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Rootstock-scion interaction: 
6. Phenology, chilling and heat requirements

 of Cabernet Sauvignon grapevine
Alberto Miele1

Abstract – The grapevine phenology is dependent on several factors, such as genetics, soil characteristics, 
climate conditions, pests and diseases and vineyard cultural practices. Among these, grafting may have an 
effect on the scion behavior due to the influence of the rootstock. Therefore, an experiment was carried 
out for two years to determine the effect of rootstocks on Cabernet Sauvignon (CS) grapevine phenology, 
chilling and heat requirements. Treatments consisted of vines grafted on the rootstocks Rupestris du Lot, 
101-14 Mgt, 3309 C, 420A Mgt, 5BB K, 161-49 C, SO4, Solferino, 1103 P, 99 R, 110 R, Gravesac, Fercal, 
Dogridge and Isabel. Budbreak and flowering of the vines, veraison and maturity of the grapes were the 
phenological stages evaluated, determining the dates of each stage and the number of days between them. The 
chilling hours (Tbase= 10 °C) for budbreak and the heat summation required to ripen the grapes were also 
determined. The results showed that the dates of each phenological stage varied according to the year and 
the rootstock. The average of two years showed that CS/3309 C, CS/161-49 C and CS/101-14 Mgt sprouted 
earlier and CS/Dogridge later. Grape maturity was earlier on seven CS/rootstocks, where CS/101-14 Mgt 
and CS/Rupestris du Lot ripened first and CS/Isabel, CS/5BB K and CS/SO4 later. The average intervals 
between the stages of CS/rootstocks were (in days), 46.8±3.0 (budbreak-flowering), 64.3±2.1 (flowering-
veraison), 54.6±6.1 (veraison-maturity) and 165.7±7.4 (budbreak-maturity). In 1998, 615.9±8.0 chill hours 
were needed to achieve 50% budbreak and in 1999, 870.6±6.5 chill hours, where CS/Dogridge required 
the highest chilling to break dormancy. In order to ripen the grapes, the heat requirement from budbreak to 
maturity was 1573.4±43.0 °C in 1998/1999 and 1599.4±25.5 °C in 1999/2000, and the juice total soluble 
solids values were 19.1 and 18.1 °Brix, respectively. Although the heat summation of the second cycle was 
1.65% higher, the total soluble solids were lower due to the rainfall that was much higher during its grape 
ripening period.
Index terms: Vitis vinifera, viticulture, grape, phenological stages.

Interação entre porta-enxerto e copa: 6. Fenologia e 
requerimentos de frio e calor da videira Cabernet Sauvignon

Resumo – A fenologia da videira depende de vários fatores, como genética, características do solo, condições 
climáticas, pragas e doenças, e práticas culturais do vinhedo. Dentre estas, o porta-enxerto pode ter influência 
no comportamento da copa. Devido a isso, este experimento foi conduzido por dois anos para determinar o 
efeito do porta-enxerto na fenologia e nas necessidades de frio e calor da videira. Os tratamentos consistiram 
na videira Cabernet Sauvignon (CS) enxertada nos porta-enxertos Rupestris du Lot, 101-14 Mgt, C 3309, 
420A Mgt, K 5BB, C 161-49, SO4, Solferino, P 1103, R 99, R 110, Gravesac, Fercal, Dogridge e Isabel. 
Avaliaram-se a quebra de dormência e a floração da videira, e o início de maturação e a maturidade da uva, 
determinando as datas de cada fase e o número de dias entre elas. Foram determinados, também, o número 
de horas de frio (Tbase= 10 °C) necessário para a quebra de dormência e a soma térmica para amadurecer 
a uva. Os resultados mostraram que as datas das fases fenológicas variaram de acordo com o ano e o porta-
enxerto. Na média dos dois anos, CS/C 3309, CS/C 161-49 e CS/101-14 Mgt brotaram mais cedo, enquanto 
CS/Dogridge, mais tarde. A uva das combinações CS/101-14 Mgt e CS/Rupestris du Lot amadureceu 
mais cedo, e de CS/Isabel, CS/K 5BB e CS/SO4, mais tarde. As médias entre as fases fenológicas de CS/
porta-enxertos foram (em dias), 46,8±3,0 (quebra de dormência-floração), 64,3±2,1 (floração-início da 
maturação), 54,6±6,1 (início da maturação-maturidade) e 165,7±7,4 (quebra de dormência-maturidade). 
Em 1998, 50% das gemas brotaram com 615,9±8,0 horas de frio, e em 1999, com 870,6±6,5, sendo que 
CS/Dogridge foi o que necessitou de mais frio. Da quebra de dormência à maturidade da uva, a soma 
térmica foi 1.573,4±43,0 °C em 1998/1999 e 1.599,4±25,5 °C em 1999/2000, e os sólidos solúveis totais 
da uva foram 19,1 e 18,1 °Brix, respectivamente. Apesar de a soma térmica ter sido 1,65% mais elevada 
no segundo ciclo, os sólidos solúveis totais apresentaram teor menor devido ao volume de chuva ter sido 
maior durante o período de maturação do fruto. 
Termos para indexação: Vitis vinifera, viticultura, uva, fases fenológicas.
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Introduction

Climate changes are a human concern because they 
may affect agriculture in different ways (IPCC, 2015). In 
this sense, grapevines may also be affected, since they are 
cultivated in a wide range of latitudes, which vary mainly 
from 20°-50° N to 20°-40° S. Indeed, they may affect 
the vine yield (ACOSTA et al., 2012), fruit composition 
and wine quality (JONES; DAVIS, 2000). They may also 
modify the limits of winegrowing regions, such as those 
of Denomination of Origin (MORIONDO et al., 2013). 
With regard to grapevine phenology, they may change 
the dates of budbreak, flowering, veraison, maturity and 
leaf fall (VINK et al., 2012; CABRÉ et al., 2016; HALL 
et al., 2016; RUML et al., 2016).

The study of vine phenology stages is important 
for the grape grower, since it allows planning the cultural 
practices of the vineyard, such as the works related to 
pruning, control of pests and diseases and time of grape 
harvest (MANDELLI et al., 2003). In addition, the 
relationships between phenology stages and climatic 
parameters may be used to develop prediction models 
(URHAUSEN et al., 2011) which may be useful for 
the planning of long-term impact assessment of climate 
change (FRAGA et al., 2016) and are important tools for 
a breeding program (DUCHÊNE et al., 2012). 

In temperate climates, grapevine leaves fall in 
autumn, which leads to the plant dormancy period in 
winter. The length and intensity of low temperatures 
depend on the location and year, and are important factors 
in assuring a high percentage of budbreak in a short time, 
which allows for a desirable standard of the vineyard. The 
timing of chilling is also important for grape growers. In 
fact, early chilling followed by premature warming may 
injure vine buds, delay budbreak or lead to non-uniform 
budbreak (MATHIASON et al., 2009). In this case, 
budbreak promoters are used (MIELE, 1991). 

The chilling requirement was then developed to 
determine the dates of budbreak and the number of burst 
buds in the vineyard, which is described in chill units (1 chill 
unit = 1 chill hour), which means the total number of hours 
below 10 °C to which a plant is exposed during the rest 
period for breaking dormancy (WINKLER et al., 1974). 
However, the base temperature may differ according to 
the cultivar (ZAPATA et al., 2015) and to where – such 
as latitude – the vines are grown.

When the rest period is over, the buds start to sprout 
using the energy accumulated mainly in the permanent 
parts of the vine – arms, trunk and roots − in the form of 
starch (ZUFFEREY et al., 2012). However, later when 
the photosynthetic apparatus is functional, growth and 
development occur due to photosynthesis, which depends 
on the energy coming from solar radiation. The growing 
degree day (GDD) is used in this case (WINKLER et al., 
1974) to determine the thermal needs of a plant to ripen 

grapes from vine budbreak. Indeed, there is a positive 
correlation between the increase of air temperature and 
vine phenology (HALL et al., 2016). The accumulated 
GDD may vary in response to the cultivar, region, 
climatic conditions and cultural practices performed in 
the vineyard. 

Among the cultural practices which have an effect 
on the grapevine phenology stages, the pruning time 
is mentioned (MURAKAMI et al., 2002; TECCHIO 
et al., 2013; GATTI et al., 2016; PETRIE et al., 2017), 
winter and summer pruning (ANZANELLO et al., 
2012), canopy management (TROUGHT et al., 2011), 
irrigation (VERDUGO-VÁSQUEZ et al., 2016) and 
growth in greenhouse (SCHIEDECK et al., 1997). The 
effect of rootstock on the vine phenology is reported 
for the heat requirement of Vitis labrusca (SATO et al., 
2008; TECCHIO et al., 2011) and Vitis vinifera varieties 
(ALLEBRANDT et al., 2015), including table grape 
(BENJAMIN et al., 2018). 

Thus, this study aimed to determine the phenological 
stages of Cabernet Sauvignon, the chilling requirement for 
break bud dormancy and the heat requirement from vine 
budbreak to grape maturity of this variety grafted on 15 
rootstocks. 

Material and Methods

The experiment was carried out for two consecutive 
years – 1998/1999 and 1999/2000 – in the Serra Gaúcha 
viticultural region, Brazil, in a Cambissolo soil, whose 
coordinates were 29°09’44” S and 51°31’50” W, 640 m 
high. The climatic data from May 1998 to March 1999 
and May 1999 to March 2000, that is, the average for 
maximum, minimum and mean temperatures, were from 
Embrapa Uva e Vinho database and the climatological 
normals (1981-2010), such as, maximum, minimum and 
mean were from INMET(2018) (Figure 1).

Treatments consisted of Cabernet Sauvignon (Vitis 
vinifera L.) grapevine grafted on the rootstocks Rupestris 
du Lot, 101-14 Millardet e de Grasset, 3309 Couderc, 
420A Millardet e de Grasset, 5BB Kober, 161-49 Couderc, 
SO4, Solferino (local name of an unknown rootstock), 
1103 Paulsen, 99 Richter, 110 Richter, Gravesac, Fercal, 
Dogridge and Isabel. The origin of the genetic material 
was previously described (MIELE; RIZZO, 2017). 

The vineyard consisted of 450 plants, 30 of each 
Cabernet Sauvignon/rootstock (CS/rootstock), distributed 
in three blocks. Data related to vineyard management were 
previously shown (MIELE; RIZZON, 2017). Pruning 
was performed on September 3rt, 1998 and September 
2nd, 1999, in the vine’s dormant period. The dates of vine 
budbreak and flowering, and grape veraison and maturity 
were assessed. The budbreak dates were recorded when 
50% of the buds had been burst, which was done by 
counting daily the total number of buds and the number 
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of burst buds, when the rosette leaf tips were green 
(LORENZ et al., 1995). The percentage of burst buds was 
determined in spurs and canes at the end of October, by 
counting the total number of buds and those already burst. 
The flowering dates were determined when 50% of the 
calyptras had already fallen, by counting the number of 
total inflorescences and those with ≥50% of open flowers. 

Figure 1. Maximum (Tmax), minimum (Tmin) and mean (Tmean) temperatures from May 1998 to March 1999 and 
from May 1999 to March 2000, and climatological normals (Tnmax, Tnmin and Tnmean) from 1981 to 2010 of Bento 
Gonçalves, Brazil.

The veraison, when 50% of the grape skins reached ‘red’ 
color and maturity when the total soluble solids (TSS) 
(°Brix) of the grape juices no longer increased. The TSS 
was measured daily at the end of grape ripening by means 
of a hand refractometer; titratable acidity (TA) (meq L-1), 
by titration; and TSS/TA ratio by the formula TSS/(TA x 
0.0075) (RIBÉREAU-GAYON et al., 1982).

The temperatures from May to budbreak dates 
were recorded in a thermograph of the Embrapa Uva 
e Vinho agroclimatological facility, which was near to 
the experimental vineyard. The chilling requirement for 
budbreak was the sum of temperatures ≤10 °C from May 
to the budbreak date of each CS/rootstock combination.

The growing degree day (GDD) was the daily mean 
temperature minus the base temperature. The GDD for the 
thermal needs (heat summation) from budbrake to fruit 
maturity of each CS/rootstock were calculated according 
to the formula:

GDD = ∑ (Tmean - Tbase)

where GDD= growing degree days, Tmean= mean 
daily temperature and Tbase= base temperature (10 °C). 

Temperatures were assessed at 9:00 a.m., 3:00 p.m. and 
9:00 p.m. (the 3:00 a.m. temperature was not assessed 
because at that time there was no automatic climatic 
facility). In this way, the formula for calculating the mean 
daily temperature was:

Tmean= [T9a.m. + (2*T9p.m.) + Tmax + Tmin)] / 5,

where Tmean= mean daily temperature, T9a.m.= 
temperature at 9:00 a.m., T9p.m.= temperature at 9:00 
p.m., Tmax= maximum daily temperature, Tmin= 
minimum daily temperature. 

The correlation between the percentage of burst 
buds and the chill units were determined for each 
CS/rootstock. The number of days and the GDD for 
each phenology interval of the 15 CS/rootstock were 
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determined, that is budbreak-flowering, flowering-
veraison, veraison-maturity and budbreak-maturity. 
Curves of heat accumulation of the budbreak-maturity 
interval were drawn for two years.

Results and Discussion

The phenology stages of Cabernet Sauvignon 
grapevine grafted on different rootstocks, the chilling 
requirement to break the vine dormancy and the 
accumulation of heat required to ripen the grapes are 
shown in the next four sections. 

Dates of phenology stages, number of days 
between each stage and from vine budbreak to grape 
maturity 

The dates of the Cabernet Sauvignon vine budbreak 
and flowering, and veraison and maturity of the grape are 
shown in Table 1 (1998/1999) and Table 2 (1999/2000). 

Table 1.  Dates of phenology stages (1998/1999) of Cabernet Sauvignon grapevine grafter on different rootstocks.

Rootstock
Budbreak Flowering Veraison Maturity

Month/Day

Isabel Dogridge 09/23
10/01

11/10
11/11

01/13
01/13

03/01
02/28

Fercal 09/25 11/08 01/13 02/26
Gravesac 09/22 11/06 01/11 02/26
110 R 09/21 11/06 01/09 03/04
99 R 09/24 11/07 01/11 03/03
1103 P 09/21 11/08 01/12 03/04
Solferino 09/25 11/07 01/11 03/06
SO4 09/22 11/07 01/11 03/03
161-49 C 09/20 11/08 01/10 03/02
5BB K 09/24 11/08 01/15 03/06
420A Mgt 09/24 11/06 01/11 03/02
3309 C 09/19 11/07 01/09 02/25
101-14 Mgt 09/21 11/07 01/07 02/25
Rupestris du Lot 09/23 11/07 01/12 02/28
Mean 09/23 11/08 01/11 03/01
Standard deviation 2.7 1.4 2.0 3.0

Table 2.  Dates of phenology stages (1999/2000) of Cabernet Sauvignon grapevine grafted on different rootstocks.

Rootstock Budbreak Flowering Veraison Maturity
Month/Day

Isabel 09/24 11/12 01/14 03/18
Dogridge 09/30 11/15 01/15 03/13
Fercal 09/22 11/05 01/11 03/13
Gravesac 09/21 11/05 01/10 03/12
110 R 09/23 11/10 01/11 03/13
99 R 09/22 11/12 01/14 03/12
1103 P 09/22 11/07 01/11 03/12
Solferino 09/23 11/12 01/14 03/12
SO4 09/24 11/10 01/12 03/10
161-49 C 09/17 11/07 01/10 03/12
5BB K 09/24 11/08 01/13 03/13
420A Mgt 09/19 11/10 01/09 03/15
3309 C 09/18 11/04 01/11 03/14
101-14 Mgt 09/19 11/12 01/12 03/11
Rupestris du Lot 09/19 11/05 01/10 03/12
Mean 09/22 11/09 01/12 03/13
Standard deviation 3.4 3.2 1.8 1.9
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The dates of each CS/rootstock stage varied 
according to the years. The average of two years, for 
all CS/rootstocks, showed that the earliest to sprout 
were CS/3309 C, CS/101-14 Mgt (both V. riparia x V. 
rupestris) and CS/161-49 C (V. berlandieri x V. riparia) 
and the latest, CS/Dogridge (V. champini). The differences 
between the first and last budbreak dates were 12 days 
(1998) and 13 days (1999). The mean dates of all CS/
rootstocks budbreak were September 23th±2.7 (1998) and 
September 22th±3.4 (1999).

Most CS/rootstocks bloomed with a difference of 
a few days, being five days in 1998 and 11 days in 1999. 
The CS/3309 C, CS/Gravesac, CS/Rupestris du Lot, CS/
Fercal, CS/1103 P and CS/161-49 C started to bloom 
earlier and CS/Dogridge, later. The mean flowering dates 
of all CS/rootstocks were on November 8th±1.4 (1998) and 
November 9th±3.2 (1999). 

A group of seven CS/rootstocks began to ripen 
earlier, such as CS/101-14 Mgt, CS/110 R, CS/161-49 
C, CS/3309 C, CS/420A Mgt, CS/Gravesac and CS/
Rupesrtris du Lot and later in CS/Dogridge, CS/Isabel 
and CS/Solferino. The mean veraison dates of all CS/
rootstocks were on January 11th±2.0 (1999) and January 
12th±1.8 (2000). 

Grape maturity was earlier in CS/101-14 Mgt and 
CS/Rupestris du Lot followed by CS/Fercal, CS/Gravesac 
and CS/3309 C, and later in CS/Isabel, CS/5BB K, CS/
SO4, CS/420A Mgt, CS/110 R and CS/1103 P. The mean 
dates of grape maturity of all CS/rootstocks were March 
1st±3.0 (1999) and March 13th±1.9 (2000).

The number of days between each phenology 
stage is shown in Figure 2 (1998/1999) and Figure 3 
(1999/2000), which varied according to the CS/rootstock 
and year. For the two years, the mean intervals were 
19.9±3.0 (pruning-budbreak), 46.8±3.0 (budbreak-
flowering), 64.3±2.1 (flowering-veraison), 54.6±6.1 
(veraison-maturity) and 165.7±7.4 (budbreak-maturity). 

The interval pruning-budbreak was almost the same 
in 1998 (20.0-day average) and 1999 (19.8-day average) 
(Figures 2 and 3), which reflects the pruning performed 
on September 3rd and September 2nd, respectively, and 
the climatic conditions. The date of pruning of the vine’s 
can advance or delay budbreak. Pruning was performed 
during the vine rest period when it just started to bleed. 
Some CS/rootstocks sprouted earlier and others later. An 
early sprouting should be avoided in frost-risk regions due 
to the likely plant and vineyard damages. In this case, the 
Dogridge rootstock might be suggested, despite its higher 
chilling requirement, relatively low percentage of burst 
buds and relatively low yield. 

Research has already been done on the effect of the 
rootstock on dates and length of the grapevine phenology 
stages in other conditions, such as different soils, climates, 
cultural practices and genetic materials (SATO et al., 2008; 
TECCHIO et al., 2011, 2013; LOUREIRO et al., 2016). 
Other aspects of phenology were also studied as well as 
the effect of the pruning time (MURAKAMI et al., 2002; 
BRIGHENTI et al., 2015), maturity and harvest of the 
grapes out of season (SATO et al., 2008) and at two grape 
harvests per year (ANZANELLO et al., 2012).

The dates of the phenology stages and the intervals 
between the stages were studied on V. labrusca L. and V. 
vinifera L. varieties (MANDELLI et al., 2003; ROBERTO 
et al., 2004; BRIGHENTI et al., 2013; CARVALHO, 
2016; NUNES et al., 2016; CAMPOS et al., 2017). In an 
extensive study, from 1984 to 1994, working with eight V. 
vinifera L. and four V. labrusca L. varieties, similar results 
were found for Cabernet Sauvignon (MANDELLI, 2002). 

The pruning-budbreak interval was 20.0±2.9 days 
in 1998, being CS/Dogridge the highest (28 days) and 
CS/3309 C (16 days), the lowest (Figure 2). In 1999, 
these data were 19.8±3.2, 28 days (CS/Dogridge) and 15 
days (CS/161-49 C), respectively (Figure 3). The two-
year mean was 19.9±2.9 days, where CS/161-49 C and 
CS/3309 C (both with 16 days) and CS/101-14 Mgt (17.5 
days) sprouted earlier and CS/Dogridge (28 days), later. 
Therefore, there was a difference of 12 days in 1998 and 13 
days in 1999 between data extremes in each year, but the 
mean of the 15 CS/rootstocks were similar in both years. 
Considering two years, the CS/Dogridge budbreak was 
9 days later than the average of the other CS/rootstocks. 
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Figure 2. Intervals, in days, between the phenology stages of Cabernet Sauvignon grapevine according to the rootstock. 
Legend: P-B= pruning-budbreak, B-F= budbreak-flowering, F-V= flowering-veraison, V-M= veraison-maturity. Pruning 
was performed on September 3rd, 1998. Vine cycle: 1998/1999.
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Percentage of sprouted buds
In 1998, the sprouted-buds mean of all 15 CS/

rootstocks was 67.9±7.2%, ranging from 48.5% in CS/
Dogridge to 77.1% in CS/420A Mgt and 76.4% in CS/110 
R. The differences were 28.6 and 27.9 percentage points 
compared to CS/Dogridge, respectively (Table 3). In 
1999, the budbreak mean of all 15 CS/rootstocks was 
75.8±4.8%, ranging from 63.1% in CS/Dogridge to 82.8% 
in CS/110 R and 82.3% in CS/161-49 C. However, all 
CS/rootstocks showed higher percentages of burst buds 
in 1999. Therefore, there were differences of 19.7 and 
19.2 percentage points, respectively, compared to CS/
Dogridge. The two-year mean was 71.9±7.1% and the 
budbreak mean was 7.9 percentage points higher in 1999 
than in 1998. 

The budbreak percentage ranking of each CS/
rootstock varied according to the year. Taking the two-
cycle mean data, the highest values were in CS/110 R 
(79.6%) and in CS/420A Mgt (78.3%), and the lowest 
in CS/Dogridge (55.8%), CS/3309 C (67.3%), CS/Isabel 
(67.7%) and CS Solferini (68.7%). 

Chilling requirement for vine budbreak
The chill hours recorded from May to October for 

the CS/rootstocks were 55.7% higher in 1999 (983.8 h) 
than in 1998 (631.8 h), and from May to 50% budbreak 
was 41.4% higher in 1999 (870.6±6.5 h) than 1998 
(615.9±8.5 h) (Table 3). Thus, under normal conditions, 
the higher the number of chill hours, the higher the 
percentage of sprouted buds. It should also be pointed 
out that the chill hours in 1998 was the lowest in the 
1988-2012 period (data from the Embrapa Uva e Vinho 
agroclimatological facility).

Figure 3. Intervals, in days, between the phenology stages of Cabernet Sauvignon grapevine according to the rootstock. 
Legend: P-B= pruning-budbreak, B-F= budbreak-flowering, F-V= flowering-veraison, V-M= veraison-maturity. Pruning 
was performed on September 2nd, 1999. Vine cycle: 1999/2000.
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Table 3.  Chill hours from pruning to 50% budbreak and percentage of sprouted buds of Cabernet Sauvignon grapevine 
according to the rootstock.

Rootstock
1988 1999

Chill hours for 50% 
budbreak

Budbreak
(%)

Chill hours for 50% 
budbreak

Budbreak
(%)

Isabel 615 62.5 876 72.8
Dogridge 629 48.5 890 63.1
Fercal 615 67.8 867 76.3
Gravesac 615 71.4 867 79.7
110 R 607 76.4 869 82.8
99 R 615 69.3 867 77.5
1103 P 607 66.9 867 76.8
Solferino 615 62.7 869 74.6
SO4 615 75.3 876 76.0
161-49 C 597 73.5 867 82.3
5BB K 615 65.6 876 74.3
420A Mgt 615 77.1 867 79.6
3309 C 597 63.0 867 71.5
101-14 Mgt 607 69.6 867 73.2
Rupestris du Lot 615 68.9 867 76.8
Mean 615.9 67.9 870.6 75.8
Standard deviation 8.0 7.2 6.5 4.8

Under temperate conditions, where most grapevines 
are grown, the buds enter endodormancy, which is the 
inhibition of growth by internal bud signals. It is a complex 
phenomenon controlled by a number of external and 
internal factors, leading to physiological changes. With 
increasing temperatures and sufficient soil moisture, as 
the cycle of the vine evolves, endodormancy ends and 
begins the so-called ecodormancy, which is defined 
as the inhibition of growth by temporary unfavorable 
environmental conditions (LANG et al., 1987). So 
unfavorable growing conditions simultaneously break 
endodormancy and impose ecodormancy (KELLER, 
2010). 

Grapevines undergo dormancy during their 
vegetative cycle, except in tropical regions where they 
remain green unless appropriate cultural practices, such 
as defoliation and application of budbreak promoters. 
After a continuous period of cold, the budbreak usually 
occurs earlier, faster and more uniformly (ANTCLIFF; 
MAY, 1961). In addition, longer periods of chilling and 
lower temperature accelerate budbreak rate, as warmer 
temperatures return (LAVEE; MAY, 1997; KELLER, 
2010). Thus, a period of chilling during dormancy is 
desirable with minimum variation to obtain a uniform and 
high percentage of burst buds. This makes the pruning of 
the vine easier in the next winter and, mainly, leads to a 
more uniform grape ripening, which is important for the 
grape and wine quality.

The temperature for budbreak varies according to 
the species and varieties (POUGET, 1972). The species 
are classified as low (<1,000) and high (>1,000) chill 
hours. The grape varieties also have different chilling 
needs, where Cabernet Sauvignon required 1,250 chill 
hours to sprout (LONDO; JONHSON, 2014). In the 
present study, as average of the 15 CS/rootstocks, in 
1998 it took 615.9±8.0 h to reach 50% burst buds and 
631.8 h for 67.9±7.2% burst buds; in 1999 these values 
were 870.6±6.5 h and 983.8 h, respectively. Therefore, 
in 1998 15.9 additional hours of chilling were needed 
to reach the maximum percentage of sprouted buds 
(67.9±7.2%), whereas in 1999 an additional 113.2 h 
were required to reach 75.8±4.8%. These results imply 
that under the climatic conditions of Serra Gaúcha the 
Cabernet Sauvignon vine needs higher chill hours, without 
intermittent warm periods, to sprout fast and uniformly. 

The lack of water in the soil can also inhibit 
budbreak (HORVATH et al., 2003), because the moisture 
of the buds during dormancy is about 50% and when 
they sprout, 80% (LAVEE; MAY, 1997). However, this 
was not the case for this experiment, where rainfall was 
519.3 mm and 339.6 mm from June to August, 1998 and 
1999, respectively. 
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The pruning time and the pruning system are other 
points to be considered. In cool climates, pruning vines 
shortly after grape harvest will not negatively affect vine 
phenology, but will extend the period for pruning the vine; 
late pruning, slightly retards budbreak, which could be 
desired for frost-risk regions (TROUGHT et al., 2011), 
while pruning earlier may advance sprouting. Also, spur 
pruned grapevines present, under the same conditions, a 
higher percentage of burst buds than those cane pruned.

Heat requirement to ripen the grape
The GDD between the stages of Cabernet 

Sauvignon grapevine are shown in Figure 4 (1998/1999) 
and Figure 5 (1999/2000). It varied according to the CS/

Figure 4. GDD (°C) intervals of Cabernet Sauvignon grapevine according to the rootstock. Legend: B-F= budbreak-
flowering, F-V= flowering-veraison, V-M= veraison-maturity, B-M= budbreak-maturity. Vine cycle 1998/1999.

rootstock and the year. For all CS/rootstocks, the means 
of the GDD in 1998/1999 and 1999/2000 were (in °C), 
respectively, 322.5±8.7 and 279.2±15.0 (budbreak-
flowering), 662.3±18.7 and 641.8±15.6 (flowering-
veraison), 590.3±40.8 and 676.5±29.3 (veraison-maturity) 
and 1573.4±43.0 and 1599.4±25.5 (budbreak-maturity). 
The GDD was almost of the same magnitude in both 
years, being only 1.65% higher in 1999/2000 because the 
ripening period was longer and the average temperature 
was lower (Figure 6).
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Figure 5.  GDD (°C) intervals of Cabernet Sauvignon grapevine according to the rootstock. Legend: B-F= budbreak-
flowering, F-V= flowering-veraison, V-M= veraison-maturity, B-M= budbreak-maturity. Vine cycle 1999/2000.

Figure 6.  GDD evolution from September 19th, 1998 to March 6th, 1999 (green) and September 17th, 1999 to March 
18th, 2000 (brown). 

From February 15th to March 15th, rainfall was 
65.2 mm in 1999 and 129.5 mm in 2000. As the climatic 
conditions are very important factors for grape ripening, 
the highest volume of rainfall in the last 15-20 days from 
maturity in 2000 caused differences in TSS in the juices. 
These differences were favorable to the 1998/1999 grapes 
compared to the 1999/2000, because their juices had, 
respectively, higher TSS (19.1 and 18.1 °Brix), lower 
TA (131 and 135 meq.L-1) and higher TSS/TA ratio (19.5 
and 18.0).

Some trials were carried out around the world 
determining the GDD between the phenology stages 
of grapevines. A 10 year-average work on Cabernet 
Sauvignon in Serra Gaúcha showed that the GDD from 
budbreak to maturity was 1553.6 °C (MANDELLI, 2002), 
very similar to the data of the present study. Nevertheless, 
in southern Brazilian regions the GDD of this variety 
grown in higher altitudes displayed the following values 
(°C): budbreak-flowering (387), flowering-veraison 
(521), veraison-maturity (522) and budbreak-maturity 
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(1430) (BRIGHENTI et al., 2013) and in the subtropical 
conditions Cabernet Sauvignon required only 1007.4 °C 
from budbreak to maturity (ROBERTO et al., 2005). 

Other studies on GDD were carried out in different 
places, grapevine varieties or cultural practices (ROBERTO 
et al., 2004; NEISS et al., 2010; ANZANELLO et al., 
2012; TECCHIO et al., 2013; BRIGHENTI et al., 2015; 
NUNES et al., 2016; CARVALHO, 2016). There are 
differences between the results of these trials and those 
of the present study, which are mainly due to terroir, 
cultural practices and genetic material used in the 
experiments. In addition, the differences related to the 
phenology dates and the chilling and heat requirements 
found between CS/rootstocks might be due, directly or 
indirectly, to the genetic diversity of the rootstocks and 
their interrelationships with the scion and the environment.

Cabernet Sauvignon is a long cycle variety that 
needs warm, dry summer conditions. Therefore, it seems 
that the GDD of the Serra Gaúcha region should be higher 
than that of the two evaluated years. Indeed, clear days is 
an important factor for photosynthesis to produce sugar 
in the leaves and its accumulation in grapes and, at the 
same time, other biochemical reactions are processed. 
The air temperature increases the fruit temperature in the 
final days of grape ripening, which causes loss of water, 
concentrating its juice. Another point to be taken into 
consideration is that on a clear day it does not rain and the 
incidence of diseases is much lower, which is desirable 
for the quality of the grape. 

Conclusion

The rootstock has an effect on the phenology stage 
dates and duration of Cabernet Sauvignon grapevines, 
as well as on the chilling requirements to break vine 
dormancy and on the heat requirements to ripen grapes. 
However, the values of each CS/rootstock varies according 
to the year. Chill hours for budbreak should be higher to 
ensure a desirable percentage of burst buds and, especially, 
a uniform sprouting. As Cabernet Sauvignon has a 
relatively long cycle, longer and clearer days are needed 
to ripen the grape. 
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