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INTRODUCTION

Blueberry (Vaccinium spp) is a fruit 
species from Europe and North America, where it is 
very appreciated for its exotic flavor and functional 
properties (CANTUARIAS-AVILÉS et al., 2014). 
Worldwide interest in the blueberry cultivation is 
due to its high profitability and high antioxidant 

capacity, since it presents phenolic compounds 
such as anthocyanins, flavonoids and cinnamic 
acid derivatives (CARDEÑOSA et al., 2016), 
responsible for fighting free radicals and reducing 
bad cholesterol (RETAMALES et al., 2014; 
ENGLAND, 2015; KANG et al., 2015). LI et al. 
(2016) reported 13 different types of anthocyanins 
in blueberrie cultivars grown in China, being 
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ABSTRACT: Evaluation of yield performance is important to find the most adapted blueberry cultivars in a particular region. This research 
aimed to evaluate the flowering and hasvesting periods, the production per plant, and fruit quality of eight rabbiteye blueberry cultivars (Aliceblue, 
Bluebelle, Bluegem, Briteblue, Climax, Delite, Powderblue, and Woodard) and two highbush blueberries (Georgiagem and O’Neal), in mild 
winter conditions in Pinhais-PR. Flowering and harvesting periods, production, berry weight, size, pH, soluble solids, titratable acidity, ratio and 
color of the fruits were evaluated in the 2013/2014 and 2014/2015 growing seasons, when the plants had two and three years old, respectively. 
Cultivars flowered from August to September, and harvest was concentrated in November and December. Berry weight, size, pH, soluble solids and 
acidity varied among the cultivars. The average ratios of 14.97 and 13.39 for each crop proved that the cultivars have good fruit quality. There 
was little variation in fruit color in the two years evaluated. Blueberry cultivars showed the staining characteristics and physical and chemical 
attributes of quality compatible to blueberry from other traditional regions. Under mild winter conditions, young plants of rabbiteye blueberry 
cultivars, Climax, Delite, Bluegem and Powderblue, are the most productive, while the highbusch cultivars bear few fruits.
Key words: Vaccinium spp, small fruits, chilling hours, postharvest.

RESUMO: A avaliação do desempenho produtivo é importante para encontrar as cultivares de mirtileiro mais adaptadas à uma determinada 
região. Este trabalho teve como objetivo avaliar o período de floração e de colheita, a produção por planta e a qualidade de frutos de oito 
cultivares de mirtileiro do grupo rabbiteye (Aliceblue, Bluebelle, Bluegem, Briteblue, Climax, Delite, Powderblue e Woodard) e duas do grupo 
highbush (Georgiagem e O’Neal) em condição de inverno ameno em Pinhais-PR. Foram avaliadas as datas de início e final de floração, início 
e final de colheita, produção por planta, massa, tamanho de fruto, pH, teor de sólidos solúveis, acidez titulável, ratio e coloração nos ciclos 
produtivos de 2013/2014 e 2014/2015, quando as plantas possuíam dois e três anos, respectivamente.As cultivares estudadas apresentaram 
floração nos meses de agosto e setembro, concentrando a colheita nos meses de novembro e dezembro. Houve diferenças entre as cultivares 
quanto a massa do fruto, tamanho, pH, teor de sólidos solúveis e a acidez. O ratio médio de 14,97 e 13,39 obtido em cada safra provou que as 
cultivares tem boa qualidade de frutos. A coloração dos frutos apresentou poucas variações nos dois anos avaliados. O mirtilo das cultivares 
avaliadas apresentou características de coloração e atributos físicos e químicos de qualidade compatível com o mirtilo de outras regiões 
tradicionalmente produtoras. Em região com inverno ameno, plantas jovens das cultivares Climax, Delite, Bluegem e Powderblue, do grupo 
rabbiteye, são as mais produtivas, enquanto as cultivares do grupo highbush produzem poucos frutos. 
Palavras-chave: Vaccinium spp, pequenas frutas, horas de frio, pós-colheita.

BIOLOGY



2

Ciência Rural, v.47, n.9, 2017.

Medeiros et al.

malvidin (41.0%), delphinidin (33.1%), and 
petunidin (17.3%) the major ones.

Blueberries were introduced in Brazil 
around 1980, and are mostly cultivated in Rio Grande 
do Sul and Santa Catarina States, but also in Paraná, 
São Paulo and Minas Gerais. Most cultivars grown in 
Brazil belong to the rabbiteye group, which require 
less cold than highbush blueberries, but do not 
produce properly in regions with less than 200 chill 
hours (CANTUARIAS-AVILÉS et al., 2014).

All blueberry cultivars grown in Brazil 
were introduced and require adaptation studies for 
different regions. The primary focus of blueberry 
breeding programs around the world has been the 
development of lower chill requirement cultivars 
(LOBOS & HANCOCK, 2015). Dormancy 
breakers may be an alternative in milder climates 
(PICOLOTTO et al., 2014).

Observing the performance of cultivars 
in the region of interest is the most efficient way to 
select the best adapted genotypes for cultivation. 
The purpose of this study was to evaluate tflowering 
and harvest periods, production and fruit quality of 
highbush and rabbiteye blueberry cultivars in mild 
winter conditions.

MATERIALS   AND   METHODS

The study was conducted in two growing 
seasons, 2013/2014 and 2014/2015, when the plants 
had two and three years old after planting, in a 
blueberry collection located in Pinhais-PR, Brazil, 
latitude 25°25’S, longitude 49°08’W and altitude of 
930 meters. The climate, according to Köppen climate 
classification, is the maritime temperate climate (Cfb).

Soil analyses presented the following 
characteristics: pH CaCl2 = 5.0; Al+3 = 0.0cmolc dm-3; 
H++Al+3 = 7.2cmolc dm-3; Ca+2 = 7.1cmolc dm-3; Mg+2 = 
3.2cmolc dm-3; K+ = 0.48cmolc dm-3; P = 15.6mg dm-3; 
C = 19.2g dm-3; base saturation = 60% and clay content 
of 500g kg-1. Before planting, the soil was acidified by 
sulfur incorporation of 204kg ha-1.

Collection consisted of 8 rabbiteye cultivars 
(Aliceblue, Bluebelle, Bluegem, Briteblue, Climax, 
Delite, Powderblue and Woodard) and 2 highbush 
cultivars (Georgiagem and O’Neal) arranged in a 
randomized block design with four replicates and 
ten plants per plot. The orchard was established in 
September 2011, with spacing of 0.7x3.5m, in ridge, 
with mulch and drip irrigation system.

Flowering and harvest periods were 
performed according to bud development stages, or 
else, early flowering stage (more than 5% opened 

blossoms), end of flowering (90% opened blossoms), 
beginning and end of harvest.

Fruits were harvested at full maturity 
stage (SAFTNER et al., 2008) in each treatment 
for the evaluations of: average production per plant 
(g plant-1), fresh berry weight (g); berry size (mm), 
hydrogen potential (pH), soluble solids content 
(SS), titratable acidity and epidermal color. SS 
was analysed by hand held refractometer. TA was 
determided by neutralization titration of a known 
volume of blueberry juice with 0.1N NaOH until pH 
reached 8.2, and expressed as citric acid percentage. 
Berry size was meansured in the equatorial diameter 
by digital caliper rule.

The ratio was obtained by the relationship 
between the total soluble solids and titratable acidity. 
Fruits were homogenized within each treatment and 
selected according to appearance (absence of injuries 
and defects). Samples were then divided into four 
replicates of 36 fruits.

Fruit epiderm color was determined by 
portable colorimeter, using the CIE L*a*b* scale, 
with direct reading of L* (luminosity) values, a* (red 
contribution for positive values and green contribution 
for negative values) and b* (yellow contribution for 
positive values and blue contribution for negative 
values). The hue angle (h*) and color saturation, chroma 
(C*) were calculated from a* and b*, values, according to 
the equations: h*= arc tang (b*/a*) and C*=[(a*) + (b*)]1/2.

The experimental design was a 
randomized complete blocks, with a factorial 
treatment arrangement (2 years x 10 cultivars), with 
four replicates, ten plants per plot and four useful 
plants. Data were submitted to analysis of variance 
and averages compared by the Tukey test.

RESULTS

Flowering period was similar in both cycles, 
2013/2014 and 2014/2015, ranging from 28 to 35 
days, starting earlier in the second cycle. Conversely 
the harvest period showed a large variation between 
cultivars in the cycle 2013/2014, and was more stable 
in the next cycle, ranging from 21 days for ‘Aliceblue’, 
‘Georgiagem’ and ‘O’Neal’ to 35 days for ‘Delite’, 
‘Powderblue’ and ‘Woodard’ (Table 1).

In the 2014/2015 cycle, flowering occurred 
earlier than in the previous year for all cultivars, 
with an average anticipation of two weeks. This fact 
may be associated mostly to higher temperatures in 
periods prior to flowering rather than the cold hours 
accumulated, since that in the second cycle temperatures 
were higher than the previous year, being observed 
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an increase of 0.51°C and 0.80°C on the average 
temperature in July and August, respectively. Whereas, 
accumulated chilling hours were higher in the first 
cycle (Table 2). Production was low in the first cycle, 
when the plants had two years old, and the cultivars 
didn’t differ presenting in average 27.86g of fruits per 
plant. Next year, when the plants had three years old, 
the difference between cultivars was quite remarkable, 
especially ‘Climax’ which was the most productive, 
reaching over 1kg of fruits per plant, followed by 
‘Delite’, ‘Bluegem’, and ‘Powderblue’. ‘Aliceblue’, 
‘Georgiagem’ and ‘O’Neal’ did not produce with two 
years old and were less productive with three years old, 
togheter ‘Briteblue’ and ‘Woodard’ (Table 3).

‘Bluebelle’ showed the highest berry weight 
with two years old (1.92g). Next cycle, ‘Delite’ (1.96g) was 
superior the others, but didn’t differ to ‘Bluebelle’ (1.89g), 
‘Powderblue’ (1.73g) and ‘Aliceblue’ (1.68g) (Table 3). 
‘Woodard’, ‘Bluebelle’, and ‘Briteblue’ produced greater 
fruits in the first cycle. Fruits were bigger than 15mm. In 
the second cycle‘Woodard’ stood out (Table 3).

Chemical characteristics varied among 
cultivars. The pH values were higher in the first 
cycle compared to the second cycle for all cultivars. 
There wasn’t difference among the cultivars in the 
2013/2014 cycle. However, in the second cycle 
‘Powderblue’ showed the highest pH (Table 3). 
Regarding to soluble solids content, ‘Climax’ (12.27 
°Brix) presented significantly higher contents than 
the other cultivars in the first cycle. In the second 
cycle ‘Powderblue’ (13.27 °Brix), and ‘Delite’ (12.92 
°Brix) stood out. The more acidic fruits were from 
Woodard cultivar in both years, reaching 1.00 and 
1.88%. The ratio (SS/TA) was higher in Climax 
(20.57) and Powderblue (18.50) cultivars in the first 
cycle and higher on Powderblue (19.56) and Delite 
(19.45) in the second cycle (Table 3).

There was little variation in luminosity 
(L*) among the cultivars, which presented averages 
from 29.00 to 34.87 in the first and from 27.07 to 
35.38 in the second cycle. ‘Powderblue’ was superior 
the others in both cycles (Table 4). The parameter 

 

Table 1 - Flowering and harvest period of ten blueberry cultivars in two cycles (2013/2014 and 2014/2015), in Pinhais, PR, Brazil(1). 
 

Cultivar 
------------------------------Flowering--------------------------- ----------------------------Harvest-------------------------- 

Beginning End Flowering time (days) Beginning End Harvest time (days) 
---------------------------------------------------------------------------------2013/2014------------------------------------------------------------------------ 
Aliceblue 26/08 23/09 28ns - - - 
Bluebelle 12/08 16/09 35 09/12 16/12 08c 
Bluegem 12/08 16/09 35 02/12 23/12 22ab 
Briteblue 19/08 23/09 35 16/12 23/12 08c 
Clímax 19/08 23/09 35 25/11 23/12 29a 
Delite 26/08 23/09 28 09/12 23/12 15bc 
Georgiagem 26/08 30/09 35 - - - 
O’Neal 12/08 09/09 28 - - - 
Powderblue 19/08 23/09 35 02/12 23/12 22ab 
Woodard 19/08 23/09 35 09/12 16/12 08c 
CV (%)   18.22   24.02 
--------------------------------------------------------------------------------2014/2015------------------------------------------------------------------------- 
Aliceblue 04/08 01/09 28ns 03/11 01/12 21b 
Bluebelle 28/07 25/08 28 03/11 01/12 28ab 
Bluegem 04/08 08/09 35 03/11 01/12 28ab 
Briteblue 04/08 08/09 35 03/11 01/12 28ab 
Clímax 04/08 08/09 35 03/11 01/12 28ab 
Delite 25/08 29/09 35 03/11 08/12 35a 
Georgiagem 04/08 01/09 28 03/11 24/11 21b 
O’Neal 28/07 25/08 28 03/11 24/11 21b 
Powderblue 21/07 25/08 35 03/11 08/12 35a 
Woodard 18/07 18/08 28 03/11 08/12 35a 
CV (%)   17.21   19.36 

 

(1)Means followed by the same lower case letters in the columns do not differ by the Tukey test (P≤0.05); ns = no significant. 
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a* varied among cultivars in both cycles, but it was 
always positive and in general higher in the first 
cycle than the second. Parameter b* also varied 
among cultivars and it was always negative. In the 
first cycle, this parameter was more negative for all 
cultivars. Parameter a*, which quantifies the green 
color variation (a*<0) to red (a*>0), for presenting 
positive values indicated that the fruits have a higher 
intensity of red color; although, as the values were 
low and b* values were negative, blue color prevailed.
There wasn’t difference to tonality (h*) among 
cultivars in the first cycle, but in the second cycle 
‘Georgiagem’ was superior the others and didn’t 
differ to ‘Powderblue’, ‘Bluegem’, and ‘Aliceblue’. 
There was variation among saturation (C*) values 
of the cultivars, with a pronounced reduction in the 
cycle 2014/2015 in relation to 2013/2014 for all 
cultivars (Table 4).

DISCUSSION

There was little variation of blooming 
period among the cultivars in both cycles, similarly 
to results presented by ANTUNES et al. (2008) in 
the region of Pelotas-RS. However, in the second 
cycle, the flowering occurred earlier than the first 
cycle for all cultivars. Because of this difference in 
the beginning and end of flowering, harvest periods 
were displaced during the years, with a concentration 
in November in the 2013/2014 cycle, and December 
in the 2014/2015 cycle. This is a favorable period 
for blueberries commercialization in the domestic 
market, since harvest occurs during the Christmas 
season, and there is a great demand for blueberries.

The poorer production observed during the 
first cycle was because the plants were still young, 
with two years old. In the second cycle there was 

 

Table 2 - Yield, berry weight, berry size, pH, soluble solids content (SS), titratable acidity (TA) and ratio (SS/TA) of blueberry cultivars, in 
two cycles (2013/2014 and 2014/2015), in Pinhais, PR, Brazil(1). 

 

Cultivar 
------------------Yield (g pl-1)----------------- -------Berry weight (g)-------- -------------Berry size (mm)-------------- 

2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 
 

Aliceblue -- 27.12e -- 1.68abc -- 12.48d 
Bluebelle 30.60aB 219.17dA 1.92aA 1.89abA 15.37abA 13.30cdB 
Bluegem 25.50aB 586.80bcA 1.52bA 1.42cA 13.67dA 13.69bcA 
Briteblue 21.18aA 96.62deA 1.67abA 1.64bcA 15.24abcA 13.54cdB 
Clímax 26.78aB 1057.25aA 1.71abA 1.61bcA 14.53bcdA 14.69abA 
Delite 26.36aB 675.24bA 1.65abB 1.96aA 14.21cdA 13.82bcA 
Georgiagem -- 50.97e -- 1.57c -- 13.36b 
O’Neal -- 50.55e -- 1.47c -- 12.97c 
Powderblue 31.65aB 478.70cA 1.71abA 1.73abcA 14.49bcdA 13.88abcA 
Woodard 32.95aA 94.83deA 1.76abA 1.55cB 16.14aA 15.03aB 
CV (%) 41.16 8.35 4.06 

Cultivar 
-------------pH------------- -----------SS (ºBrix)----------- ------TA (% citric acid)----- --------Ratio (SS/TA)-------- 
2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 

 
Aliceblue -- 2.84ab -- 10.60cd -- 0.74d -- 14.32bcd 
Bluebelle 3.24aA 2.48dB 10.20cA 10.37cdA 0.80abB 1.22bA 12.72cA 8.91efB 
Bluegem 3.13aA 2.83abB 10.90bcA 10.82cdA 0.74abB 1.03bcA 14.67bcA 10.51defB 
Briteblue 3.13aA 2.85abB 10.72bcA 11.47bcA 0.75abB 0.70dA 14.13bcA 16.26abcA 
Clímax 3.14aA 2.68bcdB 12.27aA 11.37cB 0.60bB 1.28bA 20.57aA 8.89efB 
Delite 3.08aA 2.87abB 10.97bcB 12.92aA 0.84abA 0.67dB 13.13bcB 19.45aA 
Georgiagem -- 2.82ab -- 12.67ab -- 0.70d -- 17.94ab 
O’Neal -- 2.79abc -- 10.10d -- 0.85cd -- 11.84cde 
Powderblue 3.12aA 2.94aB 11.82abB 13.27aA 0.65bA 0.70dA 18.50abA 19.56aA 
Woodard 3.20aA 2.59cdB 11.05abcA 11.40cA 1.00aB 1.88aA 11.05cA 6.17fB 
CV (%) 3.39 5.43 12.74 16.16 

 

(1)Means followed by the same lower case letters in the columns and capital letters in the lines do not differ by the Tukey test (pP≤0.05). 
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significant production, with clear differences among 
cultivars. The highbushs ‘Georgiagem’ and ‘O’Neal’ 
did not produce in the 2013/2014 cycle and produced 
just a few fruits in the 2014/2015 cycle. This response 
may be due to lack of climatic adaptation, since these 
cultivars are more demanding in chill than those 
belonging to the rabbiteye group. In the Biobío 
region, Chile, where the highbush cultivars are 
cultivated, in 37º26’S, there are around 1237 chilling 
hours (MUÑOZ-VEGA et al., 2016). In this climatic 
condition, ‘O’Neal’ can produce 69g per plant in the 
first year after planting (RETAMAL-SALGADO et 
al., 2015). Number of accumulated chilling hours 
in Pinhais-PR is low. During this experiment were 
observed 174 hours of chill below 7.2°C until August 
12th, 2013, when occurred the sprouting of the first 
cultivars and only 37 hours of chill until July 18th, 

2014, when ‘Woodard’ started budbreak (Table 2). 
These values are considered insufficient to attend the 
demand of the highbush cultivars. This unproductive 
behavior was also observed in the region of Pelotas-
RS, with the same cultivars, did not produce with 
only 368 hours chill (PASA et al., 2014). ‘Aliceblue’, 
despite belonging to the rabbiteye group, have not 
produced either in the first cycle and produced very 
little in the second. Low production of this cultivar 
may be related to other climatic and soil factors.

In the 2014/2015 cycle, when the plants 
had three years old, ‘Climax’, ‘Delite’, ‘Bluegem’ 
and ‘Powderblue’ stood out as the most productive. 
The highlight was the cultivar Climax, which 
produced 1,057g pl-1, superior to 350g pl-1 reported 
by ANTUNES et al. (2008) for the same cultivar 
in the region of Pelotas-RS. A productivity of 

Table 3 - Color parameters (L*, a*, b*), tonality (hue) e saturation of blueberry cultivars, in two cycles (2013/2014 and 2014/2015) in 
Pinhais, PR, Brazil(1). 

 

Cultivar 
----------------------------------------------------Color parameters---------------------------------------------------- 

-------------------L*------------------ -----------------a*------------------ -----------------b*------------------ 
2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 

 
Aliceblue -- 31.22bc -- 1.10bc -- -2.66bcd 
Bluebelle 28.00dA 27.07eA 4.23aA 4.11aA -5.33dA -2.06cdB 
Bluegem 33.18abA 30.55bcB 3.83abA 1.27bcB -7.23abcA -3.82abB 
Briteblue 28.75cdA 29.91cdA 3.71abA 2.45bB -5.67dA -2.08cdB 
Clímax 29.26cdA 29.71cdeA 2.86abA 2.18bA -6.54bcbA -3.84abB 
Delite 31.54bcA 33.01abA 4.11abA 2.68abB -6.23cdA -3.18bcB 
Georgiagem -- 29.36cde -- 0.30c -- -2.55cd 
O’Neal -- 27.15de -- 1.48bc -- -1.55d 
Powderblue 34.87aA 35.38aA 3.45abA 1.42bcB -8.31aA -4.47aB 
Woodard 29.53cdA 28.53cdeA 2.61bA 1.74bcA -7.70abA -3.23abcB 
CV(%) 4.63 29.65 13.65 
 -----------------Tonality Hue (rad)------------------ ------------------Saturation (Chroma)------------------- 
 2013/14 2014/15 2013/14 2014/15 
Aliceblue -- -1.15abc -- 2.98cde 
Bluebelle -0.91aA -0.50eB 6.89cdA 4.69aB 
Bluegem -1.07aA -1.24abA 8.21abA 4.04abcB 
Briteblue -0.99aA -0.73deB 6.84dA 3.30bcdeB 
Clímax -1.15aA -1.05bcdA 7.15cdA 4.45abB 
Delite -0.98aA -0.88cdA 7.84cdA 4.32abB 
Georgiagem -- -1.44a -- 2.57de 
O’Neal -- -0.81cde -- 2.15e 
Powderblue -1.17aA -1.27abA 9.00aA 4.71aB 
Woodard -1.24aA -1.08bcdA 8.13abcA 3.72abcdB 
CV(%) 14.78 11.65 

 

(1)Means followed by the same lower case letters in the columns and capital letters in the lines do not differ by the Tukey test (P≤0.05). 
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4,315kg ha-1 in Pinhais-PR may be estimated, far 
higher than the estimated 900kg ha-1 productivity 
when cultivated using raffia and polypropylene soil 
coverage in Pelotas-RS (PASA et al., 2014). ‘Climax’ 
was the most productive and presented good fruit 
size (14.69mm) and weight (1.61g), similar to those 
observed by PASA et al. (2014), who obtained fruits 
of 14.13 to 16.54mm and weighting from 1.3 to 1.65g, 
and better results than reported by ANTUNES et al. 
(2008), of 14.50mm, and 1.32g for the same cultivar 
in the region of Pelotas-RS. These results confirmed 
the possibility of cultivating rabbiteye blueberries 
in mild winter conditions, such as those occuring 
in Pinhais-PR, latitude 25º South. In latitude 25º 
North, HUANG & LI (2015) observed that in such 
subtropical conditions, i.e. mild winter and no frosts, 
leaves of the same cultivars remained green and did 
not fall during winter. These results demonstrated the 
adaptation plasticity of the rabbiteye group cultivars 
that, even originary from United States regions with 
450 to 600 chilling hours (LOBOS & HANCOCK, 
2015), produce in warmer regions either. It was 
confirmed in the present study with young plants of 
rabbiteye, which should increase the production in 
the next seasons.

Chemical characteristics were different 
among the cultivars and crop cycles. Variability cycle 
to cycle was also observed in many experiments with 
highbush and rabbiteye cultivars in The United States 
(GÜNDÜZ et al., 2015). In general, the blueberries 
chemical characteristics evaluated in this study are 
within the considered ideal range for good quality 
blueberries, with pH between 2.25 and 4.25, total 

soluble solids higher than 10%, acidity among 0.3 to 
1.3% and ratio between 10 and 33 (BEAUDRY, 1992).

The pH, soluble solids and acidity 
determinations contributed to the assumption of the 
fruits acceptability and that there are differences 
among the cultivars and years (Table 3). The pH and 
acidity of the fruit are used to show the fruit quality 
and the stage of ripeness (SANTANA et al., 2004). 
The pH values were lower than those reported 
by SOUSA et al. (2006) in assessing behavior of 
American blueberry cultivars grown in Portugal.

‘Powderblue’ stood out among the cultivars 
with higher soluble solids in the two evaluation cycles, 
11.82 and 13.27 °Brix. These values are close to the 
average of 12.60 °Brix reported in three consecutive 
harvests, in the region of Pelotas-RS (ANTUNES 
et al., 2008). Soluble solids are strongly affected 
by cultivar, more than other factors (PALMA et al., 
2016). Also presenting low acidity, ‘Powderblue’ 
was superior regarding to ratio, reaching values of 
18.50 and 19.56 in the evaluated cycles. This cultivar 
also presented low acidity (0.66%) when grown in 
Manor-Georgia (USA), but the ratio in this location 
was higher (23.8) because the obtained soluble solids 
content was 15.67 ºBrix (GÜNDÜZ et al., 2015). In 
this American State, blueberry cultivation had a break 
through with the development of cultivars with lower 
demand in chilling by introduction of genes from 
local native species in the most demanding cultivars 
of the northern highbush group. These cultivars were 
expanded to Chile (1980), Argentina and Spain (1990), 
California (2000) and more recently to Mexico, Peru 
and Ecuador (2010) (LOBOS & HANCOCK, 2015).

 

Table 4 - Climatic characteristics in 2013 and 2014 in Pinhais, PR, Brazil(1). 
 

Characteristics JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

----------------------------------------------------------------------------------2013------------------------------------------------------------------------------ 
Maximum temperature(°C) 25.06 26.74 24.31 23.66 21.55 19.40 18.81 20.45 21.20 22.69 23.65 26.15 
Mean temperature(°C) 19.14 20.43 18.77 17.06 15.45 14.24 12.45 13.60 15.20 16.64 17.95 20.12 
Minimum temperature(°C) 15.42 16.71 15.24 12.60 10.85 10.79 7.37 8.02 10.59 12.51 14.17 16.17 
Precipitation (mm)  58.6 277.8 128.2 49.8 88.8 160.0 125.6 28.0 173.4 99.8 105.6 101.4 
Chilling hours (<7.2ºC) 0 0 0 0 32 11 110 77 18 0 0 0 
----------------------------------------------------------------------------------2014------------------------------------------------------------------------------ 
Maximum temperature(°C) 28.70 28.11 25.22 22.57 20.69 20.07 19.20 22.12 22.32 25.42 24.47 26.58 
Mean temperature(°C) 21.79 21.35 19.58 17.58 15.16 14.95 13.25 15.02 16.12 17.49 18.52 19.97 
Mininum temperature(°C) 17.39 17.33 16.13 14.53 11.78 11.13 9.54 9.19 12.54 13.37 14.80 16.06 
Precipitation (mm)  198.6 135.2 121.2 68.4 88.0 164.8 34.4 69.8 178.0 72.6 124.0 220.6 
Chilling hours (<7.2ºC) 0 0 0 0 0 21 37 39 0 0 0 0 

 

(1)Source: SIMEPAR. 
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Studies that relate ratio with acceptability 
of blueberry fruits are rather scarce and according 
to SAFTNER et al. (2008) the acceptability of fruits 
is best related to flavor, succulence, sweetness and 
appearance than with instrumental measurements. 
However, BEAUDRY (1992) mentions that a 
blueberry ratio between 10 and 33 indicates that the 
fruit displays good quality. ‘Climax’ stood out in the 
2013/2014 cycle with high soluble solids content and 
low acidity, reaching a ratio of 20.57. However, in 
the next cycle, because of the high acidity (1.28%), 
it was ranked among the cultivars with smaller ratio 
(8.89). Acid value was much higher than reported by 
GÜNDÜZ et al. (2015), who reported 0.27% for this 
cultivar in the region of Manor-Georgia (EUA), while 
the ratio reached was 48.6. The difference between 
the years may be related to climatic factors, as in 
the second cycle the cultivars generally showed an 
increase in acidity and reduction of the ratio. In the 
second cycle, the harvest took place in November, 
which was rainier and had lower temperatures than 
December of the previous year (Table 2).

CONCLUSION

The flowering period in Pinhais-PR for all 
cultivars is from August to September, and harvest 
period from November to December. The most 
productive cultivars in mild winter conditions are the 
rabbiteyes Climax, Delite, Bluegem and Powderblue, 
while the highbush cultivars produce just few fruits. 
All cultivars have good fruit quality.
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