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PE3IOME

HeoTmeHMMa 4yacT OT TexHoJo-
rmsaTa 3a NPouM3BOACTBO Ha N030B Moca-
ObyeH mMaTepuan e HanosiBaHeTo. Hayu-
HaTa nHgopmaLmsa OTHOCHO yrnpasJ/ieHune-
TO Ha NOMUBHUSA NPoOUEC B JI030BOTO BKO-
peHunnuie obaye e KpailHO HegocTaTbu-
Ha, O0COGEHO 3a YyCc/oBUATA Ha LUMPOKO
pa3npoCcTpaHeHOTO AHEC MWKpOoHanosisa-
He. C uen nogobpsiBaHe Ha NoavBHUA pe-
XXMM Ha N1030BOTO BKOpPEHUNMLLE, B paiio-
Ha Ha rp. lNneseH, Bvarapus, e nposese-
HO mM3cnepBaHe 3a onpegensiHe CTOMHOC-
TUTe Ha 6nocpmsnyHn KoeduumeHtun K (Z,
R, Kp 1 Kc), yyacTtBawiy B eMnmMpuyHu
hopmynn 3a M3UUCNSABaHe eBarnoTpaHc-
nupaumsata (ETg) oT MeTeoposiornyHu
taktopu (®) ot sugpa ET, = K X @.
OnuTtuTe ca u3BefeH BbB BKOPEHUNLLE-
TO 3a MPOM3BOACTBO Ha /10308 NnocagbyeH
MaTepuan Ha ekcnepvMeHTanHata 6asa
Ha  WHcTuTyTa NO  N103apCTBO U
BUHapcTBo-lneseH, npe3 nepuoga 2007-
2014 r. HanosBaHeToO € KankoBO, Karto
npes nbpBarta NnosioBMHa Ha BereTauuoH-
HUSA nepuoj ca M3BbPLUBAHU U OCBEXU-
TE€/IHA NOJMIUBKM 4Ype3 MUKPOLBXAyBaHe.

SUMMARY

Irrigation is indispensable part of
the technology for production of grapevine
planting material. However, there is lack
of scientific information concerning
irrigation management in the vine nursery,
especially under the widely used
nowadays microirrigation.

For improving the vine-nursery irrigation
regime, a field trial was set in the region of
Pleven, Bulgaria. Subject of investigation
were the values of biophysical coefficients
K (Z, R, Kp and K¢), part of empirical
formulas of the type ETe=KX® for
calculating the crop evapotranspiration
(ETc) from meteorological factors (®).

The study was carried out in the
grapevine nursery of the Institute of
Viticulture and Enology - Pleven, in the
period 2007-2014.

The nursery was drip-irrigated combined
with cooling microsprinkler applications
during the first half of the vegetation
period. The variation in the estimated
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YcTaHOBEHO e BapupaHe B CTOMHOCTUTE
Ha onpegeneHnte 6Mon3nMUHN Koedn-
umeHtn Z, Kp 1 Kc OT eguH 1 cbly, nops-
ObK (CVep = 0.30). MNo-ronamo e Bapupa-
HeTo npu cToliHocTuTe Ha R (CVep =
0.54), BEPOSATHO B C/EACTBME HA OCBEXMW-
TENIHUTE MOJSIMBKU. YCTAHOBEHO €, ue
OCBEXWUTENHUTE  MOMMBKA  yBeNuMyaeat
BapMpaHeTo B CTOMHOCTMTE M Ha OcTaHa-
nnte 6uoumsnyHn koedmumeHTn. MN360-
PbT Ha efHa OT MbpBUTE TpK POPMyNN 3a
nsumcnsaeaHe Ha ETc (Z, Kp n K¢ ) 3aBucu
Hali-Beye OT Ha/IMYHUTE METEOPOOTNYHU

JaHHW,

KntouoBn  aymu:  61M0U3NYHK
KoeuuneHTw, eBanoTpaHcnmpams,
MOSIMBEH PEeXWM, NPUCALEHN KaleMu,

NT030BO BKOPEHMNHLLE

YBO/,

HanosaBaHeTo Ha Ji030BUTE
BKOpEHWNULWA, KaTo 4acT OT Tex-
Ho/MorvAaTa 3a MnpoM3BOACTBO Ha
NI030B  nocagbyeH  maTtepuan,
OKa3Ba CblLLEeCTBEHO B/ISHUE Bbp-
Xy fobviBa OT npucajeHv BKOpeHe-
HA /1031 K THAXHOTO KayecTBo.
Cnopeg Mantabap (1971) nososu-
Te BKOPeHuIuLa e 3a4b/DKUTEsNTHO
fa 6baar HanossaHw. MoNMBHUAT
pexum 1 MetToauTe 3a HarnosiBaHe
ca npegMeT Ha u3cneaBaHua C
Luen nogobpsisaHe BOAHUSA PEXUM
Ha npucageHuTe J03NYKM BbHB
BKOPEHUNULLETO N NosilyyaBaHe Ha
BWCOK  MPOLEHT  MbpBOK/IACEH
NI030B  MocagbyeH  maTtepuan
(Marpuco n gp., 1965; Marpuco u
ap., 1968). NnaHMpaHeTo 1 ynpas-
NIEHNeTO Ha MNOoJSIMBHUA npoLuec
3aBUCAT OT MpaBW/HOTO onpeje-
NIAHE HYXAuTe Ha /I030BOTO BKOpe-
HUNMLWeEe OT BoAa, T.e. eBanoTpaHc-
nupauusTa Ha kyntypata (ETc). 3a

values of the biophysical coefficients Z, Kp
and K¢ was of the same order (CVay =
0.30). The variation of the R values was
greater (CVgg = 0.54), probably due to the
cooling applications.

It was found that the cooling applications
increased the variation in the values of the
other biophysical coefficients as well.
Choosing one of the first three formulas
(using Z, Kp and K¢) for ET¢ calculation
should be based mainly on the available
meteorological data.

Key words: biophysical
coefficients, evapotranspiration, irrigation
regime, grafted cuttings, vine nursery

INTRODUCTION

The irrigation regime of vine
nurseries, as part of the technology
for production of grapevine
planting material, significantly
affects the yield and the quality of
the grafted vines.

According to Maltabar (1971) the
irrigation of grapevine nurseries is
obligatory. The irrigation regime
and the irrigation methods have
been studied in order to improve
the water regime of the grafted
vines in the nursery and to obtain
higher percentage of first-class
grapevine planting material
(Magriso et al., 1965; Magriso et
al., 1968). The planning and the
management of irrigation process
depend on the proper estimation of
the vine nursery water use, i.e. the
crop evapotranspiration (ET¢).

There are numerous empirical
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n3umcnsaeaHe Ha ETc ca paspabo-
TEHW MHOXECTBO eMnuMpu4HKn hop-
MY/, BK/IKOYBALLM Pa3/INYHM Xapak-
TEPUCTUKM Ha KynTypaTa u okonHaTa
cpega.

Hai-npoctata u Bce oule
LUNPOKO pasnpocTpaHeHa B bbra-
pua dopmyna o6Bbp3Ba esaro-
TpaHcnpauusaTa Ha  Kynatypata
(ETc) ¢ eouH meTeoposiornyeH
thakTop (P) (fAaBnpos Z
alipgaposa, 1983; Sharma, 1985)
N nma cnegHns BUA:

ET.

KbaeTo K e 6uodmsnyeH koedm-
LIMEHT, KOWTO ce onpeaens onutHO
3a KOHKpeTHU nepuogm oT BereTa-
unaTta Ha kyntypata (K = ETc:®).
® moxe pga O6bage cymara oOT
cpefHoaHeBHUTE Temnepatypu (°C)
3a nepuoga (K- Z); cyma ot cpea-
HOAHEBHMA AedUUNUT Ha HansAraHe-
TO Ha BogHuUTe napu (HPa) 3a ne-
pnoga (K- R); nsnapeHneto (mm)
OT cBO6OAHA BOAHA MOBBLPXHOCT
(K-> Kp); nnu etanoHHaTta e.aro-
TpaHcnupauuna (mm) (K- Kc).

LlenTa Ha npepcraBeHOTO B
HacToswarta ctaTtusa u3cnenBaHe e
Aa ce onpepgensaTt 6uousnyHuTe
koedpuuneHtn Z, R, Kp 1 K¢ Ha
I030BO BKOPEHWNuuie 3a painoHa
Ha rp. NneseH, bbnrapus.

MATEPVAT N METOON

3cnepBaHeTo e nposeneHo
B nepuoga 2007-2014 r. BbLB
BKOPEHUNULLETO 3a NPOun3BOACTBO
Ha /1030B NnocajbyeH maTepuasl Ha
ekcnepumeHTanHata 6asa Ha

formulas developed for ETc
calculation on the basis of various
characteristics of the crop and the
environment.

The simplest and vyet
widespread in Bulgaria equation
correlates the crop
evapotranspiration (ETc) with a
single meteorological factor (®)
(Davidov and Gaydarova, 1983;
Sharma, 1985) as it follows:

Kx®

where K is a biophysical coefficient,
which is experimentally estimated
for specific intervals of the crop
vegetation period (K = ETcF). @
can be the sum of the average
daily temperatures (°C) for the

interval (K - Z); sum of the
average daily water-vapor
pressure deficit (HPa) for the

interval (K- R); evaporation (mm)
from free water surface (K - Kp); or
reference evapotranspiration (mm)
(K- Kg).

The objective of the
presented in this paper research
was to estimate the biophysical
coefficients Z, R, Kp and K¢ of
grapevine nursery for the region of
Pleven, Bulgaria.

MATERIAL AND METHODS

The study was carried out in
the grapevine nursery of the
Institute of Viticulture and Enology-
Pleven, in the period 2007-2014.
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MHCcTMTYyTA NO  N103apCcTBO U
BUHapcTBO-lneBeH. B npeacrase-
HUTE pe3y/nTaTu He ca BK/IHYEHU
AaHHn oT 2013 r. nopagn KoMnpo-
MeTupaHe Ha pekositata B cneg-
CTBME Ha NPUYNHN, KOUTO Cca N3BBH
KOHTpONupaHuTe B TO3U eKcne-
puMeHT dpakTopu. ONUTHLT € 3aJ10-
XEH CbC COPT MUCKET KalabLLKW,
npucagex Ha nogsioxkara
BepnaHanepn x Punapma CO4 c
nocnejsallo AByKpaTHO napadm-
HupaHe. lNpucageHnTe pesHuun ca
3acafeHu B niexu oT no ABa peja
Ha Abn6ounmHa 15 cm npu pas-
CTOAAHMA Ha 3acaxpgaHe 7-8 cm
Mexay pesHnyute n 50 cm mexay
peposeTe B siexaTa. PascTtofaHneTo
Mexay nexute e 2 m. NpucageHu-
Te pe3HuumM ca cHabasaBaHu ¢ Boga
ypes cucTtema 3a KarnkoBo Hanos-
BaHe C No e4Ho MOJIMBHO KPW/IO Ha
nexa, pasrnosioXeHo Mexay ABarta
pega nosnyku. MNonvBHUTE Kpuna
ca Cc BrpageHu npes 15 cm kKanko-
o6pasysatenn ¢ ge6ut 1.0 L h™.
O6emMbT Ha nogaBaHaTa NoSMBHA
BOJA € KOHTpo/NupaH C BoAoMmep,
MOHTUpaH B Hayas/loTO Ha cucte-
mMata. [Mpe3 nbpBaTa NosoBUHaA Ha
BereTaunoHHUAa nepuos ca U3Bbp-
LUBaHW OCBEXMUTESNIHN NOJIMBKN ABa
WX TpU NbTU Ha AEH, CLOTBETHO
npegn 0654, Ha 06s4 n B cre-
pobegHNTe 4yacoBe, KOMTO ca C
pasmMep 1-2 mm. 3a uenta ca
N3N0N3BaHN  MUKPOABLXA0BasIHU
anapatn ,Water Bird VI Clasic”
(TORO) ¢ ge6but 156 L h™ npu 0.2
MPa HansraHe u paavyc Ha Aaei-
cTBue 5 m. Vi3non3saHa e KBapj-
paTHa cxema Ha pasnofnaraHe c

The 2013 data were ignored
because of crop compromising due
to reasons beyond the factors
controlled in this study.

The trial was set with the Muscat
Kailashki  variety grafted on
Berlandiery x Riparia SO4
rootstock with subsequent double
wax sealing. The grafted cuttings
were planted in two-row raised
beds at depth of 15 cm and
planting distances of 7-8 cm
between the cuttings and 50 cm
between the rows. The distance
between the beds was 2.0 m.

The grafted cuttings were supplied
with water by a drip irrigation
system with one lateral per bed,
located between the two rows of
grapevines. The laterals had built-
in drippers at intervals of 15 cm
with flow rate of 1.0 L h™. The
volume of the supplied irrigation
water was controlled by flow-meter
installed at the inlet of the system.
During the first half of the
vegetation period, cooling
microsprinkler application rates of
1-2 mm were realized two or three
times per day, respectively in the
morning, at lunchtime and in the
afternoon. “Water Bird VI Clasic”
(TORO) microsprinklers were used
for that purpose with flow rate of
156 L h* and 5 m radius of
operation at 0.2 MPa pressure
head. A square installation scheme
was used with 7 m distance
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pascTtosHue mexay anapartute 7
m, Npu KOeTo nonmMBaHaTta Mol
OT eAnH anapat e 49 m?, a UHTeH-
3UTETHT Ha AbXga e 3.2 mm h.

Mpe3 nepuoga 2007-2008 r.
AVHaMukarta Ha noyseHaTa BJriax-
HOCT e npocnegsBaHa npes Bpe-
MeBU WHTepBasin OT 7-10 gHWM B
NOYBEH CNoit ¢ AbnbounHa 60 cm.
Mpobute ca B3eMaHW MOCNONHO
npe3 10 cm B TPy NOBTOPEHUA U ca
obpaboTBaHM MO  Knacuyeckus
Ter/I0BHO-TepMocTaTeH MeToA,.
Cnep, BCAKO B3emMaHe Ha NoYBEHM
npobu e peasmsnpaHa NnosMBka 3a
Bb3CTaHOBABaHE Ha MoyBeHaTa
B/IOKHOCT [0 npejesiHata nosicka
BnaroeMHocT (IMNB). Pa3mepbT Ha
NOMMBKUTE €  M34YUC/IABaH Mo
dhopmynata (IKyHuHCckn, 1980):

m = 10Ha(Brqs — fs) mm
kbgeto H e pagbnbounHata Ha
aKTUBHMA MoYBEH cno (M); o —
o6eMHaTa N/TbTHOCT Ha noysara (g
cm®); Bnns — € TernoBHaTa npe-
JenHara nosicka BNaroeMHoCT Ha
nouysata (%) M Pc — pakTnyecka
TernosHa BnaxHocT (%).

B cnyyas Ha Nno30BO BKOpe-
HUNUWe obadve AbnboyMHaTa Ha
aKTMBHWA noyBeH cnoit H Hapac-
TBa C BpemeTo. ETO 3aLl0 B nepuo-
fa 2009-2014 r. pasmepbT Ha BCA-
Ka MnosivBKa e M34ncrisiBaH B CbOT-
BETCTBME C AelicTBUTeNnHara Abi-
604MHa Ha aKTMBHUA MOYBEH CJI0M
KbM KOHKPETHWS MOMEHT. 3a onpe-
hensHeTo Ha H BbB BCeku eauH
MOMEHT € W3MoN3BaHa eMnupuy-
Hata opmyna (Tsvetanov and
Koumanov, 2011):

between the microsprinklers. Thus,
the area irrigated by one
microsprinkler was 49 m?, and the
rain intensity was 3.2 mm h™.

During the period 2007-2008,
the soil moisture dynamics was
monitored at intervals of 7-10 days
to depth of 60 cm.

The samples were taken in triple
replicates at 10 cm increments and
were processed by the
conventional gravimetric method.
Water applications were realized
after each sampling for recovering
the soil moisture to field capacity
(FC). The application rate was
calculated using the formula
(Dzhuninski, 1980):

m= 10Ha(fg, — Bc) mm
where H is the root zone depth
(m); a — bulk density of the soil (g
cm®): Bec — was the gravimetric
field capacity (%), and Bc — the
current gravimetric soil moisture
(%).

In the case of vine nursery,
however, the depth of the root
zone H increased over time.

Therefore, in the period 2009-2014
each  application rate was
calculated in accordance with the
current depth of the root zone. The
current value of H was calculated
using the empirical formula
(Tsvetanov and Koumanov, 2011):
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H = (0.001t? 4 0.053¢ + 0.034)sin45 +a

kbgeto: H — AabnbouMHa Ha
aKTUBHMUA MOYBEH ob6em (cm); t —
BpemMe OT 3acaxjaHeTo Ha npuca-
[EeHUTe pe3HuUM BbB BKOPEHWUIN-
weto (6p. AHKW); a — AbN60UYNHA Ha
3acaxjaHe Ha  pe3HuuuTe B
noysaTta (cm), B KOHKPETHUSA Cyyali
a = 15cm; 45° — bBIba cnpsamo
CTb6/10TO, NOA KOWTO  pacTar
KOpeHuTe B noysaTa.

EBanoTtpaHcnvpaumara  Ha
BKOPEHUNULLETO e yCTaHOBeHa Mo
MeToda Ha BOAHMA 6GanaHc 3a
AbnboymHaTa Ha akTUBHWUA MOY-
BEH C/ION KbM TeKywms MOMEHT.
BogHo6anaHcoBUTE  M3UYMCNEHUSA
ca n3BbpLleHn no opmynara:

m

i=1

kbgeto ETc — eBanoTpaHcnupa-
UMa Ha BKopeHunuweto (mm);
W,ay. — BOAEH 3anac B aKTUBHUA
NMoYBEH c/1ol ¢ abn6oynHa H cm B
Hayas0To Ha nepuoja, 3a KOWTO
ce m3uncnsasa ETc (mm); Wy, —
BOJEH 3anac B aKTVBHUSA MNOYBEH
cnoi ¢ gbnéounHa H (cm) B Kpas
Ha nepuopaa, 3a KOMTo ce U34ncns-
Ba ETc (mm); X', m, — cyma ot
NOMMBHUTE  HOPMW,  NoAaLEHM
npes nepuoja 3a HaBlaXHABaHe
£0 MNMrNB Ha aKkTUBHWS NOYBEH C/10M
(H cm) (mm); i — HOMep Ha
nopegHara noameka; m — nosiBHa
HopMa (mm); Mg — 0non3oTBOpe-
Hata 4acT OT nagHanute npes3
nepuoga Banexu (mm), nsducrne-
Ha no KymaHos (1995).

where: H — depth of the root zone
(cm); t — time from planting the
grafted cuttings in the nursery
(number of days); a — planting
depth of the cuttings in soil (cm), in
this case a = 15cm; 45° — the
angle at which the roots grow,
measured towards the stalk.

The evapotranspiration of the
nursery was established by the
water balance method for the
current depth of the root zone
using the formula:

mn
ETg = Winr — Wenp + ng +Mp

i=1
where ETc — evapotranspiration of
the nursery (mm); W,y — water
storage in the root zone of depth H
at the beginning of the interval for
which ET¢ was calculated; Wenp —
water storage in the root zone of
depth H at the end of the interval
for which ETc was calculated,
%' "~ sum of the application
rates for the interval, wetting the
root zone to field capacity (mm); i
— number of the current application
rate; m — application rate (mm);
Mg — the used portion of rainfalls
for the interval (mm), calculated
according to Koumanov (1995).
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BuodmsanyHnte koedouumeH-
™ Z, ETc, Kp 1 R ca mnsuucnenu
no goopmynara:

K=ET.:@

Kato 3a BCeku OT KoepuumeHTuTe
METEOPONIOrMYHNAT hakTop P €
CbOTBETHO:

Z — cymaTta OT cpefHOOHEBHUTe
Temnepatypu (°C) 3a nepuoaa,
ETc — eTanioHHaTa eBanoTpaHc-
nnpauna ETo (mm) nsuncneHa no
dopmynata Ha Blaney and Criddle
(1962):

ET, = p(0.46+ 8.13)
kbaeto T — cpefHara Temnepary-
pa 3a nepuoga (°C), p — OTHOLe-
HMeTO Ha cymara OT [OHEeBHUTEe
yacoBe 3a nepuoga kbm obuiara
Cyma Ha JHeBHUTe yacoBe B efHa
roguHa (%);

Kp — m3napeHneTo OT cBOGOAHA
BOAHa NOBBLPXHOCT (Mm);

R — cyma OT cpegHOAHEBHUSA
Aepuumt  Ha HandraHeTo Ha
BOAHUTe napu 3a nepuoga (HPa).

Mo OTHOLWEHWe Ha KaumaTtuy-
HaTa CU XapakTepucTuka npes mno-
NMBHWA nepuog (Mai-aBryct) rogu-
HUTEe Ha u3cnefBaHeTo nokpueat
LUMPOK CNEKTbP OT WU3KIOUUTESTHO
B/I&XHa A0 cyxa 1 OT MHOro xnagHa
0o ropewa rognHa (Ta6bnuua 1),
Bb3 OCHOBa Ha KOETO MOXe Aa ce
cuMTa, 4Ye nosydeHuTe pesyntatu
MO OTHOLLEHME BOAONOTPEe6NEHNETO
Ha npucageHuTe pesHnuM npes no-
JIMBHUSA Nepuog, ca npeacTaBUTesHU.

The biophysical coefficients
Z, ET¢, Kp and R were calculated
using the equation:

K = ET:®
as for each of the coefficients the
meteorological factor F being
respectively:
Z — the sum of average daily
temperatures (°C) for the interval;

ETc - reference
evapotranspiration ETp  (mm)
calculated by the formula of

Blaney and Criddle (1962):

ET, = p(0.46T +8.13)
where T - the average
temperature for the interval (°C), p
— the ratio of daylight hours for the
period to the total sum of daylight
hours for a year (%);

Kp — the evaporation from a “Class
A” pan (mm);

R — the sum of the average daily
water-vapor pressure deficit of for
the interval (HPa).

According the climatic
characteristic of the experimental
years’ irrigation period (May-
August), they covered a wide
range from extremely wet to dry
and from very cool to warm (Table.
1). Therefore, the obtained results
regarding the nursery
evapotranspiration in the irrigation
period were representative.
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Tabnuua 1 KnumaTnyHa xapaktepuctmka Ha rognHute oT 2007 ao 2014 cnopepn
cymMarta Ha BaslexuTe, cpefHarta cpefHOAHeBHa Temrneparypa W cpefHata
MakcMMasiHa TeMneparypa 3a nepvoga mar-aBryct (Mo/IMBHUAT Nepuosa)

Table 1 Climatic characterization of the years 2007-2014 according to the amount
of rainfall, the average daily temperature and the average daily maximum

temperature for the period from May to August (the irrigation period)

Banesxu Temnepatypa Temperature
Rainfalls CpegHopnHeBHa MakcumanHa
Average daily Maximum
= o x o ~ o
§ 5 8 5 g 5
ge £8 fo =X 5o £g
Fogwwa | o | 35 °g °8| 5% ° 8 °s 3¢ o8
vear | £E | 38 g g g1 g9 5 g 528 5 g
Jh| o G ol cCo G ol | Cco TG
o & o o Z| ®a o3 Z | o o)
B O = o< | g 0 = O < B O =
© Eo © g Co © 2 o
o q;’ g > o5 T > O % g >
c © > 3] > ©
= X c X = x
mm % - °C % - °C %
2007 | 206 | 60 | CpemenMedium | 22.1 | 20 | CPeAHoropew | ,q, | 47 | Cpearo ropeu,
Medium warm Medium warm
CpepgHo xnageH .
2008 117 89 Cyx Dry 20.2 80 Medium cool 27.3 56 CpepgeH Medium
2009 | 174 | 77 f\:/l‘;‘fjf‘l:':] ‘é‘r’;‘ 202 | 84 XnageH Cool | 27.4 | 52 | Cpepex Medium
CpefHo BraxeH Cpenex, cpearo
2010 252 36 Medium humid 215 | 54 CpepfieH Medium | 27.1 61 xnageH Medium,
med. cool
CpepeH, cpefHo
CpefHo cyx - cyx : lopeLy,
2011 144 81 Medium dry - dry 21.9 37 ropewy, Medium, 29.7 12 Warm
med. warm
CpepeH - cpegHo CpeaHo xnagen
2012 189 64 |cyx MedéL:;n -med.| 21.0 67 Medium cool 27.4 47 CpepfieH Medium
CpefHo xnajeH -
CpefHo BnaxeH MHoro xnageH
2014 280 19 Medium humid 18.4 | 97 Very cool 25.4 83 ~ xnageH
Medium cool - cool

PE3YNTATUN NN OBCbXXOAHE
CpegHute, cpepHokBagpa-
TUYHUTE OTK/IOHEHMA W  Koedu-
UMEHTUTE Ha Bapuauusi Ha CTOW-
HOCTUTE Ha u3cneaBaHuTe 6nodu-
3MYHN KoeduumeHTU 3a nepuoja
2007-2014 r. ca npeAcTaBeHu No
cegMuun cnep, 3acaxaaHeTo Ha
nosnyknute B Tabmmua 2 n
oHarnefeHn Ha durypn 1, 3,5u1 7.

RESULTS AND DISCUSSION

The means, the standard
deviations and the variation
coefficients of the studied
biophysical coefficients for the

years 2007-2014 are presented in
Table 2 and illustrated on Figures
1, 3, 5 and 7 versus the weeks
after planting of the vines.
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Tabnuuya 2 CpeaHo, cpefHOKBaApaTUUYHO OTKIOHeHMe (STDV) m koeuuneHT Ha Bapuauuns (CV) Ha CTOMHOCTUTE Ha
onodmsnyHuTe koecpmumeHTn Z, R, Kp 1 Kc No cegmuumn cnep 3acaxgaHeTo Ha /1I03UYKUTE Bb3 OCHOBA Ha AaHHW OT
nepnoga 2007-2014 r. (2008-2014 r. 3a Kp).

Table 2. Mean, standard deviation (STDV) and coefficient of variation (CV) of the biophysical factors (Z, R, Kp and K¢)
values by weeks after planting the vines for the period 2007-2014 (2008-2014 for Kp).

Cegmumua CpegHogHeBHa Temnepatypa | JedwvumT Ha HansaraHeTo Ha BogHuUTe | M3napeHue oT usnaputen ,Knac A", ETanoHHa eBanoTpaHcnvpauus,
cnep, Average daily temperature, °C napuv Evaporation from “Class A” pan, mm Reference evapotransipration, mm
3acaxgaHe Water-vapor pressure deficit, HPa
Week after

planting z STDV Ccv R STDEV CcVv Kp STDEV CcVv Ke STDEV CcVv
No mmeoc' | mmec? - mm HPa' | mmHPa® - mmmm® | mmmm® - mmmm™* | mmmm® -

1 0,249 0,114 0,46 0,716 0,624 0,87 0,374 - - 0,830 0,364 0,44

2 0,296 0,063 0,21 0,476 0,339 0,71 0,932 0,368 0,39 0,986 0,180 0,18

3 0,272 0,086 0,32 1,047 0,590 0,56 0,856 0,286 0,33 0,784 0,214 0,27

4 0,222 0,085 0,38 0,744 0,530 0,71 0,739 0,342 0,46 0,712 0,279 0,39

5 0,188 0,050 0,26 0,468 0,268 0,57 0,628 0,214 0,34 0,671 0,176 0,26

6 0,255 0,062 0,24 0,939 0,531 0,56 0,867 0,160 0,18 0,806 0,163 0,20

7 0,250 0,082 0,33 0,734 0,381 0,52 0,804 0,217 0,27 0,791 0,187 0,24

8 0,150 0,050 0,33 0,392 0,205 0,52 0,525 0,234 0,44 0,517 0,180 0,35

9 0,182 0,048 0,26 0,440 0,170 0,39 0,627 0,134 0,21 0,649 0,197 0,30

10 0,180 0,041 0,22 0,522 0,175 0,34 0,677 0,318 0,47 0,670 0,126 0,19

11 0,157 0,055 0,35 0,430 0,256 0,60 0,613 0,183 0,30 0,603 0,223 0,37

12 0,227 0,052 0,23 0,638 0,239 0,37 0,894 0,172 0,19 0,885 0,190 0,22

13 0,184 0,063 0,34 0,423 0,244 0,58 0,767 0,254 0,33 0,658 0,203 0,31
14 0,223 0,050 0,22 0,520 0,114 0,22 0,904 0,035 0,04 0,717 - -

CpefHo 0,30 0.54 0,31 0,29

Average
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Fig. 1 Mean and standard deviation of the Z coefficient by weeks from the date of
planting the vines for the period 2007-2014
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Fig. 2 Values of the Z coefficient versus the sum of the average daily (active) air
temperatures from the date of planting the vines for the period 2007-2014
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Fig. 3 Mean and standard deviation of the R coefficient by weeks from the date of
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Fig. 4 Values of the R coefficient versus the sum of the average daily (active) air
temperatures from the date of planting the vines for the period 2007-2014
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3acaxgaHeTo Ha sio3nykuTte 3a nepuoga 2008-2014 r.

Fig. 6 Values of the Ky coefficient versus the sum of the average daily (active) air
temperatures from the date of planting the vines for the period 2008-2014
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Mo TO3M Ha4YMH CTOMHOCTUTE
ca yfo6Hu 3a nonssaHe oT onepa-
TMBHa [NefHa TouYKa, [AOKOJIKOTO
ca KaneHgapHo o6Bbp3aHn. An-
TepHaTMBEH NOAX04 € nokasaH Ha
durypn 2, 4, 6 n 8, KbOeTo
CTOMHOCTUTE Ha 6uodn3nyHNTE
KoepuuneHtTn ca npeacraBeHu
CpsAMO cymaTa Ha cpefHOOHeB-
HUTe (aKTUBHWUTE) Temneparypu,
JOKONKOTO  Temnepatypara e
OCHOBEH (pakTop NO OTHOLUEeHMne
dheHonorusaTa Ha pacteHuATa.

Mpn Tpn OT ueTupute u3-
cnefBaHu popmysin TOYHOCTTa €
npakTnyeckn efHa M cblla KaTo
CPefHUAT 3a MONBHUA Nepuos
BapuauMoHeH KoepuumeHT  3a
cToinHocTuTe Ha Z, Kp n K¢ e ot
nopsaabka Ha 0.29-0.31. No-Hucka
€ ToYHocTTa, korato ETc ce
onpegena Bb3 OCHOBa Ha Aedu-
UuTa Ha HasaraHeTo Ha BOAHUTE
napn, kbgeto CV = 0.54 3a
cToiiHocTMTe Ha R. BeposiTHO
TOBa € CfeAcTBue OT B/INAHUETO
Ha OCBEXWTEesSIHUTE MONINBKN, [0-
KOMIKOTO AbXAYyBaHETO B/NSAE Bbp-
Xy MUKpOKIMMaTa Ha BKOPEHWUNU-
LLLEeTO N Ha-CUTHO BbPXY Bb3AyLU-
HaTa BNaXxHoOCT. B noakpena Ha
nogo6GHO nNpeanosioXeHne e no-
CU/THOTO BapupaHe B CTOMHOCTUTE
N Ha Apyrute 6uonsnyHn koedm-
LUWEeHTM npe3 nbpBaTta MNosioBMHA
Ha NOJIMBHUSA CE30H, T.e. Korarto ca
npuaaraHyu OCBEXUTENHN MOSIUBKU.

MonyyeHnTe pesyntatn ca B
Cb3ByuuMe C Te3u, AokKnagBaHu OT
Hdasngos n MoteBa (2010) wu
Koumanov et al. (2010).

Thus the values are calendar
related and convenient for
operational use. An alternative
approach is shown in Figures 2, 4,
6 and 8, wherein the values of the
biophysical coefficients are
presented versus the sum of the

average daily (active)
temperatures, as far as the
temperature is a major factor

regarding plants phenology.

Three of the four studied
formulas (for Z, Kp and Kc)
showed practically the same
accuracy with coefficients of
variation, averaged over the whole
irrigation period, ranging from 0.29
to 0.31. The accuracy was lower
when ETc was evaluated based
on the water-vapor pressure
deficit, where CV = 0.54 for the
values of R. That was probably
due to the cooling microsprinkling
applied, because of its capability
to affect microclimate in the
nursery and in the greatest extent
the air humidity.

Such an assumption was also
supported by the greater variation
in the values of the other
biophysical coefficients during the
first half of the irrigation season,
i.e. when the cooling applications
took place.

The obtained results were
consistent with those reported by
Davidov and Moteva (2010) and
Koumanov et al. (2010).
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n3BO4MN

YcTaHOBEHOTO BapupaHe B
CTOMHOCTUTE Ha onpegeneHnTe
6rnodmnsnyHn KoeduuneHtTn Z, Kp 1
Kc e oT egMH M cbl, NOpsabK
(CVcp = 0.30), T.e. 1360pbT Ha
efHa OT Te3n Tpu doopmynn 3a
n3uncnsasaHe Ha ETc 3aBucu Hai-
Beye OT MeTeOoposIornyHuTE AaH-
HW, C KOUTO Ce pasrnonara.

[Mo-ronsamMoTo € BapupaHeTo
npn ctoHoctute Ha R (CVcp =
0.54), BepoATHO B cfeacTeMe Ha
OCBEXUTESTHUTE NOJINBKMN.

OcBexuTtenHute NOJINBKN
yBefiMyaBaTr BapupaHeTo B CTOW-
HOCTMUTE N Ha OCTaHa/IMTe 6uodu-
3MYHU KOEPULMEHTMN.

3a Mb/HOTO M3ACHSABaHe Ha
npo6sema e HeobxoaMmo nscnen-
BaHMATa fa ce paswupaTt v 3a-
AbnoéoyaT KaTo ce BKIUM N dop-
MynaTa, npenopbyBaHa oT FAO B
Irrigation and Drainage Paper 56.
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CONCLUSIONS

The estimated variation in the
values of the studied biophysical
coefficients Z, Kp and K¢ was of
the same order (CVay = 0.30), i.e.
choosing one of the first three
formulas (using Z, Kp and Kc¢) for
ETc calculation should be based
mainly on the available
meteorological data.

The R-values showed greater
variation (CVay = 0.54), probably
due to the cooling applications.

The cooling applications
increased the variation in the
values of the other biophysical
factors as well.

For the full clarification of the
problem, further studies should be
extended deepened, including also
the formula recommended by FAO
in Irrigation and Drainage Paper
56.
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BnunaHne Ha Grapevine leafroll virus-3 Bbpxy pacTtexa
M pa3BuTtneTo Ha no3zarta (Vitis vinifera L.),
B YC/10BUS HA IH BUTPO KyNTUBKUpPaHe
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Influence of Grapevine leafroll associated virus-3 on the
growth and development of the grapevine (Vitis vinifera L.)
in conditions of in vitro cultivation

Nikolay Genov

Institute of Viticulture and Enology, 5800 Pleven, Bulgaria

PE3OME

Mpe3s 2014/2015 r. B NNB-MneBeH
€ NnpoBefeHo CpaBHUTENIHO NPoyYBaHe 3a
onpefensHe BAuAHMETo Ha Grapevine
leafroll virus-3 Bbpxy HSAKOW nokaszaTtenu
Ha pacTexa W pasBUTMETO Ha Jso3ara.
Hanuuveto Ha BMpyca Ha JIMCTHOTO
3aBMBaHe e fokasaH nocpeactsoM DAS-
ELISA npoTokon. HanpaBeHn ca 6uo-
MEeTPUYHU W3MepBaHMA Ha JI030BUM WH
BUTPO pacTeHus o1 copT LWappaoHe.
Pesyntatute nokassart [OCTOBepHa pas-
nMKa Mexay cpefHuTe CTOMHOCTM Ha
nokasatenute: OpoOW  KOpeHu, 6pon
MeXayBb3Nns, Ab/DKMHA NleTopacT, obLua
Ob/DKMHA Ha KOPEHW, Terno setopact u
Terno KoOpeHu. YCTaHOBEHUTE pas/nku ca
B MNof3a Ha BapwaHTa CbC 34pasu
pacteHus. Bbnpeku nuncata Ha BUAWMU
CMMNTOMW Ha 6onecTTa B YC/I0BUSA Ha UH
BUTPO Ky/ITUBMpaHe, pe3ynrartute nokas-
BaT BNIUSIHWE Ha BMpYyCa BbPXY pacTexa u
pas3BuTMETO Ha nosute oT copT LWappaoHe.

KntoyoBn gymu: nosa, WappoHe,
WH BUTPO, GLRaVv-3

SUMMARY

In 2014/2015 in IVE-Pleven was
conducted a comparative study to
determine the impact of Grapevine leafroll
virus-3 on some indicators of growth and
development of the vine. The presence of
GLRaV-3 was proven by DAS-ELISA
protocol. Biometric measurements were
made of vine in vitro plants of variety
Chardonnay.

The results showed significant differences
between the average values of indicators:
number of roots, number of internodes,
shoot length, total length of roots, shoot
weight and root weight. The differences
were in favor of variants with healthy
plants. Despite the lack of visible
symptoms of the disease in terms of in
vitro cultivation, the results demonstrate
the impact of the virus on the growth and
development of the vines of Chardonnay.

Key words:
Chardonnay, in vitro, GLRaV-3

grapevine,
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yBO/

JNlo3arta Vitis spp. € 06eKT Ha
aTaka OT pas/IMyHN HENpUATENN U
naTtoreHn B T. Y. MpeHacsawm ce ¢
1030BUSA pasMHOXUTENIeH 1 noca-
AbYeH mMaTepuasi, Kato BuUpycCH,
BMPYCONOAO6HN ©  douTOonIa3mm
(Martelli, 2014; Naidu et al., 2014).
Jocera nosevye oT 60 BUpyCH,
npuHagnexawn kvm noytn 30
pas/iMyHn pogda ca Ounn AoKy-
mMeHTupaHn (Martelli, 2012)

JlnctHoTo 3aBMBaHe No no3a-
Ta (GLD) e cpef Hai-LuMpoko pas-
NPOCTPaHEHUTE N UKOHOMUYECKM
Hali-BpeJOHOCHN BUPYCHU 6onectu
B MHOr0O OT paloHuTe Ha cBeTa
(Naidu et al., 2014). GLD ce npu-
YyMHABa OT KOMMJIEKC OT BEKTOp-
NpeHocumMn BUPYCHU BUOOBE OT
CEeMeNCTBO Closteroviridae
(Almeida et al., 2013). Bupycute
OT TOBa CEMEeNCTBO UMaT HULLKO-
BMAHa dopMa M CnMpasioBUAHO
n3rpageHn 4vactuuym, Kouto Bapwu-
pat no cesodATa Ab/iXuHa oT 650
nm pgo noseye ot 2000 nm, a
reHOMbT MM Ce CbCTOU OT efHO-
BepwmxkHa PHK ¢ pasmepu ot 13000
[0 19000 HykneoTtuga (Martelli and
Candresse, 2014).

XapakTepHute 3a 6osiectTa
CMMMNTOMW ca NpoMsHa B OLBEeTSA-
BaHETO MeXfy rnaBHUTE HepBU Ha
nicTaTta B YepBEHO MNpPU YepBeEHU-
Te COPTOBE 1 B XbNTO Npu benute
COpTOBE, 3aBMBaHe Kpauuiara Ha
NMCTHaTa netypa KbM [JofiHata
cTpaHa.

B bbarapya 6Gonectta e
KOHCTatMpaHa npes cegempgecetre
N ocemgecetTe rOAMHU Ha MWHa-

INTRODUCTION

Grapevine Vitis spp. has
been the object of attack by
various pests and pathogens,
including those transferred with
vine propagating and planting
material such as viruses, virus-like
and phytoplasmas (Martelli, 2014;
Naidu et al., 2014). More than 60
viruses belonging to nearly 30
different genera have been
reported so far (Martelli, 2012).

Grapevine leafroll disease
(GLD) has been among the most
widespread and most economically
damaging viral diseases in many
regions of the world (Naidu et al.,
2014). GLD is caused by a
complex of vector-carried viral
species of Closteroviridae family
(Almeida et al., 2013).

Viruses belonging to that family are
filamentous with helically
constructed particles, ranging in
length from 650 nm to over 2000
nm, and their genome consists of
single-stranded RNA with a size of
13000 to 19000 nucleotides
(Martelli and Candresse, 2014).

The typical disease
symptoms are the colour change in
red between the main veins of the
leaves for red varieties and in
yellow for white varieties, as well
as downward rolling of the leaf
blade edges.

In Bulgaria the disease was
found in the 70-ies and 80-ies of
the last century (Abrasheva, 1991)

200



nnsa Bek (Abpawesa, 1991) un e
BK/IIOYEHA B CXemaTa U MeToauKa-
Ta 3a caHuTapHa cenekuus u no-
/NlyyaBaHe Ha cBOOOAEH OT BMpYyCU
M Apyrn naToreHn ceptudumumpaH

N030B  nocagbyeH  maTepuan
(Abpawesa n gp., 2004; Genov et
al., 2009).

Cpep, komniekca OT BUpycw,
MPUYUHUTENN HA JINCTHOTO 3aBWu-
BaHe Mo cBeTa, Hal-LUMPOKO pas-
npoctpaHeH e Grapevine leafroll
virus-3 (GLRaV-3), koito ce oOT-
KpYBa, KakTO CaMOCTOATE/THO, Taka
N B CMECEeHU WHekunn c apyru
Bupycn (Maree et al.,, 2013). W3-
cnepBaHnata Ha GLRaV-3 npes
nocnegHuTe  roAvHU  BKKOYBAT
NpoOn3BOACTBO Ha aHTUTEesna u no-
cneppauo paspaboTtBaHe Ha guar-
HOCTMYHN aHaNn3un; CeKBEHUNOHEH
aHanM3 Ha reHoma; npeHacsiHe U
ennuaeMnoniornyHn  U3cneaBaHus,
notebpxgasawn GLRaV-3, kato
rNaBeH NPUYUHUTEN Ha JINCTHOTO
3aBuBaHe no nosata (Maree et al.,
2013).

GLRaV-3 mMoxe pga npuymHu
peaykunsa Ha HeTHuA pesyntaTt oT
NcTHaTa POTOCMHTE3a, ChbAbpXa-
HMEeTO Ha pa3TBOpPMMU BeLlecTBa 1
NPOAYKTMBHOCTTA  Ha  Jio3ara
(Basso et al.,, 2010, Endeshaw et
al.,, 2014, Lee et al, 2009 and
Mannini et al., 2012).

MpoyyBaHe Ha BuUpycuUTe Mo
nosarta B bbarapua nokasea, ye oT
NMPUYUHUTENNTE HA JIMCTHOTO 3aBU-
BaHe ca npeacraBeHy nNpeaniMHO
GLRaV-1 n GLRaV-3, kato cepo-
TN 3 € Hal-CUAHO pa3npPoCTpPaHeH
M 4YeCcTO Ce cpella B CMeCeHU

scheme
sanitary
certified

and was included in the
and methodology for
selection and obtaining
grapevine propagation material
free of viruses and other
pathogens (Abrasheva et al., 2004;
Genov et al., 2009).

Among the complex of
viruses-agents of leafroll around
the world, the most widespread
was Grapevine leafroll virus-3
(GLRaV-3) that could be found
both separately and in mixed
infections  with  other viruses
(Maree et al., 2013). The studies of
GLRaVv-3 in recent years have
included antibodies producing and
the subsequent development of
diagnostic  assays;  sequence
analysis of the genome;
transferring and epidemiological
investigations confirming GLRaV-3
as the main agent of grapevine
leafroll (Maree et al., 2013).

GLRaV-3 might cause a
reduction in the net result of the
leaf photosynthesis, the soluble
substances content and grapevine
productivity (Basso et al., 2010,
Endeshaw et al., 2014, Lee et al.,
2009 and Mannini et al., 2012).

An investigation of grapevine
viruses in Bulgaria showed that the

leafroll agents were primarily
presented by GLRaV-1 and
GLRaV-3 as serotype 3 was the
most common and frequently

occurred in mixed infections with
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nHpekuun ¢ GLRaV-1 wan gpyru
Bupycu (Genov et al., 2009). Haii-
MHOro 3apaseHu ¢ GLRaV-3 nosu
ca YCTaHOBEHW T[Mpu CcopTOoBEeTE
Opyx6a, Ctopro3usa n Py6uH, nopa-
AN u3paseHata TOSIEPaHTHOCT Ha
Te3n COpToBE KbM 3a60/1BaHETO.

Pa3ButneTo Ha pacTtuTesiHu-
Te OuoTtexHonormm npe3 80-Te
rogMHMU Ha MUHaNNA BEK U B 4acT-
HOCT MH BUTPO KYNTUBMPAHETO Ha
nosarta, gasaTt Bb3MOXHOCT OCBEH
3a YCKOpPEeHO pasmMHOXaBaHe Ha
LEHHW reHoTUnn, Ho 1 3a n3onupa-
HO wu3cnefBaHe B/NAHNETO Ha
pasnnyHn abnoTUyHN U BUOTUYHK
doakTopn, BBLPXY pactexa u u-
310/10TMYHUTE Mpouecu npu nosa-
Ta. YCTaHOBEHO €, Ye 3apaseHuTte
¢ GLRaV-3 vH BUTPO pacTeHus He
nposiBABaT CMMNTOMW Ha 3abonssa-
HETo, BBMNPEKM MHOroKpaTHO Mo-
BMCOKUTE KOHLEHTpaLun Ha Bupyca,
B CpaBHEHME C U3XOOHUTE pacTeHus
(XpuctoB n Abpawesa, 2001; Barba
et al., 1989; Christov et al., 2007).

HacTosweTo n3cnegsaHe
nMalle 3a uesn ga ce npoyyun Bv-
AaHneTo Ha GLRaV-3 Bbpxy pacTte-
Xa n pasBUTMETO Ha J/1030BU pac-
TeHunsa ot copt LWapaoHe, B ycno-
BUS Ha UH BUTPO Ky/TTUBMpPAHeE.

MATEPVANT N METOU

3a npoyyBaHeTo B/INAHUNETO
Ha BMpyca Ha NIMCTHOTO 3aBMBaHe
(Grapevine leafroll virus-3) Bbpxy
pacTexa 1 pasBuMTUeTOo Ha sl03arta,
B WH BUTPO YycnioBuA, npe3 2015
roouHa ca BbBeAeHW B Ky/niTypa
ekcnnaHTn ot 6onHN (GLRaV-3) n
34paBn  U3XOAHM /103X OT COpT

GLRaV-1 or other viruses (Genov
et al., 2009). The most vines
infected with GLRaV-3 were found
in Druzhba, Storgozia and Rubin
varieties, due to the expressed
tolerance of these varieties to the
disease.

The development of plant
biotechnology in the 1980-ies and
in particular of vine in Vvitro
cultivation, allowed not only the
accelerated reproduction of
valuable genotypes, but an
isolated study the influence of
various abiotic and biotic factors on
vine physiological processes and
growth. It was found that in vitro
plants inoculated with GLRaV-3 did
not show symptoms of the disease,
regardless the much higher
concentrations of the virus,
compared with the stock plant
(Barba et al., 1989; Christov and
Abrasheva, 2001; Christov et al.,
2007).

The objective of this study
was to investigate the influence of
GLRaVv-3 on the growth and
development of in vitro cultivated
vines from Chardonnay variety.

MATERIAL AND METHODS

Explants of infected (GLRaV-
3) and healthy stock vines of
Chardonnay variety were cultured
in vitro in 2015 for investigating the
effect of Grapevine leafroll virus-3
on vine growth and development.
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WapaoHe. OnNuTHUTE pacTeHus
6axa oTtrnexgaHn Bbpxy MS-cpe-
na (Murashige and Skoog, 1962),
CbC CbCTaB: 1/2 KOHUEHTpauusa Ha
MakpoconuTe, MNb/ieH CbCTaB Ha
MWKPOCOIM N BUTAMUHWU, 25 g.L'l
3axapo3a u 7 g.L* arap, npu tem-
nepatypa 26+1°C u chotonepuop,
16/8 (Xpuctos n Abpatuesa, 2001).
34paBHUAT CTaTyC Ha MU3XoA-
HUTE pacTeHudaTa U UH BUTPO Ky/l-
Typute Gelle onpeneneH nocpea-
ctBom ELISA Tect (Clark and
Adams, 1977), ¢ ANarHOCTUYHWN Kn-
ToBE Ha hupma Agritest® (Utanums).
AHannsuTe 6axa NpoBeeHW Mo nNpo-
TOKONWN Ha dompmMata npoussBoguTen.
PacteHnsiTa 6sixa TecTupaHu 3a
kbcoBb3NMe (Grapevine fanleaf
nepovirus — GFLV), nuctHo 3aBuBa-

He (Grapevine leafroll associated
viruses — GLRaV-1, GLRaV-2,
GLRaVv-3, GLRaV-5, GLRaVv-7),

MpamopHocT (Grapevine fleck virus—
GFkV) n Habpa3pgaBaHe Ha ObpBe-
cuHarta (Rugose wood — GVA, GVB).

Cnep, Mukpopa3smHoXXaBaHe 1
OCEM CeAMMWYHO Ky/NTMBMpPaHe Ha
pacteHusaTa, 6sxa HanpaseHn 61o-
METPUYHU U3MepBaHNs Ha ONUTHU-
Te BapuaHTU. OTyeTeHn 6aAxa no-
Kasarenute Opoi KOpeHW N 6Gpoi
MEeXAyBb3/IMs, Ob/DKMHA Ha NeTo-
pacT 1 obula Ab/MKUHA Ha KOPEHU,
TEer0 Ha fneTtopact M Tersio Ha
KopeHu. lMonyyeHute GUOMETPUY-
HW OaHHW ca 06paboTeHu C MeTo-
AnTe Ha [eckpunTMBHaTa craTtuc-
TVKa, a pasuknute B CcpegHute
CTOMHOCTM Ha OTAEesiHMTEe Mokasa-
Tenn ca [okasaHu C TeCcT Ha
CTHoabHT (t-test).

The experimental
cultivated on MS-medium
(Murashige and Skoog, 1962),
consisting of 1/2 concentration of
macronutrients, full composition of
micronutrients and vitamins, 25
gLt and 7 g.L " agar at t° 26+1°C
and a photoperiod of 16/8
(Christov and Abrasheva, 2001).
The health status of the stock
plants and in vitro cultures was
determined by ELISA test (Clark
and Adams, 1977), with diagnostic
kits of Agritest® (Italy). The assays
were performed in accordance with
the protocols of the manufacturer.

The plants

plants were

were tested for
Grapevine fanleaf nepovirus -
GFLV, Grapevine leafroll
associated viruses — GLRaV-1,
GLRaV-2, GLRaV-3, GLRaV-5,
GLRaV-7, Grapevine fleck virus —
GFkV and Rugose wood — GVA,
GVB.

Biometric measurements of
the experimental variants were
made after eight weeks of
micropropagation and cultivation of
the plants. The indicators number
of roots and number of internodes,
length of shoot and total length of
roots, mass per shoot and root
mass were accounted. The
obtained biometric data were
processed by the methods of
descriptive statistics, while the
differences in the mean values of
the individual indicators were
proven by Student test (t-test).
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PE3YNTATUN NN OBCbXXOAHE
[Mony4yeHnTe OT eKcnnaHTu UH
BUTPO pacTeHus He pasBumxa Xa-
paktepHuTe 3a 6osectta CUMNTO-
MW MO Bpeme Ha Bcuykute 45
[HEBHU CYOKynTMBUpaHuA. Pesyr-
Tatute oT AnarHoctukata ¢ ELISA
TecT NOTBLPAM 34paBHUA cTaTyc
Ha 13XoA4HuTEe N03n. Bcnukn npobu
6sxa oTpuuaTtenHn 3a uscnensaHu-
Te BMpPYyCW, OCBEH Mpobute OT Ba-
pnaHta ¢ GLRaV-3, npn konto b6sxa
OTYETEHW BWCOKM CTONHOCTM Ha

eKCTMHKUMMTEe camo 3a TO3u BUpYC.

RESULTS AND DISCUSSION

The in vitro plants obtained
from the explants did not develop
the typical disease symptoms
during all 45-day subcultures. The
diagnostic results from the ELISA
test confirmed the health status of
the stock vines. All samples were
negative for the studied viruses,
except the samples from the
variants with GLRaV-3, for which
high extinction rates for this virus
were reported.

Ta6r||/|u,a 1. Cpe,ﬂ,HI/I CTOVMHOCTM Ha OCHOBHUTE 6I/IOMeTpI/I‘-IHVI rnokasaresim no

BapuaHTu

Table 1. Average values for main biometric data of the variants

3HaunmocT

BromeTpunyHn gaHHu / Biometric data Cpeapa + Cl/[mean +SE] Significance
GLRaV-3 Control LSD =005

Bpoit kopeHn / Roots number 2.63+0.13 400+£0.29 0.65  **=*
Bpoii mexpayBb3nus / Internodes number 8.69+0.44 13.05%+0.72 1.72 ***
Ovnk. netopact / Shoot length (mm) 8.54+0.40 14.82+0.85 1.92 ¥
O6uwa abmkmHa Ha kopeHu / Roots total length 15.02 +1.36 21.01+2.01 4.95 *
Terno netopact / Shoot mass (mg) 231.8+15.0 422.4+37.0 0.08 ***
Terno kopeHu / Root mass (mg) 76.1+11.2 177.8+29.5 0.07 **

CI — cTtaHgapTHa rpewka; HAP — Hali-manka gokasaHa pasnuka /
SE — standard error of mean; LSD — least significant difference

MonyyeHute pesynrartu
(Tabnuua 1; durypa 1) nokasaxa
MO-HUCKM CpefHVN CTOWHOCTM 3a
6poin pa3sBuTn KopeHn (2.63) n 3a
6poin mexayBb3nua (8.69) npu Ba-
punaHTa ¢ GLRaV-3 B cpaBHeHue
CbC 34paBuTe pacTeHusi, CbOTBETHO
(4.00 1 13.05). Pasnvkute ca MHOro
[obpe ocurypenmn (p=0.001). EgHo-
nocoyHn ca pfaHHute (Tabnuua 1;
durypa 2) n 3a cpegHnTe CTONHOC-
TW Ha nokasarena Ab/KUHA Ha

The results for the variant
with GLRaV-3 (Table 1; Figure 1)
showed lower average values for
the number of developed roots
(2.63) and the number of
internodes (8.69) compared to the
healthy plants, (4.00 and 5.13)
respectively. The differences were
significant (p=0.001). Similar were
the average data (Table 1; Figure
2) for the shoot length between the
variants GLRaV-3 (8.54 mm) and
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netopacra, Mexay BapuaHTuTe C
GLRaV-3 (8.54 mm) u 3gpaBu
pacteHns (14.82 mm), npu KOUTO
pasnukara CbWO € MHOro aobpe
ocurypeHa (p=0.001). OTtyeTeHarta
obwa Ab/KMHA Ha  KopeHute
nokasa Mo-BMCOKM CTOMHOCTU Ha
3[paBUTe KOHTPOJIHU pacTeHus C
fobpa ocUrypeHocT Ha passivkata
(p= 0.05). PenneBaHTHO Ha Ab/IXN-
Hata, faHHUTe 3a Ters0 Ha /1eTo-
pacTa v Ters10 Ha KopeHuTe, cref-
BaT cbllara TeHOeHUMsA 1 nokas-
BaT no-masiko 6uomaca npu Ba-
pnaHTuTe ¢ GLRaV-3 (durypa 3).

healthy plants (14.82 mm), where
the difference was also significant
(p=0.001).

The accounted total length of the
roots showed higher rates of the
healthy control plants with a good
significance of the difference (p =
0.05). Relevant to the length the
data on the shoot mass and root
mass followed the same trend with
less biomass for the variants with
GLRaV-3 (Figure 3)

B GLRaV-3

Bpoli kopeHu
Roots number

.

@ Control

Bpoii mexayBb3nus
Internodes number

our. 1. BnnaHme Ha GLRaV-3 Bbpxy 6p0osi Ha KOPEHUTE U MeXAyBb3naTa
Fig. 1. Influence of GLRaV-3 on the number and the Internodes number
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250,00

200,00

150,00 = B GLRaV-3
€ \ Control
= 100,00

50,00 -
0,00 - .
ObmxmHa netopact O6La Ab/K. KOPeHu
Shoot length Roots total length

dur. 2. BausHue Ha GLRaV-3 BbpXy Ab/DKMHATa Ha netopacta M obuwaTta
Ob/HKMHA Ha KopeHuTe
Fig. 2. Influence of GLRaV-3 on the shoot length and the root total length

500,0
450,0 T
400,0 N
350,0 \
300,0
250,0
mg 200,0 -
150,0 -
100,0 -
0,0 - ‘
Terno netopact Terno kopeHu
Shoot mass Root mass

B GLRaV-3

- Control

odur. 3. BnnaHue Ha GLRaV-3 BbpXxy TersioTo Ha sietopacTta KopeHuTte
Fig. 3. Influence of GLRaV-3 on the shoot mass and the root mass
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YcTaHOBeHUTE  [OCTOBEPHU
pasnnkn B OTYeTeHuTe O6uomeT-
PUYHM NapameTpu Mexany BapuaH-
TUTE C BMpYyCa Ha JINCTHOTO 3aBu-
BaHe W 34paBuUTe KOHTPO/IM, He-
CbMHEHO [JoKa3BaT B/MsHME Ha
GLRaV-3 Bbpxy dm3nonornyHuite
npowecu, cebp3aHn ¢ Te3n napa-
meTpu. MNMofo6bHO HeraTMBHO BNNSA-
Hne Ha GLRaV-3 Bbpxy buocuHTte-
3aTa MU B MNO-Masika CTeneH Ha
chopmoobpasyBaHeTo Ha fo3ata e
yCTaHOBEHO  OT  XpPUCTOB U
Abpawesa (2001) n Christov et al.
(2007) npu YH BUTPO pacTeHus oT
copt KabepHe CoBWHbLOH. Konek-
TMBBT OT aBTOPWU CbLLO KOHCTaTU-
pa, Y4e B YC/IOBUA Ha WH BUTPO
KynTuBMpaHe BUpPYCHUTe 3abons-
BaHMA He npeamsBuKBaT BUAUMM
CYMMTOMMW NO I030BUTE pacTeHus,
BbNPEKN MO-BUCOKNTE KOHLEHTpa-
UMM HA BUPYCHU YacTuuM B WH
BUTPO pacTeHunsATa, B CpaBHEHME C
N3X04HUTE /103K, KOEeTO 06ACHABAT
C xunoTtesata, 4Ye Npuv TO3U TUM
KyNTUBMpPaHe ce MOBTapAT MHOrO-
KpaTtHO caMO HadasiHuTe dhasn oT
pa3BUTMETO Ha MbMNKUTE N (pasarta
Ha NposiB/ieHMe Ha CUMMNTOMWU He
MOXe pga O6bae  gocTurHarta
(XpucTtoB n Abpawuesa, 2001).

n3BO4UN

BupycbT Ha /IMCTHOTO 3aBU-
BaHe (GLRaV-3) He npeansBuksa
nposiBNIeHne Ha BUANMU CUMNTOMU
B KyNnTMBMPaHUTE MNpu WUH BUTPO
YCNoBUA  pacTeHus OT  copT
WappoHe.

NHpekTupaHute ¢ GLRaV-3

The significant differences
found in the reported biometric
indicators between the variants
with grapevine leafroll virus and
the healthy controls undoubtedly
proved the influence of GLRaV-3
on the physiological processes
associated with these indicators.
Similar negative impact of GLRaV-
3 on biosynthesis and to a lesser
extent on the vine formation was
found by Christov and Abrasheva
(2001) and Christov et al. (2007) in
in vitro plants of Cabernet
Sauvignon variety. The authors
had also found that in the
conditions of in vitro cultivation
viral diseases did not cause visible
symptoms on the vine plants,
despite the higher concentrations
of viral particles on in vitro plants
compared to the stock vines,
which was explained by the
hypothesis that with this type of
culturing only the initial phases of
the bud development were
repeated many times and the
phase of the symptoms
manifestation could not be
reached (Christov and Abrasheva,
2001).

CONCLUSIONS

Grapevine leafroll
associated virus (GLRaV-3) did not
cause visible manifestation of
symptoms in plants of Chardonnay
variety in conditions of in vitro
cultivation.

GLRaV-3 infected plants of
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pacteHna ot copt LWapgoHe ce
Xapaktepusupar ¢ no-mMasibk cpe-
[eH 6pOoil KOpeHU N MeXayBb3Nns,
no-Masika Ab/IXKMHa Ha sieTopacTta
1 o6LLa Ab/DKUHA Ha KOpeHuTe, no-
MaU/IKO Terfio Ha setopacrta M Ha
KOpeHuUTe B CpaBHeHMEe CbC 34pa-
BUTE KOHTPOJIN.

Bbnpekn nuncarta Ha Buau-
MM CUMMOTOMM Ha 6osecTTa B YC/0-
BUS Ha WH BWUTPO KyNTUBMpaHe,
GLRaV-3 Bnnse HeratmBHO BBbPXY
dm3nonornyHnTe npouecu, CBbLP-
3aHu ¢ buocmHTesata popmoobpa-
3yBaHeTO Ha no3ara.
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Chardonnay variety were
characterized by a smaller average
number of roots and internodes,
shorter shoot length and total root
length, less shoot and root mass
compared to the healthy controls.

Despite the lack of visible
symptoms of the disease in terms
of in vitro cultivation, GLRaV-3 had
a negative impact on the
physiological processes associated
with the vine biosynthesis and
formation.
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