boja. TA e Hali-BUCOKa
npy BapuvaHTUTE HamnosiBaHW C Mo-
HUcKata Mo pasmMep MnonAuBHa HOpMA.
AHanM3bT Ha noslydeHUTe pesynTtatu
nokasa, 4Ye OT BCeEKM KybU4ecku MeTbp
nosMBHa BOJa, CpefHO 3a nepuofa Ha
n3cnensaHe, ce nosiyyasart ot 7,6 go 9,8
Kg A6baku (Tabnuuya 4). Haii-Bucoka
NPOAYKTUBHOCT Ha Mo/siMBHaTa Boga npes
neTtTe OMUTHW TOAMHM € MoJsiyyeHa npu
BapuaHTa C peasm3vpaHe Ha 60% ot
nosiMBHaTa Hopma U Bb3/M3a Ha 6,6 Ao
13,4 kg Ha BCEKM KybMUeckn MeTbp BoAa.

Pesyntatnte nonyyeHu 3a npoayk-
TMBHOCTTa Ha NoJsiMBHaTa Boja nokasear,
ye C nosuwaBaHe BOAOOGE3NeYeHoCTTa
Ha pacTeHuATa Ce CHWKaBa MNpoayk-
TMBHOCTTa Ha BojaTa 3a HarnosiBaHe,
Hali-ApKo M3pa3eHa nNpuv BapuaHTuUTe,
HanossaHun cbCc 100% nonveBHa HopMa.

The test irrigation regime had no
effect on the productivity of irrigation
water. It is highest in the variants irrigated
with a lower size irrigation rate. The
analysis of the results showed that each
cubic meter irrigation water on average in
the period of the study were obtained
from 7.6 to 9.8 kg of apples (Table 4).
The highest productivity of irrigation water
in the three experimental years was
obtained under the variant of realizing the
60% of the irrigation rate and amounts to
6.6 to 13.4 kg for each cubic meter of
water.

The results obtained for the
efficiency of irrigation water have shown
that with increasing water availability to
the plants lowers the productivity of
irrigation water, the most pronounced in
the variants irrigated with 100% irrigation
rate.
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Tabnuua 4. NMpoayKTUBHOCT Ha No/siMBHaTa Boga npu 6b/ku
Table 4. Irrigation water productivity of apples

2001 cpefHa roguHa 2004 cyxa roguHa 2005 BnaxHa rognHa CpefiHO 3a TpUTE rOANHN
average year dry year wet year Average for three years
BapuaHT | Hanoutenna [MpogyktuBHal HanouTenHa [MpogaykTueHa|HanouTenHa. [MpoayktueHalHanoutenHa. [MpoaykTueBHa)
Variant Hopma BOfa Hopma BOfa Hopma BOJa Hopma BOJa
Irrigation rate Water Irrigation rate Water Irrigation rate Water Irrigation rate Water
mm efficiency mm efficiency mm efficiency mm efficiency
kg/m® Kg/m* kg/m® Kkg/m
100%M 340 6,1 360 52 238 11,5 313 7,6
80%M 275 7,5 300 6,1 216 12,1 255 8,6
60%M 217 9,3 220 6,6 182 13,4 218 9,8
n3BOAN CONCLUSIONS

e 3a nepuoja Ha akTMBHa Beretauus Ha
KynTypaTta (anpun-toHW) ca peanmampaHiu
17 6posi NoMMBKM CbC cpefHa MoJiMBHA
Hopma — 19,0 mm un o6wa HanouTenHa
HopMma 3a nepuoga — 323,0 mm.

e OT wu3NUTaHUTE MOJINBHU pPEXUMU B
6G10/1I0TMYHO OTHOLLEHME HaR-NoAX04AL, €
NMOJSIMBHUA pexunm c peanunsnpadHe Ha 100
% no/sIMBHa HOpMa, KOWTO Ce npenopbyBa
npu ycnosusiTa Ha Ao6pa BOAOOCUTYPEHOCT.
e Haii-BMcokM o6uBM ca MonyvyeHu npu
BapuaHTUTe, HamnosasaHM cbCc 100%
nosnveHa HopMma 2087 kg/da a Hai-Hucku
npu HenosvBHWUTE BapmaHtTu 1266 kg/da.
HamaneHneTto Ha HanouTenHara Hopma c
20 n 40% e poseno A0 HamasidABaHe Ha
pobmeute cbc 7% n 14%. CpegHo 3a
nepuoga HamasnieHmeTo Ha gobusa He e
OpacTMyHO M TakmMBa MNOMUBHU PEXUMU
Morat ga ce wusnonsear B cnydyai Ha
Bb3HWKHaN BOAEH AedhnLunT.

e Haii-ronamo yBsenuyeHve Ha pobusa e
noslyyeHo npes 2004 n 2002r. (cyxu), KOeTo
e ¢ 55%-60% noseye, CNpsAMO HEMO/IMBHUA
BapuaHT. Hail-manko ysenuyeHne ¢ 667
kg/da (25%) e nonyyeHo npe3 BraxHaTa
2005 r., KaTo CpefHoO 3a neTTe u3cneaBaHun
roAuHN yBENMYEHNeTO Ha fJobuBa e c 821
kg/da cnpssMoO HENONMBHUA BapuaHT.

e [IpoayKTUBHOCTTa Ha MONMBHaTa Boja
Mpu KankoBO HamnosiBaHe Ha SI6B/KM ce yBe-
NMyaBa Npu pegyuupaHe Ha HanoutenHata
Hopma. Hali-Bucokn cToiHOCTM pocTurat
npu 40% HamaneHne Ha nonmeHara Hopma.

e For the period of active vegetation of
culture (April-June) realized 17 the
number of irrigations medium irrigation
rate — 19,0 mm and total irrigation rate for
the period — 323,0 mm.

e Test irrigation regimes biologically most
appropriate irrigation mode realization of

100% irrigation rate,  which is
recommended under good  water
availability.

e The highest yields were obtained at
variants which are irrigated with 100%
irrigation rate 2087 kg/ha, and the lowest
in irrigated variants 1266 kg/ha. The
decrease of the irrigation rate by 20 and
40% led to a decrease in yields of 7% and
14%. Average for the period reduction in
yield is not drastic and irrigation regimes
can be used in the case of water deficit.

e The greatest increase in yield was
obtained in 2004 and 2002 (dry), which is
55%-60% more than the non-irrigated
variant. At least increase by 667 kg/ha
(25%) was received in the wet in 2005,
with the average for the five years studied
the increase in vyield is 821 kg/ha
compared to non-irrigated option.

e The productivity of irrigation water in the
drip irrigation of apples is increased by
reducing the irrigation norm. The highest
values achieved in 40% reduction in
irrigation rate.
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PE3IOME

MaynoBHuss e 6bp3opacTAl, Bug
LUMPOKONINCTHKX, NUCTONaAHM [AbpBeTa, C
TBbpAA AbPBECKHA, YMATO poguHa e Kutail.
MputexaBa peauua LEHHM KadyecTBa, KaTo
YCTOYMBOCT Ha FHMEHE, BUCOKa Temnepa-
Typa Ha Bb3NjaMeHsiBaHe U [AbpBecuHa
ycToiiumBa KbM gedopmaumn. OCBeH ToBa e
KpacMBO OpHAMEHTHO [AbpBO, OT/IMYEH
pecypc 3a 6M0eTaHO/, KakTo M M3TOYHUK Ha
BTOPUYHM MeTabonutu. W3knuutenHata
cToHocT Ha Paulownia tomentosa, kaTto
CTOMAHCKN WHTepeceH 06eKT, npegonpe-
[ensa 1 VHTEeH3MBHaTa Hay4yHa paboTa c
TOBa pacTeHue B pas/IMyHW HanpaB/ieHus.
EAHO OT TAX € uHAyuMpaHe Ha MyTareHes
nocpeAacTBOM  TpeTMpaHe C  MyTareHHu
thakTopu.

SUMMARY

Paulownia is a deciduous, fast-
growing, hardwood and multipurpose tree
species that is native to China. It exhibits
a number of desirable characteristics,
such as rot resistance, dimensional
stability and a high ignition point. It is a
beautiful ornamental tree, which is also
suitable for the bioethanol industry and as
a source of secondary metabolites. As an
economically important species over the
past several decades, research on
Paulownia has been conducted to
develop biotechnological approaches for
plant propagation and genetic
improvement.
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3a yBe/MyaBaHe Ha TEHETUYHOTO
pasHoo6pasve npu KynTypHUTE pacTeHust
ce u3non3sBa XMMUYeH n U3NYeH MmyTa-
reHes, KOeTo e J0Befi0 [0 Cb3faBaHe Ha
MHOrO HOBW copToBe. Cpef XWMUYHUTE
MyTareHn etnn meTaH cyndoHatsT (EMS) e
OT AOKa3aHo Hali-MOLLHUTE.

Hactoswara pab6ota npeacrass
npunaraHeto Ha EMS c KOHUeHTpaums
0.6% vl/v, 3a obpaboTka Ha 100 cemeHa
oT Paulownia tomentosa (PT), B npoab/i-
XeHue Ha 124., cnep koeTo 6e npocnefe-
HO 3a (DEHOTUMHU NPOMEHU B NOSTYYEHOTO
nokoneHve (M;). WaeHtuduympaHo 6e
pacTeHne Cc deHoTMn nofobeH Ha
KypkeBmgHo pacteHve (DWL) — uma
HapylwieHa anvkasiHa  OOMMWHAHTHOCT,
MHOXECTBO  CTPaHWYHU  Pa3K/IOHEeHUs,
nmcTa ¢ HamasieH pasmep U CKbCEHU
MeXAyBb3/ns.

TpeTvupaHn ¢ rmbepesuHoBN Kncenu-
HU (GA3), [KyIKEBUOHWUTE pacTeHus yaobi-
Xuxa cTbbrata cu, HO OCTaHaxa C pas-
KNOHeHW cTbbna u no-mankm naucta. Mpu
npunaraHe Ha aykcuHute Indole-3-acetic
acid (JAA) u 1-Naphthaleneacetic acid
(NAA) pKymKeBnaHUAT heHOoTUN He ce npo-
MeHu. DWL kyntueBupaHu in vivo 1 npbecka-
HU ¢ enubpacuHocTeponan (EBR), He no-
KassaTt npomMmsiHa B cBos (peHoTun, HO DWL
KynTuBmMpaHu in vitro Ha cpega ¢ EBR umat
YOBHKEHN MeXAyBb3/ns, McTa ¢ HopMa-
NeH pa3mep U ocTaHaxa 6e3 pasK/IoHeHus.
LOKyHKeBUOHNUAT peHoTUn Moxe ga 6bae
CBbp3aH C HegocTura Ha bpacuHocTepouau,
KaTo pesyntar Ha MNOHWXeHa OuocuHTasa
UNM 3acaraHe peryiauusita Ha Apyru reHu
CBbp3aHu C bpacnHocTeponguTe.

KntouoBn pgymu: Ethyl methane
sulphonate (EMS), Paulownia tomentosa,

DKyMKeBUAeH  dieHoTun,  rmbepesnvHmn
(GA3z), Indole-3-acetic acid (IAA), 1-
Naphthaleneacetic acid (NAA),

Epibrassinosteroids (EBR)

YBO/[,

PoabT Paulownia BkntouBa mexay 6
4o 17 Buga v npuHagnexn KbM CEMeCTBO
Paulowniaceae. Mpon3xoaa Ha Te3n BUAOBE
e ot Kutali, Ho ca 6unu HaTypanusupaHu u
B ApyrM yacTM Ha cBeTa, kato EBpona u

Mutagenesis has been used to
increase genetic variability in crop plants
through chemical mutagens or irradiation.
Mutagen such as ethyl methane
sulphonate (EMS) has been widely used
to induce a large number of functional
variations.

A study has been conducted to
enhance genetic variability in Paulownia
tomentosa using ethyl methane
sulphonate. Exposure to an EMS
concentration of 0.6%, v/iv for 12h was
used to mutagenize 100 seeds for the first
generation (Mj). It was observed one
phenotypic mutation with alter growth
behaviors than in wild type (WT) plants.
Produced plant had dwarflike phenotype
with broken apical dominance; increased
number of branches; smaller leaves and
short internodes.

In respond to gibberellins (GA3)
treatment they grow as tall as normal tall
varieties but with multiple branched stems
and small leaves. Treatment with auxins
Indole-3-acetic acid (IAA) and 1-
Naphthaleneacetic acid (NAA) had no
result on the dwarflike phenotype either.
In vitro DWL plants grown on media
supplemented with Epibrassinosteroids
(EBR) had bigger leaves and unbranched
stems but in vivo DWL plants treated with
EBR didn't change their phenotypes.
Dwarf phenotypes could be the result of
reduced BR biosynthesis or trough up- or
down- regulation of other genes.

Key words: Ethyl methane
sulphonate (EMS) Paulownia tomentosa,

dwarf phenotype, gibberellins (GAj3),
Indole-3-acetic acid (IAA), 1-
Naphthaleneacetic acid (NAA),

Epibrassinosteroids (EBR)

INTRODUCTION

Paulownia is a genus comprised of
between 6-17 species in the family
Paulowniaceae. They are native to China
and have been naturalized in other parts
of the world such as Europe and USA
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CALL (Newman et al.,, 1998; Ipekci and
Gozukirmizi, 2004). Te3n 6bp30 pacTALM,
LUMPOKONIMCTHN AbpBETa ca MHOro ajar-
TMBHM, KaTo 3anassaT Obp3uAaT CUM pacTex
BbpPXy rofIIMoO pasHoobpasuve OT MoYBu U
Npyv  LWMPOK CNEKTbP OT  KAUMATUYHU
ycnosus. [llpocnepAsaHa e cnocobHocTTa
Ha Paulownia ga oTtcTpaHsaBa OT nouysaTta
3amMbpcABaHNA, BK/IOYUTENIHO HUTPATU U
TEXKA MeTasiM, KOeTo A npasBu MNOAXOASLL,
[ObpBeceH BuA, Npu nporpaMu 3a Bb3CTa-
HOBSIBaHe 1 3aecsiBaHe Ha ropcku TepeHn
(Zhang et al., 2007). boratoTo cbabpXaHue
Ha MasHWHU, 3axapy U NPOTEVHW B LBETO-
BETe W fMcTaTa, rv onpefens karo nogxo-
4Al, pecypc 3a dypax, OCBeH ToBa B
nictaTta MMa BMCOKO CbAbpXKaHue Ha asor,
nopagu KoeTo Te ce U3nos3Bart 1 KaTo Top.
CbllU0 Taka ca M3BECTHU NieyebHn N aHTu-
OKCUAaHTV KayecTBa Ha BMAOBE OT TOBa
CeMeiicTBo, Nopaay BUCOKO ChAbpXaHue Ha
LeHHX BTOpUYHM MeTaBonutn (Smejkal et
al., 2007; Si et al., 2013). Paulownia owie e
nonynsipeH pecypc 3a 6uoeTtaHos, M3non-
3BaH B MporpamMu 3a anTepHaTuBHO rOpuUBO.
PactawaTta nonynspHocT Ha Paulownia
3apaay LueHHuTe U KadecTsa A Npesp®b uja B
3HA4YMM CTOMAaHCKM BWUA C rofiiMa MKOHOMU-
yecka CTOMHOCT.

HapacTBaHeTo Ha 4oBellka paca
n3nckBa paspaboTBaHeTO Ha HOBY LUMPOKO-
mMaLabHu cuctemu 3a Npou3BOACTBO U MO-
BMlIaBaHe Ha aobusute. Taka ce cTura go
Cb3[iaBaHeTO Ha HOBW pacTUTE/SIHN BUAOBE,
pas/iM4yHN TEXHUKM 3a KyNTUBUPAHE U Cenek-
una. KoHBEHUMOHa/IHUTE MEeTOoAM 3a KPbC-
TOCBaHe W cesiekumsa umar peguua orpaHu-
YeHWNs No OTHOLLEHVE Ha AbPBECHUTE BUAO-
Be. CbKpallaBaHeTO Ha BPeMeTo 3a MHAYK-
uns 1 nocnefgasnia Cenekunst Ha reHeTUYHU
U3MEHEHMS LLe Oocurypu npeojonsiBaHe Ha
orpaHuyeHuaTa Npu cenekuusaTa u BUAOBO-
TO MoauduuMpaHe Ha BaXHW CTOMaHCKu
Kyntypu. INpn ecTecTBEHN YCNOBUA reHeTuy-
HWTe Bapvauuy ca NPoAyKT Ha MyTauuu, ot
KOMTO ce 3anassBarT camo jasaluuTe npe-
OVMCTBa Ha CbOTBETHUTE pacTeHus, Hanpu-
Mep Mo-ronsam A06MB WM YCTONUMBOCT KbM
HebnaronpuaTHu paktopn. WHOyKUMA Ha
MyTaumMm MOXe fa ce OCBbLEeCTBU NO Tpu
OCHOBHW Noaxofa — 06/1bYBaHe; XMMUYECKM
MyTareHu Wan caliT-HacouyeH MyTareHes,
Abxawm ce Ha AHK nHcepumn, reHeTuyHu

(Newman et al, 1998) (lpekci and
Gozukirmizi, 2004). These deciduous
trees are fast growing, and can grow just
as quickly on a wide variety of soils and
wide range of climatic conditions.

It has been examined the ability of
Paulownia to take up nitrates, heavy
metals and land contaminants, that make
it a useful source for land reclamation and
reforestation( Zhang et al., 2007). The
leaves and flowers could be used as
fodder because of their contents of fats,
sugars and proteins. The high level of
nitrogen in leaves made them also a good
fertilizer.

Paulownia species are rich in antioxidants
and secondary metabolites, connected
with theirs medicinal properties (Smejkal
et al., 2007; Si et al., 2013).

Paulownia trees become a popular source
for cellulosic ethanol as alternative fuels.
A risen popularity of Paulownia is due to
its many desirable features that
determined it as a multipurpose tree with
grate economical and practical value.

With the growth of human
population, large-scale production
systems were developed. This leads to
the creation of new plant species, different
techniques of cultivation and selection.
Conventional selection and breeding has
been successful program for genetic
improvement but with some limits about
woody plants. Reducing the induction time
and the subsequent selection of genetic
changes could be useful tool for
overcoming the problems with selection
and species modification of important
crops. In Nature, genetic variations are
result of keeping of mutations that gave
advantages to the plants, for example,
greater yield or resistance to adverse
factors.

There are three types of mutagenesis —
irradiation; treatment with chemical
mutagens or site-directed mutagenesis
due to DNA insertions, genetic
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TpaHcchopmauum WM akTMBMpaHe  Ha
noaswxHu enemeHTn (Oladosu at al., 2015).
XUMUYeckuaT MytareHes uma peguvua npe-
OVMCTBa 1 e LUMPOKO M3MNoM3BaH 3a npeams-
BMKBaHe Ha rofsM 6poi  OYyHKLMOHaTHU
U3MeHeHus B Kyntypu. OT XuMuyeckuTe
CpeAcTBa, aJKUNMpaLLMAT MyTareH, eTun
MeTaHcyndgoHat (EMS) e cpep Hai-yecto
n3non3sBaHuTe 3a NHOYKUUS Ha MyTaLlumn npu
pacTteHus, Tbli KaTo NPUYMHABA BUCOKA Yec-
TOTa Ha Hyk/1eoTugHn 3amectBaHus (Talebi
et al, 2012). Etun wmeTaHcyngoHaTbT
(EMS) e mMyTareHHo cbeguHeHue, KOeTo
BOAM [0 CNy4vailHy MyTauuu B reHeTUYHUN
mMarepuas, MpUYMHEHU OT HYK/IeOTULHU
3amMecTBaHusA B pe3yTar Ha ajikunupaHe Ha
ryaHuHa, npu Koeto eTwiryaHuHa He obpa-
3yBa HOpMasiHa KOMMJieMeHTapHa ABOWKa C
LUMTO3MHA, a ce cBbp3Ba C TMamuH (Greene
et al., 2003). HayuupaHuTe TOYKOBU MyTa-
uun morar ga 6baart npuumHa 3a 3aryba Ha
QYHKUMM, HO CbLLO M 3a NpuaobusaHe Ha
HOBMW, a MogucmumpaHutTe goeHoTMnose ca
NoTEeHUMaNHN LEeHHW CTOMNaHCKU BUAOBE.
Cnep tpetupaHe ¢ EMS BaxHO 3HauyeHue
uma npasuHaTa cenekuus oule B M; noko-
JIeHne, Npy KOeTo MOBEYETO MYTaHTHW /u-
HUK 6uBat oTcTpaHeHu (Oladosu et al., 2015).

Hue wun3nonssaxme  XMMWUYECKUAT
mMyTareH EMS 3a mogenupaHe Ha reHoma u
WHOYKUMSA Ha HOBW XapakepucTuku npu
[o6unna lWwmpoka nonynspHoOCT AbpBeceH
Bug, Paulownia tomentosa. B M; nokoneHue
Ha TpeTupaHu cemeHa 6elle NaeHTUULM-
paH npomMeHeH heHoTUM, YNATO MOpdosIo-
s 6e cpaBHeHa C Ta3u Ha U3XO4HWTE
pacteHus. Korato mytareHeH dhaktop npsiko
3acerHe reHu, CBbp3aHuW C pacTUTenHuTe
pacTexHu perynaropu, Tosa Lie fosefe A0
BUAMM edpekT. Hue aHanm3npaxme edpekta
OT eK30reHHo fJobaBsHe Ha rmbepuMHoBa
kncenmHa (GAz); HaTun-oueTHa KucennHa
(NAA); nHponun-ouetHa kucenuHa (IAA) n
ennépbpacnHoctepong-24 (EBR), 3a pga
npocnegym fanv HOBONPOAOOUTUAT  [Ky-
[KeBUAEH (PeHOTMN ce Ab/KM Ha KOou-
YeCTBEH HeJOCTUI WM nunca Ha pyHKumA
Ha HAKOM OT U3bpoeHUTe pacTUTEsTHU
XOPMOHMU.

transformation or activation of
transposable elements (Oladosu at al.,
2015). Chemical mutagenesis has several
benefits, and has been widely used to

induce a large number of functional
variations in crops. Among chemical
mutagens, the alkylating agent, ethyl

methane sulfonate (EMS) is the most
commonly used in plants as it causes a
high frequency of nucleotide substitutions
(Talebi et al., 2012).

EMS induces mispairing and base
changes, because of guanine alkylation,
which cannot pair with cytosine anymore
and pairing with thyamine (Greene, et al.,
2003).

The induced point mutations could lead to
loss-of-function or gain-of-function
phenotypes with important features to the
agriculture.  The  proper  mutations
selection is important and after EMS
treatment most mutant lines in the M1
generation are removed (Oladosu et al.,
2015).

We have used the chemical
mutagen EMS to modify the genome and
inducing new features in the popular
woody species Paulownia tomentosa. In
the M; generation of treated seeds, an
altered phenotype was identified whose
morphology was compared to that of the
parent plants. Visible effect will be
produced when the mutagenic factor
affects genes associated with plant
growth regulators. Here we analyze the
responses of produced dwarflike plants to
exogenic plant growth regulators as
gibberellins (GAz); naphthyl acetic acid
(NAA); indolyl acetic acid (IAA) and
epibrassinosteroid  (EBR), to trace
whether the newly acquired phenotype is
due to a quantitative shortage or lack of
function of some of the listed plant
hormones.
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MATEPWNAN N METO4WA

PactuTeneH martepuan

N3xogHuNAT pacTtutesnieH marepuan
ot Paulownia tomentosa u pacteHus ¢
DKymkeBuaeH eHotun 6sxa nwobesHo
npegoctaBeHn o1 npodp. A-p Anuvuwep
Typaes (Faculty of Biology; BIOSS Centre
for Biological Signaling Studies; ZBSA
Centre for Biological Systems Analysis,
University of Freiburg).

MyTtareHe3 ¢ EMS (Kim et al.,
2006)

100 cemeHa ot  Paulownia
tomentosa ce HakucBar B 100 mM
ochateH OGydep (pH 7.5) 3a egHo
JeHoHowwue npu 40 °C. UsnuwHmar
6ychep ce oTCTpaHsiBa U ce f06aBsA CBEX
6ychep ¢ EMC go kpaliHa KoHUeHTpauus
0.6%. CmecTa ce MHKybmpaT 12 yaca npu
CcTailHa Temnepartypa u cneg ToBa ce
npomueaTt 20 NbTU C BOAA.

XpaHuTesiHu cpean 1 ycnoBusi 3a
KynTuBMpaHe

B nab6opaTopHata pabota 3a in
Vitro pacTuTenHu Kyntypu ce wu3nonssa
OCHOBHa cpefa Ha Mypawwnrn un Ckyr
(1962) c pobaseHa 3axapo3a (20 g/l) n
renobpasysaly, areHT — arap (8 g/l), pH ce
Kopurupa go 5,8.

3a pereHepupaHe Ha cemeHa npu
in vitro ycnoBus Kyntypute ce nocTtaesAT
Ha TbMHO B NPOAbL/DKEHWE Ha YeTupu
ceamuum. lMpoayumpaHuTe pereHepaHTu
Ce M3M0/I3BaT, KaTto U3TOYHKK Ha eKcniaH-
TW 32 MUKPOK/TOHA/THO pa3MHOXaBaHe.

KynTuBmpaHeto npotuya BbB hu-
TocTar, npu Temneparypa ot 22°C - 25°C;
hoTonepuos 16/8 yaca U UHTEH3MBHOCT
Ha cBeT/imHarta 30 pMm'Zs'l.

CybkynTuB/MpaHe ce M3BbpLUBaLle
npe3 uWHTepBaan OT 4YeTupu CeamMuLm.
Pesyntatn ce otuntaT npe3 UHTepBasun
OT cefeM [AHW. Bcekn ekcnepumeHT ce
nosTaps nNo Tpy MbTU, & MUHUMATHUAT
O6poil Ha KynTypuTe Ha EKCNepuMeHT e
aecer.

ApanTupaHe Ha pacTeHuATa KbM
in vivo ycnosus

[ByMeceuHn pacTeHusi ce u3Bax-
JaT OT XpaHuTesiHaTa cpefa v BHUMaresi-

MATERIAL AND METHODS

Plant material

The in vitro raised shoots from
Paulownia tomentosa and dwarflike plants
were kindly provided by prof. Alisher
Touraev, Faculty of Biology; BIOSS
Centre for Biological Signaling Studies;
ZBSA Centre for Biological Systems
Analysis, University of Freiburg.

EMS mutagenesis (Kim et al.,
2006)

100 seeds from  Paulownia
tomentosa were soaked in 100mM
phosphate buffer (pH 7.5) overnight at
40 °C. The excess buffer was decanted
and fresh buffer was added with EMS to a
final concentration 0.6%. Mixture was
incubated 12h at room temperature and
then seeds were washed 20 times with
water.

Culture
conditions

Basal MS (Murashige and Scoog,
1962) media was supplemented with 20
g/l sucrose and 8 g/l agar, the pH of
media was adjusted to 5.8.

media and culture

The cultures for seed germination
were incubated at 24 °C in dark for 4
weeks. Aseptic seedlings were used as a
source material for micropropagation.

Micropropagated in vitro plants
were incubated under 16/8h photoperiod
in a growing-room under light intensity 30
|JMm'25'1 from cool-white fluorescent
lamps at 22°C - 25°C.

The cultures were sub-cultured at
four-week intervals. Observation was
recorded over 7 days of inoculation and
subculture. All experiments were repeated
three times with at least ten cultures per
treatment.

Acclimatization of plants under
in vivo conditions

Two months old in vitro plants were
adapted to in vivo conditions after

287



HO Ce MNOo4YMCTBaT KOPEHUTE OT BCUYKU
ocTarbly, cfiefi KOeto ce MNOoCTaBAT B
NnaacTMacoB/  KOHTeilHepy  3amb/IHEHU
CbC CMec OT no4ysa M nepnut (2:1viv).
PacteHusita ce nokpuBat C Mpo3payHo
hosnmo, KoeTo Le 3ana3n oTHocUTenHara
B/I@XHOCT OT 95% po0 98%. AknumaTtusun-
paHuTe pacTeHusa ce oOTrexgar npu
hoTonepuos 16/8 4. ¢ MHTEH3UBHOCT Ha
ceetnnHara 30 pMm'zs'1 n Temneparypa
22°C - 25°C.

EchekTbT Ha pacTexHuTe perynarto-
py BBPXY in Vitro KynTUBMpaHUTe LKymKe-
BUAHW pacTteHus Paulownia.

EdekTbT ce u3nutBa BBLPXY pere-
Hepupalla cpefa, fOMb/IHEHA C pasnny-
HW KOHLIeHTpauuM pacTexxHW perysiatopu
(Tabnumuya 1).

MmbepenvHoBarta KucenuHa (Hapwu-
YyaHa oule 'mbepenuH nnn GAs) ce pas-
TBapsa B 96% eTaHos, cTepunu3uvpa ce
npes 6akrepuungeH unTbp U ce npuba-
B KbM OCHOBHata cpega (MS, 20 g/l 3a-
xapo3sa u 8 g/l arap), koAaTo npegBapuTesn-
HO ce cTepununsmpa 4pes aBToKnasmpaHe.

HadgTtun ouetHa kncenuHa (NAA) un
WMHgonnn ouetHa kucenvHa (IAA) ce
pa3tBapAT ¢ 1N NaOH n ce go6aBAT KbM
OCHOBHarTa cpeja npejun asTok/1aBupaHe.

24-enubpacuHoctepouns (EBR) ce
pa3stBaps B 96% eTtaHon, cTepuan3upa ce
npes 6akrepuungeH unTbp U ce npuba-
BSA KbM aBTOK/1aB/paHaTa OCHOBHa cpefa.

Bcruku Kyntypu ce vHKyGupar npu
oTonepuog 16/8 4. BbB dmTocTaT nofg
6sna-1ypucCLEHTHA CBET/IMHA C MHTEH3MB-
HocT 30 uMm®s™ n TemnepaTtypa 22°C - 25°C.

EdekTbT Ha pacTexHuTe perynaro-
py BBPXY in ViVO KyNnTUBMpaHUTe MKymxe-
BUAHW pacTteHus Paulownia.

ApantnpaHn pacTeHua ce Hanpbe-
KBaT C 2 ml pa3TBOPM Ha pPacTexHu pery-
naTopu B pasfiMyHU KOHLUEeHTpauun. KoH-
TPOSIHUTE pacTeHuns ce Hanpbeckaat ¢ 2 ml
JecTunvpaHa Boga. TpeTupaHeTo ce
nostaps cnes 7 gHu. ExkcnepuMeHTuTe
npogb/mkasart 0T 5 4o 8 cegmuLm 1 BCEKU
eKCnepuMeHT ce NoBTaps 3 NbTy.

cleaning up gently the roots from media
oddments. Plantlets were put into pots
containing mixture of peat and perlite
(2:1v/v), covered with transparent foil, that
would keep 95% - 98% relative humidity.
Acclimatized plants were incubated under
16/8h photoperiod in a growing-room
under light intensity 30 uMm?s™ from
cool-white fluorescent lamps at
22°C - 25°C.

The effect of growth regulators to
dwarflike Paulownia plants tested by in
vitro culture.

The effect was tested on
regenerating media supplemented with

different  concentrations of growth
regulators (Table 1).
Gibberellic acid (also called

Gibberellin and GA;3;) was dissolved in
96% ethanol, sterilized trough bactericidal
filter and added to the autoclaved basal
media (MS, 20 g/l sucrose and 8 g/l agar).

2-(1-Naphthyl) acetic acid (NAA)
and 2-(1H-indol-3-yl) acetic acid (IAA)
were dissolved in 1IN NaOH and added to
the basal media before autoclaving.

24-epibrassinolide  (EBR)  was
dissolved in 96% ethanol, sterilized trough
bactericidal filter and added to the
autoclaved basal media.

All cultures were incubated under
16/8 h photoperiod in plant growth room
under cool-white fluorescent lamps at
22 °C to 25 °C with 65% — 70% humidity.

The effect of growth regulators to in
vivo cultured dwarflike Paulownia plants.

The in vivo adapted plants were
sprayed with 2ml solutions of plant growth
regulators in different concentration. The
control plants were sprayed with 2ml
distillated water. Treatment was repeated
after 7 days. The experiment prolongs 5
to 8 weeks and each experiment was
repeated 3 times.
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PE3YJITATN N OBCBXAAHE

OcbliecTtBeHO 6e TpeTupaHe Ha
cemeHa oT Paulownia tomentosa ¢ EMS u
npoayuupaHoto M; nokoneHue 6e unscneg-
BaHO 3a PEeHOTUNHU NpoMeHn. belue naex-
TUULUMPAHO CU/THO Pa3K/IOHEHO pacTeHue,
OoT/IyaBaLlo ce OT MbPBOHAYATHUAT (PEHO-
TUM, KOETO CTaHa npeaMeT Ha HacTosLweTo
nscneasaHe. 3a nposexgaHe Ha Mopdos1o-
TMUYHUAT aHaNn3 6s1xa U3Nos3BaHN pacTeHus
pasmMHOXaBaH1 MWKPOK/IOHA/THO Npw in Vitro
YCNoBUSA, KOETO rapaHTMpa 3anasBaHe Ha
reHeTyHata WHAEHTUYHOCT MpU  BCUYKK
o6pasun. MpuM MUKPOKIOHA/THOTO PasMHO-
XaBaHe ce 13nosi3Baxa BPbXHWU U CTpaHWy-
HW MbMKW, KyNTMBMpaHW BbPXY MS cpepga,
cbAbpxawa 2% 3axaposa, 6e3 pobaseHu
pacTexHu perynaropu, KoMTo moraT ga no-
B/IMAAT Ha heHoTuna. [jBymeceyHu pacrte-
HWA ce afanTmpar KbM in vivo ycnosus un ce
KyntusmpaT npu 24°C, dotonepuog 16/8
yaca M WHTEH3UBHOCT Ha cseT/MHaTa 30
uMm'zs’l. [Npu cpaBHABaHe Ha KOHTPO/HUTE
pacteHns Paulownia tomentosa (PT) u
oxypkesngHnte (DWL) 6sxa npocnegexu
pacTexbT Ha pacTeHuWAaTa pereHepaHTu u
TAXHOTO pas3BuTVe, BUCOUMHA, BpOoli Mexay-
Bb3/Us, rofieMmHa n 6poii Ha nuctata. OT
HanpaBeHWUTe aHan3nm Moxem pJa 0606-
WwuMm, 4Ye B [ABeTe rpynu pacteHus PT nu
DWL, pa3mMHOXaBaHW W KynTUBMPaHU MO
€AMH N CbLM HauuH NMbpPBOHAYASIHO MMaT
CcXofHa BMcOYMHa. BucounHaTa Ha cTbbna-
Ta npu gsymeceuyHn DWL moxe pga 6bae
€KBUBaJ/IEHTHAa 1 A0pW MasIKo No-rossima ot
Tasu Ha PT, HO kaTo uano rpynata Ha DWL
€ MHOro no-sapuabwnHa. Npu cBOeTO no-
HaTaTblHO pa3suTne DWL ce pasknoHasar
pa3BuBaviku BCUYUKA CTPAHUYHW MbMNKW, 3@
pasnuka ot PT, kouTo 3ana3BaT CcBOSiTa
anukasiHa fgomuHaHTa (Purypa 1). Paswme-
pbT Ha fucTata cnejsa cbliaTa TeHAEH-
uns, MbpBOHAYa/IHO pacTeHusTa OT [ABeTe
rpynu Mmat cxofHa Bu3us, a C HanpegsaHe
Ha Bb3pacTTa DW pepyumpar pasmepa Ha
nmctata cW, HO UYMCNEHO MHOrOKpaTHO
nsnpesapsat PT (Purypa 1). [BeTe aHanu-
3upaHn rpyny umat pas/iMyHu MOoAesn Ha
pactex un passutue. PT yBenuyasat nocre-
NMeHHo W paBHOMEpPHO cBosiTa 6uomaca,
obpasyBalikn Bcsika cegmuua MO  €4HO
MexayBb3/iMe 1 ABe WM TpU HOBU SUCTA.

RESULTS AND DISCUSSION
Paulownia tomentosa seeds were
EMS treated and produced M;generation
was screened for phenotypic changes.
One of the regenerated plants developed
bushy phenotype and turns the subject of
present study.

The aseptic seedlings were source for
micropropagation, using the segments
from nodal sections and shoot tips. They
were micropropagated on MS media
containing 2% sucrose, without any
growth regulators, that can affect the
phenotype.

Two months old in vitro plants were used
for in vivo propagation and were incubated
at 24°C under 16/8 h photoperiod and
light intensity 30 pMm™s™.The growth
pattern and development; height; number
of nodes; number and the size of leaves
were traced. These criteria were used to
compared dwarflike Paulownia (DWL)
with  the control plants Paulownia
tomentosa (PT). The compared two
groups of plant propagated and cultivated
at the same conditions started with the
similar phenotype. The two months old
DWL plant could be equal or even slightly
taller than PT plant, but generally the
whole DWL group is more variable in
height.

In their further development DWs get
branched, developing all the side buds,
while PTs retained their apical dominance
(Figure 1). The leaves size followed the
same trend; initially plants from both
groups had a similar vision. In their further
development DWLs leaves were far
behind the original size, but numerically
get ahead of PTs (Figure 1).

Both analyzed groups were different in
their growth and development patterns.
PT plants have grown gradually and
increased their biomass, gaining each
week a new node and two or three new
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DWL HapacTBaT UHTEH3UBHO Npe3 NbpBuUTE
ABe cegmuuu, cnep Koeto TEMMOBETE ce
3a6aBAT 1 cnej Tpetata cegmuua crnvpar
[Ja HapacTBaT Ha BMCO4YMHa, HO 06pasysar
MHOrO PasK/oOHEHUA 1N HOBK NINCTA.

our. 1. YeTnpmumeceuHu pacteHns PT (1) n DWL (2)

leaves. DWL plants have grown

intensively in the first two weeks, then the
rate slowed, and after the third week the
height stop elevate, but many branches
and new leaves appeared.

Fig. 1. The four months old PT (1) and DWL (2) plants

[DKyKEBUOHUAT  (DEHOTUN  MNpW
pacTteHusiTa MoXxe ga 6bae cneacTeue ot
TEHHO-MHXEHEPHN  MaHunynauum, HO
CblO Taka MOXe fga e pesynarar oT
ecTecTBeHUn MOopd0/IOrMYHM  MPOMEHN
npu aknumaTtmsauns KbM CTpecoBu hak-
TOPW KaTo: CbCTaB Ha NnoysBaTa, CBeT/IMHa
(Hutchings et al., 1994), ctya (Okamoto
at al., 2008) unun uHdekymm (Scholthof et
al., 1995). B noBeyeTo caydyanm mxymke-
BM3MBbT MPU pacTeHUsATa ce nosiyvyasa, He
KaTo c/ieAcTBre OT noBpean, NPUYMHEHM
OT CTpecoBuUTe pakTopw, a B pe3yartaT Ha
[OENCTBNETO Ha PacTUTENTHUTE XOPMOHMU
npogyuvpaHy npu CTPECOBUTE YC/I0BUSA
(Zhang and Turner, 2008). Tbpceiikn
Bpb3KaTa Mexay MKYMKeBUAHUA ¢eHo-
TUN U NPOMEHEHNTE HUBA Ha pacTeXxHuTe
perynatopy B DWL pacTeHusita, Gelue
npocnefeH edekrbT OT npunaraHe Ha
pas/IMyHM  KOHLEHTpauuMm OT OCHOBHMU
rpynu pacTexHu perynaropu: rnbepenu-
HW, ayKCuHM U 6GpacuHocTeponan. 3a
uenta 6sxa wusnonssaHn PT u DWL
pacTeHus, KynTUBMpaHU in Vitro BBbPXY
XpaHUTesIHM cpean ¢ fobaBeHn pacTex-
HU perynatopu B pPas/IWdHUA  KOHUEH-
Tpauum (Tabnuua 1). EqHOBpeMEHHO ¢
TOBa Ce aHanusupar in vivo aganTupaHu
Ha no4ysa pacTeHus, NPbCKaHW C pasTBO-
py Ha CbLUMTE pacTexHW perynaTopu B
pas/IMyHW KOHLEHTpauumn.

The Dwarflike plant phenotype
could be the result of genetic
manipulations, but also could be result of
natural changes during acclimatization to
stress factors such as soil composition,
light (Hutchings et al., 1994), cold
(Okamoto at al., 2008) or infection
(Scholthof et al., 1995).

Dwarfing in natural condition is obtained
not as a result of damage caused by
stress factors, but as a result of plant
growth regulators produced under stress
conditions (Zhang and Turner, 2008).

Searching the connection between
dwarflike phenotype and altered levels of
growth regulators in analyzed DWL plants
we investigated the effect of various
concentrations of the major groups of
plant growth regulators: gibberellins,
auxins and brasinosteroids.

For this purpose were cultured in vitro PT
and DWL plants on nutrition media
supplemented with growth regulators in
various  concentrations  (Table 1).
Simultaneously in vivo cultured PT and
DWL plants were sprayed with solutions
of the same plant growth regulators in
various concentrations.

290



Tabnuua 1. ChCTaB Ha XpaHUTe/THUTE cpean N3No3BaHu 3a in vitro Kyntypm
Tablel. Composition of in vitro culture media

Cpeagn PacTexHn perynatopu / Growth regulators
Media GA; (mg/l) IAA (mg/l) NAA (mg/l) EBR (uUM)
MS0? - - - -
MSG1 0,1 - - -
MSG2 0,5 - - -
MSG3 1 - - -
MSG4 5 - - -
MSA - 1 - -
MSN - - 1 -
MSE1 - - - 1
MSE2 - - - 5

MS cpega 6e3 go6aBeHn pacTexHu perynatopu -MS0%.OcHoBHa MS

cpepa oborateHa ¢ GA; - MSG1;

MSG2, MSG3 1 MSG4. MS cpefia ¢ gobaBeHa UHAOMUA oueTHa KnucenmHa — MSA. MS cpega ¢ gobaseHa
HadTun oueTHa kncenuHa - MSN.OcHoBHa MS cpepa o6orateHa EBR - MSE1 n MSE2

MS media without any regulators -MS0? Basal MS media supplemented with gibberellins - MSG1; MSG2;
MSG3 and MSG4. MS media supplemented with indole 3-acetic acid — MSA. MS media supplemented with
1-Naphthaleneacetic acid acetic acid — MSN. MS media supplemented with Epibrassinosteroids (EBR) -

MSEland MSE2

CkbceHUTe cTbbna 1 3abaBeHUAT
pacTtex npu aHanusmpaHute DWL Hacou-
Ba BHMMaHMETO HU KbM TMBepenivHuTe,
KaTo XOpPMOHM, yyacTBally B perynuvpa-
HeTo Ha Te3n npouecn. OcBeH TOBa
M3KMOYBAHETO UM O6pBLLLAHETO  Ha
edpekTa PU3NONOTNYHN MKYMKETa € eAHO
OT cneunguyHUTE NPUIOXKEHNSA Ha rnobe-
penvHoBuTe KuUCesMHW. B HacToswara
paboTta ekcnepumeHTUTe 6sixa nposepge-
HU ¢ GA3, 3a KOATO Ce 3Hae, ye e Haii-
3acTbneHa B pPacTUTENIHOTO LapCTBO.
AfanTvpaHn Ha noysa pacTeHus Osxa
npbckaHn ¢ 2 ml pa3tBop Ha GA; C
KoHUeHTpauusa 10 mg/l. TpeTupaHeTo ce
nosTapa mnpes cegem [AHW B MpoOAb/-
XEeHne Ha ocem cegmuun. 3a KoOHTpona
651xa M3MNoN3BaHN pacTeHus, NPbCKaHU C
2 ml gectunmpana Bofa. TpeTupaHute c
GA; yBenunumxa BucoymHara cu cpegHo ¢
12 cm, koeTo € 4 NbTU NoBe4ve B Cpas.-
HeHVe C MNpbCKaHWTe C BOJa PacTeHus.
TpetupaHnte ¢ GA; pacTteHus 3anassar
XpacToBuaHus eHoTun u©  ApebHus
pasmep Ha iMcTHaTa neTtypa, BblNpekn ye
ce 3abenssBa yAb/hkaBaHe Ha JIUCTHUTE
OpBXKU (Purypa 2).

The gibberellins (GAg) are class of
plant hormones that affect several
important plant processes, including stem
elongation, seed development, and seed
germination. Besides GA could stop or
reverse the effect of physiological
dwarfism and it is one of the specific
applications of gibberellins. In this study
experiments were conducted with GAg,
which is known to be the most abounded
in the plant kingdom.

Acclimatized plants under in vivo
conditions were sprayed with 2 ml
solution of GA; (10 mg/l). The treatment
was repeated every seven days for eight
weeks. The control plants were sprayed
with 2 ml of distilled water. Treatment
with GA; induced elongation by an
average of 12 cm that was 4 times more
compared to controls.

DWLs sprayed with GA; kept their
“bushy” (branched) phenotype and the
small size of the leaf lamina, although
there was a prolongation of the petiole
(Figure 2).

291



dur. 2. DWL pacTteHusa npbckaHn ¢ gectunmpaHa soga (1) n DWL npbckaHu ¢ 10 mg/l

GA;z(2)

Fig. 2. DWLs sprayed with distilled water (1) and DWLs sprayed with 10 mg/l GA;(2)

EdpektbT Ha GA; Gelue TecTBaH
oLle C in Vitro KynTypu BbpXy XpaHUTeHU
cpeaun ¢ fobaBeHN pasIMyHN KOHLEHTpa-
LMKn OT TO3n XOpMOH (Tabnmua 1). Cnepg,
OBYMECEYHO KyNnTMBMpaHe BbB (IUTO-
cTaT, Npu NOCTOSIHHW peryavpaHu ycrio-
BUSA, He ce Hab6nogaBa un3vye3BaHe Ha
DKyokeBugHus  wsrneg.  MNpu Hali-
BMCOKaTa M3Mnos3BaHa 3a eKcnepumeHTa
KoHUeHTpauus (5mg/l) ce oTyeTe MHXM6U-
paw, edpekT Ha NPUIOXKEHUS pacTUuTeneH
XOPMOH.

AsneHneTto ,AnukasiHa fOMMHaHTA”
€ PEHOMEH, NpK KOWTO BpbXHaTa CTbbneHa
MepucTeMa MHXMOMPa pPa3BUTUETO Ha Mbp-
BMYHUTE MEPUCTEMMU B CTPAHUYHUTE MBIKN.
Mo Bpeme Ha hOpMUpPAHETO Ha aMcTaTa u
yAb/MHKaBaHETO Ha CTbLO/IOTO OT KNEeTKUTE
Ha anukasHata cTbbrieHa Mepuctema, Hsi-
KOV KMEeTKM OT cbluaTa TbkaH ocTaBaT Ha-
3aj, v yyacTsaT BbB (DOPMMPAHETO Ha cTpa-
HWYHWUTE NbMKA. AKO AOMMHaAHTHaTa anu-
KaJiHa MepucTemMa ce 0TCTPaHu, Toraea ef-
Ha WN HSKOMIKO CTPaHUYHU BPbXHWU Mepuc-
TEMM 3anoyBat Aa ce pas3BuBat. MexaHus-
MbBT Ha anukasiHaTa JOMWHaHTHOCT ce 6a-
3vpa Ha felicTB1eTo Ha aykcuHute (Dun et
al., 2006). OTcbCTBMETO Ha anukasHa Ao-
MVHaHTa Npu U3cnefBaHUTE IKYIKEBULHN
pacTeHusi e NpuyrHa ga npocnesum edek-
Ta Ha EK30reHHO MNpunaraHe Ha aykCUHW.

AfanpvpaHun KbM in Vvivo ycniosusi
pacTteHus Ha 2 Mecela 65ixa NpbCKaHu C
1 mg/l NAA n 1 mg/l IAA, koeTo He
NPOMEHN  MKYIKEBUAHUAT  DEHOTUN.
MpbckaHnte ¢ 1 mg/l IAA pacteHus
nokassart Npu3Haum Ha CTpPec, CBbp3aHu
C NOXDb/ATABAHE WM 3aBMBaHe Ha smcTara,
N HEKPOTUYHU METHA.

The effect of GA; was tested by
shoot regeneration on media
supplemented with different concentration
of this hormone (Table 1). After two-
months  cultivation, under constant
regulated conditions, there is no
disappearance of the dwarf phenotype.
The highest experimental concentration
(5mg/l) had inhibitory effect to the tested
tissue cultures.

Apical dominance is phenomenon
when one meristem prevents or inhibits
the growth of other meristems.

During the formation of leaves and
elongation of stem some cells are left
behind from shoot apical meristem and
constitute axillary bud.

If the dominant meristem is cut off, one or
more branch tips will assume dominance.

The mechanism of apical dominance is
based on the plant hormone auxin (Dun
et al.,, 2006). The absence of apical
dominance in DWL plants provoked the

experiments with exogenous
administration of auxins.
The two-months old in vivo

adapted plants were sprayed with
solutions of NAA (1mg/l) and IAA (Img/l)
but it didn’t turn dwarf phenotype back to
the original morphology. Negative effect
was observed when plants were treated
with 1mg/l IAA. The sprayed plants show
signs of stress associated with yellowing,
the leaves curling and necrotic stains.
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Mpu in vitro KynTUBUPaHW [XyOKe-
BUAHN pacTeHus Paulownia (Ta6nuua 1)
NAA 1 IAA nmat nHxmbmpawT edexT.

BpacuHocTepongute  perynupar
eKkcrnpecusaita Ha MHOXECTBO TleHW, Kie-
TbYHOTO yAb/DKaBaHe W [eneHe, pa3su-
TMETO Ha MPOBOAALMTE TbKaHu, (DOTO-
MopcporeHe3suca 1 peguua CTPeCOBU OT-
rosopu. MyTaHTK, MpM KOUTO € 3acerHara
6uocuHTE3aTa Ha bpacnHOCTEpPOMaAN WK
TEXHOTO AeicTBMe, NposiBABaT [KY[XKe-
BUAEH (DEHOTUM, KOETO ce CBbp3Ba C
6/10KMpaHe Ha KNeTbYyHOTO YyAb/hKaBaHe.
KoraTto 6pacuHocTepougute ce npunarat
€K30reHHO B HaHOMOJIapHM WU MUKPO-
MOMapHM KOHLeHTpauuu, Te nposi-BsaBat
LUMPOK CMNeKTbp OT OM3NONOTNYHN eddek-
TW, BK/IIOUYUTESIHO CTUMY/SIMpaHe Ha Kre-
TbYHOTO YyAb/DKaBaHe W [JefieHe, CTu-
My/iMpaHe gudepeHunaumaTa Ha Tpaxe-
aNHUTE EeNIEMEHTUW, TPaBUTPOMUYHU W3-
KpMBSIBaHWS, MOBMLIABaHe OGUOCKH-Te3a-
Ta Ha eTU/IeH, U NOBMLIABAHE Ha CTPeco-
Bata ycrtoiumsocT (Nakamura et al., 2003).

Mpu HawmnTe wuscnegBaHUs mnpo-
cneguxme ecpekta oT 24-epibrassinolide
(EBR) npunoxeH ypes3 npbckaHe KbM in
vivo DWL pacTeHus, KOeTo He goBeae Ao
npoMsiHa Ha goeHoTuna. B cbLOTO Bpeme
npy in Vvitro KynTypyM Ha XpaHuTesHa
cpepga c 1 n5 uM EBR 6elwle Habnwoga-
BaHO BpblLaHe KbM HOPMaSHUAT (peHo-
TUMN, KOETO Ce mM3passiBa B wmncarta Ha
pasknoHeHus, yab/hkaBaHe Ha cTbbnara
U yBeNuyaBaHe pasmepa Ha JmcTara
(durypa 3).

1 2

The shoot regenerates were
cultivated on media supplemented with
NAA (1mg/l) and IAA (1mg/l). The applied
concentration had inhibitory effect to the
in vitro cultured DWL plants (Table 1).

Plant steroid hormones called
brassinosteroids (BRs) control cell
expansion and division, senescence,
vascular development, photomorpho-
genesis and stress responses. BR
biosynthesis or perception defective
mutants display dwarf phenotypes due to
reduced cell elongation. When BR were
applied exogenously at nanomolar to
micromolar levels, they exhibit a wide
spectrum of physiological effects,
including promotion of cell elongation and
division, enhancement of tracheary
element differentiation, enhancement of
gravitropic induced bending, promotion of
ethylene biosynthesis, and enhancement
of stress resistance (Nakamura et al.,
2003).

In this study, we were interested in
the effect of a brassinosteroid hormone
24-epibrassinolide (EBR) on DWL plants
applied by spraying or added into the
culture media. The in vivo cultivated
plants were sprayed with 1ml solutions of
EBR (5 pM and 10 pM). No positive
effects, even slightly inhibitory effect were
observed. But in vitro cultured DWL
plants overcome the brunched phenotype
and the regenerants had larger leaves
and elongated stems (Figure 3).

. NPT

3

®ur. 3. (1) KoHTpona DWL pacTeHue KyntusmpaHo Ha MS0? (2) DWL pacTeHue Ha

MSEL. (3) DWL pacTteHne Ha MSE2

Fig. 3. (1) Control DWL plant cultured on MS0?®. (2) DWL plant cultured on MSE1. (3)

DWL plant cultured on MSE2
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N3BOAN

Bsaxa cb3gageHn pacTeHuss C
DKymkeBuaeH heHoTun cnep TpetupaHe
Ha cemeHa oT Paulownia tomentosa ¢
EMS. MopgonornyHmaT aHanms nokasa,
ye Te3n pacTeHus uMaT pasnnuyeH mogen
Ha pacTex U pa3BuTME B CpaBHEHWe C
n3xogHuAT Bug. Cnep nposefeHUTe xop-
MOHa/THU aHaIM3N MOXeM [a Kaxem, ye
DWL pacTteHusATa ca 4YyBCTBUTESTHN KbM
rmoepennHn, aykcuHm wu BpacuHocTe-
pongn. OTCHLCTBMETO Ha anukasiHa AOMU-
HaHTHOCT npu DWL pacTeHusaTa He Moxe
Ja ce CBbpxu C Hepoctur Ha IAA wniu
NAA, 3all0To TpeTupaHuTe pacTeHus 3a-
nassaT XpacTOBUAHUAT u3rnes. NpomeHu-
Te, KOUTO 6AXa NPoOBOKUpaHWU OT rnbepe-
NIMHX U ayKCWUHW He BOAAT [0 BpbluaHe
KbM un3xogHust dpeHoTMn Ha Paulownia
tomentosa, cnepoBaTesiHO [KY[XKEBU-
HUAT PeHoTMN Ha m3cneaBaHWTe OT Hac
pacTeHuss He ce Ab/IKM Ha HeJoCTUr Ha
Te3n XOpMOHU. EANHCTBEHO npunaraHeTo
Ha EBR npu in vitro DW posege pfo
npeofonsBaHe Ha MKy[IKeBUAHUSA (heHo-
TUM, KOETO MOXE Aa CBbPXe HOBOMpUAo6u-
TUSAT (PeHOTUN C HapyllaBaHe GMOCUHTE3a
Ha bpacuHocTepouanTe Wamn 3acsaraHe pery-
nauyaTa Ha reHy CBbp3aHu C Te3n XOPMOHMU.

CONCLUSIONS

Dwarflike plants were produced
from Paulownia tomentosa seeds using
EMS. Morphological characteristic exhibit
altered growth behavior than original
plants and the conducted hormonal
analysis revealed that DWL plants are
sensitive to gibberellins, auxins and
brassinosteroids.

The lack of apical dominance in DWL
plants was not a result of IAA or NAA
deficiency because the exogenic allayed
hormones didn't change the bush
phenotype.

The changes that were provoked by
gibberellins and auxins could not returned
the original phenotype, therefore dwarfing
was not due to shortage of these plant
growth regulators.

Only EBR applied to in vitro culture
resulted in overcoming dwarflike look.
Therefore the dwarf phenotypes could be
the result of reduced BR biosynthesis or
trough up- or down- regulation of genes
linked to these hormones.
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