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INTRODUCTION

In southern Brazil, plants must be exposed 
to a period of low temperatures during autumn and 
winter for the grapevine to start a new vegetative 
cycle in spring, thus overcoming endodormancy 
(chilling-controlled dormancy) (ANZANELLO et al., 
2018). Failure to meet chilling requirements during 
endodormancy can cause insufficient and/or uneven 
budburst of the plants, compromising the production 
of fruits (MARAFON et al., 2011).

The amount of chilling required to 
overcome endodormancy varies according to species 

and fruit cultivars (LUEDELING & BROWN, 2011). 
In general, the accumulation of chilling hours (CH) 
is the sum of hours equal to or below 7.2 °C, a 
generic temperature for fruits growing in temperate 
climate (WEINBERGER, 1950). Other models, such 
as the Utah and North Carolina models, have been 
used to estimate the amount of chilling required to 
overcome endodormancy and consequent budburst 
induction (RICHARDSON et al., 1974; SHALTOUT 
& UNRATH, 1983), which evaluate the quality 
of the accumulated chilling during autumn and 
winter, giving weight to the chilling actions at each 
temperature.
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ABSTRACT: This study quantified the chilling requirements for the induction and overcoming of endodormancy (chilling-controlled 
physiological dormancy) of grapevines buds. Cuttings of the cultivars Chardonnay, Merlot and Cabernet Sauvignon were collected in vineyards 
in Veranópolis-RS in the winter period of 2019 and 2020. The cuttings were kept at a constant temperature of 7.2 °C or daily cycles of 7.2/18 
°C for 6/18 h, 12/12 h or 18/6 h, up to 600 chilling hours (CH). Every 50 CH, part of the cuttings from each treatment was transferred to a 
temperature of 25 °C for daily assessment of the budburst in the green tip stage. The cultivars had different chilling requirements for inducing 
and overcoming endodormancy, reaching a total of 150 CH for ‘Chardonnay’, 300 CH for ‘Merlot’ and 400 CH for ‘Cabernet Sauvignon’. 
Of these, 50 CH were required to induce endodormancy in cultivars Chardonnay and Merlot and 100 CH for cultivar Cabernet Sauvignon. 
Dormancy evolution did not differ between cultivars in response to thermal regimes, with a temperature of 18 °C inert to the accumulation of 
CH. Precocity and uniformity of budburst were higher after chilling requirements were met during endodormancy for each genotype. 
Key words: chilling hours, endodormancy, budburst, Vitis vinifera.

RESUMO: Este estudo visou quantificar as necessidades de frio para a indução e superação da endodormência (dormência fisiológica 
controlada por frio) de gemas de videiras. Estacas de das cultivares Chardonnay, Merlot e Cabernet Sauvignon foram coletadas em vinhedos 
em Veranópolis-RS, no período hibernal de 2019 e 2020. As estacas foram submetidas a temperatura de 7,2 ºC constante ou a ciclos diários 
de 7,2/18 °C por 6/18 h, 12/12 h ou 18/6 h, até 600 horas de frio (HF). A cada 50 HF, parte das estacas de cada tratamento foi transferida 
para a temperatura de 25°C, para avaliação diária da brotação das gemas, em estádio de ponta verde. As cultivares tiveram necessidades 
distintas de frio para indução e superação da endodormência, atingindo um total de 150 HF para ‘Chardonnay’, 300 HF para ‘Merlot’ e 400 
HF para ‘Cabernet Sauvignon’. Destes totais, 50 HF foram necessárias para indução da endodormência nas cultivares Chardonnay e Merlot 
e 100 HF na cultivar Cabernet Sauvignon. A evolução da dormência não diferiu entre cultivares em resposta aos regimes térmicos, sendo a 
temperatura de 18 °C inerte ao acúmulo de HF. A precocidade e uniformidade de brotação das gemas foram maiores após suprido o frio na 
dormência para cada genótipo. 
Palavras-chave: horas de frio, endodormência, brotação, Vitis vinifera.
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Large thermal fluctuations are common in 
southern Brazil during the winter period. However, the 
dormancy models usually used have been adjusted to 
North American climatic conditions (RICHARDSON 
et al., 1974; SHALTOUT & UNRATH, 1983), which 
are marked by relatively constant and regular autumns 
and winters. Moreover, these models were developed 
for peach and apple crops. This makes them unreliable 
and largely inaccurate when applied to the grape-
producing regions of southern Brazil (FELIPPETO 
et al., 2013). Thus, the role of heat and chilling in 
the evolution and overcoming of dormancy should be 
better studied in order to adjust and develop better-
adapted models for the prediction of the budburst 
potential of the grapevine culture.

Characterizing dormancy has gained 
greater relevance in the face of current and future 
global climate change. These prospects already 
show significant reduction in the availability of 
winter chilling in regions that traditionally produce 
temperate fruits in Brazil (CARDOSO et al., 2012). 
This climatic change can directly impact the state 
of endodormancy and the budburst capacity of 
grapevine and other temperate climate fruit species. 
Therefore, models of characterization of biological 
responses (e.g., dormant state) adjusted for unstable 
temperatures in autumns and winters are important 
for forecasting crop scenarios, thus minimizing the 
losses caused by the increase in temperature. These 
accurate models can be used in decision making on 
the management practices of grapevine budburst. 

This study determined the chilling 
requirements for the induction and overcoming of the 
endodormancy of grapevine buds of the Chardonnay, 
Merlot and Cabernet Sauvignon cultivars under 
varying thermal conditions. 

MATERIALS   AND   METHODS

Grapevines cuttings of the Chardonnay, 
Merlot and Cabernet Sauvignon cultivars were 
collected from commercial vineyards in the 
municipality of Veranópolis-RS, in the Serra Gaúcha, 
in the winters of 2019 and 2020, with zero CH in the 
field. The cuttings were collected from the middle of 
the branches. They measured 40–60 cm in length, 
approximately 1 cm in diameter, had 5 buds per 
cutting, and were without leaves. Bud maturity (well-
closed buds), the health, and vigor of the cuttings 
were considered when selecting them for sampling, 
giving priority to those with intermediate growth.

After the branches were collected, they were 
wrapped in newspaper bundles, moistened, placed in 

plastic bags and transported to the Department of 
Diagnosis and Agricultural Research (Departamento 
de Diagnóstico e Pesquisa Agropecuária - DDPA), 
of the Secretariat of Agriculture, Livestock and 
Rural Development of the State of RS (Secretaria 
da Agricultura Pecuária e Desenvolvimento Rural 
do Estado do RS - SEAPDR), in Veranópolis-RS. 
Thereafter, the branches were evaluated for bud 
dormancy under controlled conditions. The cuttings 
were cleaned according to the methodology proposed 
by ANZANELLO et al. (2014).

After disinfestation, the cuttings were 
processed by cutting one end in a bevel, approximately 
1 cm above the bud, and the other one approximately 
7 cm below the first cut, forming single-node cuttings 
(cuttings with a single bud). The cuttings were 
planted in pots with moistened phenolic foam and 
were maintained at a constant temperature of 7.2 °C 
in 2019 and were kept at a constant temperature of 
7.2 °C or subjected to daily cycles from 7.2/18 °C 
for 6/18 h, 12/12 h or 18/6 h) in 2020, until they 
reached 600 CH. At every 50 CH, part of the cuttings 
from each treatment was transferred to a temperature 
of 25 °C and a photoperiod of 12 h of light, for the 
induction and association of the budburst in the green 
tip stage. A randomized block design was used to 
control the effect of variation in air circulation inside 
the incubator chambers. For each combination of 
temperature and exposure time, three repetitions were 
available (3 pots with 10 cuttings).

The cuttings in the incubator chambers 
were irrigated every 48–72 h, replacing the water to 
saturate the phenolic foam. The preventive control 
of diseases in the cuttings was carried out using 
chemical pesticides containing pyrimethanil and 
tebuconazole (systemic) and iprodione and captan 
(contact), sprayed at a dosage of 1.5 to 2.0 ml L-1. 
The pesticides were applied every 14 to 21 days, with 
both, contact and systemic products.

The budburst was assessed every 2–3 days 
until the 35th day. The data on the final budburst 
rate (percentage of budburst), precocity (number 
of days until the budburst of the first bud) and 
uniformity (number of days between the first and last 
sprouted bud) were subjected to analysis of variance 
(ANOVA). The features with significant differences 
by the F test had their means compared by Tukey’s 
test at 5% probability.

RESULTS   AND   DISCUSSION

The experimental conditions were 
successful in inducing and overcoming endodormancy. 
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An initial reduction in budburst (dormancy 
induction), followed by an increase in budburst to 
high levels (dormancy overcoming), for all cultivars 
and thermal conditions was observed (Figures 1A and 
2). The cultivars had distinct chilling requirements 
for induction and overcoming endodormancy, 
reaching a total of 150 CH in ‘Chardonnay’ (Figures 
1A and 2A), 300 CH in ‘Merlot’ (Figures 1A and 2B) 
and 400 CH in ‘Cabernet Sauvignon’ (Figures 1A 

and 2C). Of these, 50 CH were required to induce 
endodormancy in ‘Chardonnay’ and ‘Merlot’ and 100 
CH were required in ‘Cabernet Sauvignon’. Total 
chilling requirements are similar to those obtained by 
ANZANELLO et al. (2018) for ‘Chardonnay’ (138 
CH), ‘Merlot’ (298 CH) and ‘Cabernet Sauvignon’ 
(392 CH). The difference in the chilling requirements 
among the grapevine genotypes is compatible with 
the phenology of the cultivars observed in the field 

Figure 1 - Maximum budburst (A), precocity (B) and 
budburst uniformity (C) of ‘Chardonnay’, 
‘Merlot’ and ‘Cabernet Sauvignon’ kept at 
a constant temperature of 7.2 °C during the 
dormancy period. Significant differences 
within each chilling hour by the Tukey’s test 
(P < 0.05) are marked with an (*).

Figure 2 - Maximum budburst of ‘Chardonnay’ (A), 
‘Merlot’ (B) and ‘Cabernet Sauvignon’ (C) 
kept at a constant temperature of 7.2 °C and 
alternating temperatures of 7.2/18 °C during 
the dormancy period. Significant differences 
in maximum budburst within each chilling 
hour by the Tukey’s test (P < 0.05) are 
marked with an (*).
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– ‘Chardonnay’ budburst occurred on 08/23, ‘Merlot’ 
on 09/13, and ‘Cabernet Sauvignon’ on 09/18 in Serra 
Gaúcha region (MANDELLI et al., 2003). This showed 
that the lower the requirement for chilling during 
dormancy, the greater the precocity of the cultivar.

The values of initial budburst (zero 
point, Figures 1A, 2A, 2B and 2C) were around 
65% in ‘Chardonnay’ and 70%–80% in ‘Merlot’ 
and ‘Cabernet Sauvignon’. It is not clear that the 
buds enter dormancy only with artificial cooling, 
especially for ‘Chardonnay’. The low percentage 
of initial budburst in this cultivar may indicate that 
the bud dormancy was already being induced in the 
field. COOKE et al. (2012) affirmed that dormancy 
can be introduced by changes in the photoperiod, 
as well as effects of biotic and abiotic stresses in 
the field, which prevent the buds from growing (for 
example: pathogenic or water stress), and does not 
depend exclusively on temperature. The Chardonnay 
cultivar showed higher rates of downy mildew 
(caused by Plasmopara viticola) in the 2019 and 
2020 crop seasons and; consequently, early leaf loss, 
compared to ‘Merlot’ and ‘Cabernet Sauvignon’, thus 
inducing dormancy even before the occurrence of 
the first chilling. The earlier ‘Chardonnay’ cycle also 
contributed to an earlier bud dormancy compared to 
‘Merlot’ and ‘Cabernet Sauvignon’, given the different 
phenological cycle among cultivars (MANDELLI et 
al., 2003; FELIPPETO et al., 2013).

The Chardonnay cultivar showed slight 
dormancy, with 35%–45% budburst in the period of 
maximum endodormancy, and ‘Merlot’ and ‘Cabernet 
Sauvignon’ showed deeper dormancy, achieving 
25%–35% budburst in ‘Merlot’ and 5%–20% 
budburst in ‘Cabernet Sauvignon’ in the same stage 
(Figures 1A, 2A, 2B and 2C). For MELKE (2015), the 
dormancy of temperate fruit can be divided into three 
levels: slight, intermediate and deep. For cultivars 
with “slight” dormancy such as ‘Chardonnay’, bud 
growth is partially interrupted during endodormancy. 
Cultivars with an “intermediate to deep” level 
of dormancy such as ‘Merlot’ and ‘Cabernet 
Sauvignon’, are characterized by a large, or almost 
total, interruption in bud growth. ANZANELLO et al. 
(2018), when working with the same cultivars under 
similar temperature conditions, obtained dormancy 
levels identical to the present study.

The evolution of dormancy showed that 
there is a direct relationship between the level of 
dormancy and the total chilling requirement of the 
cultivar. The greater the depth of dormancy, the 
greater the chilling requirements of the genotypes. 
For example, ‘Merlot’ and ‘Cabernet Sauvignon’, 

which had deeper dormancy, required longer CH 
to overcome the endodormancy stage and return 
to a maximum budburst. Similar relationships 
were observed in apple trees, when total CH were 
associated with bud dormancy depth (ANZANELLO 
et al., 2014). 

The constant (7.2 °C) or alternating (6/18 
h, 18/6 h and 12/12 h to 7.2/18 °C) thermal conditions 
did not produce varying responses to chilling in 
each cultivar - suggesting that the response of each 
genotype within the analyzed thermal range depends 
only on chilling availability (7.2 °C) and using a 
higher temperature (18 °C) had no effect (Figure 2). 
Similar results were observed by RICHARDSON 
et al. (1974) in peach buds, by SHALTOUT & 
UNRATH (1983) and ANZANELLO et al. (2014) 
in apple trees, and by ANZANELLO et al. (2018) 
in grapevines, with 3 °C being able to meet chilling 
requirements, and a moderate temperature of 15 °C 
showing no effect. EREZ & FISHMAN (1990) also 
showed that moderate temperatures (15 °C) in a 6 
°C chilling treatment were not harmful and helped to 
overcome dormancy in peach buds. The importance of 
alternating heat (15–20 °C) with chilling (3–6 °C) in 
overcoming dormancy has also been indicated in other 
studies with apricot, apple and peach (GUERRIERO 
et al., 1985; NAOR et al., 2003; SUGIURA et al., 
2010). However, the present study did not show a 
beneficial effect of cyclical temperatures in grapevine 
cultivars, showing a similar effect at the constant 
7.2 °C chilling temperature and 7.2 °C chilling 
temperature alternating with 18 °C heat (Figures 2A, 
2B and 2C).

In most fruit trees, high temperatures (≥ 20 
°C) interspersed with chilling reduce or even reverse 
CH accumulation. In peach and apple trees, part of 
the chilling accumulation can be canceled out by high 
temperatures in winter (EREZ et al., 1979). It has not 
yet been established whether this model is also relevant 
for grapevine dormancy (FERGUSON et al., 2011). 
The relevance of this phenomenon for grapevine 
buds, commonly referred to as “chilling nullification 
or reversal”, is unknown (DOKOOZLIAN, 1999). In 
the present study, chilling was applied continuously 
or with interruptions, at a temperature of 18 °C. 
Further studies are needed to better understand how 
dormancy in grapevines evolves with exposure to 
warmer temperatures in winter.

Budburst precocity and uniformity 
followed a similar response pattern with the evolution 
of endodormancy, not being affected by the thermal 
regime or cultivar (Figure 3). In the case of precocity, 
during the period of maximum endodormancy, the 
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number of days to reach the budburst remained high, 
decreasing as the numbness was overcome (Figures 
3A, 3B and 3C), a trend that was also observed by 
LEITE et al. (2006) in peach, ALVAREZ et al. (2018) 
in grapevine, and NAOR et al. (2003) in apple trees. 
In case of uniformity, the budburst showed to be 
uneven during induction and full endodormancy, 
being synchronized after the latency period was over 
(Figures 3D, 3E and 3F). CAMPOY et al. (2011) and 
MARAFON et al. (2011) also reported a positive 
effect of low temperatures on the uniformity of 
budding of apricot and pear buds, during dormancy. 

However, LUEDELING & BROWN (2011) stated 
that information on precocity and uniformity are not 
currently considered in budburst prediction models 
and should be included in future models to increase 
their effectiveness and applicability.

CONCLUSION

Chilling requirements to overcome 
endodormancy differ among grapevine cultivars, with 
‘Chardonnay’, ‘Merlot’ and ‘Cabernet Sauvignon’ 
having total requirements of 150, 300 and 400 CH, 

Figure 3 - Precocity and uniformity of budburst of ‘Chardonnay’ (A, D), ‘Merlot’ (B, E) and ‘Cabernet Sauvignon’ (C, F) 
subjected to a constant temperature of 7.2 °C and alternating temperatures of 7.2/18 °C during the dormancy 
period. Significant differences in budding precocity and uniformity within each chilling hour by the Tukey’s 
test (P < 0.05) are marked with an (*). 
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respectively. Daily cycles that alternate low (7.2 
°C) and mild (18 °C) temperatures do not interfered 
with the evolution process of endodormancy in Vitis 
vinifera vines. Budburst precocity and uniformity are 
higher after meeting the chilling requirement of each 
genotype during dormancy.
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