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Abstract

The knowledge of phenological stages and thermal requirement are important in vineyard management 
because provides information for production and quality of the grapes. This study had the objective to 
evaluate phenology and thermal demand of the grape cultivars Bordô, Concord, and BRS Carmem on 
rootstocks Paulsen 1103, IAC 766, and VR 043-43. The experiment was conducted in a family owned 
vineyard in Campo Largo, Paraná State, Brazil. The vineyard was carried out on ridges with semi-
trellis in ‘T’ systems conducting (Geneva Double Curtain trellis). The evaluations were assessed during 
the production cycles of 2011/2012 and 2012/2013. The phenology was evaluated with a scale of 13 
phenological stages. The thermal demand was defined by calculating the degree-days accumulation 
(DD) from bud swelling until harvest stage. The cultivar BRS Carmem had the longest cycle, being 
influenced by the rootstock, IAC 766 e Paulsen 1103 showed opposite results for cycle time. The cultivar 
Concord was more stable; there was no influence of rootstock on the cycle or of the thermal demand 
on the two harvests. The duration of the phenological cycle in 2012/2013 was lower than on the first 
harvest. Thermal requirement of ‘BRS Carmem’ was influenced by tree different rootstocks, ‘Concord’ 
was not influenced, and the results to ‘Bordô’ were not consistent. 
Key words: Vitis labrusca, degree-day, American grapes, phenological behavior

Resumo

O conhecimento de estágios fenológicos e exigência térmica são importantes em gerenciamento 
de vinhedo porque providenciam informações para a produção e qualidade das uvas. Este trabalho 
objetivou avaliar a fenologia e exigência térmica das cultivares Bordô, Concord e BRS-Carmem sobre 
os porta-enxertos Paulsen-1103, IAC 766 ‘Campinas’ e VR 043-43. O experimento foi conduzido na 
Região Metropolitana de Curitiba, num parreiral em propriedade de agricultura familiar, no município 
de Campo Largo, PR. O parreiral foi instalado em camalhões com sistema de condução em semi-
latada em ‘T’. As avaliações foram realizadas nos ciclos de produção 2011/2012 e 2012/2013. A 
fenologia foi avaliada por uma escala fenológica com 13 estádios. A exigência térmica foi definida 
pelo cálculo do acúmulo de graus-dia (GD) desde o estádio de gema inchada até a colheita. A cultivar 
BRS Carmen apresentou o ciclo mais longo, sendo influenciada pelo porta-enxerto, IAC 766 e Paulsen 
1103 apresentaram resultados opostos para duração do ciclo. A cultivar Concord foi mais estável, não 
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sofrendo influência do porta-enxerto sobre o ciclo e sobre a demanda térmica nas duas safras avaliadas. 
A duração do ciclo fenológico na safra 2012/2013 foi menor se comparada à primeira safra. A exigência 
térmica de BRS Carmem foi influenciada pelos diferentes porta-enxertos, Concord não apresentou esta 
influencia, e os resultados para cultivar Bordô não foram consistentes.
Palavras-chave: Vitis labrusca, graus-dia, uvas americanas, comportamento fenológico

Introduction

Viticulture is a traditional activity in temperate 
climates, but along with the current developments 
of grape production technology in subtropical and 
tropical conditions, this culture – especially of table 
grapes – has been under constant development 
in several states of Brazil, covering an area of 
approximately 83,700 hectares (CAMARGO et al., 
2011).

The State of Paraná has extensive areas that are 
adequate to viticulture, but only few cultivars have 
been used. The cultivar Bordô is one of the most 
widespread because of the excellent dyeing quality 
(CAMARGO; MAIA, 2005); however, it is still 
necessary to explore the market potential and also 
invest in other cultivars to allow increase the harvest 
period. One way to verticalize grape production in 
the state of Paraná and provide higher value added 
to the farmers would be to process them into juice. 
There are several new American and hybrid cultivars 
that are getting broadly known for juice production 
as BRS Carmem (CAMARGO et al., 2011), 
however, in this region, little or no information 
about the characteristics of the phenology and 
thermal requirements of these cultivars is available.

The knowledge of phenological stages is 
important in vineyard management because it 
provides information to winemakers, as periods of 
higher demand for hand labor, probable cropping 
dates, further indicating the regional climatic 
potential for grape cultivation and production 
(RIBEIRO et al., 2010). Phenology varies 
according to genotype and climatic conditions 
of each region or from the same region due to 
seasonal climate throughout the year (PEDRO 
JÚNIOR; SENTELHAS, 2003). To understand this 
variation several authors assess cultivars during 

consecutive season and use phenological scales 
to compare and to establish each proper stage to 
cultivar (GONÇALVES et al., 2002; ANDERSON 
et al., 2003; MANDELLI et al., 2003; PEREIRA et 
al., 2008; BROETTO et al., 2011; PRADUBSUK; 
DAVENPORT, 2011; ANZANELLO et al., 2012). 
Another method to estimate the duration of the 
development stages of the vines is the use of thermal 
index or degree-days (DD). This biometeorological 
indicator has been studied by several authors 
(MURAKAMI et al., 2002; LEÃO; SILVA, 2003; 
SANTOS et al., 2007; CHAVARRIA et al., 2009). 
This two approaches used together and the study 
of the influence of the rootstock combination with 
cultivars can lead the correct strategy to decide what 
to plant considering harvest and susceptibility of 
the cultivars to different pest and diseases. Several 
studies were conducted in vines to verify the effect 
of rootstock grafted in different scion varieties for 
table and wine (RIBEIRO et al., 2009; MOURA 
et al., 2011; TOFANELLI et al., 2011), however, 
there are not information related to the influence of 
rootstock on the phenological of Bordô, Concord 
and BRS Carmem, in the metropolitan region of 
Curitiba-PR.

The objective of this study was to characterize 
the phenology and estimate the thermal requirement 
in degree days for three grape cultivars ‘Concord’, 
‘Bordô’ and ‘BRS Carmem’ in the metropolitan 
region of Curitiba-PR, Brazil. A secondary objective 
was to detect influence of the rootstock on the 
phenological behavior of the scion and the thermal 
demand between different seasons.

Material and Methods

The experiment was realized in a field located 
in the Metropolitan Region of Curitiba, on a family 
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owned vineyard in Campo Largo, State of Paraná, 
located 25 ° 27 ‘S, 49 ° 31’ W, and altitude 956 
m. This region is located in a subtropical warm-
temperate climate (MAACK, 1968; SOARES et al., 
2002). The vineyard was deployed on a 2-m high 
semi trellis in ‘T’ system (the T-bracket at the top of 
the post will have seven wires positioned between 
the two ends of the ‘T’, connecting a post to the 
other, this system provides more canopy area for 
highly vigorous, downward growing cultivars), in 
4 rows with 4.0 x 2.5 m spacing. The rootstocks 
were planted in August 2008, and the grafting was 
performed the following year. The rootstocks used 
were Paulsen ‘1103’, IAC 766 ‘Campinas’ and 
‘VR 043-43’. The cultivars grafted were ‘Bordô’, 
‘Concord’ and ‘BRS Carmem’. The experiment was 
established in randomized blocks with 4 replications 
and 4 plants per plot. In the two seasons, pruning 
was held on August 22, leaving 4 buds per spur. 
The evaluations were performed in the production 
cycles 2011/2012 and 2012/2013 in 12 vines of each 
combination of cultivars Bordô, Concord and BRS 
Carmem grafted in Paulsen 1103, VR 043-43 and 
IAC 766 rootstock, totaling 108 plants which were 
randomly selected and tagged. On each plant were 
marked 2 branches, one oriented to the north and 
the other to the south. The vineyard was monitored 
every 14 days. Harvest dates were determined when 
the berries achieved maturity (minimum 14 oBrix) 
according to the requirements of the Agriculture 
Ministry (BRASIL, 1974).

The phenology scale used was based on the 
classification of Eichorn and Lorenz (1977), with 
47 grapevine phenological stages (MULLINS et 
al., 1994). The scale consisted of 13 phenological 
stages: A) Beginning of bud swelling; B) Woolly 
bud; C) Bud burst; D) Inflorescence emergence; 
E) Inflorescence fully developed; F) Beginning 
of flowering (10% of flowerhoods fallen); G) Full 
flowering (50% of flowerhoods fallen); H) Fruit 
set; I) Berries groat-sized; J) Berries pea-sized; K) 
Beginning of bunch compression, L) Beginning of 
ripening; M) Berries ripe for harvest.

The experimental design was randomized 
blocks, with split plots, with 4 replications and 4 
plants per plot. The plots were represented by 9 
different combinations (3 cultivars x 3 rootstock).

The thermal requirement characterization of 
each cultivar and rootstock combination, this study 
utilized the degree-days sum (DD) since the stage A 
(Beginning of bud swelling) until stage M (Berries 
ripe for harvest). Meteorological data were obtained 
from the Instituto Tecnológico SIMEPAR in the 
Curitiba Station, and for DD calculation it was used 
a base temperature lower than 10 °C (MANDELLI 
et al., 2003; NEIS et al., 2010; PRADUBSUK; 
DAVENPORT, 2011; ANZANELLO et al., 2012) 
according to the equations proposed by Villa Nova 
et al. (1972):

DD = (Tm –Tb) + (TM – Tb)/2, to Tm > Tb;

DD = (Tm –Tb)
2 + 2(TM – Tb), to Tm < Tb;

DD = 0, to TM < Tb.

In which:

DD= degree-days;

TM = daily maximum temperature (oC);

Tm = daily minimum temperature (oC); e

Tb = base temperature (oC).

Phenological data were subjected to variance 
analysis. The results with significant differences, 
from “F” test outcomes, had their average subjected 
to Tukey’s test (5% probability significance level). 
Analyses were performed using the statistical 
software Assistat ®.

Results and Discussion

On both seasons, to ‘BRS Carmem’ with all 
rootstocks tested had the highest duration on the 
cycle to grow. The ‘Bordô’ and ‘Concord’ cultivars 
had rootstock influence in the 2011/2012 season. 
‘Concord’ showed a higher cycle than ‘Bordô’ 
when grafted on IAC766 ‘Campinas’, however, 
when grafted on ‘VR 043-43’ the opposite occurred 
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(Table 1). On the season of 2012/2013 ‘Concord’ 
showed a superior cycle than ‘Bordô’ when grafted 
on IAC766 ‘Campinas’, and when grafted on ‘VR 
043-43’, although not significantly different, the 
same tendency was observed in the previous cycle. 

Close results of this study were observed in 
phenology studies: the cultivate ‘Bordô’, were 
reported days average cycle of 159 days in plants 
with 8 years-old in Caldas, MG, (GONÇALVES et 
al., 2002) and 132 days in plants with 5 years-old 
in Guarapuava, PR (BROETTO et al., 2011). The 
cultivars ‘Concord’ and ‘Bordô’, 157 days for the two 

cultivars, in the South of Minas Gerais (PEREIRA 
et al., 2008). Others studies with ‘Concord’ also 
showed similar behavior: 142-162 days in plants 
with 25 years-old in Fredonia, NY (ANDERSON 
et al., 2003), 169 days in plants with 41-42 years-
old in Prosser, WA (PRADUBSUK; DAVENPORT, 
2011) and 154-167 days in plants with 16 years-
old in Eldorado do Sul, RS (ANZANELLO et 
al., 2012). The age of the plants did not influence 
the phenological behavior of cultivars, when the 
different experimental local possessed maximum, 
minimum and average temperatures close.

Table 1. The total cycle (days) duration of different combinations of grapevines cultivars and rootstocks in 2011/2012 
and 2012/2013 cycle, in Campo Largo, PR, Brazil.

 Rootstock Scion
BRS Carmem Bordô Concord

20
11

 / 
20

12 IAC 766 215 aA 150 bC 156 aB
Paulsen 1103 206 bA 153 bB 156 aB
VR 043-43 205 bA 162 aB 153 aC
CV(%) 1.37

20
12

 / 
20

13 IAC 766 163 cA 139 aB 153 aA
Paulsen 1103 191 aA 139 aB 150 aB
VR 043-43 176 bA 139 aB 151 aB
CV(%) 5.66

Means followed by the same lowercase letter in the column and uppercase on the line do not differ significantly by Tukey test at 
5% for scion cultivars within the same cycle.

Nevertheless, on the study of the cycles from 
sprouting until the end of ripening for ‘Bordô’ and 
‘Concord’, in Serra Gaucha, RS, it was reported 
227 and 245 days, respectively (MANDELLI et al., 
2003), these results were higher than those observed 
at the conditions of this experiment. This difference 
in cycle time can be explained by the fact that the 
plant phenology, in general, is directly influenced 
by environmental conditions, as temperature. The 
Mandelli et al. (2003) experiment was conducted 
in humid temperate climate, different climate from 
other studies cited above. This result emphasizes 
the importance of evaluating the phenology when 
you want to insert different cultivars, be scion or 
rootstock, in a region, knowledge of the phenological 
behavior is critical to the management of the vines.

In 2011/2012, the combination ‘BRS Carmem’/ 
IAC 766 ‘Campinas’ presented the larger cycle, 
215 days, followed by 206 and 205 days for the 
rootstocks ‘Paulsen 1103’ and ‘VR 043-43’, 
respectively. For this cultivar on the 2012/2013 
harvest, the combination with the rootstock IAC 
766 ‘Campinas’ showed lower average (164 days) 
than ‘Paulsen 1103’ (191 days) and ‘VR 043-43’ 
(176 days), which had lower averages comparing to 
the previous cycles (Table 1).

The Beginning of bud swelling (Stage A), in 
2011/2012, began on September 1 for the ‘Concord’ 
cultivar and September 8 for ‘Bordô’ and ‘BRS 
Carmem’, with the exception of the combination 
‘BRS Carmem’/ ‘Paulsen 1103’, which started on 
day 22. In the 2012/2013 cultivars ‘Concord’ and 
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‘Bordô’ began this phase on August 29 while ‘BRS 
Carmem’ on September 12 (Figure 1).

The Bud burst (Stage C) in 2011/2012 started 
later for the combination ‘Bordô’/‘VR 043-43’, 
26 days after of to start the bud swelling stage 
(10/04/2011) and ‘BRS Carmem’/‘Paulsen 1103’, 
23 days after Stage A (10/16/2011). All other 
‘Bordô’ and ‘Concord’ combinations had averages 
of 13 days and ‘BRS Carmem’ 14 days for Bud 
burst, which occurred in mid-September. In the 
2012/2013 crop, the beginning of the Bud burst 
stage (Stage C) on the combinations with ‘Bordô’ 
had the highest average, 16-19 days after Beginning 
of bud swelling stage, ‘BRS Carmem’ grafted in 
‘VR 043-43’ the lowest (10 days) and the other 
started Stage C 14 days after Stage A.

The duration of Stage C, it was observed that 
all cultivars grafted on ‘VR 043-43’ had a shorter 
duration of this phase in the first season. However, 
for the second crop, this difference was not observed 
between the different scions and rootstocks 
combinations, with durations 13-22 days to Bud 
burst (Figure 1). Other study found a lower duration 
to Stage C, 5 to 6 days, varying with the rootstock 
in the cultivars ‘Isabel’ and ‘Rubea’ (SATO et al., 
2008), however there was study the phase duration 
observed for ‘Bordô’ and ‘Concord’ were 28 and 23 
days, respectively (MANDELLI et al., 2003). 

These results showed temperature influence 
between seasons, and within each season there 
were scion and rootstock influence. Scion influence 
should be conditioned by photosynthesis amount 
that depending of the vigor of each scion, and 
rootstock by absorption of nutrients and water 
to photosynthesis, both contribute to the reserve 
accumulation necessary to nourish the vines, 
influencing duration of the dormancy period and 
bud burst and blossom.

The Concord cultivar presented earlier bud 
burst in two seasons, happening on 09/14/2011 and 
09/12/2012. The ‘BRS Carmem’ cultivar was tardy 
in relation to Stage C, which occurred between 
September 22 to October 16 in 2011 and September 

22 to 26 in 2012, and the ‘Bordô’ cultivar was 
intermediate, with bud burst from September 21 to 
October 04 in 2011 and September 14 and 17 2012 
(Figure 1). 

In the first harvest, ‘BRS Carmem’ grafted on 
‘IAC 766’ e ‘Paulsen 1103’ showed the highest period 
from the stage of Inflorescence fully developed 
(Stage E) until the end of the stage of Fruit set (Stage 
H), and from Stage H until Beginning of ripening 
(Stage L) than the other. In the second season, there 
was no difference in this period between Stage E and 
the end of Stage H, and the ‘Bordô’ cultivar showed 
a shorter period between Stage H and initiation of 
Stage L (Figure 1).

The average flowering duration (Stage F and 
G) for ‘Bordô’ (10-16 days) and Concord cultivars 
(16-19 days) obtained in this study were within the 
range of days found in a study in the Serra Gaúcha, 
RS, ‘Bordô’ presented 4 to 31 days and ‘Concord’ 
presented 6 to 21 days (MANDELLI et al., 2003). In 
the first harvest, ‘BRS Carmem’ showed a difference 
in flowering duration in all rootstocks, 28 days with 
‘IAC 766’, 30 days with ‘Paulsen 1103’ and 14 days 
with ‘VR 043-43’, in the second year all had a shorter 
duration and ‘IAC 766’ (11 days) was lower than the 
other two rootstocks, ‘Paulsen 1103’ and ‘VR 043-
43’, 16 and 15 days, respectively (Figure 1).

The duration of the maturation phase (Stage 
L) was similar in the two seasons for the cultivars 
Concord (23 and 28 days) and BRS Carmem (32-35 
days). However, for the cultivar Bordô, which ranged 
from 24 to 32 days in 2011/2012, it was reduced 
to just 10 to 19 days in the subsequent seasons 
(Figure 1). In study in Minas Gerais was reported 
for ‘Concord’ a period of 27 days (PEREIRA et al., 
2008), but in the Serra Gaúcha, RS, was obtained 
higher values, 33 days for the Bordô and Concord 
cultivars (MANDELLI et al., 2003). The ‘Concord’ 
harvest occurred in early February in 2012 and 
the end of January in 2013. The ‘Bordô’ harvest 
occurred in early February in 2012 and mid-January 
in 2013. The cultivar ‘BRS Carmem’ had the later 
harvest, being harvest in April in 2012 and the end 
of February to March in 2013 (Figure 1).
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Figure 1. Accumulation in days of phenological stages of the cultivars Concord, Bordô and BRS Carmem, grafted on 
IAC 766, VR 43043, and Paulsen 1103, and total cycle (days), during seasons of 2011/2012 and 2012/2013, in Campo 
Largo, PR, Brazil. The numbers below the lines refer to the days of the month and the numbers above refer to the 
duration of phenological stages. Phenological stages: A) Beginning of bud swelling; B) Woolly bud; C) Bud burst; D) 
Inflorescence emergence; E) Inflorescence fully developed; F) Beginning of flowering (10% of flowerhoods fallen); 
G) Full flowering (50% of flowerhoods fallen); H) Fruit set; I) Berries groat-sized; J) Berries pea-sized; K) Beginning 
of bunch compression, L) Beginning of ripening; M) Berries ripe for harvest. 

Figure 1. Accumulation in days of phenological stages of the cultivars Concord, Bordô and BRS Carmem, grafted on IAC 766, VR 43043, and Paulsen 
1103, and total cycle (days), during seasons of 2011/2012 and 2012/2013, in Campo Largo, PR, Brazil. The numbers below the lines refer to the days of 
the month and the numbers above refer to the duration of phenological stages. Phenological stages: A) Beginning of bud swelling; B) Woolly bud; C) 
Bud burst; D) Inflorescence emergence; E) Inflorescence fully developed; F) Beginning of flowering (10% of flowerhoods fallen); G) Full flowering 
(50% of flowerhoods fallen); H) Fruit set; I) Berries groat-sized; J) Berries pea-sized; K) Beginning of bunch compression, L) Beginning of ripening; M) 
Berries ripe for harvest.   
 

 

There was a significant interaction for the 
sum of degree-days between scion and rootstock 
combinations used. The ‘BRS Carmem’ had the 
highest mean of thermal requirement in the two 
cycles, 2186.8 on the rootstock ‘IAC766’ in the first 
season, and 2032.5 on the rootstock ‘Paulsen 1103’ 
in the second season. The lower mean of thermal 
demand, in the first season, was shown by ‘Concord’ 
grafted on ‘Paulsen 1103’ (1421.6) and ‘VR043-43’ 
(1392.6), and the second season with the ‘Bordô’ 
cultivar (Table 2) about three rootstocks. The 
‘Concord’ cultivar was the most stable in relation to 
the effect of the rootstocks; there was no significant 

difference in the thermal demand (Table 2), or on 
the cycle (Table 1) at the two evaluated harvests. 
The average thermal sum for the ‘Concord’ cultivar 
found in this study were consistent with the values 
observed in study realized in Prosser, WA, in which 
the thermal sums were 1503 and 1414 in the years 
of 2006 and 2007, respectively (PRADUBSUK; 
DAVEPORT, 2011), and in Eldorado do Sul, RS, 
who reported 1554.4 to 1621.7 (ANZANELLO et 
al., 2012).

Both years showed in average 1.0 °C variation 
in average temperature, the second cycle was higher 
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than the first from August to December, and lower 
from January to March (Table 3). The minimum 
and maximum temperatures also showed similar 
behavior. As temperature is a limiting factor for the 
vine bud burst (MANDELLI, 2009), the highest 
temperature in the early months of the second 

year may have influenced the early bud burst and 
shortening of phenological periods. The 2011/2012 
cycle was characterized by a higher volume of 
rainfall in August (Table 3), nonetheless this excess 
rain did not seem to affect the phenology for having 
happened during the rest period.

Table 2. Degree-days sum in 2011/2012 and 2012/2013, with base temperature lower than 10 °C for the different 
combinations of scion and rootstock grapevine cultivars in Campo Largo, PR, Brazil.

 Rootstock Scion
BRS Carmem Bordô Concord

20
11

 / 
20

12 IAC 766 2186.8 aA 1415.5 cB 1431.8 aB 
Paulsen 1103 2086.7 bA 1464.9 bB 1421.6 aC 
VR 043-43 2085.3 bA 1564.2 aB 1392.6 aC 
CV(%) 1.73

20
12

 / 
20

13 IAC 766 1699.0 cA 1434.0 aB 1619.5 aA 
Paulsen 1103 2032.5 aA 1432.1 aC 1584.0 aB 
VR 043-43 1866.8 bA 1434.3 aC 1594.1 aB
CV(%) 6.36

Means followed by the same lowercase letter in the column and uppercase on the line do not differ significantly by Tukey test at 
5% for scion cultivars within the same cycle.

Table 3. Mean temperature (oC), total precipitation (mm), mean relative humidity (MRH) (%) monthly in 2011/2012 
and 2012/2013, in Campo Largo, PR, Brazil.

Month  Mean temperature (°C)  Total precipitation (mm)  MRH (%)
2011/2012 2012/2013 2011/2012 2012/2013 2011/2012 2012/2013

August 14.6 16.2 231.0 31.2 77.3 80.1
September 14.8 16.8 61.4 60.0 78.5 80.7
October 17.3 19.0 197.4 162.4 80.4 79.8
November 17.6 18.9 88.2 53.2 79.0 82.0
December 19.7 22.3 123.2 248.6 79.6 80.8
January 20.1 19.8 114.2 71.4 78.8 80.5
February 22.0 21.0 199.6 189.6 80.7 80.7
March  20.5 19.3  46.0 125.0  77.2 78.4

Using the knowledge of the phenology and 
thermal requirement generated in this study, 
some cultural practices can be programmed in the 
viticulture. The behavior of the cultivars can be 
used as a strategy to produce grape juice during 
longer periods than used by the growers, because the 
harvest of ‘Concord’ or ‘Bordô’ began in January to 
February and ‘BRS Carmem’ of February to April. 
Thus there is the possibility to harvest grapes to 

the industry from January to April. This expanding 
of the harvest period added to the quality of these 
cultivars to produce juice and rusticity (CAMARGO 
et al., 2011), qualitative assignments that are being 
discovered for the grape juice, as presence of the 
phenolic compounds and antioxidants (Eichorn 
and Lorenz 1977, MACHADO et al., 2011) and 
increased sales of this processed, provide a great 
economic benefit to farms in the region. 
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Conclusions

The characterization demonstrated that ‘BRS 
Carmem’ had the largest thermal requirement, 
and ‘Concord’ and ‘Bordô’ had shorter than ‘BRS 
Carmem’, so at metropolitan region of Curitiba can 
be recommended to plant ‘Concord’ or ‘Bordô’ and 
‘BRS Carmem’ to have grapes for juice industry 
harvested from January to April.

Thermal requirement of ‘BRS Carmem’ was 
influenced by tree different rootstocks, ‘Concord’ 
was not influenced, and the results to ‘Bordô’ were 
not consistent. 
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