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Grapevine bleeding is a sign of the grape
plant coming out of a dormant state

after winter. Despite this, more attention

of scientists is focused on budbreak.
According to the literature data, grapevine
bleeding begins at air temperatures above

0 °C. The date of the beginning of grapevine
bleeding is also affected by soil temperature.
The purpose of this work was a more
insightful study of the dependence

of the date of the beginning of grapevine
bleeding on weather conditions: average,
maximum and minimum air temperatures,
average amplitude of air temperature, total
precipitation and the sum of air temperatures
above 0 and +5 °C. The research was
carried out according to the phenological
data of the Anapa Ampelographic

collection and the Anapa weather station

for 2003-2020. The equations of multiple
regression of the date of the grapevine
bleeding of varieties of various ecological
and geographical origin and separately

YK 634.8: 551.58
DOI 10.30679/2219-5335-2023-1-79-71-81

3ABUCUMOCTD HAYAJIA
COKOJABMWXEHHUA BUHOI'PAJIA
OT NOI'OJHBIX YCJOBHUIT*

MapwmopiiteiinH AHHa AJIeKCaHIPOBHA
MJIAJIIAN HAYYHBIM COTPYIHUK
nabopaTtopuu yrpaBiIeHHs
BOCIIPOM3BOJICTBOM B aMIIEJIOLEHO3aX
U SKOCHUCTEMAX

e-mail: am342@yandex.ru
http://orcid.org/0000-0002-6256-4886

DedepanvHoe 20cy0apcmeeHHoe
O1001cemnoe HayuHoe yupelcoeHue
«Cesepo-Kaskazckuii ghedepanvhbiil
HAYYHbBLU YeHMpP ca00800Cmad,
BUHO2PAOAPCMEBA, BUHOOETUSLY,
Kpacrnooap, Poccus

CoKOIBMXEHHE SIBIISICTCS IPU3HAKOM
BBIXOJ]a BUHOTPAJHOTO PAaCTEHHUS

W3 COCTOSIHUS TIOKOSI TTOCJIE€ 3UMBI.
Hecmotps Ha 510, GomnbIlIee BHUMaHKE
YUEHBIX COCPEIOTOUEHO Ha PACITYCKaHUHU
nouek. CoryiacHO JTUTEPATypPHBIM JTAHHBIM,
COKOJIBUYKEHUE HAYMHAETCS

pu Temrneparypax Bo3ayxa Boiie 0 °C,
TaK)Ke Ha JJaTy Hayajla COKOJBUKECHHUS
BIIUSIIOT TeMIepaTypa nouskl. Llensio
JTAHHOM paboThI cTano OoJiee yriyoleHHOe
M3Y4YCHHE 3aBUCUMOCTH JIaThl HavyaJia
COKOJIBUYKEHUS OT MIOTOJIHBIX YCIIOBHI:
CpeIHel, MaKCUMaJIbHON 1 MUHUMAJIbHOMN
TEMIEPATYP BO3yXa, CPEAHEN aMIUIUTYAbI
TEMIIEPATYPhI BO3IyXa, CyMMBI aTMOC(EpHBIX
OCaJIKOB U CYMMBI TEMIIEpaTyp BO3/1yXa BbIIIE
0 u +5 °C. UccnenoBaHust IpOBOIUIUCH
1o (heHONOTHYECKUM JTaHHBIM AHAIICKOM
amnenorpaduIecKor KOJUTEKITII

u meteoctaniuu Anana 2003-2020 rr.
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perpeccuu 1aThl Hayalla COKOJIBUKEHUS
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of the Western European group are obtained. copros BuHOrpasa pa3in4Horo

The coefficients of the paired correlation 9KOJIOTO-TeOrpadMuecKOro MPOUCX OKICHHS
of the date of the beginning of grapevine 1 OTJICJILHO 3aI1aHO-EBPOIEHCKON TPYIIIHL.
bleeding with agrometeorological indicators Omnpeznenensl kK03)OUIHUEHTHI TAPHOK

are determined. The greatest influence KOPPEJISILUY JaThl Haualla COKOBIKCHHUS

is exerted by the average amplitude of air C arpoOMETEOPOIOTHICCKUMH TTOKA3aTEIISIMH.
temperatures 10 days before the start HawuGosipiiee BIMsSHIE OKa3bIBAET CPETHSIS

of the grapevine bleeding phase — aMILTUTYJIa TeMIeparyp Bo3ayxa 3a 10 aHeit

a significant pair correlation coefficient 10 Havaja a3l COKOIBUKEHHS — 3HAUNMBIN
was obtained both for varieties as a whole  xoaddunment napHoii Koppensiuu moy4eH
and for groups, with the exception KaK JIJISl COPTOB B IIEJIOM, TaK H I10 IPYIIIaM,

of intraspecific hybrids. The dependence 3a UCKJIFOYCHHEM BHYTPUBHIOBBIX THOPHIOB.

is moderate inverse. Also, the average 3aBUCHMOCTh YMEPEHHAs 00OpaTHasl.

amplitude of air temperatures 5 days before Takxe oOpaTHOE BIMSHUE OKa3bIBACT CPETHSASL
the start of the grapevine bleeding phase aMILTITY/Ia TEMIIEpaTyp BO3yXa 3a 5 JAHeH

has the inverse effect, but to a lesser extent. 10 Hauana (a3bl COKOABUKEHHUS, HO B MCHBIIICH
A direct weak and very weak connection crenenu. [IpsiMast cabast v 04eHb crabast CBA3b

of the date of the beginning of the grapevine maTel Hayasa COKOJBMKEHUS OTMEUACTCS
bleeding is noted with average temperatures, co cpeaHUMHU TEMIIEpaTypaMu, CyMMO
the amount of precipitation for the period aTMOC(EPHBIX OCAIKOB 3a IEPUO/T

with temperatures above 0 °C and sums ¢ temneparypamu Boitre 0 °C u cymMmmaMu

of air temperatures above 0 and +5 °C. TemIiepaTyp Bo3ayxa Boiiie 0 u +5 °C.

Key words: GRAPEVINE BLEEDING, Knouesvie cnosa: COKOABUKEHUE,
GRAPE, AIR TEMPERATURE, BUHOT'PAJ], TEMITEPATYPA BO3/IYXA,
AIR TEMPERATURE RANGE, AMIUINTY IA TEMITEPATYPHI

TOTAL PRECIPITATION BO3AYXA, ATMOC®EPHBIE OCAJIKI

Introduction. Grapevine bleeding is the first phase of the growing season,
lasts from the beginning of grapevine bleeding movement to budbreak. This phase
is externally manifested in the release of sap on the surface of cut or injuring stem.
Sap is a transparent liquid containing organic and mineral substances. Although
in the world classifications grapevine bleeding is a phase of the beginning of veg-
etation [1, 2], more attention is paid to budbreak [3-7].

To a greater extent, the beginning of the phase is related to the temperature
of the soil, but precipitation also affects it [8, 9]. Grapevine bleeding begins at
stable air temperatures slightly above 0 °C [10], minimum air temperatures below
-2.5 °C have a negative effect on it [9].

The date of the beginning of grapevine bleeding varies by agroecological

zones of viticulture. In the vineyards of the Southern Crimea, bleeding can be in
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the middle of winter after several sunny days due to the heating of the soil on the
southern steep slopes [10]. In the conditions of the foothill Crimea, the grapevine
bleeding of the Merlot variety on the slopes of the southwestern exposure is ob-
served on average at the beginning of the second decade of March, on the slopes
of the northwestern — in the middle [11]. In the Odessa region, the average date of
the beginning of the grapevine bleeding in technical and table grape varieties is
April 8 [12]. In the mild climatic conditions of Anapa, the grapevine bleeding of
varieties of various ecological and geographical origin begins on average on
March 20-22 [13]. In the conditions of the Derbent district of the Republic of
Dagestan on average in 2012-2020, the sap bleeding began at the end of the sec-
ond decade of March in the varieties of the Western European, eastern and Black
Sea ecological and geographical groups [14]. In the mountain-valley zone of Da-
gestan, table grape varieties had a date of grapevine bleeding ranging from the
middle of the second decade of March to the end of the third. In the plain zone —
the first or second decade of March [15]. In the sheltering zone of the steppe with
kolkis of the Altai Ob region, grape juice bleeding began under an earthen shelter
in the 11111 decades of April [16]. The beginning of the grapevine bleeding of
table varieties Vitis vinifera L. in the conditions of the Sughd zone of Tajikistan
was observed on average at the end of the third decade of March — the beginning
of the first decade of April [17].

The purpose of this work was to determine the dependence of the date of
the beginning of the grapevine bleeding on weather conditions in the Black Sea

agroecological zone of viticulture.

Materials and methods. The objects of the study are varieties of various
ecological and geographical origin growing on the territory of the Anapa ampe-
lographic collection of AZESV&W — a branch of the NCFSCHVW. Data on the
beginning of the grapevine bleeding were taken from 2003 to 2020. The base

year is 2019, in numerical format January 1, 2019 is equal to 43466.0 in Excel.
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Meteorological data from the Anapa meteorological station from 2003 to 2020
were used [18]. The average, maximum and minimum temperatures, the average
amplitude of air temperature, the sum of air temperatures above 0 and + 5 °C,
the total precipitation for certain periods before the start of grapevine bleeding
are calculated.

The ridge regression method for creating models was applied in the Statis-
tica program [19,20]. A step-by-step procedure with exception was chosen, an
intercept was also included in the model. The Lambda was taken 0.2 to eliminate
the effect of multicollinearity between independent variables. Multiple regression
equations were considered significant if the actual Fisher criterion was higher than
the tabular one. The accuracy of the model was determined by the coefficient of
determination (R?) — if it was higher than 0.15, then the model was considered

satisfactory.

Discussion of results. Firstly, the necessary meteorological indicators were
calculated for the date of the beginning of sap bleeding for 113 varieties of various
ecological and geographical origin, ripening period and direction of use to deter-
mine the dependence of the beginning of the grapevine bleeding phase on weather
conditions. This complete regression analysis revealed common patterns. The
greatest influence is exerted by the average amplitude of air temperatures for 5
and 10 days before the start of the phase, and the dependence is moderate inverse.
Correlation coefficients are -0.32 and -0.36, respectively. A direct weak depend-
ence of the date of the beginning of the grapevine bleeding is noted on the total
precipitation for the period with temperatures above 0 °C (r = 0.26). A direct very
weak dependence is noted on the sum of air temperatures above 0 °C and +5 °C.
Correlation coefficients are 0.19 u 0.16, respectively.

The multiple regression equation of the beginning of grapevine bleeding
for 113 varieties (1):
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Date;p = 0.38X; — 0.43X, — 0.84X; — 0.56X, + 0.93X; — 1.03X, — 0.4X,
— 0.3Xg + 0.03Xy — 0.02X;, + 0.01X;, + 43549.09 (1),
where X; —the average air temperature for 5 days before the start of grape-
vine bleeding;

X, —the average amplitude of the air temperature for 5 days before the start
of grapevine bleeding;

X5 — the average amplitude of the air temperature for 10 days before the
start of grapevine bleeding;

X, — the average air temperature for the period from the transition of air
temperature upward through 0 °C to the beginning of grapevine bleeding;

X5 — the average air temperature for the period from the transition of air
temperature upward through +5 °C to the beginning of grapevine bleeding;

X, — the average amplitude of the temperature for the period from the tran-
sition of air temperature upward through +5 °C to the beginning of grapevine
bleeding;

X, — the maximum air temperature for the period from the transition of air
temperature upward through 0 °C to the beginning of grapevine bleeding;

Xg — the minimum air temperature for the period from the transition of air
temperature upward through +5 °C to the beginning of grapevine bleeding;

X, — the total precipitation for the period from the transition of air temper-
ature upward through 0 °C to the beginning of grapevine bleeding;

X10 — the total precipitation for the period from the transition of air temper-
ature upward through +5 °C to the beginning of grapevine bleeding;

X1, — the sum of the air temperature is greater than 0 °C to the beginning
of the grapevine bleeding.

The equation explains 30.5 % of the variability of this indicator. The mul-
tiple correlation coefficient is 0.54. Fischer's criterion is fulfilled. The standard

error of regression estimation is 5.63. The observed and predicted dates of the
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beginning of the grapevine bleeding according to the regression equation (1) are

shown in Fig. 1.

Predicted vs. Observed Values
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Fig. 1. The observed and predicted dates of the beginning of the grapevine

bleeding for 113 varieties of various ecological and geographical origin

The patterns of the influence of weather conditions on varieties by ecolog-
ical and geographical origin were investigated in addition to the general multiple
regression equation for varieties of various ecological and geographical origin.

According to the results of paired regression, there are a significant moder-
ate inverse dependence of the date of the beginning of the grapevine bleeding of
Western European grape varieties on the average amplitude of the air temperature
for ten days before the start of the grapevine bleeding (r = -0.43), a significant
weak inverse dependence on the average amplitude of the air temperature for five
days before the start of the grapevine bleeding (r = -0.29), a significant weak direct
dependence from the average air temperature for five days before the start of
grapevine bleeding (r = 0.28), the average air temperature for the period with tem-
peratures above +5 °C (r = 0.24) and the total precipitation for the period with

temperatures above 0 °C (r = 0.23).
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Also, for the varieties of the Western European ecological and geographical
group, the multiple regression equation of the date of the beginning of grapevine
bleeding (2) was obtained:

Dateggwy = 0.84X, — 2.11X, + 43551.94  (2),

where X; — the average air temperature for 5 days before the start of grape-
vine bleeding;

X, — the average amplitude of the air temperature for 10 days before the
start of grapevine bleeding.

The multiple regression coefficient is 0.54, the equation explains 29.3 % of
the variability of the date of the beginning of grapevine bleeding for varieties of
the Western European ecological and geographical group. Fischer's criterion is
fulfilled. The standard error of regression estimation is 4.92. The observed and
predicted dates of the beginning of the grapevine bleeding according to the re-

gression equation (2) are shown in Fig. 2.

Predicted vs. Observed Values
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Fig. 2. The observed and predicted dates of the beginning of the grapevine
bleeding for the varieties of the Western European ecological
and geographical group
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The average values of the most important agrometeorological indicators for
the beginning of grapevine bleeding were calculated for the varieties of the West-

ern European ecological and geographical group (tab.).

The values of the average air temperature for 5 days before the start of grapevine
bleeding and the average amplitude of the air temperature for 10 days
before the start of grapevine bleeding for varieties of Western European
ecological and geographical origin for the period 2003-2020

. The average amplitude
The average air temperature .
. of the air temperature
Variety for 5 days before the start for 10 davs before th
of grapevine bleeding, °C or ays before the start
’ of grapevine bleeding, °C
Cabernet Franc 7.9 6.1
Cabernet Sauvignon 8.6 6.5
Merlot 7.6 55
Riesling Italien 7.7 6
Sauvignon Blanc 7.4 6.2
Cinsault 8 6.8
Roter Traminer 7.7 6.1

For the remaining groups of varieties — the Eastern, the Black Sea basin,
interspecific and intraspecific hybrids, the equations obtained by the ridge regres-
sion method were not significant according to the Fisher criterion.

There is a significant moderate dependence of the date of the beginning of
grapevine bleeding of varieties of the Eastern ecological and geographical group
on the average amplitude of air temperature for five and ten days (r = -0.42 and
r = -0.44, respectively), direct — with total precipitation for the period with air
temperature above 0 °C (r = 0.40) according to the results of pair correlation.

The date of the beginning of the grapevine bleeding of varieties of the Black
Sea basin has a significant moderate dependence on the average amplitude of air
temperature for ten days (r = -0.35).

The date of the beginning of the grapevine bleeding of varieties of intraspe-
cific origin Vitis vinifera L. it significantly depends on the amplitude of the air tem-
perature for the period from the transition of the air temperature through +5 °C

upward to the beginning of grapevine bleeding (r = -0.26 — weak dependence).
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The date of the beginning of sap bleeding of varieties of interspecific origin
has a significant moderate dependence on the average amplitude of air tempera-
ture for five and ten days before the start of grapevine bleeding (r = -0.31), a
significant weak direct — with the total precipitation for the period with air tem-
peratures above 0 °C before the start of grapevine bleeding (r = 0.24), with the
sum of air temperatures above 0 °C (r = 0.26) and +5 °C before the grapevine
bleeding (r = 0.20).

Conclusions. A multiple regression equation is obtained for the beginning
of the grapevine bleeding of varieties of various ecological and geographical
origin. The coefficients of the paired correlation of the date of the beginning of
grapevine bleeding with agrometeorological indicators are determined. The great-
est influence is exerted by the average amplitude of air temperatures for 5
and 10 days before the beginning of the grapevine bleeding phase. The depend-

ence is reversed.
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