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Abstract

The highbush blueberry (Vaccinium corymbosum L.) is a promising fruit species due to
its high nutritional value and health benefits. This study, conducted between 2020 and
2024, monitored the phenological and pomological characteristics of 32 different blueberry
cultivars grown in the Czech Republic. The evaluation was carried out according to Czech
Republic standardized methodologies, BBCH (Biologische Bundesanstalt, Bundessorte-
namt und Chemische Industrie) and GRIN (Genetic Resources Information Network),
and included parameters such as fruit size, flavor, aroma, firmness, color, and soluble
solids content (SSC in ◦Brix). The correlation between individual traits was assessed, along
with their phenotypic stability. The results showed that all cultivars exhibited high po-
mological values, making them suitable for breeding programs. The cultivars ‘Collins’
and ‘Patriot’ received the highest flavor ratings. Firmness, aroma, and color traits were
found to be correlated with consumer preferences. The interannual coefficient of variation
(CV) obtained for the evaluated blueberry cultivars differed for both pomological and
phenological traits, allowing the identification of genotypes with high stability (CV ≤ 10%)
and their potential use in targeted breeding programs and industrial production. The
‘Pink Lemonade’ blueberry cultivar, in particular, combines unique color characteristics
with a strong aroma. Overall, this study provides valuable insights for future breeding
efforts aimed at improving blueberry quality and cultivar adaptability under different
cultivation conditions.

Keywords: blueberry; Vaccinium corymbosum; pomological traits; phenological traits; fruit
quality; cultivar

1. Introduction
Vaccinium corymbosum L., also known as the northern highbush blueberry, is a perennial

shrub species native to North America and a member of the Ericaceae family. It grows
optimally in temperate climates with adequate rainfall or irrigation. Compared to most
fruit crops, it has unique agroecological requirements, notably a strong need for acidic soils
with a pH of 3.8 to 4.5 [1–3]. V. corymbosum is a deciduous, multi-stemmed shrub with
no principal axis or trunk that typically reaches 1–3.0 m in height. It produces alternately
arranged simple leaves and develops corymbose clusters of bell-shaped flowers that range
in colors from white to pale pink [4–8].

The agricultural and commercial importance of highbush blueberry lies in the high
nutritional quality and biological value of its fruit. It has been scientifically proven that
blueberry consumption may help reduce the risk of developing cardiovascular diseases,
type 2 diabetes, neurodegenerative processes, and certain cancers. The wide range of
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beneficial effects of blueberries on human health is due to their high content of bio-
logically active compounds, especially polyphenols, which are characterized by strong
antioxidant activity [9–12]. Fresh blueberries are also a source of carotenoids and other
vitamins. [13–15]. Due to their high nutritional value and beneficial functional properties,
blueberries occupy a leading position in the fresh fruit market. Over the past two decades,
the global blueberry market has experienced a dramatic increase in production. In contrast,
blueberry cultivation in the Czech Republic has been reduced to only a handful of small
or family farms, managing plots on the order of tens of hectares. In addition, these farms
are not recorded by the Czech Ministry of Agriculture as a separate statistical commodity;
therefore, there is no official nationwide production data for blueberries. Nevertheless in
recent years, the area under blueberry cultivation in the Czech Republic has been steadily
increasing, indicating that this crop may have significant potential in Czech fruit produc-
tion. Moreover, blueberries (Vaccinium spp.) exhibit substantial genetic and biochemical
diversity across cultivars, wild clones, and hybrids [16], which underscores the breeding
potential for adaptation to local conditions and market demands. The growing demand
for this crop has a significant impact on the export dynamics of the Czech Republic, which
have seen a significant increase in shipment volumes since 2020 [17]. In this context, interest
is growing in producing both high-quality planting material and varieties that can meet
growers’ diverse needs.

Due to blueberry’s high commercial potential, a detailed understanding of its pheno-
logical and pomological traits is crucial for the breeding and selection of regionally adapted
cultivars. Currently, intensive breeding is being conducted, focusing on various aspects of
blueberry production and fruit quality [18,19]. Priority traits include adaptation to abiotic
factors, such as phenological adaptability to regional conditions, the need for a shorter
chilling period in warmer areas and increased frost tolerance in cooler zones, tolerance
to elevated soil pH, and resistance to spring and autumn frosts, as well as to ultraviolet
radiation [20]. At the same time, considerable attention is given to production-related traits,
including high yield, fruit size, and suitability for mechanized harvesting [21], as well
as taste [22], fruit color [18,23], appearance, and texture [24,25]. Consequently, breeders
are increasingly focused on identifying genotypes that exhibit desirable agronomic traits,
making them suitable for use as material in modern breeding programs. In this context,
preserving and maintaining diverse agricultural genetic resources worldwide have become
clear priorities. These collections safeguard valuable genetic diversity and provide a foun-
dation for selecting cultivars adapted to evolving environmental conditions and market
demands. Therefore, the main objective of our study was to evaluate the pomological and
phenological traits of 32 different highbush blueberry cultivars, and their suitability for
breeding and cultivation under the environmental conditions encountered in the Czech
Republic. Results from this work will also help identify the most promising cultivars for
commercial cultivation.

2. Materials and Methods
This research was conducted between 2020 and 2024 at the Genetic Resources Depart-

ment of the Research and Breeding Institute of Pomology Holovousy Ltd. (RBIP). The
highbush blueberry cultivars evaluated were planted in the genebank of the RBIP, which
was established in 1989 as part of the fruit germplasm collections in Holovousy, a village in
eastern Bohemia (Figure 1).

This locality (coordinates: 50◦22′31′′ N 15◦34′39′′ E) is situated in the Jičín District of
the Hradec Králové Region in the Czech Republic. It has an average annual temperature
of 8.4 ◦C and an average precipitation of 663.5 mm [26]. The field was irrigated, and
crop management followed standard plantation management practices. Annual sanitary
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pruning was performed in March and April to develop and maintain the proper size and
shape of the bushes, and dead, broken, or diseased branches were pruned back to live
wood. A mulch layer composed of shredded bark and coniferous wood was applied under
the Vaccinium corymbosum bushes to maintain soil moisture and suppress weed growth. The
center row between the plants was kept by mowing the grass regularly to prevent erosion
and to facilitate the movement of agricultural machinery for agrotechnical interventions
and plantation management.

 

Figure 1. Blueberry germplasm collection (field cultivation).

2.1. Plant Material

The experiment included 32 cultivars of Vaccinium corymbosum L. (highbush blueberry).
Three to six bushes were planted for each cultivar at an altitude of 320 m.

Fruits from a collection of 32 different blueberry cultivars were harvested at maturity and
evaluated for pomological traits (Figure 2). ‘Bluecrop’ was used as a commercial standard.

 

Figure 2. Appearance of the blueberry cultivars evaluated. 1—Bluecrop (standard commer-
cial cultivar; C), 2—Berkeley, 3—Blu Jay, 4—Blue Gold, 5—Blue Ray, 6—Bluetta, 7—Bluhaven,
8—Brigitta, 9—Burlinton, 10—Collins, 11—Coville, 12—Croatan, 13—Darow, 14—Duke, 15—Early
Blue, 16—Elliott, 17—Gila, 18—Goldtranbe, 19—Herbert, 20—Chandler, 21—Iranka, 22—Jersey,
23—Nelson, 24—Northland, 25—November, 26—Patriot, 27—Pink Lemonade, 28—Rancocas,
29—Spartan, 30—Sunrise, 31—Toro, and 32—Weymouth.
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The phenological and pomological traits were assessed using the nine-point classifica-
tion scale established for blueberries in the GRIN Czech database, which is the national
documentation system for plant genetic resources in the Czech Republic. This system,
adapted from the globally recognized GRIN-Global platform developed in cooperation
with the USDA Agricultural Research Service, provides standardized and detailed charac-
terization data for particular crops including blueberries.

2.2. Evaluation of the Pomological Traits

For the purpose of evaluation, 100 representative fruits were selected to reflect the average
morphological and qualitative characteristics of the given cultivar. For pomological traits, the
evaluation was carried out on a representative sample of 10 fruits. Descriptive analysis and sen-
sory properties were subjectively assessed by 4 trained experts specialized in fruit quality eval-
uation, with prior experience in pomological sensory analysis, following the recommended
procedures of the International Union for the Protection of New Varieties of Plants (UPOV).
The pomological evaluation of the fruit was assessed using rating scales as follows: fruit size
(1—very small, up to 90 g/100 fruits; 3—small, 90–119 g; 5—medium, 120–159 g; 7—large,
160–199 g; and 9—very large, over 200 g); length-to-width ratio (3—width greater than length;
5—width equal to length; and 7—width less than length); surface glossiness (3—dull/waxy;
5—moderately glossy; and 7—highly glossy); and skin color (1—grayish-blue; and 2—dark
blue to black). When the color was not specified in the classifier, we used a verbal de-
scription (‘Pink Lemonade’). Firmness (3—low; 5—medium; and 7—high); acidity (3—low;
5—medium; and 7—high); aromatic intensity (1—imperceptible; 3—faint; 5—medium;
7—aromatic; and 9—very aromatic); and flavor quality (1—unsatisfactory; 3—acceptable;
5—good; 7—very good; and 9—excellent) were also assessed. Soluble solids content
(SSC) was expressed in ◦Brix using digital hand refractometer (Bellingham + Stanley Ltd.,
model Brix 54, Tunbridge Wells, Kent UK).

2.3. Evaluation of the Phenological Traits

The phenological stages were identified according to the BBCH scale for blueberries.
The BBCH scales represent a unified coding system for describing phenologically similar
growth stages in mono- and dicotyledonous plants. The beginning of flowering was
established when 30% of the flowers had opened (BBCH 63). The end of flowering was
established when 70% of the flower had fallen. The onset of ripening was established when
30% of the fruits had reached maturity (BBCH 893). Flower and fruit set were evaluated on
a scale of 1–9 (1—absent, 3—weak, 5—intermediate, 7—high, and 9—very high). The start
and end of flowering, as well as the beginning of ripening, were recorded as the number
of days from the start of the calendar year. The weight of 100 fruits was determined by
weighing one hundred randomly selected, fully ripe berries from each cultivar. The total
weight (in grams) was measured using an analytical balance (RADWAG, model PS 4500.R2,
Radom, Poland) with an accuracy of ±0.01 g.

2.4. Statistical Analysis

A statistical analysis of the results was performed using Minitab 19 statistical software
(Minitab LLC (1829 Pine Hall Rd State College, PA, 16801-3008, USA), 2019), including the
calculation of standard deviations.

All values were averaged to obtain means for individual characteristics, and standard
deviations (SDs) were calculated to describe the variance of the evaluated values. SDs were
computed using the following formula:

SD =

√
∑(xi − x)2

n − 1
(1)
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where xi takes on each value in the set, x is the statistical mean of the set of values, and
n is the number of values. The coefficient of variation (CV) was calculated using the
following formula:

CV =
SD
x

(2)

The standard error of the mean (SE) was calculated using the formula:

SE =
SD√

n
(3)

The evaluated cultivars were categorized into three groups according to the degree
of variability, based on generally accepted criteria for the interpretation of the coefficient
of variation:

Low-to-negligible variability—The CV does not exceed 10%, the population is consid-
ered homogeneous, and the mean values derived from it are representative.

Moderate variability—The CV does not exceed 30%, the trait is considered to show
average variability, and the resulting indicators are of moderate reliability.

High variability—The CV exceeds 30%, the population is considered heterogeneous,
and the mean values are not regarded as representative.

Pearson’s correlations were used to calculate the correlation coefficients between
different combinations of pomological traits. The resulting coefficients were interpreted
using the following scale:

Up to 0.20—very weak correlation;
From 0.21 to 0.50—weak correlation;
From 0.51 to 0.70—moderate correlation;
From 0.71 to 0.90—strong correlation;
Above 0.91—very strong correlation.

A statistical analysis of the experimental data was performed using Minitab 19 soft-
ware (Minitab LLC, 2019). Prior to conducting a one-way analysis of variance (ANOVA),
the data were tested for normality using the Kolmogorov–Smirnov test. Tukey’s post hoc
test was used to identify significant differences between means at a significance level of
p ≤ 0.05.

3. Results and Discussion
3.1. Pomological Traits

Overall, blueberry cultivars showed high quality across multiple pomological traits
(Table 1). Specifically, the cultivars ‘Collins’ and ‘Patriot’ achieved the highest average flavor
ratings, consistently scoring a maximum of 9 points across all years. These two cultivars
also demonstrated minimal year-to-year variability in flavor expression, with coefficients
of variation below 10% (Table 2). This indicates a high degree of trait stability, positioning
both cultivars as strong candidates for use as parental genotypes in breeding programs
aimed at improving sensory quality.

A broader group of cultivars, including ‘Brigitta’, ‘Blue Gold’, ‘Blue Ray’, ‘Berkeley’,
‘Elliott’, ‘Goldtraube’, ‘November’, ‘Pink Lemonade’, and ‘Spartan’, achieved average flavor
scores ranging from 7 to 8 points, corresponding to the “very good” category. Within this
group, the coefficients of variation for flavor ranged from low (≤10%) to moderate (10–30%),
suggesting consistent trait expression across years and environmental conditions. These
cultivars may also be considered valuable donors of favorable sensory attributes in targeted
breeding efforts exceeding ‘Bluecrop’, used in our study as a commercial standard.



Appl. Sci. 2025, 15, 11158 6 of 20

Table 1. Pomological evaluation of blueberry fruits (2020–2024).

Cultivars

Fruit Size Length-to-
Width Ratio

Surface
Glossiness Skin Color Firmness Acidity Aromatic

Intensity Flavor Quality Weight of 100 Fruits (g) SSC (◦Brix)

Average
± SD SE Average

± SD SE Average
± SD SE Average

± SD SE Average
± SD SE Average

± SD SE Average
± SD SE Average

± SD SE Average
± SD SE Average

± SD SE

Bluecrop (c) 7.0 ± 1.8 0.9 3.0 ± 0.0 0.0 3.0 ± 0.0 0.0 1.0 ± 0.0 0.0 5.4 ± 0.8 0.4 4.0 ± 0.9 0.4 5.8 ± 1.0 0.5 6.6 ± 0.5 0.2 186.7 ± 56.9 BCD 28.4 16.6 ± 2.9 A 1.4

Berkeley 7.0 ± 2.5 1.3 3.4 ± 0.8 0.4 3.0 ± 0.0 0.0 1.0 ± 0.0 0.0 5.4 ± 0.8 0.4 3.4 ± 0.8 0.4 6.4 ± 0.5 0.2 7.0 ± 0.0 0.0 175.4 ± 40.3 BCD 20.1 12.9 ± 1.3 A 0.7

Blu Jay 4.6 ± 0.8 0.4 4.2 ± 1.0 0.5 3.0 ± 0.0 0.0 1.0 ± 0.0 0.0 6.2 ± 1.0 0.5 4.0 ± 0.6 0.3 4.8 ± 0.4 0.2 6.2 ± 0.7 0.4 123.6 ± 28.3 CDE 14.1 12.8 ± 1.4 A 0.4

Blue Gold 8.6 ± 0.8 0.4 3.2 ± 0.4 0.2 3.0 ± 0.0 0.0 1.0 ± 0.0 0.0 7.0 ± 0.0 0.0 4.6 ± 0.5 0.2 6.8 ± 0.4 0.2 7.0 ± 0.6 0.3 202.2 ± 39.5 BCD 19.7 14.4 ± 1.9 A 1.1

Blue Ray 8.0 ± 1.0 1.9 3.0 ± 0.0 0.7 3.0 ± 0.0 0.7 1.0 ± 0.0 0.2 6.5 ± 0.9 1.5 4.0 ± 1.0 1.0 6.5 ± 0.9 1.5 7.0 ± 0.0 1.6 175.7 ± 18.3 BCDE 40.3 14.5 ± 0.7 A 1.1

Bluetta 3.5 ± 1.7 1.1 3.0 ± 0.0 0.7 3.0 ± 0.0 0.7 1.0 ± 0.0 0.2 6.8 ± 0.4 1.5 5.0 ± 0.0 1.1 6.0 ± 1.7 1.6 6.5 ± 0.9 1.5 111.5 ± 20.3 CDE 26.9 13.1 ± 2.2 A 0.8

Bluhaven 9.0 ± 0.0 0.0 3.0 ± 0.0 0.0 3.0 ± 0.0 0.0 1.0 ± 0.0 0.0 5.0 ± 1.3 0.6 4.6 ± 0.8 0.4 6.0 ± 0.9 0.4 6.6 ± 0.8 0.4 198.8 ± 45.2 BCD 22.6 14.3 ± 1.9 A 0.9

Brigitta 7.5 ± 1.7 1.9 3.0 ± 0.0 0.7 4.0 ± 1.0 1.0 1.3 ± 0.4 0.4 4.8 ± 0.4 1.1 5.8 ± 0.8 1.4 6.8 ± 0.4 1.5 7.0 ± 1.4 1.7 195.9 ± 46.4 BCD 49.6 11.3 ± 1.4 A 0.8

Burlington 4.5 ± 1.7 1.3 3.0 ± 0.0 0.0 4.6 ± 0.8 0.4 1.2 ± 0.4 0.2 5.4 ± 0.8 0.4 3.8 ± 1.0 0.5 5.0 ± 0.0 0.0 5.0 ± 0.6 0.3 109.9 ± 30.0 CDE 15.0 14.4 ± 3.3 A 1.3

Collins 4.6 ± 0.8 0.0 3.0 ± 0.0 0.0 4.6 ± 0.8 0.4 1.2 ± 0.4 0.2 5.0 ± 0.0 0.2 4.2 ± 1.0 0.2 7.0 ± 0.0 0.2 9.0 ± 0.0 0.2 135.3 ± 24.6 BCDE 54.4 13.9 ± 2.1 A 2.0

Coville 5.0 ± 1.3 0.4 3.4 ± 0.8 0.0 5.0 ± 0.0 0.4 1.8 ± 0.4 0.2 5.2 ± 0.4 0.0 4.2 ± 1.0 0.5 4.2 ± 0.7 0.0 5.4 ± 0.8 0.0 147.7 ± 30.1 BCD 12.3 15.0 ± 4.1 A 1.2

Croatan 8.2 ± 1.1 0.6 3.0 ± 0.0 0.4 4.6 ± 0.8 0.0 2.0 ± 0.0 0.2 5.0 ± 0.0 0.2 3.8 ± 1.0 0.5 6.2 ± 1.0 0.4 6.4 ± 0.8 0.4 195.4 ± 39.7 BCD 15.0 14.8 ± 2.6 A 1.6

Darow 8.5 ± 0.9 0.5 3.0 ± 0.0 0.0 3.0 ± 0.0 0.4 1.0 ± 0.0 0.0 6.0 ± 1.0 0.0 5.0 ± 0.0 0.5 5.5 ± 0.5 0.5 5.8 ± 0.4 0.4 215.6 ± 53.6 BCD 19.9 14.1 ± 3.4 A 1.5

Duke 7.2 ± 1.3 1.9 3.2 ± 0.4 0.7 3.0 ± 0.0 0.7 1.0 ± 0.0 0.2 6.8 ± 0.4 1.4 4.6 ± 0.8 1.1 4.8 ± 0.4 1.3 5.8 ± 0.7 1.3 145.5 ± 51.8 BCDE 55.1 12.4 ± 2.1 A 1.0

Early Blue 7.0 ± 1.3 0.7 3.2 ± 0.4 0.2 5.0 ± 0.0 0.0 1.0 ± 0.0 0.0 6.2 ± 1.0 0.2 4.0 ± 1.3 0.4 5.0 ± 0.0 0.2 5.4 ± 1.0 0.4 171.6 ± 29.5 BCD 25.9 12.1 ± 0.2 A 1.0

Elliott 5.7 ± 0.9 0.6 3.0 ± 0.0 0.2 3.0 ± 0.0 0.0 1.0 ± 0.0 0.0 4.3 ± 0.5 0.5 4.3 ± 0.5 0.6 6.0 ± 0.8 0.0 7.0 ± 0.0 0.5 157.5 ± 13.4 BCDE 14.8 13.6 ± 1.3 A 0.2

Gila 3.0 ± 1.3 1.9 3.4 ± 0.8 0.9 4.4 ± 0.8 0.9 1.4 ± 0.5 0.3 6.0 ± 0.6 1.4 4.2 ± 1.0 1.4 4.0 ± 1.3 1.9 5.4 ± 0.8 2.2 96.5 ± 23.2 DE 50.2 13.0 ± 2.1 A 0.7

Goldtranbe 7.4 ± 1.5 0.6 3.0 ± 0.0 0.4 3.0 ± 0.0 0.4 1.0 ± 0.0 0.2 5.0 ± 0.0 0.3 4.6 ± 0.8 0.5 5.8 ± 0.7 0.6 7.2 ± 1.0 0.4 170.8 ± 29.8 BCD 11.6 11.7 ± 2.5 A 1.0

Herbert 7.4 ± 2.0 0.7 3.0 ± 0.0 0.0 4.6 ± 0.8 0.0 2.0 ± 0.2 0.0 4.6 ± 0.5 0.0 5.2 ± 0.4 0.4 6.4 ± 0.8 0.4 6.4 ± 0.8 0.5 204.4 ± 38.2 BCD 14.9 12.4 ± 4.4 A 1.3

Chandler 9.0 ± 0.0 1.0 3.0 ± 0.0 0.0 4.0 ± 0.9 0.4 1.2 ± 0.4 0.5 5.6 ± 0.5 0.2 5.4 ± 0.5 0.2 5.4 ± 0.5 0.4 6.4 ± 0.5 0.4 339.9 ± 108 A 19.1 14.0 ± 3.2 A 2.2

Iranka 7.4 ± 1.5 0.7 3.0 ± 0.0 0.0 4.6 ± 0.8 0.4 1.8 ± 0.4 0.2 5.0 ± 0.0 0.0 5.0 ± 1.3 0.6 6.4 ± 0.5 0.2 6.4 ± 0.8 0.4 188.0 ± 51.9 BCD 25.9 12.1 ± 2.2 A 1.6

Jersey 3.0 ± 0.0 0.0 3.0 ± 0.0 0.0 3.8 ± 1.0 0.5 1.6 ± 0.5 0.2 5.6 ± 0.5 0.2 4.8 ± 1.0 0.5 5.6 ± 0.5 0.2 5.8 ± 0.4 0.2 113.4 ± 19.7 CDE 9.8 13.9 ± 1.3 A 1.1

Nelson 9.0 ± 0.0 0.0 3.0 ± 0.0 0.0 4.2 ± 1.0 0.5 1.0 ± 0.0 0.0 5.0 ± 0.0 0.0 4.2 ± 1.0 0.5 5.0 ± 0.0 0.0 6.2 ± 0.7 0.4 215.9 ± 40.4 BC 20.2 14.7 ± 2.4 A 2.1

Northland 3.0 ± 1.3 0.6 3.4 ± 0.8 0.4 4.4 ± 0.8 0.4 1.0 ± 0.0 0.0 5.0 ± 0.0 0.0 4.8 ± 0.4 0.2 7.0 ± 0.0 0.0 6.8 ± 0.4 0.2 98.0 ± 32.8 DE 16.4 13.4 ± 4.2 A 1.2

November 1.0 ± 0.0 0.0 4.2 ± 1.0 0.5 5.0 ± 1.3 0.6 2.0 ± 0.0 0.0 5.0 ± 0.0 0.0 3.0 ± 0.0 0.0 6.4 ± 0.5 0.2 7.0 ± 0.0 0.0 54.6 ± 9.9 E 5.0 14.3 ± 1.5 A 0.6

Patriot 8.2 ± 1.0 0.5 3.0 ± 0.0 0.0 3.0 ± 0.0 0.0 1.0 ± 0.0 0.0 5.0 ± 0.8 0.4 3.8 ± 1.0 0.5 7.0 ± 0.0 0.0 9.0 ± 0.0 0.0 207.0 ± 51.3 BCD 25.7 15.3 ± 1.1 A 0.7
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Table 1. Cont.

Cultivars

Fruit Size Length-to-
Width Ratio

Surface
Glossiness Skin Color Firmness Acidity Aromatic

Intensity Flavor Quality Weight of 100 Fruits (g) SSC (◦Brix)

Average
± SD SE Average

± SD SE Average
± SD SE Average

± SD SE Average
± SD SE Average

± SD SE Average
± SD SE Average

± SD SE Average
± SD SE Average

± SD SE

Pink Lemonade 4.5 ± 0.9 1.1 4.5 ± 0.9 1.1 4.5 ± 0.9 1.1 * ± 0.0 0.0 5.3 ± 0.4 1.2 3.0 ± 0.0 0.7 7.5 ± 0.9 1.7 8.3 ± 0.4 1.9 125.5 ± 13.5 CDE 28.9 15.4 ± 3.4 A 0.6

Rancocas 5.5 ± 0.9 1.3 3.0 ± 0.0 0.7 4.5 ± 0.9 1.1 1.5 ± 0.5 0.4 5.0 ± 0.0 1.1 4.5 ± 0.9 1.1 6.8 ± 0.4 1.5 6.5 ± 0.9 1.5 144.9 ± 36.7 BCDE 37.2 14.0 ± 2.0 A 2.0

Spartan 7.8 ± 1.6 0.8 3.0 ± 0.0 0.0 3.0 ± 0.0 0.0 1.0 ± 0.0 0.0 5.4 ± 0.8 0.4 3.8 ± 0.7 0.4 7.4 ± 0.8 0.4 7.8 ± 1.0 0.5 195.0 ± 51.5 BCD 25.8 12.6 ± 2.0 A 1.0

Sunrise 7.4 ± 0.8 0.4 3.4 ± 0.8 0.4 3.0 ± 0.0 0.0 1.0 ± 0.0 0.0 6.4 ± 0.8 0.4 4.6 ± 0.8 0.4 6.6 ± 0.5 0.2 6.2 ± 0.7 0.4 178.2 ± 28.7 BCD 14.3 11.5 ± 1.7 A 1.0

Toro 9.0 ± 0.0 0.0 3.0 ± 0.0 0.0 3.0 ± 0.0 0.0 1.0 ± 0.0 0.0 6.6 ± 0.8 0.4 4.4 ± 0.8 0.4 5.0 ± 0.0 0.0 5.0 ± 0.0 0.0 247.8 ± 53.2 AB 26.6 11.4 ± 1.5 A 0.9

Weymouth 5.0 ± 0.0 0.0 3.4 ± 0.8 0.4 4.2 ± 1.0 0.5 1.8 ± 0.4 0.2 5.0 ± 0.0 0.0 4.2 ± 0.4 0.2 5.0 ± 0.0 0.0 5.0 ± 0.0 0.0 127.0 ± 18.1 CDE 9.1 16.6 ± 2.9 A 0.8

Different letters after the values indicate a significant difference at p < 0.05; * pink color; (c) = commercial standard.

Table 2. Coefficient of variation for traits in blueberry cultivars (%).

Low-to-Negligible Variability < 10% Moderate Variability 10–30% High Variability >30%

Fruit size Blue Gold, Bluhaven, Chandler, Jersey, Nelson, November,
Toro, Weymouth

Blue Jay, Blue Ray, Bluecrop (c), Brigitta, Collins, Coville, Croatan,
Darow, Duke, Early Blue, Elliott, Goldtranbe, Herbert, Iranka,

Patriot, Pink Lemonade, Rancocas, Spartan, Sunrise

Berkeley, Bluetta, Burlington,
Gila, Northland

Length to width
Blue Ray, Bluecrop (c), Bluetta, Bluhaven, Brigitta, Burlington,

Collins, Croatan, Darow, Elliott, Goldtranbe, Herbert, Chandler,
Iranka, Jersey, Nelson, Patriot, Rancocas, Spartan, Toro,

Blue Gold, Duke, Early Blue, Pink Lemonade, Blue Jay, November,
Berkeley, Coville, Gila, Northland, Sunrise, Weymouth

Surface glossiness
Berkeley, Blu Jay, Blue Gold, Blue Ray, Bluecrop (c), Bluetta,

Bluhaven, Coville, Darow, Duke, Early Blue, Elliott, Goldtranbe,
Patriot, Spartan, Sunrise, Toro

Brigitta, Burlington, Collins, Croatan, Gila, Herbert, Chandler,
Iranka, Jersey Nelson, Northland, November, Pink Lemonade,

Rancocas, Weymouth,

Skin color

Berkeley, Blu Jay, Blue Gold, Blue Ray, Bluecrop (c), Bluetta,
Bluhaven, Croatan, Darow, Duke, Early Blue, Elliott, Goldtranbe,
Nelson, Northland, November, Patriot, Pink Lemonade, Spartan,

Sunrise, Toro

Coville, Iranka, Weymouth
Brigitta, Burlington, Collins,

Gila, Herbert, Chandler,
Jersey, Rancocas

Firmness
Blue Gold, Bluetta, Brigitta, Burlington, Collins, Coville, Croatan,
Duke, Goldtranbe, Chandler, Iranka, Jersey, Nelson, Northland,

November, Pink Lemonade, Rancocas, Weymouth

Berkeley, Blu Jay, Blue Ray, Bluecrop (c), Bluhaven, Darow, Early
Blue, Elliott, Gila, Herbert, Patriot, Spartan, Sunrise, Toro
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Table 2. Cont.

Low-to-Negligible Variability < 10% Moderate Variability 10–30% High Variability >30%

Acidity Bluetta, Darow, Herbert, Chandler, Northland, November, Pink
Lemonade, Weymouth

Berkeley, Blu Jay, Blue Gold, Blue Ray, Bluecrop (c),
Bluhaven, Brigitta, Burlington, Collins, Coville, Croatan,

Duke, Elliott, Gila, Goldtranbe, Iranka, Jersey, Nelson,
Patriot, Rancocas, Spartan, Sunrise, Toro

Early Blue

Aromatic intensity
Berkeley, Blu Jay, Blue Gold, Brigitta, Burlington, Collins, Darow
Duke, Early Blue, Chandler, Iranka, Jersey, Nelson, Northland,

November, Patriot, Rancocas, Sunrise, Toro, Weymouth

Blue Ray, Bluecrop (c), Bluetta, Bluhaven, Coville, Croatan,
Elliott, Goldtranbe, Herbert, Pink Lemonade, Spartan Gila

Flavor quality
Berkeley, Blue Gold, Blue Ray, Bluecrop (c), Collins, Darow,

Elliott, Chandler, Jersey, Northland, November, Patriot, Pink
Lemonade, Toro, Weymouth,

Blu Jay, Bluetta, Bluhaven, Brigitta, Burlington, Coville,
Croatan, Duke, Early Blue, Gila, Goldtranbe, Herbert, Iranka,

Nelson, Rancocas, Spartan, Sunrise

Weight of 100 fruits Elliott

Berkeley, Blu Jay, Blue Gold, Blue Ray, Bluetta, Bluhaven,
Brigitta, Burlington, Collins, Coville, Croatan, Darow, Early

Blue, Gila, Goldtranbe, Herbert, Iranka, Jersey, Nelson,
November, Patriot, Pink Lemonade, Rancocas, Spartan,

Sunrise, Toro, Weymouth

Bluecrop (c), Duke,
Chandler, Northland

Refraction (◦Brix) Blu Jay, Elliott, Gila, November, Pink Lemonade

Berkeley, Blue Gold, Blue Ray, Bluecrop (c), Bluetta,
Bluhaven, Brigitta, Collins, Coville, Croatan, Darow, Duke,
Early Blue, Goldtranbe, Herbert, Iranka, Jersey, Northland,

Patriot, Rancocas, Spartan, Sunrise, Toro, Weymouth

Chandler, Nelson

Beginning of flowering

Berkeley, Blu Jay, Blue Gold, Blue Ray, Bluecrop (c), Bluetta,
Bluhaven, Brigitta, Burlington, Collins, Coville, Croatan, Darow,
Duke, Elliott, Gila, Goldtranbe, Herbert, Chandler, Iranka, Jersey,

Nelson, Northland, November, Patriot, Pink Lemonade,
Rancocas, Spartan, Toro, Weymouth

Early Blue, Sunrise

End of flowering

Berkeley, Blu Jay, Blue Gold, Blue Ray, Bluecrop (c), Bluetta,
Bluhaven, Brigitta, Burlington, Collins, Coville, Croatan, Darow,
Duke, Elliott, Gila, Goldtranbe, Herbert, Chandler, Iranka, Jersey,

Nelson, Northland, November, Patriot, Pink Lemonade,
Rancocas, Spartan, Toro, Weymouth

Early Blue, Sunrise

Flower set

Berkeley, Blu Jay, Blue Gold, Blue Ray, Bluecrop (c), Bluetta,
Bluhaven, Brigitta, Burlington, Collins, Coville, Croatan, Darow,
Duke, Elliott, Gila, Goldtranbe, Herbert, Chandler, Iranka, Jersey,

Nelson, Northland, November, Patriot, Pink Lemonade,
Rancocas, Spartan, Toro, Weymouth

Early Blue, Sunrise
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Table 2. Cont.

Low-to-Negligible Variability < 10% Moderate Variability 10–30% High Variability >30%

Fruit set Berkeley, Blu Jay, Blue Gold, Bluecrop (c), Jersey,
Nelson, Weymouth

Blue Ray, Bluetta, Bluhaven, Brigitta, Burlington, Collins,
Coville, Croatan, Darow, Duke, Early Blue, Elliott, Gila,

Goldtranbe, Herbert, Chandler, IrankaNorthland, November,
Patriot, Pink Lemonade, Rancocas, Spartan, Sunrise, Toro

Beginning of ripening of fruits Bluecrop (c), Berkeley, Jersey, Blu Jay, Nelson, Blue
Gold, Weymouth

Goldtranbe, Herbert, Patriot, Blue Ray, Bluetta, Bluhaven,
Brigitta, Collins, Croatan, Darow, Elliott, Chandler, Iranka,
November, Rancocas, Toro, Coville, Northland, Burlington,
Gila, Spartan, Duke, Sunrise, Pink Lemonade, Early Blue

End of ripening of fruits Bluecrop (c)

Berkeley, Jersey, Bluetta, Blu Jay, Nelson, Weymouth,
Northland, Blue Gold, Goldtranbe, Herbert, Patriot, Duke,

Blue Ray, Bluhaven, Collins, Croatan, Darow, Elliott,
Chandler, Iranka, November, Rancocas, Toro, Coville,

Brigitta, Pink Lemonade, Sunrise, Burlington, Gila, Spartan,
Early Blue

Length of ripening of fruits Bluecrop (c)

Berkeley, Jersey, Bluetta, Blu Jay, Nelson, Weymouth,
Northland, Blue Gold, Goldtranbe, Herbert, Patriot, Duke,

Blue Ray, Bluhaven, Collins, Croatan, Darow, Elliott,
Chandler, Iranka, November, Rancocas, Toro, Coville,

Brigitta, Pink Lemonade, Sunrise, Burlington, Gila, Spartan,
Early Blue

(c) = commercial standard.
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All tested cultivars met high standards for pomological traits, including fruit size,
shape, firmness, color, and flavor (Table 1). However, the importance of individual traits
may differ across global markets, because consumer preferences for fruit attributes, such
as sweetness, firmness, and flavor intensity, vary significantly between regions [20,27].
Nevertheless, traits such as flavor and sugar content have consistently emerged as primary
drivers of consumer choice for fresh-market blueberries [18,22,28,29]. The high, stable
performance of selected cultivars with respect to these traits underscores their strategic
value in breeding programs aimed at developing new, high-quality genotypes suited to
regional cultivation and market demands. The cultivar ‘Chandler’ achieved the highest
average fruit weight (339.9 g per 100 berries), differing significantly from the commercial
standard ‘Bluecrop’, whereas ‘November’ recorded the lowest value among the examined
cultivars. Traditionally, breeding efforts have predominantly prioritized yield improvement
over enhancing organoleptic qualities [3,22].

While the present study primarily focused on the comprehensive evaluation of pheno-
logical and pomological traits across blueberry cultivars, the complex interplay between
phenological phases and fruit flavor characteristics warrants further investigation. Al-
though our data provide a robust overview of flavor variability, establishing direct rela-
tionships between particular developmental stages of the plant (e.g., flowering or ripening
periods) and specific flavor characteristics remains difficult because these traits are shaped
by numerous environmental and genetic factors. Previous research has likewise shown
that the timing of these developmental phases—together with ecological and post-harvest
conditions—plays a key role in modulating flavor formation [30]. This underscores the
need for more targeted studies to unravel the nuanced connections between developmental
stages and sensory qualities.

Nevertheless, there has been a significant increase in interest regarding the optimiza-
tion of fruit flavor profiles [31]. Concurrently, there has been a growing trend of integrating
sensory evaluations using trained tasting panels with multi-omics methodologies to achieve
a more comprehensive understanding of flavor determinants [32]. Recent investigations in
blueberries and tomatoes have revealed that up to 50% of variation in consumer preferences
can be attributed to sugar and acid levels [31]. Therefore, in addition to sensory evaluation,
it is advisable to consider the chemical composition of the fruits, particularly the sugar:acid
ratio. Although the ‘Berkeley’ cultivar had the lowest soluble solids content (11.3%) and
‘Bluecrop’ had the highest (16.6%), statistical analysis did not reveal significant differences
between these two cultivars. Based on these results, any of the tested cultivars may serve as
a potential donor for the soluble solids content trait. However, cultivars with a coefficient
of variation not exceeding 10% for SSC should be prioritized, as this indicates trait stability
and its heritability [32].

Another important organoleptic trait that significantly influences consumer cultivar
selection is aroma intensity. Results from the correlation analysis indicate a strong relation-
ship between aroma and flavor attributes, as evidenced by a high correlation coefficient
(0.72). However, despite the fact that acidity scores ranged from 3 to 5 points, no posi-
tive correlation was found between this trait and SSC, aroma, or flavor attributes. It is
well established that consumers generally prefer cultivars with moderate acidity levels
because excessive sweetness can lead to negative sensory perceptions among tasters and
consumers [18,31,33].

Among the evaluated cultivars, ‘Bluetta’, ‘Bluegold’, ‘Blueray’, ‘Duke’, and ‘Toro’
exhibited superior fruit firmness, while the control cultivar ‘Bluecrop’ showed a compar-
atively lower value of 5.4 points. These cultivars can therefore be considered promising
donors of fruit firmness for use in advanced breeding programs. Significant variability in
textural properties among cultivars was observed, which is consistent with previous find-
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ings associating these differences with cell wall structure and the biochemical composition
of fruit tissues [34–37]. Fruit firmness is widely recognized as a key quality attribute that
influences consumer preference, post-harvest performance, and suitability for large-scale
production. Consequently, it is one of the most critical morphological traits assessed dur-
ing the breeding process [25,31,34,36]. Genotypes with excessively soft fruit are typically
excluded during the initial selection phase due to their limited commercial viability [32,33].
The increasing adoption of mechanized harvesting and extended supply chains further
accentuates the importance of selecting cultivars that can maintain structural integrity
during handling and transportation [15,23,35,37–39].

‘Croatan’, ‘Coville’, ‘Herbert’, ‘Iranka’, ‘Jersey’, ‘November’, ‘Rancocas’, and ‘Wey-
mouth’ were identified as promising donors of fruit with a dark blue surface color, a
trait linked to higher levels of phenolic compounds, particularly anthocyanins. These
dark-colored berries are presumed to have enhanced antioxidant capacity, which supports
previous findings linking pigmentation intensity to bioactive compound content [18,23].

Fruit appearance is a critical factor in consumer acceptance [24,25,40], with color
being one of the most influential morphological characteristics affecting perceived quality.
Although darker surface color has traditionally been preferred by consumers due to its
association with nutritional value and visual appeal, recent market trends indicate a rising
interest in cultivars bearing lighter-colored berries, particularly in the fresh fruit sector [39].
These emerging preferences reflect a diversification of consumer demand and suggest the
potential for targeted breeding strategies that incorporate both dark and light fruit color
profiles to meet the needs of different market segments.

It is worth noting that many blueberry cultivars exhibit a waxy bloom on the surface
of the fruit, which can influence the visual perception of berry color. However, the results
of the correlation analysis indicate a moderately weak association between the presence
of a waxy coating and perceived color (r = 0.5). This suggests that, within the scope of
our study, the waxy coating appears to play only a partial role in overall color evaluation;
however, we acknowledge that in some cultivars and under certain conditions, it could be
regarded as an indicator of freshness.

In addition to their high nutritional value, certain blueberry cultivars also warrant
attention for their ornamental potential in lawn and landscape design [41]. In particular,
the cultivar ‘Pink Lemonade’ cultivar combines excellent flavor characteristics with vi-
sually striking pink berries, enhancing its ornamental appeal and supporting its use in
landscape design.

3.2. Phenological Traits

Climate change has received significant attention in recent years and is widely dis-
cussed for its potential implications for berry fruits [42]. In our study, we therefore highlight
commonly reported concerns—such as the vulnerability of early-flowering cultivars to late
spring frosts and the influence of elevated summer temperatures on fruit firmness. High
temperatures lead to excessive softening of the berries, which hinders or even prevents their
transportability and long-term storage (e.g., ‘O’Neil’, ‘Snowchaser’, ‘Misty’, ‘Lobos’, and
‘Han’ cultivars). The present study revealed that the flowering period among the evaluated
cultivars ranged from 102 to 133 days (Table 3), indicating the presence of a broad spectrum
of potential donors with diverse phenological traits. Based on the onset of flowering, the
cultivars were provisionally classified into three phenological categories: early flowering
(102–111 days), midseason (112–122 days), and late flowering (125–133 days). For example,
‘Early Blue’ and ‘Bluhaven’ were categorized as early and midseason flowering types,
respectively, while most other cultivars fell within the late-flowering group. In regions with
a high risk of spring frost, breeding programs should prioritize developing late-flowering
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cultivars. Breeding programs focused on developing late-flowering cultivars are increas-
ingly relevant in this context, as this trait reduces the risk of spring frost damage [43–47].
Conversely, in areas where early fruit ripening is a priority, selection should consider the
duration and dynamics of the ripening period in addition to flowering time.

According to the literature, the cultivar ‘Duke’ is characterized by a tendency toward
rapid deacclimation [20], which may limit its effectiveness as a donor of phenological traits
in breeding efforts.

Though they are also substantially influenced by abiotic factors and genotype-by-
environment interactions, phenological traits such as the onset of flowering and fruit
ripening, exhibit a high degree of heritability in blueberry genotypes [48,49].

The length of the ripening period is an equally important criterion in cultivar selection
for commercial planting and breeding program design. Blueberries ripen gradually, en-
abling a prolonged supply of fresh produce to the market. Among the evaluated cultivars,
‘Early Blue’ had the shortest ripening period (25 days), while ‘Northland’ had the longest
(43 days).

Short-ripening cultivars include ‘Early Blue’ (25 days), ‘Duke’ (27 days), ‘Goldtraube’
(27 days), ‘Jersey’ (27 days), ‘Pink Lemonade’ (27 days), ‘Burlington’ (27 days), ‘Collins’
(28 days), and ‘Elliott’ (28 days). Those with extended ripening periods include ‘Berkeley’
(37 days), ‘Blu Jay’ (37 days), ‘Darow’ (39 days), ‘Patriot’ (40 days), ‘Northland’ (43 days),
‘Coville’ (42 days), and ‘Nelson’ (38 days). The remaining cultivars had intermediate
ripening durations of approximately 30–35 days.

Using cultivars with an extended ripening period is economically advantageous
because it allows for staggered harvest times and ensures continuous supply of fresh
produce. In contrast, cultivars with a short ripening period are optimal for single or
concentrated harvests, which is particularly beneficial for mechanized picking. Cultivars
with intermediate ripening times offer a versatile solution and are most commonly used in
industrial-scale production.
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Table 3. Phenological evaluation of blueberry cultivars, 2020–2024.

Cultivars

Beginning
of Flowering End of Flowering Flower Set Fruit Set Beginning of

Ripening of Fruits
End of Ripening

of Fruits
Length of Ripening

of Fruits

Average ±
SD SE Average ±

SD SE Average
± SD SE Average

± SD SE Average ±
SD SE Average ±

SD SE Average ±
SD SE

Bluecrop (c) 128 ± 15.3 1.5 141 ± 23.2 1.1 7 ± 0.8 0.1 7 ± 0.9 0.4 188 ± 6.4 9.3 225 ± 6.7 15.6 36 ± 4.3 2.6

Berkeley 125 ± 13.5 2.1 144 ± 10.6 1.7 7 ± 1.0 0.2 7 ± 0.7 0.5 188 ± 3.2 13.5 226 ± 4.4 22.9 37 ± 3.2 3.8

Blu Jay 124 ± 12.7 2.5 146 ± 7.9 1.6 8 ± 0.7 0.1 7 ± 0.9 0.7 187 ± 3.8 17.1 225 ± 6.0 29.1 37 ± 6.4 5.0

Blue Gold 124 ± 13.4 2.7 144 ± 11.2 2.2 8 ± 0.9 0.2 8 ± 1.0 0.7 187 ± 7.1 17.1 218 ± 14.4 28.3 31 ± 13.6 4.8

Blue Ray 128 ± 16.7 4.3 144 ± 12.4 3.2 6 ± 1.2 0.3 6 ± 1.2 0.8 186 ± 5.0 22.3 220 ± 8.4 37.2 33 ± 6.8 5.8

Bluetta 131 ± 16.0 4.1 147 ± 12.8 3.3 8 ± 0.7 0.2 7 ± 0.9 0.9 197 ± 6.6 23.6 227 ± 4.2 27.1 30 ± 3.7 3.7

Bluhaven 119 ± 12.5 3.2 139 ± 9.4 2.4 8 ± 0.6 0.2 8 ± 1.1 0.9 183 ± 6.4 21.9 216 ± 5.1 36.6 32 ± 3.2 5.5

Brigitta 130 ± 17.1 4.4 144 ± 13.3 3.4 7 ± 0.6 0.2 7 ± 0.7 0.8 197 ± 8.4 23.6 234 ± 13.1 39.6 36 ± 7.6 6.4

Burlington 123 ± 13.0 4.1 143 ± 14.1 4.4 6 ± 1.8 0.6 6 ± 2.0 1.1 189 ± 6.3 28.2 218 ± 6.5 45.9 27 ± 8.8 6.3

Collins 125 ± 12.8 3.3 143 ± 13.0 3.3 7 ± 0.8 0.2 6 ± 1.2 0.8 186 ± 7.9 22.3 214 ± 6.6 36.3 28 ± 4.8 4.9

Coville 126 ± 14.6 3.8 145 ± 14.4 3.7 7 ± 0.9 0.2 6 ± 1.3 0.8 180 ± 15.6 21.9 221 ± 5.3 37.4 42 ± 15.7 8.2

Croatan 128 ± 15.4 4.0 145 ± 14.3 3.7 7 ± 1.0 0.3 6 ± 1.0 0.8 186 ± 7.2 22.3 218 ± 6.4 36.9 31 ± 3.3 5.3

Darow 125 ± 14.2 3.7 143 ± 13.2 3.4 7 ± 1.1 0.3 7 ± 1.4 0.9 188 ± 5.6 22.5 228 ± 4.5 38.5 39 ± 4.9 6.7

Duke 125 ± 13.8 4.4 145 ± 14.7 4.6 7 ± 1.6 0.5 7 ± 1.3 1.2 182 ± 7.3 27.3 210 ± 7.4 31.3 27 ± 7.4 4.7

Early Blue 102 ± 51.5 28.4 146 ± 12.7 34.6 6 ± 1.1 1.5 7 ± 1.0 1.7 194 ± 2.6 50.0 220 ± 4.6 61.3 25 ± 2.5 7.1

Elliott 133 ± 15.3 4.0 148 ± 13.0 3.4 7 ± 0.8 0.2 7 ± 1.0 0.8 204 ± 7.1 24.5 235 ± 11.3 39.9 28 ± 7.9 5.1

Gila 123 ± 16.8 5.3 141 ± 12.0 3.8 8 ± 0.5 0.2 7 ± 0.7 1.1 182 ± 3.8 27.1 217 ± 8.6 45.8 35 ± 5.5 7.5

Goldtranbe 129 ± 15.8 3.5 145 ± 11.7 2.6 7 ± 1.0 0.2 7 ± 1.2 0.7 197 ± 4.2 20.2 225 ± 5.1 32.7 27 ± 2.7 3.9

Herbert 129 ± 15.4 3.5 145 ± 13.8 3.1 7 ± 0.9 0.2 6 ± 0.7 0.7 192 ± 5.9 19.7 226 ± 8.1 32.8 34 ± 3.4 5.0

Chandler 125 ± 13.8 3.6 145 ± 12.4 3.2 8 ± 1.1 0.3 7 ± 1.3 0.9 194 ± 9.8 23.3 225 ± 7.2 38.1 29 ± 4.2 4.9

Iranka 128 ± 16.7 4.3 146 ± 14.3 3.7 7 ± 0.7 0.2 6 ± 1.3 0.8 187 ± 4.4 22.3 220 ± 5.1 37.3 33 ± 2.9 5.6

Jersey 131 ± 16.0 2.9 147 ± 13.8 2.5 7 ± 0.7 0.1 6 ± 0.8 0.6 198 ± 6.8 16.5 228 ± 4.6 26.8 27 ± 6.1 3.3
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Table 3. Cont.

Cultivars

Beginning
of Flowering End of Flowering Flower Set Fruit Set Beginning of Ripening

of Fruits
End of Ripening

of Fruits
Length of Ripening

of Fruits

Average ±
SD SE Average ±

SD SE Average
± SD SE Average

± SD SE Average ± SD SE Average ± SD SE Average ± SD SE

Nelson 130 ± 16.4 3.3 145 ± 12.8 2.6 7 ± 0.7 0.1 7 ± 0.6 0.6 191 ± 4.5 17.4 229 ± 3.2 29.6 38 ± 2.1 4.9

Northland 122 ± 13.4 2.7 140 ± 10.3 2.1 7 ± 1.2 0.2 7 ± 1.5 0.7 179 ± 1.5 23.1 222 ± 5.9 28.6 43 ± 5.8 6.8

November 120 ± 13.6 3.5 140 ± 9.6 2.5 8 ± 0.6 0.2 7 ± 1.0 0.9 183 ± 6.1 22.0 219 ± 9.4 37.1 34 ± 4.1 5.9

Patriot 120 ± 12.2 2.7 139 ± 9.5 2.1 8 ± 0.8 0.2 8 ± 1.0 0.8 183 ± 6.8 18.8 224 ± 8.4 32.6 40 ± 4.2 5.9

Pink Lemonade 132 ± 17.0 4.4 147 ± 12.4 3.2 7 ± 1.5 0.4 7 ± 1.5 0.9 221 ± 15.8 37.6 248 ± 19.2 42.3 27 ± 8.4 5.1

Rancocas 126 ± 14.5 3.7 145 ± 14.2 3.7 6 ± 2.2 0.6 6 ± 2.4 1.0 189 ± 7.8 22.6 220 ± 8.5 37.2 30 ± 5.6 5.2

Spartan 125 ± 15.8 5.0 143 ± 11.4 3.6 8 ± 0.8 0.3 7 ± 0.5 1.1 183 ± 5.3 27.3 219 ± 9.1 46.3 36 ± 5.3 7.8

Sunrise 125 ± 13.2 17.6 142 ± 10.8 19.8 6 ± 1.4 0.9 6 ± 1.3 1.1 185 ± 6.2 31.3 216 ± 7.6 42.2 29 ± 6.1 5.8

Toro 125 ± 13.5 3.5 144 ± 9.7 2.5 7 ± 1.0 0.3 7 ± 1.2 0.8 184 ± 5.5 22.1 219 ± 3.7 37.1 34 ± 3.2 5.9

Weymouth 116.2 ± 13.9 2.8 139 ± 11.9 2.4 8 ± 1.4 0.3 8 ± 0.6 0.8 176 ± 7.3 16.2 219 ± 9.0 28.4 40 ± 9.6 5.5

(c) = commercial standard.
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3.3. Cultivar Description
Description of the Evaluated Cultivars

Bluecrop (C)
The fruits are large, with a width that exceeds the length. The surface is dull with a

grayish-blue coloration. The flesh is firmer than average, and the acidity is below average.
The aroma is stronger than average. The flavor is very good. The ripening period is
extended, lasting approximately 5 weeks.

Bluetta
The fruits are small, with a width that exceeds the length. The surface is dull with a

grayish-blue coloration. The flesh is firm, and the acidity is average. The aroma is above
average. The flavor is very good. The ripening period is extended and lasts approximately
4 weeks.

Brigitta
The fruits are large, with a width that exceeds the length. The surface is slightly glossy

and grayish dark-blue in coloration. The flesh is of medium firmness, and the acidity is
above average. The aroma is above average. The flavor is very good. The ripening period
is extended, lasting approximately 5 weeks.

Bluhaven
The fruits are very large, with a width that exceeds the length. The surface is dull and

grayish-blue coloration. The flesh is of medium firmness, and the acidity is average. The
aroma is above average. The flavor is very good. The ripening period is extended and lasts
approximately 4.5 weeks.

Blu Jay
The fruits are medium-sized, with a width nearly equal to the length. The surface

is dull with a grayish-blue coloration. The flesh is firmer than average, and the acidity is
below average. The aroma is average. The flavor is above average. The ripening period
lasts approximately 5 weeks.

Blue Gold
The fruits are very large, with a width that exceeds the length. The surface is dull

with a grayish-blue coloration. The flesh is firm, and the acidity is average. The aroma is
pronounced. The flavor is very good. The ripening period lasts approximately 4.5 weeks.

Blue Ray
The fruits are large, with a width that exceeds the length. The surface is dull with a

grayish-blue coloration. The flesh is firm, and the acidity is below average. The aroma is
pronounced. The flavor is very good. The ripening period lasts approximately 4.5–5 weeks.

Berkeley
The fruits are large, with a width that exceeds the length. The surface is dull with a

grayish-blue coloration. The flesh is moderately firm, and the acidity is below average.
The aroma is medium. The flavor is very good. The ripening period lasts approximately
5 weeks.

Burlington
The fruits are medium-sized, with a width that exceeds the length. The surface is

slightly glossy with a grayish-blue coloration. The flesh is of medium firmness, and the
acidity is below average. The aroma is medium. The flavor is good. The ripening period
lasts approximately 4 weeks.

Croatan
The fruits are large, with a width that exceeds the length. The surface is slightly glossy

with a dark-blue coloration. The flesh is of medium firmness, and the acidity is below
average. The aroma is pronounced. The flavor is very good. The ripening period lasts
approximately 4.5 weeks.
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Coville
The fruits are medium-sized, and the width exceeds the length. The surface is slightly

glossy with a dark-blue coloration. The flesh is of medium firmness, and the acidity is below
average. The aroma is weak. The flavor is good. The ripening period lasts approximately
6 weeks.

Collins
The fruits are medium-sized, with a width that exceeds the length. The surface is

slightly glossy with a grayish-blue coloration. The flesh is of medium firmness, and the
acidity is below average. The aroma is pronounced. The flavor is excellent. The ripening
period lasts approximately 4 weeks.

Darow
The fruits are very large, with a width that exceeds the length. The surface is dull with

a grayish-blue coloration. The flesh is firm, and the acidity is average. The aroma is above
average. The flavor is better than good. The ripening period lasts approximately 5.5 weeks.

Duke
The fruits are large, with a width that exceeds the length. The surface is dull with a

grayish-blue coloration. The flesh is firm, and the acidity is average. The aroma is medium.
The flavor is above average. The ripening period lasts approximately 4 weeks.

Early Blue
The fruits are large, with a width that exceeds the length. The surface is slightly glossy

with a grayish-blue coloration. The flesh is firmer than average, and the acidity is below
average. The aroma is medium. The flavor is good. The ripening period lasts approximately
3.5 weeks.

Elliott
The fruits are medium-sized, with a width that exceeds the length. The surface is dull

with a grayish-blue coloration. The flesh is less firm than average, and the acidity is below
average. The aroma is above average. The flavor is very good. The ripening period lasts
approximately 4 weeks.

Gila
The fruits are small, with a width that exceeds the length. The surface is slightly glossy

with a grayish-blue coloration. The flesh is firmer than average, and the acidity is below
average. The aroma is weaker than average. The flavor is good. The ripening period lasts
approximately 5 weeks.

Goldtraube
The fruits are large, with a width that exceeds the length. The surface is dull with a

grayish-blue coloration. The flesh is moderately firm, and the acidity is below average. The
aroma is above average. The flavor is very good. The ripening period lasts approximately
4 weeks.

Herbert
The fruits are large, with a width that exceeds the length. The surface is slightly glossy

with a dark-blue coloration. The flesh is of medium firmness, and the acidity is average.
The aroma is above average. The flavor is good. The ripening period lasts approximately
5 weeks.

Chandler
The fruits are very large, with a width that exceeds the length. The surface is slightly

glossy with a grayish-blue coloration. The flesh is firm, and the acidity is average. The
aroma is medium. The flavor is very good. The ripening period lasts approximately
4 weeks.
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Iranka
The fruits are large, with a width that exceeds the length. The surface is moderately

glossy with a dark-blue coloration. The flesh is of medium firmness, and the acidity is
average. The aroma is pronounced. The flavor is very good. The ripening period lasts
approximately 5 weeks.

Jersey
The fruits are small, with a width that exceeds the length. The surface is slightly glossy

with a dark-blue coloration. The flesh is firm, and the acidity is average. The aroma is
medium. The flavor is above average. The ripening period lasts approximately 5 weeks.

Nelson
Fruits are very large, width exceeds length. The surface is slightly glossy with a

grayish-blue coloration. Flesh is of medium firmness, and acidity is below average. Aroma
is medium. Flavor is very good. The ripening period lasts approximately 5.5 weeks.

Northland
Fruits are small, with a width that exceeds the length. The surface is slightly glossy

with a grayish-blue coloration. The flesh is of medium firmness, and the acidity is below
average. The aroma is pronounced. The flavor is very good. The ripening period lasts
approximately 6 weeks.

November
The fruits are very small, with a width that nearly equals the length. The surface is

moderately glossy with a dark-blue coloration. The flesh is of medium firmness, and the
acidity is low. The aroma is pronounced. The flavor is very good. The ripening period lasts
approximately 5 weeks.

Patriot
Th fruits are very large, with a width that exceeds the length. The surface is dull with a

grayish-blue coloration. The flesh is of medium firmness, and the acidity is low. The aroma
is pronounced. The flavor is excellent. The ripening period lasts approximately 6 weeks.

Pink Lemonade
The fruits are medium-sized, with a width that nearly equals the length. The surface

is moderately glossy with a pink coloration. The flesh is of medium firmness, and the
acidity is low. The aroma is pronounced. The flavor is excellent. The ripening period lasts
approximately 4 weeks.

Rancocas
The fruits are medium-sized, with a width that exceeds the length. The surface is

moderately glossy with a dark-blue coloration. The flesh is of medium firmness, and the
acidity is below average. The aroma is pronounced. The flavor is very good. The ripening
period lasts approximately 4 weeks.

Spartan
The fruits are large, with a width that exceeds the length. The surface is dull with a

grayish-blue coloration. The flesh is of medium firmness, and the acidity is low. The aroma
is pronounced. The flavor is very good. The ripening period lasts approximately 5 weeks.

Sunrise
The fruits are large, with a width that exceeds the length. The surface is dull with

a grayish-blue coloration. The flesh is firm, and the acidity is average. The aroma is
pronounced. The flavor is very good. The ripening period lasts approximately 4 weeks.

Toro
The fruits are very large, with a width that exceeds the length. The surface is dull with

a grayish-blue coloration. The flesh is very firm, and the acidity is average. The aroma is
medium. The flavor is average. The ripening period lasts approximately 5 weeks.
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Weymouth
The fruits are medium-sized, with a width that exceeds the length. The surface is

slightly glossy with a dark-blue coloration. The flesh is of medium firmness, and the acidity
is below average. The aroma is medium. The flavor is good. The ripening period lasts
approximately 6 weeks.

4. Conclusions
Through comprehensive multi-year investigations, a set of elite cultivars was identified

that combine superior pomological, especially organoleptic, properties with advantageous
phenological characteristics. This makes them suitable both for both commercial cultivation
and as genetic donors of key agronomic traits. Notably, ‘Collins’ and ‘Patriot’ exhibited the
highest flavor quality with consistent trait stability, positioning them as prime candidates
for enhancing sensory attributes in breeding efforts. Cultivars such as ‘Bluetta’, ‘Bluegold’,
‘Blueray’, ‘Duke’, and ‘Toro’ were distinguished by their fruit firmness, a critical attribute
underpinning suitability for mechanized harvesting and postharvest handling. Regarding
fruit coloration ‘Croatan’, ‘Coville’, ‘Herbert’, ‘Iranka’, ‘Jersey’, ‘November’, ‘Rancocas’, and
‘Weymouth’ emerged as valuable sources of dark pigmentation for breeding objectives. The
cultivar ‘Elliott’ proved to be highly stable in terms of fruit weight compared to the other
cultivars evaluated. In the phenological evaluation of traits such as the onset of flowering,
the end of flowering, and flower set, the cultivars ‘Early Blue’ and ‘Sunrise’ exhibited
moderate variability, while all other tested cultivars showed low variability for these traits.
The cultivar ‘Bluecrop’ (c) was characterized by high stability, particularly in phenological
parameters such as the end of ripening and the length of the ripening period, which
represents significant potential for breeding aimed at regulating fruit ripening time and for
the cultivation of blueberries in industrial plantations with the possibility of mechanized
harvesting. Delineating cultivars with diverse flowering and ripening phenologies across
climatic zones offers strategic opportunities to optimize harvesting logistics and prolong
fresh fruit availability in the market. These findings collectively provide a robust foundation
for targeted breeding programs that integrate multiple economically important traits,
thereby supporting the development of improved cultivars that meet production efficiency
and consumer preference standards. Future studies integrating meteorological records with
detailed pomological data and quantitative quality studies are also planned to investigate
environmental influences related to global climate change.
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