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Abstract

Highbush blueberry (Vaccinium corymbosum L.) is a significant specie in terms of economical, nutritional, and
medicinal point of view. Beside these attributes it is well known for its high anthocyanin content and antioxidant
activity. Therefore, obtaining new valuable blueberry genotypes resilient to climatic changing conditions is a priority
for breeders. The genotypes studied were obtained by a classical breeding method, respectively by free pollination, the
seeds being prior cold stored and then sown in seedlings trays with acidic peat. Germination lasted even two years for
some genotypes. The study presents the first phenotypic results for the obtained genotypes, highlighting differences and
similarities regarding the foliar system and health status. Thirteen local (including ‘Safir’, ‘Compact’, ‘Simultan’) and
international (Duke, Pink Lemonade, Berkeley, etc.) blueberry cultivars were used as parents. The results enclose

twenty hybrids obtained from free pollination.
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INTRODUCTION

Blueberries (Vaccinium spp.) are one of the
most economically significant and nutritionally
valuable fruit crops worldwide (Edger et al.,
2022). The demand for these antioxidant-rich
berries has fuelled research endeavours to
enhance cultivation practices, optimize yield,
and improve fruit quality (Mladin et al., 2008;
Patrick & Li, 2017; Hera et al.,2021; Edger et
al., 2022; Babiker et al., 2023).

Core to these efforts is the field of phenotyping,
a comprehensive approach that integrates
genetic, physiological and environmental
factors to characterize the measurable traits of
blueberry plants throughout their development
(Verde et al., 2013; Candea-Craciun et al.,
2018; Manzanero et al., 2023). In recent years,
the application of advanced phenotyping
technologies has emerged as a transformative
force in understanding the intricate genetic and
physiological mechanisms governing blueberry
growth and productivity. Phenotyping, broadly
defined as assessing observable traits, offers a
holistic  perspective beyond conventional
genetic studies. It involves the measurement
and analysis of morphological, biochemical,
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and molecular characteristics, providing
valuable insights into the complex interplay
between genotype and environment (Lobos &
Hancock, 2015; Asanica et al., 2017; Franeti et
al., 2020).

Current article explores the recent strides in
blueberry phenotyping, shedding light on the
innovative methodologies and technologies
driving progress in the field. By delving into
the intricacies of Dblueberry phenotypic
characterization, researchers aim to disclose the
mysteries surrounding the dynamic responses
of these plants to environmental stimuli,
stressors, and genetic variations. Through the
lens of phenotyping, we aim to elucidate the
intricate interplay between genotype and
phenotype in blueberries, offering insights that
can guide breeding programs toward
developing better cultivars with enhanced
nutritional profiles, improved tolerance to
different stressors, and increased adaptability to
diverse growing environments. Integrating
advanced phenotyping techniques marks a
paradigm shift in blueberry research, unlocking
new avenues for sustainable and resilient berry
production in the face of a changing climate
and evolving market demands.



MATERIALS AND METHODS

The biological material involved in the present
work was represented by foreign -cultivars
(‘Northland’, ‘Bluetta’, ‘Berkely’, ‘Coville’,
‘Draper’, ‘Duke’, ‘Nelson’, ‘Patriot’, ‘Spartan’,
‘Pink Lemonade’) and Romanian ones
(‘Simultan’, ‘Compact’, ‘Lax’ ‘Safir’) from the
blueberry collection of the Faculty of
Horticulture ~ Bucharest.  The  blueberry
collection is set up in containers where the soil-
specific properties could be better satisfied.
From the above blueberry cultivars fruits, as a
result of free pollination, seeds were extracted,
passed through the process of stratification in
cold rooms, and later sown and grown into
small pots. Some seeds germinated after two
years. Two and three years after germination,
one and three mature hybrids of each cultivar
were obtained. In the phenotyping process, five
leaves were collected for both cultivars and
hybrids that were morphologically analyzed
with the WinFolia system. WinFolia system
included an Epson scanner and software for
image analyses that accurately could measure
the principal biometrical leaves parameters. It
has been designed explicitly for analyzing
leaves in terms of leaf morphology and,
including color codes, to deliver the rate of the
disease foliar percentage.

Microsoft Excel 2016 and IBM SPSS .
28.0.1.1 software were used for the statistical
analyses of the data with a significance level of
p = 0.05 were used.

RESULTS AND DISCUSSIONS

The first data included the visual analysis of the
hybrids compared to the genitors. After
scanning with the WinFolia program, images
were obtained with the five leaves for each
cultivar and hybrid. In Table 1, the mother
genitor and the corresponding hybrids were
presented. They are valuable for future
applications for plant/cultivar/hybrid
recognition.

In the second phase, morphological parameters
were analyzed for hybrids and cultivars.
WinFolia software delivers results on leaf area,
perimeter, vertical length, width, ratio (W/L),
form coefficient, blade length, lobe angles, and
petiole length and area (Tables 2 and 3).
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When analysing the leaf area, hybrids proved to
have a large variability, the values being
between 5.488 (PLS 7-3) and 23.218 cm? (PLS
52-1), the same characteristics being observed
in the other parameters.

For the petiole length, there were no significant
differences between variants. For the petiole
area, PLS 2-1 had the highest value (0.016
cm?), followed by PLS 18-3, PLS 25-23, PLS
22-6, PLS 52-13, PLS 7-4, PLS 2-2, PLS 59-
14, PLS 45-1, PLS 20-1, PLS 18-1, PLS 33-11
(no significant differences between them). The
group of PLS 7-3, PLS 18-2, PLS 29-15, PLS
52-3, PLS 49-22, PLS 21-2, PLS 52-1, PLS 21-
3 had lower values.

Table 1. Cultivars and the corresponding hybrids
analyzed with the WinFolia program
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For the healthy status of the plants, Winfolia
software was used with image analysis based
on color. At the hybrids, all the variants
presented similar values (Table 2), except PLS
21-3, which had a lower value (71.37%). In
general, hybrids had very good, healthy foliage.
Based on the morphological parameters,
hybrids were analyzed in clusters (Figure 1).
According to the obtained dendrogram, five
common groups were obtained. First group
included PLS 52-3, PLS 18-1, PLS 29-15, PLS
2-2, second group PLS 25-23, PLS 22-6, PLS
33-11, PLS 52-1, third group PLS 21-3, PLS
18-3, PLS 45-1, PLS 7-4, fourth group PLS 52-
13, PLS 59-14, PLS 21-2, and the fifth group
PLS 2-1, PLS 18-2, PLS 49-22, PLS 7-3. The
first and second groups shared characters
through the hybrid PLS 29-15 with PLS 33-11.
Groups three and four shared characters
through the hybrid PLS 59-14 with PLS 18-2.
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Based on the morphological parameters,
cultivars were analyzed in clusters (Figure 2).
According to the obtained dendrogram, four
common groups were obtained. The first group
included Coville PLS 19, Patriot PLS 22, and
Nelson PLS 29; the second group Simultan
PLS 7, Draper PLS 25, and Berkeley PLS 21;
the third group Lax PLS 13, and Safir PLS 18;
the fourth group Bluetta PLS 45, Northland
PLS 52, and Duke PLS 20.

PLSS52.3 2

PLS 181 14

PLS29.15 18

PLS 22

PLS 25-23

PLS 22-6

PLS3311 11

PLS 521 1
PLS21-3
PLS18-3
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PLS58-14
PLS 212 9
PLS2-1 8

i

Figure 1. Hybrids grouped in clusters based on the
morphological parameters
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When the cultivars were analyzed (Table 3),
the same variability was observed for the leaf
area, where values ranged between 96.169
(Bluetta PLS 45) and 194.795 cm® (Pink
Lemonade PLS 9) (results expressed for the
five leaves). There was a slight variability for
petiole length; the values ranged from 0.232
(Bluetta PLS 45) to 0.520 cm (Pink Lemonade
PLS 9).

The petiole area recorded the highest value for
Pink Lemonades PLS 9 (0.091 cm?). The
lowest value for the Bluetta PLS 45 cultivar
(0.026 cm2), followed upwards by Draper PLS
25, Northland PLS 52, Compact PLS 33,
Berkeley PLS 21, Duke PLS 20, Simultan PLS
7, Safir PLS 18, Patriot PLS 22, Lax PLS 13,
Coville PLS 19, Nelson PLS 29, and Spartan
PLS 2.
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The leaf perimeter recorded the lowest value of
118.749 cm for the Bluetta PLS 45 cultivar,
increasing significantly to 172.25 for the Pink
Lemonade PLS 9. Vertical length has no
significant values in terms of variability (data
expressed for five leaves).

The WinFolia program used to analyze leaf
health highlighted the Bluetta PLS 45 cultivar
with the lowest value, having specific signs of
disease, and the Pink Lemonade PLS 9 cultivar
with the highest value (Table 3). In general,
cultivars had good leaf health.

Covle PLS 19 1

Patrict PLS 22 8

Nelson PLS 29 T

PikLinonde PLS M

SpartanPLS 2 101

Simuten PLS 7

Draper PLS 25 1
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LaxPLS13
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Bluetta PLS 45

Horhland PLS 52§}
DukePLS 20 13
Compact PLS 33 14

Figure 2. Cultivars grouped clustered by the
morphological parameters

Based on the morphological parameters,
cultivars were analyzed in clusters (Figure 2).
According to the obtained dendrogram, four
common groups were obtained. The first group
included Coville PLS 19, Patriot PLS 22, and
Nelson PLS 29; the second group Simultan
PLS 7, Draper PLS 25, and Berkeley PLS 21;
the third group Lax PLS 13, and Safir PLS 18;
and the fourth group Bluetta PLS 45, Northland
PLS 52 and Duke PLS 20.

CONCLUSIONS
The first data about the hybrid serie obtained

from mother plants by free pollination are
valuable for further research. A database of
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images and data was obtained and consist as a
useful base for an extended tool in performing
phenotyping research with the help of digital
tools.
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