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Abstract 
 
The current study aimed to evaluate the effect of different rootstocks (‘IAC 766’, ‘IAC 572’, ‘IAC 313’, ‘IAC 571-6’ and ‘106-8 Mgt’) 
on the physicochemical quality of ‘Niagara Rosada’ grape under Brazilian subtropical climate. In this study, a vineyard trellising 
system supported three years old vines at a density of 6536 plants ha-1. Therefore, evaluations consisted of three pruning seasons: 
two winter pruning (August 2011 and September 2012) and a summer pruning (January 2012). A complete randomized block 
design was conducted, subdivided into plots, with five replicates, the plots represented by 5 rootstocks and subplots by pruning 
seasons. We evaluated bunch number per plant; bunch, berry and rachis fresh mass; berries number per bunch; soluble solid, pH 
and titratable acidity content in the grape must. Results showed that ‘Niagara Rosada’ grafted onto ‘IAC 572’, presented the highest 
bunch mass (227g), rachis fresh mass (7.5g) and berries number per bunch (66); while ‘IAC 313’ rootstock performed the lowest 
values. Moreover, ‘IAC 766’ and ‘106-8 Mgt’ rootstocks presented the highest soluble solid and titratable acidity content, due to 
these rootstock’s precocity. Furthermore, the highest ratio between soluble solid and titratable acidity was found in ‘Niagara 
Rosada’ grafted onto ‘IAC 313’ and ‘IAC 571-6’ rootstock. 
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Introduction 
 
Brazil is the nineteenth-largest grape producer in the world, 
with approximately 1,505,000 tons in 79,000 ha. The states 
of Rio Grande do Sul, Pernambuco, Sao Paulo, Parana, Santa 
Catarina and Bahia are the main producers (Agrianual, 
2016). The state of Sao Paulo is the third-largest  producer in 
Brazil; and is the second-largest producer of table grape. The 
region of Jundiai is in the east of Sao Paulo state, producing 
about 67% of ‘Niagara Rosada’. 
In Jundiai, winter pruning is mainly performed from July to 
September, whereas harvesting happens from December to 
February. Also, summer pruning has been practiced in this 
region, being performed right after the traditional harvest, 
which increases production, as there will be more than one 
harvest in a year. Despite that, summer pruning allows 
harvesting during a low rainfall period, which decreases the 
number of rotten bunches and improves grape quality.  
By evaluating the influence of pruning season on the cv. 
Niagara Branca, Souza and Fochesato (2007) reported that 
pruning in early November, enabled a second harvest in 
March or April. For these authors summer pruning is an 
alternative to increase the supply of grapes, without 
affecting their quantity and quality from first harvest. 
Anzanello et al. (2010) evaluated the effects of winter and 

green pruning on the Niagara Rosada, Niagara Branca and 
Concord varieties, they concluded that dry pruning 
associated with green pruning, yielded two harvests per 
season, but it was more efficient when dry pruning took 
place in August, while green pruning in November. 
Regarding to the grapevine performance grafted onto 
different rootstocks, literature has plenty of studies on 
vegetative growth, yield, the quality of bunches and berries 
(Pauletto et al., 2001a,b; Terra et al., 2003; Vanden Heuvel 
et al., 2004; Mota et al., 2009; Tecchio et al., 2011; Rizk-Alla 
et al., 2011; Jogaiah et al., 2013). However, there is a paucity 
of evidence-based literature regarding either the area of 
Jundiai or ‘Niagara Rosada’ grafted onto different rootstocks 
on yield, vigor and bunch quality after winter and summer 
pruning. 
In Taubaté, state of Sao Paulo, Pauletto et al. (2001a) found 
similar outcomes for yield, bunch number per plant and 
bunch mass in cv. Niagara Rosada grafted onto ‘IAC 313’, 
‘IAC 766’ and ‘106-8 Mgt’ rootstocks.  For the quality of 
bunches, Pauletto et al. (2001b) found similar values for  
fresh mass of bunches and berries, number of berries per 
bunch and soluble solid content in the grape must of  
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‘Niagara Rosada’ grafted onto ‘IAC 313’, ‘IAC 766’ and ‘106-
8Mgt’ rootstocks.  
In Monte Alegre do Sul, state of Sao Paulo, Terra et al. 
(2003) found similar values for bunch number (13.8 to 14.0) 
and bunch mean weight (229.5 to 236.9 g) in ‘Niagara 
Rosada’ grafted onto ‘IAC 313’, ‘106-8 Mgt’, ‘IAC 766’ and 
‘IAC 572’. Mota et al. (2009) evaluated ‘Niagara Rosada’ 
production with different rootstock in Caldas, state of Minas 
Gerais, reported that ‘IAC 572’ had a higher production than 
‘IAC 766’; while the highest berry fresh mass was found in 
‘IAC 313’; but the highest soluble solid, pH and titratable 
acidity were found in the grape must of ‘Niagara Rosada’ 
grafted onto ‘IAC 766’ and ‘106-8 Mgt’ rootstocks.  
The current study aimed to evaluate the effect of different 
rootstocks (‘IAC 766’, ‘IAC 572’, ‘IAC 313’, ‘IAC 571-6’ and 
‘106-8 Mgt’) and pruning seasons on the physicochemical 
quality of ‘Niagara Rosada’ grape in Louveira, state of São 
Paulo, Brazil. 
 
Results and Discussion 
 
Productive components 
 
Results indicated significant effects of rootstocks and 
pruning seasons on fresh mass of the bunches and rachis, as 
well as number of berries per bunch, besides there was no 
interaction between factors (Table 1). 
With regards to ‘Niagara Rosada’ grapevine grafted onto ‘IAC 
572’ rootstock, results showed higher values for bunch fresh 
mass (227g) and number of berries per bunch (66), which 
was significantly different from ‘IAC 313’ and ‘106-8 Mgt’ 
rootstock (Table 1).  Moreover, ‘IAC 766’ and ‘IAC 571-6’ 
rootstocks also presented similar outcomes of bunch mass 
and number of berries per bunch. By evaluating ‘IAC 313’, 
‘IAC 766’ and ‘106-8 Mgt’, Pauletto et al. (2001b) did not find 
any significant variations in either fresh mass of bunches and 
berries or number of berries per bunch.  
Despite the type of rootstock used, there was no significant 
variations in the number of berries per plant and berry fresh 
mass, whereas the lowest value for rachis fresh mass was 
found in cv. Niagara Rosada grafted onto ‘IAC 313’ (Table 1). 
By comparing the three pruning seasons, results showed 
high yield; fresh mass of bunches, berries and rachis and 
number of berries per bunch in the first and third pruning 
seasons, i.e. winter pruning. On the other hand, the lowest 
values were found in summer pruning. During winter 
pruning, the cycle length was longer, as well as higher 
carbohydrate accumulation in branches after winter 
dormancy; consequently, the highest averages for yield, 
bunch and berry fresh mass. 
 
Physicochemical characteristics of the grapes 
 
The means of pH in grape must during all pruning seasons 
was similar for all rootstocks (Table 2). Although pruning 
season had some influence, since the lowest values were 
observed in the first season. Sato et al. (2008) did not find 
any pH variations in the grape must for Isabel and BRS Rúbea 
varieties grafted onto ‘IAC 766’ and ‘IAC 572’.  
However, there were variations in soluble solid content of 
cv. Niagara Rosada, according to the rootstock, as results 
showed higher values in ‘IAC 766’ and ‘106-8 Mgt’, due to 
these rootstocks’ capacity to induce cropping precocity and 
decrease vigor in the scion, since there was low dry mass 

accumulation in branches that were removed by pruning 
(Table 2). Mota et al. (2009) also found higher soluble solid 
content and titratable acidity in the grape must of cv. 
Niagara Rosada grafted onto ‘IAC 766’ and ‘106-8 Mgt’. Such 
titratable acidity and soluble solid variations in grape must, 
according to rootstock, were also reported by Venegas and 
Martínez-Peniche (2001) and Rizk-Alla et al. (2011). 
 Regarding to the pruning seasons, high soluble solids 
content was found in the second season (summer pruning), 
because low rainfall (Figure 1) and wide thermal range 
(Figure 2) prior to harvesting (May and June 2012). While, 
the harvests of first and third pruning season happened from 
7 to 14 January 2012 and 18 January to 15 February 2013, 
respectively. It is known that strong rainfall during 
harvesting reduces soluble solid content in grapes. Besides 
that, low yield was reported in the second pruning season, 
which contributed to higher soluble solids content in the 
grape must. For the quality of fruits, Anzanello et al. (2008) 
did not find any differences between harvest periods in Rio 
Grande do Sul. These authors found no significant 
differences in soluble solids and titratable acidity in fruits 
subjected to summer pruning, when compared with winter 
pruning. According to them, both harvests had plenty of 
sunlight throughout the ripening stage.  
The highest titratable acidity was observed in grape must of 
cv. ‘Niagara Rosada’  grafted onto ‘IAC 572’, which only 
differed from ‘IAC 313’ and ‘IAC 571-6’. In a study with 
‘Cabernet Sauvignon’, Nuzzo and Matthews (2006) also 
observed the highest titratable acidity in grape must by 
using the most vigorous rootstock. On average, high 
titratable acidity in grape must was found in second season, 
which might be related to the wide thermal range during 
ripening (June 2012), when compared with periods prior to 
harvesting from first and third pruning season. Among 
factors responsible for higher acidity, hot days and cold 
nights stand out (Fregoni, 1998). The ‘IAC 313’ and ‘IAC 571-
6’ provided high soluble solids/titratable acidity ratio, with 
the highest values observed in winter pruning (Table 2), due 
to the higher titratable acidity of the grapes. 
 
Materials and Methods 
 
Experimental location and growing conditions 
 
The experimental area was in Louveira (23º04’S, 46º55’W), 
state of Sao Paulo, Brazil. Louveira is at an altitude of 766 m, 
with 1,400 mm annual precipitation, 19.5ºC and 70.6% 
relative humidity. A vineyard trellising system supported 
three years old vines, with a plot spacing of 1.7 x 0.9 m, i.e. 
at a density of 6536 plants ha-1.  
 
Treatments and experimental design 
 
The treatments consisted of cv. Niagara Rosada grafted on 
five rootstocks and three pruning seasons. The rootstocks 
were ‘IAC 766’, ‘IAC 572’, ‘IAC 313’, ‘IAC 571-6’ and ‘106-8 
Mgt’. The pruning seasons evaluated consisted of two winter 
pruning (31/08/2011 [first] and 22/09/2012 [third] and a 
summer pruning (27/01/2012 [second]). In winter, one bud 
was left per vine. In summer pruning, it was left from 4 to 5 
buds. In all seasons, 5% hydrogen cyanamide was used to 
break dormancy in grapevine floral buds.  
This study used a complete randomized block design, 
subdivided into plots, with five replicates, the plots represe-  
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Table 1. Averages of bunch number per plant; bunch, berry and rachis fresh mass; berry number per bunch in the cv. 
‘Niagara Rosada’ grapevine grafted onto different rootstocks over three production cycles. 

Rootstocks Bunch number 
per plant 

Bunch fresh mass 
(g per bunch) 

Berry fresh mass 
(g per berry) 

Rachis fresh mass 
(g per rachis) 

Berry number per 
bunch 

‘IAC 313’ 10.9 a 191 c 4.3 a 5.3 b 54 c 
‘IAC 572’ 12.3 a 227 a 4.2 a 7.5 a 66 a 
‘IAC 571-6’ 11.8 a 223 ab 4.1 a 6.7 a 62 ab 
‘IAC 766’ 11.0 a 211 abc 4.3 a 6.9 a 59 bc 
‘106-8 Mgt’ 11.3 a 204 bc 4.2 a 6.7 a 58 bc 

Pruning season      

First 10.3 b 226 b 4.8 a 7.5 b 57 b 
Second 10.4 b 122 c 3.3 c 3.6 c 52 c 
Third 13.7 a 286 a 4.6 b 8.9 a 71 a 

Means followed by letter differ among themselves by Tukey test at 5% probability. 
 

 
Fig 1. Cumulative rainfall index from September 2011 to January 2013. Louveira, state of Sao Paulo, Brazil, 2011/2012/2013. 
 

Table 2. Averages of pH, soluble solid, titratable acidity and soluble solid/titratable acidity ratio in the grape must 
of cv. ‘Niagara Rosada’ grafted onto different rootstocks over three production cycles. 

Rootstocks pH Soluble solid (°Brix) 
Titratable acidity (g 
tartaric acid 100 g-1) 

soluble solid/titratable 
acidity ratio 

‘IAC 313’ 3.29 a 14.4 c 0.489 b 34.6 a 
‘IAC 572’ 3.31 a 14.7 b 0.560 a 29.7 b 
‘IAC 571-6’ 3.31 a 14.4 c 0.490 b 32.0 ab 
‘IAC 766’ 3.33 a 15.2 a 0.524 ab 31.4 b 
‘106-8Mgt’ 3.33 a 14.9 ab 0.520 ab 30.6 b 

Pruning season 

First 3.12 b 14.1 c 0.41 b 36.0 a 
Second 3.41 a 15.4 a 0.75 a 21.0 b 
Third 3.41 a 14.6 b 0.39 b 37.9 a 
Means followed by letter differ among themselves by Tukey test at 5% probability. 

 

 
Fig 2. Minimum, average, maximum monthly temperatures, and thermal range from September 2011 to January 2013. Louveira, 
state of Sao Paulo, Brazil, 2011/2012/2013. 
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nted by 5 rootstocks and subplots by pruning seasons. Each 
plot contained five plants. 
 
Harvest and measurements 
 
The first, second and third pruning season were harvested in 
January and June 2012 and February 2013, respectively.  
The number of bunches per plant was determined at 
harvest. The bunch mass was determined as function of 
yield per plant and bunch number per plant. After that, 10 
bunches per plot were sampled for physicochemical traits. 
Then, berry and rachis fresh mass and berry number per 
bunch were evaluated. For rachis fresh mass, a semi-
analytical scale 0.1 g was used. The number of berries was 
assessed by counting all berries in the bunches; berry fresh 
mass was calculated by subtracting rachis mass from bunch 
mass, then dividing by the total number of berries in the 
bunch. 
From each bunch sample taken for physical analysis, 8 
berries were taken for chemical analysis. The grape must 
was pressed from berries and evaluated for soluble solid 
content, pH, titratable acidity and maturation index (soluble 
solid/titratable acidity ratio). The content of soluble solids 
(SS) was determined in grape must by using Abbe manual 
refractometer (ATAGO®), expressed in oBrix. The pH was 
determined in the grape must, with a Micronal pH meter 
(model B-274) at a ratio of 1:9, according to the Instituto 
Adolfo Lutz (1985). Titratable acidity (TA) was estimated 
with a laboratory ph meter (DM-22/Digimed®), being 
titrated with 0.1 NaOH to an endpoint of pH 8.1. The 
amount of titratable acid was expressed as g tartaric acid 
100 g-1 of sample. 
 
Statistical analysis 
 
Data were subjected to analysis of variance (ANOVA), and 
when the analysis indicated statistically significance, data 
were compared by the Tukey’s test at 5% probability. 
 
Conclusions 
 
The ‘IAC 572’, ‘IAC 571-6’ and ‘IAC 766’ rootstocks provided 
greater bunch mass and number of berries per bunch in 
‘Niagara Rosada’ grape. Besides ‘IAC 766’ and ‘106-8 Mgt’ 
provided the highest soluble solids content in the grape 
must.   
The best quality of bunches was of winter pruning, 
compared with summer pruning. However, summer pruning 
provided the best quality in grape must, since presented 
high soluble solid and titratable acidity content.  
 
Acknowledgements 
 
The authors are grateful to FAPESP for the financial support 
for this work via grant #2011/03440-6. The authors are also 
grateful to National Council for Scientific and Technological 
Development (CNPq) for the financial support for this work 
via grant #305724/2018-5; Coordination for the 
Improvement of Higher Level - or Education - Personnel 
(CAPES) and Advanced Technological Research Centre for 
Rubber Agribusiness and Agroforestry Systems of the 
Agronomic Institute of Campinas (IAC) for using their 
experimental area. 

References 
 
Agrianual (2016) Uva: produção brasileira. Anuário da 

Agricultura Brasileira, São Paulo. 
Anzanello R., Souza PVD, Gonzatto, MP (2008) Produção de 

videiras ‘Niagara Branca’ e ‘Concord’ submetidas a duas 
safras por ciclo vegetativo na depressão central do Rio 
Grande do Sul. Sci Agric. 9 (3): 311-316.  

Anzanello R, Souza PVD, Coelho, PF (2010) Uso da poda seca 
e da poda verde para obtenção de duas safras por ciclo 
vegetativo em três cultivares de videira. Rev Bras Frutic. 
32(1): 196-203.  

Fregoni M (1998) Viticoltura di qualitá, 1st ed. Verona, Itália.  
Jogaiah S, Oulkar DP, Banerjee K, Sharma J, Patil AG, Maske 

SR, Somkuwar RG (2013) Biochemically Induced Variations 
During Some Phenological Stages in Thompson Seedless 
Grapevines Grafted on Different Rootstocks. South Afri J  
Enol Viti. 34 (1): 36-45. 

Mota RV, Souza CR, Favero AC, Silva CPC, Carmo EL, Fonseca 
AR, Regina MA (2009) Produtividade e composição físico-
química de bagas de cultivares de uva em distintos porta-
enxertos. Pesqui Agropec Bras. 44 (6):576-582. 

Nuzzo V, Matthews MA (2006) Response of fruit growth and 
ripening to crop level in dry-farmed Cabernet Sauvignon 
on four rootstocks. American Am J Enol Viticul. 57(3): 314-
324. 

Pauletto D, Mourao Filho FAA, Kluge RA, Scarpare Filho JA 
(2001a) Produção e vigor da videira ‘Niagara Rosada’ 
relacionados com o porta-enxerto. Pesqui Agropec Bras. 
36 (1): 115-121. 

Pauletto D, Mourao Filho FAA, Kluge RA, Scarpare Filho JA 
(2001b) Efeito do porta-enxerto na qualidade do cacho da 
videira 'Niágara Rosada'. Pesqui Agropec Bras. 36(7): 935-
939. 

Rizk-Alla MS, Sabry GH, Abd El-Wahab MA (2011) Influence 
of Some Rootstocks on the Performance of Red Globe 
Grape Cultivar. J Am Sci. 7 (4): 71-81. 

Sato AJ, Silva BJ, Santos CE, Bertolucci R, Santos R, Carielo M, 
Guiraud MC, Fonseca ICB, Roberto SR (2008) 
Características físico-químicas e produtivas das uvas 
‘Isabel’ e ‘BRS Rúbea’ sobre diferentes porta-enxertos na 
região norte do Paraná. Rev Bras Frutic. 30 (2): 553-556.  

Souza PVD, Fochesato ML (2007) Emprego da poda verde 
para a obtenção de duas safras por ciclo vegetativo em 
‘Niagara Branca’. Bragantia. 66(4): 611-616.  

Tecchio MA, Teixeira LAJ, Terra MM, Moura MF, Paioli-Pires 
EJ (2011) Extração de nutrientes pela videira ‘Niagara 
Rosada’ enxertada em diferentes porta-enxertos. Rev Bras 
Frutic. 33:736–742. 

Terra MM, Pires EJP, Pommer CV, Botelho RV (2003) 
Produtividade da cultivar de uva de mesa Niagara Rosada 
sobre diferentes porta-enxertos, em Monte Alegre do Sul – 
SP. Rev Bras Frutic. 25 (3): 549-551.  

Vanden Heuvel JE, Proctor JTA, Sullivan JA, Fisher KH (2004) 
Influence of training/trellising system and rootstock 
selection on productivity and fruit composition of 
Chardonnay and Cabernet Franc grapevines in Ontario, 
Canada. Am J Enol Viticult. 55: 253-264. 

Venegas MC, Martínez-Peniche R (2001) Rootstock 
influences quality of ´Ruby Seedless table grape (Vitis 
vinifera L.) in Central-Northern Mexico. Acta Hortic. 565: 
125-130. 

http://www.cnpq.br/english/cnpq/index.htm
http://www.cnpq.br/english/cnpq/index.htm
http://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCcQFjAA&url=http%3A%2F%2Fwww.sasev.org%2Fjournal%2F%3Fid%3D8&ei=WklRVM-JFcmngwSUiYHoCQ&usg=AFQjCNFwVfK13SASDMY-xen709JyLrlkVg&bvm=bv.78597519,d.eXY
http://www.google.com.br/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCcQFjAA&url=http%3A%2F%2Fwww.sasev.org%2Fjournal%2F%3Fid%3D8&ei=WklRVM-JFcmngwSUiYHoCQ&usg=AFQjCNFwVfK13SASDMY-xen709JyLrlkVg&bvm=bv.78597519,d.eXY

