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Abstract – The objective of this work was to evaluate shoot growth of the grapevine varieties Merlot and 
Cabernet Sauvignon, during 2006/2007, and Cabernet Sauvignon, during 2008/2009, in São Joaquim, SC, 
Brazil. The experiment was carried out in a commercial vineyard trained on a vertical trellis system. The shoots 
of the central part of the plants were selected,  and the lengths from the base to the apex of 20 shoots per cultivar 
were evaluated. In 2006/2007, monitoring began at pruning, on 9/15/2006, and ended on 2/6/2007, totalizing 
144 days of evaluation. During the 2008/2009 cycle, phenology and shoot growth for 'Cabernet Sauvignon' 
were assessed from grape development (1/13/2009) (pea-sized grapes) until shoot vegetative growth had ceased. 
Budburst occurred in the second half of September, and shoot-growth cessation occurred during ripening. 
Higher growth rates (about 4 cm per day) were observed in pre‑ and post‑flowering, followed by reduction due 
to the competition for photosynthates for the formation of flowers and bunches. Temperature and photoperiod 
induce grapevine shoots to cease growth in the highland regions of Santa Catarina State, Brazil.

Index terms: Vitis vinifera, photoperiod, temperature, vegetative growth.

Crescimento de ramos das variedades de videira Merlot e Cabernet Sauvignon
Resumo – O objetivo deste trabalho foi avaliar o crescimento de ramos das variedades de videira Merlot e 
Cabernet Sauvignon, em 2006/2007, e Cabernet Sauvignon, em 2008/2009, em São Joaquim, SC. O experimento 
foi realizado em um vinhedo comercial conduzido em espaldeira. Foram selecionados ramos da parte central 
das plantas e foi avaliado o comprimento da base até o ápice de 20 ramos por cultivar. Em 2006/2007, o 
monitoramento iniciou-se a partir da poda, em 15/9/2006, e foi encerrado em 6/2/2007, o que totalizou 144 dias 
de avaliação. Durante o ciclo 2008/2009, avaliou-se a fenologia e o crescimento dos ramos para 'Cabernet 
Sauvignon' a partir do desenvolvimento das bagas (13/1/2009) (bagas em tamanho de ervilha) até todos os 
ramos não apresentarem crescimento vegetativo. A brotação iniciou-se na segunda quinzena de setembro, e a 
paralisação do crescimento dos ramos ocorreu durante o período de maturação. Maiores taxas de crescimento 
(cerca de 4 cm por dia) foram observadas em pré e pós‑floração, seguidas de redução em virtude da competição 
por fotoassimilados para a formação de flores e cachos. A temperatura e o fotoperíodo induzem a paralisação 
de crescimento dos ramos nas regiões de altitude de Santa Catarina.

Termos para indexação: Vitis vinifera, fotoperíodo, temperatura, crescimento vegetativo.

Introduction

The grapevine (Vitis vinifera L.) vegetative cycle 
begins at budburst and ends at the end of the growth 
phase, when the development of the plant ceases and 
the dormancy stage begins (Pouget, 1972; Chao et al., 
2007). The vegetative growth phase is dependent on 
several factors, and meteorological variables have an 
essential role in the control of grapevine development 
(Pouget, 1972; Andreini et al., 2009; Garris et al., 2009; 
Olsen, 2010).

The maintenance of the equilibrium among 
vegetative growth (leaves), productive capacity 
(clusters), and reserve accumulation (shoots and roots) 
provides the necessary conditions for triggering the 
physiological processes of ripening (Petrie et al., 2000). 
Depending on the climatic conditions, the vegetative 
growth of the shoots ceases during veraison (Leeuwen 
et al., 2004; Cloete et al., 2006). This behavior 
benefits the metabolic and biochemical processes, by 
predominantly transferring compounds produced by 
photosynthesis, for berry ripening (Fournioux, 1997; 
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Koundouras et al., 1999; Robinson & Davies, 2000; 
Conde et al., 2007). The identification of this period 
and of its inducing factors could provide indicators 
of the adaptation of a variety to the planting locality 
(Garris et al., 2009).

Shoot growth cessation requires the suspension  
of cell division at the apical meristems and the 
paralyzation of internodal elongation (Chao et al., 
2007; Garris et al., 2009). In the grapevine, this 
mechanism coincides with the induction of bud 
dormancy, occurring before leaf senescence (Victor 
et al., 2010). The alterations in the meteorological 
variables act as inductors of ecophysiological 
adaptation (Leeuwen et al., 2004; Heide & Prestrud, 
2005; Garris et al., 2009). However, the factors 
responsible for this induction vary for each growing 
condition. In the Mediterranean region, water deficit 
can cause shoot growth cessation during grape ripening 
(Tregoat et al., 2002; Leeuwen et al., 2004; Gachons 
et al., 2005) or even before veraison (Koundouras 
et al., 1999).

Growth cessation is a complex mechanism and is 
related to other factors, besides water availability, 
such as temperature (Pouget, 1972; Hendrickson 
et al., 2004; Heide & Prestrud, 2005; Heide, 2008; 
Andreini et al., 2009) and photoperiod (Fennell & 
Hoover, 1991; Wake & Fennell, 2000; Heide, 2008; 
Andreini et al., 2009; Garris et al., 2009). Recently, 
it has been suggested that those factors may be 
synergistic, inducing biochemical pathways of 
hormonal regulation, which control the completion of 
the meristematic activity of the shoots (Garris et al., 
2009; Olsen, 2010; Tanino et al., 2010). Temperature 
affects the cell metabolism, carbon accumulation and 
other biochemical processes (Tanino et al., 2010). The 
variation in the photoperiod, including long nights, 
affects the phytochromes (photoreceptors), which 
control signal transduction in order to regulate shoot 
growth (Chao et al., 2007; Olsen, 2010; Tanino et al., 
2010; Victor et al., 2010).

In the Brazilian highland regions, where wine 
production is still incipient, research on grapevine 
phenological behavior and growth habit, supported by 
climatological data, can be used to define the varieties 
better adapted to the production of high-quality wines.

The objective of this work was to evaluate 
shoot growth of the grapevine varieties Merlot and 
Cabernet Sauvignon, during 2006/2007, and Cabernet 

Sauvignon, during 2008/2009, in São Joaquim, SC, 
Brazil.

Materials and Methods

The experiment was carried out in a commercial 
vineyard of the winery Villa Francioni Agro Negócios 
S.A., in São Joaquim, Santa Catarina State, Brazil 
(28º15'13"S, 49º57'02"W, at 1,293 m of altitude). 
The climate of the region is classified, according to 
Köppen, as Cfb. Planting was carried out in 2002, on 
Paulsen 1103 rootstock, conducted in a vertical trellis 
system, with 3.0x0.75-m spacing, in a north-south 
orientation. After budburst, the shoots were trained on 
vertical position for better canopy disposition. Pruning 
was done leaving two buds per spur, in a unilateral spur 
system. The number of buds was determined by the 
winery in order to limit production, maintaining around 
16 buds per plant for both varieties. Shoot growth was 
evaluated in plants without shoot topping, but with 
lateral shoots (feminels).

The meteorological data, including precipitation, 
temperature (minimum, mean and maximum) and 
photoperiod, were obtained from the meteorological 
station at the Centro de Informações de Recursos 
Ambientais e de Hidrometeorologia de Santa Catarina, 
located at the experimental station of Empresa 
de Pesquisa Agropecuária e Extensão Rural de 
Santa Catarina, at approximately 2,800 m from the 
experimental area. The thermoperiod (daily thermal 
amplitude) was estimated by the difference between 
maximum and minimum temperatures.

Phenology was evaluated according to Leeuwen 
et al. (2004). In order to define the phenological stages 
of the grapevine, the BBCH scale (Lorenz et al., 1995) 
was used. The phenological stages described were: 
pruning, budburst (BBCH 07), flowering (BBCH 65), 
beginning of ripening (BBCH 81), veraison (BBCH 85) 
and harvest.

Shoot growth was evaluated by the random selection 
of 20 buds (one per spur) in the median region of the 
plants. The shoots were identified and evaluated since 
the beginning of development (budburst), measuring 
from the shoot base insertion to the apical meristem. 
The evaluations were done with a fillet gauge following 
the shoot curvatures during vegetative growth. The 
average growth rate for each of the evaluated periods 
and for the total growth cycle from the collected data 
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was estimated by dividing the obtained length by the 
number of days. The relationship between photoperiod 
and growth rate for 'Cabernet Sauvignon' was 
determined in the 2006/2007 and 2008/2009 seasons.

Shoot growth evaluation began at pruning, which 
was carried out on 9/15/2006 until 2/6/2007, totalizing 
144 days. During the 2008/2009 season, phenology and 
shoot growth were evaluated for the Cabernet Sauvignon 
variety, as previously described. Shoot growth was 
evaluated weekly from the grape development 
phenological stage (1/13/2009) (pea-sized grapes – 
BBCH 75) until shoot vegetative growth had ceased 
(2/25/2009), totalizing 43 days. Monitoring of the 
climatological variables (minimum, mean and maximum 
temperatures and rainfall) was done at an automatic 
meteorological station located in the vineyard.

The experimental design used was a completely 
randomized block, with 20 replicates (shoots). The 
data were evaluated using the software Statistica, 
version 6.0 (Statsoft, 2001), by polynomial regression 
analysis, at 5% probability.

Results and Discussion
In the 2006/2007 season, meteorological data 

showed that the grapevine vegetative cycle occurred 
under mild median temperature (16.1ºC) and low 
thermal amplitude (9.4ºC). The average maximum and 
minimum temperatures during this period were 21.6ºC 
and 12.2ºC, respectively (Figure 1). The maximum 
temperature of the thermoperiod was 14.8ºC in 
1/16/2007 and the minimum was 3.9ºC in 1/29/2007. 
Rainfall was well distributed during the vegetative 
cycle, accumulating 1,112 mm between budburst and 
harvest.

In the 2006/2007 season, the climatological variables 
did not affect plant development and ripening was 
only affected by excessive rainfall, when compared to 
previous productive cycles (Falcão et al., 2008; Gris 
et al., 2010). No variation was observed in relation 
to the historical averages, with the exception of the 
number of rainy days and the precipitation volume 
during grape ripening (Falcão et al., 2008; Borghezan 
et al., 2011).

Figure 1. The 2006/2007 grapevine vegetative cycle in São Joaquim, Santa Catarina, Brazil. A, daily temperature variation 
(minimum, maximum and mean) and photoperiod; B, daily variation of thermoperiod and precipitation; C and D, length and 
growth rates of the main shoots of 'Cabernet Sauvignon' and 'Merlot', respectively. The arrows indicate the flowering, fruiting 
and veraison dates.
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The maximum temperatures were around 23ºC and 
the medium temperatures approximately 17ºC, with 
minimum temperatures varying between 8 and 13oC; 
the photoperiod was reduced when shoot growth 
ceased (mid-January 2007) (Figure 1).

In 2006/2007, pruning was done in mid-September, 
with flowering beginning at the end of November. 
Ripening began at the end of January, around 60 days 
after flowering. Harvesting for 'Merlot' was done at the 
beginning of April and for 'Cabernet Sauvignon' two 
weeks later (Table 1). For both varieties, harvesting was 
done when the soluble solid content was over 21°Brix. 
During the 2008/2009 season, a longer delay was 
observed regarding the beginning of grape ripening, 
and the grapes were harvested with 23.9°Brix.

The differences in the number of days between the 
phenological stages are similar to those reported for 
'Cabernet Sauvignon' and 'Merlot' in vineyards in the 
Bordeaux region of France (Leeuwen et al., 2004). 
However, in the Northern hemisphere, budburst occurs 
at the beginning of April, with harvesting at the end of 
September. Those results are closer to the ones observed 
in vineyards in São Joaquim, SC, Brazil (Falcão et al., 
2008; Gris et al., 2010; Borghezan et al., 2011). In 
the “Serra Gaúcha” (mild climate), the largest grape 

producing region in Brazil, budburst occurs at the 
beginning of September, with harvesting at the end of 
March (Mota et al., 2008). In comparison to the Santa 
Catarina highlands (cold climate), this cycle is shorter 
and more precocious.

The average length of the main shoots of the 
Cabernet Sauvignon and Merlot varieties was similar 
until the beginning of grape ripening (Figure 1). The 
data were adjusted according to the polynomial model, 
in which a lower length increase was observed in the 
first weeks after budburst, with linear growth after the 
twentieth day and growth stabilization approximately 
120 days later. At the beginning of ripening (around 
130 days), growth reduction in the main shoots was 
observed, with no growth during grape ripening.

The pattern of vegetative development is compatible 
to descriptions of the activation of the dormancy 
mechanism (Victor et al., 2010). During flowering and 
at the beginning of grape formation, a reduction in 
the shoot growth rate was observed for both varieties 
(Figure 1). This pattern is possibly associated to 
the competition for photoassimilates between the 
reproductive and vegetative structures (Vasconcelos 
et al., 2009).

The average shoot length was 2.90 m for 'Cabernet 
Sauvignon' and 3.22 m for 'Merlot'. Since the beginning 
of grape ripening, the shoots started lignification, 
shoot tips and lateral shoots ceased growth, and the 
leaves became senescent. Shoot maturation (reserve 
accumulation) coincident with grape ripening could 
result in competition between the vegetative and 
reproductive organs of the vine (Cloete et al., 2006).

Shoot growth rates followed the same pattern for 
both varieties. After budburst, the observed values 
were low (5.0 cm per week), but around the thirtieth 
day shoot growth increased to approximately 25.0 cm 
per week (36 mm per day). This growth rate was, in 
general, maintained until 110 days after budburst 
in both varieties; however, after this phase, it began 
to decrease to the levels of the initial development 
period. The growth rate was significantly reduced from 
1/11/2007 to 1/17/2007 (118 to 124 days) and did not 
restart until the end of the evaluation. According to 
Leeuwen et al. (2004), the shoots cease growth when 
the growth rate is less than 5 mm per day, which occurs 
during grape ripening in French vineyards, although, in 
that case, the responsible factor was water availability 
and harvesting was done between 45 and 60 days after 
veraison.

Table 1. Grapevine phenological stages in São Joaquim, 
Santa Catarina, Brazil, during the 2006/2007 and 2008/2009 
seasons.
Phenological stage Date No accumulated days Days after budburst

'Cabernet Sauvignon' 2006/2007 season
Pruning 9/15 0 -
Budburst 9/25 10 0
Flowering 11/21 67 57
Beginning of ripening 1/22 129 119
Veraison 1/31 138 128
Harvest 4/17 214 204

'Merlot' 2006/2007 season
Pruning 9/15 0 -
Budburst 9/18 3 0
Flowering 11/21 67 64
Beginning of ripening 1/21 128 125
Veraison 1/31 138 135
Harvest 4/3 200 197

'Cabernet Sauvignon' 2008/2009 season
Pruning 9/20 0 -
Budburst 9/27 7 0
Flowering 12/12 80 73
Beginning of ripening 2/17 150 143
Veraison 2/25 158 151
Harvest 4/18 210 203
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The mean growth rate was 14.0 cm per week for 
'Cabernet Sauvignon' and 16.0 cm per week for 'Merlot'. 
During veraison, the mean shoot growth was less than 
10 mm per day. These results are indicators that growth 
cessation occurred during grape ripening (Table 1).

A similar shoot growth behavior to the one observed 
in the present study was described by Smithyman 
et al. (1997), and a similar pattern was reported for 
'Pinot Noir' and 'Pinot Gris' planted under greenhouse 
conditions (Petrie et al., 2000; Lenz et al., 2009).

During the 2008/2009 season, the mean temperature 
was 13.9ºC, with a minimum of 9.2ºC and a maximum 
of 21.0ºC between budburst and harvest (Figure 2). 
The mean thermoperiod was around 11.8ºC and the 
total rainfall was 1,474 mm. During grape ripening 
(2/25/2009 to 4/18/2009), a well distributed rain volume 
of 95 mm was registered. Reduction in photoperiod 

coincides with shoot cessation growth of 'Cabernet 
Sauvignon' (Figure 3).

In this season, shoot growth cessation occurred 
between 2/3/2009 and 2/10/2009. Before this period, 
minimum temperatures around 4.1ºC (1/22/2009) were 
observed. From 2/13/2009 to 2/15/2009, minimum 
temperatures were between 6.0 and 8.0ºC. Complete 
shoot growth cessation was observed after 2/17/2009 
(143 days after budburst), coinciding with the beginning 
of berry ripening. The mean shoot growth during the 
2008/2009 season was 2.66 m. The average rate of 
shoot growth was drastically reduced from 136 and 
143 days after budburst, respectively, indicating that 
the vegetative development ceased with the beginning 
of berry ripening (Figures 2 and 3).

The mean length of the main shoot is similar to the 
values found for 'Cabernet Sauvignon' (3.43 m) and 
'Merlot' (3.76 m) in a French vineyard by Leeuwen 
et al. (2004), who reported that growth ceased around 
170 days after budburst. Lower shoot growth was 

Figure 2. The 2008/2009 grapevine vegetative cycle in 
São Joaquim, Santa Catarina, Brazil. A, daily temperature 
variation (minimum, maximum and mean); B, length and 
growth rate of the main shoot of 'Cabernet Sauvignon'. 
The arrows indicate shoot growth cessation and veraison 
(2/25/2009 – 151 days after budburst).

Figure 3. Relationship between photoperiod and growth rate 
for 'Cabernet Sauvignon': A, during the 2006/2007 season 
with veraison on 1/31 (128 days after budburst); and B, 
during the 2008/2009 season with veraison on 2/25 (151 
days after budburst), in São Joaquim, Santa Catarina, Brazil. 
The arrows indicate veraison dates.
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described for 'Cabernet Sauvignon' (Hunter & Visser, 
1990) and 'Shiraz' (Cloete et al., 2006) cultivated 
in South Africa, and for 'Seyval Blanc' in the USA 
(Smithyman et al., 1997).

The climatic conditions observed in São Joaquim, 
SC, Brazil, for both seasons possibly stimulated the 
reduction of the apical meristem activity during the 
final phase of grape formation (January and beginning 
of February). Therefore, shoot growth cessation is 
related to senescence in the apical region (Pouget, 
1972; Cloete et al., 2006; Chao et al., 2007).

Maximum growth rate was observed in early 
December, about 15 days before the occurrence of 
increased photoperiod (14.8 hours on 12/23). This period 
coincides with the beginning of the reproductive stage, 
the reduction of the photoperiod and the slowdown in 
the growth rates. During the 2008/2009 season, the 
relationship between the reduction in photoperiod 
and shoot growth cessation was confirmed (Figure 3). 
Moreover, the occurrence of low temperatures caused 
dislocation of the production cycle in São Joaquim, 
SC, Brazil.

Shoot growth cessation is a complex physiological 
process that is not fully understood, either in relation 
to the biochemical alterations in the internal tissues or 
to the climatic variables (Heide, 2008; Garris et al., 
2009; Tanino et al., 2010; Victor et al., 2010). Several 
authors reported that temperature, water and nutrient 
availability play important roles in the induction of 
shoot growth cessation (Koundouras et al., 1999; 
Leeuwen et al., 2004; Coipel et al., 2006). In addition, 
photoperiod (Wake & Fennell, 2000; Heide, 2008; 
Garris et al., 2009; Victor et al., 2010) and probably 
thermoperiod (Olsen, 2010; Tanino et al., 2010) also 
play important roles.

The effect of temperature was well defined by Heide 
& Prestrud (2005), who concluded that temperatures 
below 12ºC induce the growth stopping of apple and 
pear trees in a greenhouse, under stable and controlled 
conditions. For grapevine, Hendrickson et al. (2004) 
showed that small variations in temperature (1–3ºC) 
induce large differences in shoot growth cessation in 
cold climates. These authors also observed that, below 
15ºC, the photosynthetic mechanism has limitations, 
and that, below 10ºC, leaves have higher levels of 
stomatal closure. The basal temperature reported for 
the vine is 10ºC (Pouget, 1972; Koundouras et al., 
1999; Leeuwen et al., 2004; Andreini et al., 2009). The 

effect of the photoperiod in grapevine was described 
by Garris et al. (2009), who observed growth cessation 
induction when there was less than or at least 12 hours 
of light without temperature alterations. According to 
Fennell & Hoover (1991) and Heide (2008), the effect 
of the photoperiod on shoot growth cessation is highly 
dependent on temperature variation. However, the 
temperature effect seems to be related to the minimum 
temperatures, as described by Tanino et al. (2010). 
Therefore, the plant growth control mechanism, under 
field conditions, is affected by several factors that 
interact with each other.

Conclusions

1. Shoot development shows a polynomial pattern 
for 'Merlot' and 'Cabernet Sauvignon'.

2. Shoot growth cessation occurs during the initial 
ripening phase of the grapes at São Joaquim, Santa 
Catarina State, Brazil.

3. Temperature and photoperiod cause grape-
vine shoots to cease growth in the highland regions 
of Santa Catarina, Brazil.
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