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Abstract

The research question seeks to examine the extent to which the physical attributes and subsequent impact on quality
traits of cherries may influence the sustainable choices made by both merchants and consumers. Seven varieties were
selected to that purpose and measured for the retained investigated features. Two physical characteristics, diameter
and height, and two quality traits, firmness and soluble substance were paired and studied for eventual correlation. The
correlation coefficients are relevant for a limited number of varieties, almost half of the analysed ones, and they
indicate an acceptable to moderate correlation between the screened features. A larger diameter or height does not
necessarily mean a larger amount of sugar or soluble substance, as demonstrated by the absence of correlation for the
richest analysed variety. Subsequently the diameter cannot be used as a quality indication and cannot support a
sustainable choice. The physical appearance of the cherries cannot represent an element that supports the sustainable
choice of merchants or consumers when the quality of cherries is a relevant reference.

Key words: sustainable choice, cherries, firmness, soluble substances, diameter, height, correlation.

INTRODUCTION

The growth of cherries is significant in the
global agricultural industry, with notable focus
on the fruit's quality and physical
characteristics (Shahbazi et al., 2013). Grasping
the link between physical properties and quality
indicators of cherries is indispensable for
improving production efficacy and fulfilling
consumer expectations (Romano et al., 2006;
Shewfelt, 2006). Investigation in this domain is
pivotal to identify principal traits influencing
cherries' overall quality, including parameters
such as diameter, height, and firmness.
Through the examination of these variables,
scholars can obtain crucial understanding
regarding factors impacting the sensory
perception and market valuation of cherries
(Asénica et al., 2015).

Additionally, an exhaustive analysis of these
connections can result in the formulation of
methodologies to enhance cherry production
workflows and ascertain uniform quality
benchmarks (Pal et al., 2017).

Within  this framework, examining the
relationship  between  cherry  physical
characteristics and quality attributes holds
considerable relevance for the agricultural
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domain and consumer contentment
(Devasirvatham et al., 2022; Dudu et al., 2015).
The exploration concerning the association
amid cherry physical traits and quality metrics
is grounded in the necessity to elevate the
comprehension of elements swaying cherry
quality determinants. As evidenced in the
physical properties of cherries, comprising
diameter, height, and firmness, significantly
influence their general quality (Asanica et al.,
2011). Investigating the distinctions discerned
in these attributes across diverse cherry
cultivars allows investigators to reveal vital
discernments into elements inducing variations
in fruit quality (Faniadis et al., 2010; Romano
et al., 2006). Furthermore, scrutinizing the
interactions between these physical traits and
quality metrics such as taste, shelf longevity,
and market worth is pivotal for formulating
strategies to refine cherry production and
satisfy consumer preferences (Paunovic et al.,
2022). This research endeavours to augment
the extant knowledge reservoir by elucidating
the complex associations between cherry
physical traits and quality metrics, ultimately

guiding industry methodologies towards
improving cherry quality and consumer
contentment.



Comprehending the relationship between
physical attributes and quality aspects of
cherries manifests a noteworthy research
quandary in agricultural science. Examination
of variables such as diameter, stature, and
firmness, along with their influence on the
aggregate quality of cherries, holds importance
for refining production techniques and catering
to consumer expectations (Romano et al., 2006;
Ricardo-Rodrigues et al., 2023). Prior inquiries
have accentuated the relevance of said physical
properties in ascertaining the commercial worth
and sensory characteristics of cherries.
Nonetheless, a lacuna exists in scholarly
literature concerning the precise correlations
among these attributes and quality benchmarks.
Via an in-depth analysis of statistical data and

experimental outcomes, the present study
aspires to tackle this research quandary
holistically (Esti et al., 2002;
Chockchaisawasdee et al., 2016;

Devasirvatham et al., 2022). By methodically
scrutinizing the facts, this investigation seeks to
elucidate the convoluted interrelations between
cherry physical attributes and quality
dimensions, proffering indispensable insights
for both industry specialists and academicians.

Investigation into the association of cherry
physical attributes with quality traits possesses
notable implications for agricultural and
consumer domains (Muskovics et al., 2016).
By clarifying the linkages involving traits such
as diameter, height, and firmness with quality
markers, this research augments
comprehension of cherry growth and
development, also yielding pertinent insights
for producers and consumers. The conclusions
lay groundwork for precise agricultural
approaches, aiding enhanced cultivation tactics
which might elevate total crop yields and
quality (Mateos-Fierro, 2020). Moreover, the
identified associations could steer consumer
choices, shaping marketing tactics and assuring
buyer contentment. Additionally, the statistical
examinations performed on the dataset
highlight the robustness of the observed
linkages, affirming the reliability and validity
of the study's outcomes. These insights are
critical for advancing cherry cultivation
techniques and fine-tuning product quality, thus
contributing meaningfully to the broader

agricultural sector (Kappel et al, 2012;
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Tzouramani et al, 2014). Subsequent
investigations may expand upon these findings
to propel forward innovation and sustainability
within the cherry sector, fostering economic
enhancement and addressing consumer needs
effectively (Janes et al., 2010; Holusova et al.,
2023; Demirsoy, 2004; Kappel et al., 1996).
Consumer Preferences. Paunovi¢ et al. (2022)
and Asanica et al. (2018) conducted a survey to
evaluate consumer attitudes on the most
important characteristics of cherry fruit, and
found that “the attitude toward fruit firmness,
fruit size, and presence of a stalk and the stalk
length” depended on respondents’ residence
and sex, and that “the attitude toward fruit
firmness, fruit size, and presence of a stalk”
were influenced by the age of the respondents
(Paunovi¢ et al., 2022; Asanica et al., 2018).
The perception of fruit firmness varied
considerably by place of residence and gender
of respondents. Urban and rural consumers
may favour firmness differently, perhaps due to
differences in storage conditions or cultural
preferences. Additionally, men and women
may have distinct preferences, potentially
influenced by factors such as taste or use in
cooking compared to direct consumption
(Thornsbury et al., 2012).

Older and younger consumers showed different
attitudes towards firmness. Older respondents
might prefer firmer cherries due to better
texture retention during storage, while younger
consumers might focus on the immediate
consumption experience.

Like firmness, preferences for cherry size were
influenced by the location and gender of
respondents. This could be related to factors
such as the typical use of cherries in local
cuisines or aesthetic preferences that vary
between genders.

Age also played a role in determining the
preferred size of the fruit. Younger consumers
may prefer larger cherries because they are
often perceived as juicier and more satisfying,
while older consumers may favour other factors
over size.

The presence of a strain and its duration also
depend on the demographic factors of the
respondents. These attributes can be important
for a variety of reasons, such as the
convenience of food or the aesthetic appeal of
fruit (Ross et al., 2009; Bujdosé et al., 2020).



It is interesting to note that although the
presence of a strain influenced consumer
attitudes in different age groups, the length of
the strain did not show significant variation
with age. This suggests that while the presence
of the stem is a universal factor considered, its
length may be more subjective.

Understanding these nuanced consumer
preferences can help cherry growers and
retailers tailor their products to better meet the
demands of their target market segments
(Calvo-Porral et al., 2018; Revell, 2008).
Marketing campaigns can be designed to
highlight specific attributes preferred by certain
demographics. For example, promoting the
firmness and size of cherries in urban areas or
to younger consumers (Correia et al., 2017).
Retailers can segment their products based on
these preferences, offering different varieties or
styles of packaging that cater to the distinct
tastes of different consumer groups.

Growers can focus on selecting and growing
cherry varieties that meet the specific
preferences highlighted by the study, such as
ensuring optimal firmness and desired size for
the most demanding consumer segments.

By aligning product offerings with consumer
preferences, stakeholders in the cherry industry
can increase customer satisfaction and increase
sales (Correia et al., 2017).

MATERIALS AND METHODS

The research question seeks to examine the
extent to which the physical attributes and
subsequent impact on quality traits of cherries
may influence the sustainable choices made by
both merchants and consumers. The sustainable
choice is defined in the present context as
representing a rule or a set of rules, applied
systematically for supporting a decision or a set
of decisions based on existing scientific
evidence.

Sweet cherry (Prunus avium L.) cultivars are
harvested in December and January in the
Southern Hemisphere, “as this harvest time
coincides with lucrative markets such (North
America, Southeast and East Asia, Western
Europe)”; are “in high demand in the late
spring and early summer” because they are first
on the fresh market; dominate the market when
their fruit are red, “while cultivars of blush,
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white, or yellow colour are in less demand”;
“mature from the end of April (in southern
growing regions) to June-July (main season)”
in temperate zones of the Northern
Hemisphere, “while the picking season finishes
in late August in Norway”; ripen first among
stone fruits; span a long maturity period
(Bujdoso et al., 2017).

The story about the measurements of the
varieties started with the study carried out on
seven cherries different varieties collected from
their specific area, respectively Southwestern
part of Romania, County of Timis. The cherry
varieties studied according to the area of origin
were: ‘Ulster’ (Variety 1), ‘Kordia’ (Variety 2),
‘Rosii de Bistrita’ (Variety 3), ‘Bigarreau’
(Variety 4), ‘Black Star’ (Variety 5), Royal
Lady’ (Variety 6), ‘Wista’ (Variety 7).

For the seven varicties, we selected two
physical characteristics and two for quality.
One of the two quality characteristics is also
physical, but this is the most important physical
characteristic sought especially by merchants,
but also by consumers. For each of the seven
varieties we chose normal fruits, in number of
25 per variety, which we later analysed for
each variety, the four characteristics. The fruits
have been collected for examination at their
optimal ripening stage, eliminating the hit,
misshapen, uneven fruits, or anything else that
is determined by an accident, and not by a
variety characteristic.

The characterization of the cherry fruits
involved the determination of their height,
diameter, firmness and the soluble substance
(sugar content). The measurable elements were
calculated using the digital caliper (Insize-
1108, Loganville, GA, USA; unit: mm), the
firmness was determined using the fruit
hardness tester (Lutron FR-5105, unit: g/cm?).
The soluble substance (% Brix) was determined
using the Atago Pal 3870 (Tokyo, Japan)
portable refractometer. All these determined
characteristics can be found in Appendix 1, at
the end of the present paper, and their averages
are introduced in Table 1.

The physical characteristics selected for analy-
sis are the diameter and height of the fruit,
while the quality traits are the firmness, which
is a physical feature still one of the most impor-
tant quality traits, and the soluble substance,
which is indicative of the sugar content.



Table 1. Averages of the 4 characteristics of the 7
varieties analysed

Variety Height Diameter Firmnes | Sol. Subs:tance
(mm) (mm) s (g/em?) (% Brix)
/]-\verage 23.49 25.58 408.4 20.16
/;verage 24.42 25.01 231.96 16.26
Avc3ragc 22.63 25.07 231.68 14.75
Z\verage 20.79 23.63 448.64 14.93
?verage 22.72 24.42 398.8 18.75
Avc6ragc 22.84 2591 289.6 11.28
Ave;age 23.82 28.29 374.2 23.89

Source: Own measurements and determinations.

The seven varieties investigated were screened
for the four features and subsequently paired
for determining the correlation coefficients, as
following: diameter and firmness, diameter and
soluble substance, height and firmness and
respectively height and soluble substance.
Regarding the analyses of the physical
characteristics and quality traits of the seven
varieties, based on the data provided, including
height, diameter, firmness and percentage of
soluble substances (%Brix), we may notice that
the variation between varieties is relatively
small (a maximum difference of 3.63 mm),
indicating a relatively similar size overall. No
variety is distinguished by a particularly
different size. Most varieties are close to a
height of about 23 mm.

Height, being a fundamental physical
characteristic, influences the visual appearance
of varieties and can play a role in consumption
preferences (such as handling, processing or
presentation). Larger varieties, such as Variety
2 and Variety 7, may be perceived as more
imposing or visually appealing in a market
context.

In terms of diameter, there is a greater variation
in diameter in relation to height (a maximum
difference of 4.66 mm). Variety 7, with a much
larger diameter, could be more imposing, while
Variety 4, with the smaller diameter, is
probably more compact.

Diameter is a key factor for the overall
appearance and weight of varieties. A wider
variety, such as Variety 7, could be perceived
as having better value for the consumer, or
more suitable for certain types of processing
(such as wider cuts or slices). On the other
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hand, Variety 4, with its smaller diameter,
could be suitable for uses requiring smaller or
more concentrated products.

For firmness, we concluded that it varies
widely, with some varieties (such as Variety 4
and Variety 1) exhibiting much higher firmness
than others (Variety 3 and Variety 2). This
suggests a marked difference in the texture or
consistency of the varieties, which could be
related to the maturity, density, or even
freshness of the varieties measured.

Firmness is an important parameter for
industrial ~ processing and  consumption.
Varieties with higher firmness (such as Variety
4 and Variety 1) may be preferred for
preservation or processing (e.g., slicing or
cutting). On the other hand, softer varieties
(Variety 3 and Variety 2) might be more
suitable for immediate consumption or
products that require a softer texture.
Concerning the soluble Substances, there is a
very large variation in the percentages of
soluble solids. Variety 7, with a content of
23.89% Brix, is by far the sweetest, while
Variety 6, with 11.28% Brix, is the least sweet.
These measurements are often used to assess
the sugar content, which is crucial for the taste
perception of fruit.

Varieties with high soluble contents, such as
Variety 7 and Variety 1, are probably more
popular for direct consumption due to their
sweetness. Variety 6, with its much lower Brix
content, may be less appealing to those seeking
a sweet taste experience, but could have other
industrial uses, such as for juices or processed
products where the sugar can be adjusted.
Below we enclosed a comparison between the
lowest and highest averages for each
parameter.

The difference between the smallest and largest
heights is 3.63 cm, which is a moderate
variation. Variety 4 is about 15% smaller than
Variety 2, the largest. This indicates that while
the difference is noticeable, it is not extreme,
suggesting that the varieties remain relatively
comparable in terms of height.

In terms of diameter, the difference is 4.66 cm,
or about 20%. Variety 7, with a much larger
diameter, could be perceived as bulkier or more
robust compared to Variety 4, the smallest in
diameter.



Regarding firmness, there is a very significant
difference here, with Variety 4 being almost
twice as firm as Variety 3 (a difference of
216.96). This variation could reflect drastic
differences in the texture of the varieties, with
the firmer variety being more robust or dense,
while the softer variety might be easier to bite
or cut.

For soluble substances, the difference is very
marked, with Variety 7 having a soluble
substance content more than twice that of
Variety 6 (12.61 difference). This suggests that
Variety 7 is much sweeter or has a much higher
dry matter content, which could make it more
popular for consumption as a fresh fruit.
Conversely, Variety 6 could be less sweet.

The most noticeable differences appear in
terms of firmness and soluble substance
content. Variety 4 and 7 are distinguished by
extreme characteristics: Variety 4 is very firm
and small, while Variety 7 is larger, with a
larger diameter and a very high soluble
substance content. Variety 6, on the other hand,
is the opposite in terms of soluble substance
content, with a much lower level.

We may conclude that this data shows that each
variety has unique characteristics that influence
their optimal wuse, whether for direct
consumption, industrial processing or other
specific applications. Varieties with larger
heights and diameters, with high levels of
soluble substances, will probably be preferred
for fresh consumer markets. While firmer or
less sweet varieties can have specific uses
depending on their other physical qualities and
texture.

The selection of tests identified the Kendall
Tau b test as the most suitable approach for
investigating the correlation  coefficients
between the paired physical characteristics and
quality traits of the seven cherry varieties under
consideration. The option pertains to the
relatively limited number of fruits from each
variety that were subjected to the selected
characteristics, thereby enabling the extension
of the number of varieties encompassed in the
analysis. The pairs of features as introduced
above were tested for the correlation
coefficients using the selected test Kendall
Tau b employing the SAS for Academics
software platform and the results are presented
and interpreted in the section bellow.
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Figure 1. Cherry analysed varieties (from top left to
bottom right, reading left to right: Var. 1, Var. 7, Var. 2,
Var. 6, Var. 3, Var. 4, Var. 5)

(Source: Own determination and framing)

RESULTS AND DISCUSSIONS

The results of the first enquired pair of features
respectively the potential link between the
diameter and the  firmness  returns
systematically p values above 0.05 indicating
that null hypothesis cannot be rejected and
therefore the correlation coefficients are
irrelevant in the case of the analysed pair. The
results are introduced in the Table 2 displaying
the (absence of) correlation results for diameter
and firmness using the Kendall Tau b
correlation test.



Table 2. Correlation results for diameter and firmness
using the Kendall Tau b correlation test

Firmness Value Variety

Diameter

Correlation coef. 0.14141 1
p value 0.3258 1
Correlation coef. -0.01675 2
p value 0.9070 2
Correlation coef. 0.10385 3
p value 0.4687 3
Correlation coef. -0.0802 4
p value 0.5749 4
Correlation coef. -0.02007 5
p value 0.8885 5
Correlation coef. -0.10385 6
p value 0.4687 6
Correlation coef. 0.06020 7
p value 0.6740 7

Source: computation of own determined data using SAS for Academics

Although a strictly physical approach could
suspect that a larger diameter implies and lower
firmness or the other way around, the seven
screened varieties, the links between the two
features has no statistical relevance and the
correlation cannot be established.

Similar results are recorded testing for
correlation the next paired features, firmness
and height, where the p value for all the
varieties systematically indicates that the null
hypothesis cannot be rejected.

The results for all the tested varieties are
introduced in Table 3 below where the
correlation results, irrelevant for the purpose of
the examination and the p values are presented.

Table 3. Correlation results for height and firmness using
the Kendall Tau b correlation test

The results indicate that no correlation can be
established between the height and the firmness
of the fruits although, just like in the case of the
diameter, the logic could suspect a link
between the two features.

The situation regarding the results presents
itself different when analysing the diameter and
the soluble substance as screening for the sugar
content. The results of the correlation test
introduced in Table 4 indicate that for the
Varieties 1, 2 and 5 we can reject the null
hypothesis while for the remaining varieties the
null hypothesis cannot be rejected. This reads
as relevant correlation coefficients for the
above-mentioned varieties while in the case of
the others no link can be established between
diameter and sugar content. Reading the
correlation coefficients translates into an
acceptable correlation since the values of the
three varieties are all placed in the range 0.25-
0.50, respectively 0.44 for Variety 1, 0.46 for
Variety 2 and 0,56 for Variety 5. Although the
last variety, the number 5, has a correlation
coefficient higher than 0.50 could qualify for a
moderate correlation, the determined value is
too close to the boundary to interpret it as
belonging to the upper category and relatively
close to the other values to segregate them. The
Varieties 3, 4, 6 and 7, are outside the
correlation discussion given the high p values
returned when compared in pairs.

Table 4. Crrelation results for diameter and soluble
substance using the Kendall Tau b correlation test

Diameter Value Variety

Sol. subst.

Correlation coef. 0.44857 1
p value 0.0019 1
Correlation coef. 0.46723 2
p value 0.0012 2
Correlation coef. 0.23490 3
p value 0.1017 3
Correlation coef. 0.17696 4
p value 0.2157 4
Correlation coef. 0.56326 5
p value <.0001 5
Correlation coef. 0.24284 6
p value 0.0920 6
Correlation coef. 0.13468 7
p value 0.3494 7

Height Value Variety

Firmness

Correlation coef. 0.13423 1
p value 0.3496 1
Correlation coef. -0.06365 2
p value 0.6570 2
Correlation coef. 0.12395 3
p value 0.3871 3
Correlation coef. -0.09015 4
p value 0.5282 4
Correlation coef. 0.01669 5
p value 0.9070 5
Correlation coef. -0.22074 6
p value 0.1230 6
Correlation coef. 0.09683 7
p value 0.4981 7

Source: computation of own determined data using SAS for Academics
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Source: computation of own determined data using SAS for Academics

Pairing and testing the height and the soluble
substance for the correlation coefficients




returns the results displayed in Table 5 for the
seven selected varieties.

Table 5. Correlation results for height and soluble
substance using the Kendall Tau b correlation test

Height Value Variety

Sol. subst.

Correlation coef. 0.54792 1
p value 0.0001 1
Correlation coef. 0.33278 2
p value 0.0206 2
Correlation coef. 0.24162 3
p value 0.0923 3
Correlation coef. 0.34667 4
p value 0.0151 4
Correlation coef. 0.57915 5
p value <.0001 5
Correlation coef. 0.15489 6
p value 0.2819 6
Correlation coef. 0.05714 7
p value 0.6909 7

Source: computation of own determined data using SAS for Academics

Reading the correlation coefficients translates
into an acceptable correlation since the values
of the three varieties are all placed in the range
0.25-0.50, respectively 0.44 for Variety 1, 0.46
for Variety 2 and 0.56 for Variety 5.

Although the last variety, the number 5, has a
correlation coefficient higher than 0.50 could
qualify for a moderate correlation, the
determined value is too close to the boundary
to interpret it as belonging to the upper
category and relatively close to the other values
to segregate them. The Varieties 3, 4, 6 and 7,
are outside the correlation discussion given the
high p values returned when compared in pairs.
Pairing and testing the height and the soluble
substance for the correlation coefficients
returns the results displayed in Table 5 for the
seven selected varieties. Like the examination
for diameter and soluble substance, the
Varieties 1, 2 and 5 return p values under 0.05
allowing the rejection of the null hypothesis
and weighting the correlation coefficients. To
these three variables a fourth one, the Variety
5, is added indicating that four out of the seven
analysed varieties can display links between the
analyse features for correlation. The strength of
the correlation splits between acceptable
correlation for the Varieties 2 and 4, and
moderate correlation for the Varieties 1 and 5.
The correlation coefficients for the moderate
correlation are near the lower boundary and can
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be rather read as acceptable-moderate
correlation.
The highest physical measurements are

systematically recorded for the Variety 7,
however the physical characteristics are not
linked to the quality traits and no correlation
can be established between them.

The analysis concerns the correlation links
between the features and not the causality
relations. In the case of the Variety number 6
analysed, the records for the soluble substance
are the poorest among all varieties in absolute
values and the firmness is the third lowest.
With the second average largest diameter the
Variety 6 is a good proof of lack of linkage
between physical and quality traits. Varieties 1,
2, and 4, most likely as results of the breeding
enhancements demonstrate an acceptable to
moderate correlation for the soluble substance,
respectively sugar content, with Variety 5
adding a moderate correlation for height yet not
for diameter. The Variety 3 although
acceptable for physical appearance for both
diameter and height has low values recorded
for firmness and soluble substance.

CONCLUSIONS

A correlation can be established between the
physical characteristics of the fruits and their
quality traits for selected varieties. Although
the correlation coefficients do not indicate a
strong correlation yet rather a moderate or
acceptable one there is evidence indicating that
certain physical features and quality traits are
linked. The research question aimed to identify
and measures these links, if existing, and make
use of them in supporting the choice of both
merchants and customers. Since a larger
diameter or height does not necessarily means a
larger amount of sugar or soluble substance, as
the absence of correlation for richest analysed
Variety (number 7) demonstrates, diameter
cannot be used as a quality indication and
cannot support the choice of either merchants
or final consumers. The firmness, a quality trait
of high importance for the merchants with
direct impact on the shelves time and for the
consumers as they can verify it and usually opt
for a higher firmness as sign of a longer
durability, is acceptable correlated for three of
the analysed varieties. Similar to the diameter,



the physical expression of the height is equally
not a visual indication of any quality traits per
se. Varieties with good physical records still
uncertain and variating quality traits might still
pass as a good choice for consumers.
Perception could win as result of the visual
impact of large fruits still there is no proof of
any stable quality traits linked to the respective
appealing fruits. The physical appearance of
the cherries cannot represent an element that
supports the sustainable choice of merchants or
consumers when the quality of the cherries is a
priority.
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Appendix 1. Dataset of physical characteristics and quality traits measurements of the seven selected varieties

Variety Height (mm) Diameter (mm) Firmness (g/cm?) | Sol. Substance (% Brix)
Average 1 23.49 25.58 408.40 20.16
Average 2 24.42 25.01 231.96 16.26
Average 3 22.63 25.07 231.68 14.75
Average 4 20.79 23.63 448.64 14.93
Average 5 22.72 24.42 398.80 18.75
Average 6 22.84 25.91 289.60 11.28
Average 7 23.82 28.29 374.20 23.89

Source: own measurements.
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Abstract

The goal of this study, which was conducted between 2010 and 2022, was to evaluate the impact of the variety-rootstock
association, the crown shape and the planting distance on the production and quality parameters of sweet cherries.
Stationary experiments have been carried out using diverse sweet cherry varieties, such as Valerii Cikalov, Record,
Ferrovia, Kordia, Regina, Stella, Skeena, Bigarreau Burlat, Lapins, grafted on Cerasus mahaleb, L. and Gisela-6
rootstocks, in various combinations, and which have been planted at diverse planting distances. The trees grafted on
the Cerasus mahaleb, L., rootstock have shown rapid growth and an average fruit yield of 15.58-16.12 t/ha during the
period of their full productivity. The harvest of the trees grafted on the Gisela 6 and MaxMa 14 rootstocks has been
early and amounted to 12.50-14.58 t/ha. The varieties Bigarro Burlat, Ferrovia and Lapins, planted at a distance of 5 x
1.5 m, have given a yield of 17.98-20.07 t/ha, which is 12.2-24.9% higher than that of the trees which have been planted

at a distance of 4 x 2.5 m.

Key words: sweet cherry variety, cultivation system, rootstock, density, crown shape.

INTRODUCTION

The assortment is the main factor in solving the
requirements and difficulties of modern fruit
growing at the disposal of the producer and
consumer. The susceptibility to disease and
pest attack of the existing varieties has negative
effects on the environment and human health.
Other major challenges facing fruit growers are
the technology used and climate change.

The sweet cherry tree cultivation has developed
a lot thanks to the assortment of vegetative
rootstocks and  high-quality  self-fertile
varieties. Due to the multiple variety-rootstock
combinations, the numerous planting distances,
as well as the ways of grouping the trees as a
result of the diversity of the existing biological
material, numerous researches regarding the
tree crown shaping systems have been
conducted (Long et al, 2014; Balan et al., 2022;
2023).

The research has shown that it is possible to
grow orchards of high density, which, under
favourable conditions of  intensified
technological processes, can produce the
desired yields from a biological and technical
point of view (Gjamovski et al., 2016; Long,
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2003; Long et al., 2005; Sumedrea et al., 2014).
The range of moderate vigour and semi
dwarfing vegetative rootstocks made it possible
to plant sweet cherry orchards of high density,
with trees with spindle-shaped crowns, as well
as orchards with high yields per hectare and
low production costs (Aglar et Yildiz, 2014;
Aglar et al., 2016; Gyeviki et al., 2008; Long,
2003; Usenik et al., 2010; Vercammen, 2002;
Balan et al., 2022).

The wvarious vigour of the variety-rootstock
combinations allows a good management of the
orchard structure (Balan, 2009; 2015;
Cimpoies, 2018; Mitre, 2020) and has a
significant role in the vegetative growth, tree
yield and fruit quality (Aglar et al., 2019; Aglar
et al., 2016; Bujdoso et al., 2012). Thus, the
variety-rootstock combination directly
determines the cultivation system, the way of
crown shaping and tree pruning, the orchard
maintenance and work system (Calabro et al.,
2009; Long et al., 2014; Pesteanu, 2022; Balan
etal., 2023).

The issue related to the cultivation systems is
quite controversial in specialized literature and
in fruit growing practice. Currently, in the
Republic of Moldova, the wild sweet cherry



generative rootstocks (Cerasus avium L.),
Mabhaleb (Cerasus mahaleb L.) are still used in
sweet cherry tree growing; the semi dwarfing
vegetative rootstocks (Gisela 5), semi vigorous
rootstocks (Gisela 6, PHL-C, Krymsk 6) and
moderate vigour rootstocks (Maxima 14,
Krymsk 5, Piku 1, Piku 4) are used less (Long
etal., 2014; Balan et al., 2021; 2023).

That is why, the impact of the Gisela 6 and
Mahaleb rootstocks on the growth and
development of the Valerii Cikalov, Record,
Ferrovia, Kordia, Regina, Stella, Skeena,
Bigarreau Burlat and Lapins sweet cherry
varieties, in different combinations and at
different planting distances, has been studied.
The aim of the research is to increase the
productivity of sweet cherry orchards by
identifying the highly productive variety-
rootstock associations, which correspond to the
climatic conditions, the biological production
potential of the orchard, the technological
procedures used to shape the tree crowns, the
degree of mechanization, the amount of manual

work and the management of pursued
economic interests.

MATERIALS AND METHODS

Four stationary experiments have been

performed to carry the studies. The Valerii
Cikalov, Record, Ferrovia, Kordia, Regina,
Stella, Skeena, Bigarreau Burlat and Lapins
sweet cherry varieties, grafted on Cerasus
mahaleb L. and Gisela-6 rootstocks in different
combinations and at various planting distances,
have been wused. Four groups of eight
representative trees each have been created to
conduct the experiments. The scheme has been
developed according to the polyfactorial
principle with the placement of the groups
through the randomized block system on two
rows in the middle of the strip for each variety
(Moiseicenco et al., 1994; Balan et al., 2001).

Experiment 1 was carried in the spring of
2010. The orchard was planted with Gisela 6
vegetative rootstocks, which had been bought
in Greece, grafted with two buds of the
Adriana, Ferrovia and Skeena sweet cherry
varieties. The rows of trees were planted in a
north-south direction at a distance of 4 x 2 m.
The varieties were grouped in strips of 10 rows
of each variety. Three shapes of crown were
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used: G1 — Small naturally improved crowns
(the control group); G2 — Improved slender
spindle crowns; G3 — Improved oblate vessel.
Experiment 2 was performed in the southern
orchard area in the spring of 2010. The
orchards were planted with Gisela 6 sweet
cherry rootstocks, bought in Greece, which
were grafted with two buds of the Bigarreau
Burlat, Ferrovia and Lapins sweet cherry
varieties. The rows of trees were planted in a
north-south direction at a distance of 5 m
between the rows and at a distance of 1.5 m, 2
m and 2.5 m on the row. The tree crowns were
small: G1 — Small naturally improved crowns
(the control group); G2 — Improved slender
spindle crowns.

The interaction between the planting distance
and the crown shape, as basic factors that
determine the fruiting, the fruit yield and
quality was studied.

Experiment 3 was conducted in the orchard
which was planted in the autumn of 2003 in the
village of Malaiesti. The Valerii Cikalov and
Record sweet cherry tree varieties with big
naturally improved crowns, grafted on the
Mabhaleb generative rootstocks and planted at a
distance of 6 x 5 m were used.

Experiment 4 was conducted in 2011. The
orchard was planted with sweet cherry trees of
the Ferrovia, Kordia and Regina varieties
which were grafted on Gisela 6 rootstock and
planted at a distance of 4 x 2.5 m. Small
crowns were studied: Gl — Small naturally
improved crowns (the control group); G2 —
Improved slender spindle crowns; G3
Improved oblate vessel.

The interaction between the planting distance
and the crown shape, as the basic factors that
determine the fruiting, the fruit yield and
quality was studied. Morphological
descriptions, biometric measurements and
statistical processing of the results were carried
out. The methods of analysis, synthesis,
tabulation, comparison and graphics were used
to interpret the scientific results. The processed
data are presented in average values for the 3-8
years of research. The difference between
variants were compared with 5% probability
(Dospehov, 1985).

Orchard management. In experiment 1, the
soil was weeded naturally; in experiments 4
and 5, the soil in the orchards was weeded



artificially. The strips of land 1.5-2 m wide
were kept weed-free by weeding or superficial
thinning to a depth of 5 cm with the feeler
tiller. In experiment 2 and 3 the soil was
maintained as a cultivated field. The trees in
experiments 1, 4, 5 were drip irrigated, and the
Watermark transducers installed at 20, 40 and
60 cm deep in each plot were used to monitor
the soil moisture. The water was distributed by
droppers fixed at a height of 40 cm from the
ground in the direction of the row. Weather
stations were installed in the orchards to
determine the state of the environment and the
plants.

RESULTS AND DISCUSSIONS

The sweet cherry trees, grafted on the Mahaleb
rootstock and planted at a distance of 6 x 5 m,
reached the optimal height and the diameter of
the crown at the age of 11-14 (Table 1). Higher
values of the tree height were recorded in the
Valerii Cikalov variety (4.2 m), and of the
crown diameter — in the Record variety (5.1 m).
The varieties studied behaved similarly from
the statistical point of view.

Table 1. The height and crown diameter of the sweet
cherry trees, m (Mahaleb rootstock, the planting
distance — 6 x 5 m)

The age of the trees
. 11 14
Variety 12 years | 13 years
years old old years
old old
The height of the crown
Valerii
Cikalov 4.2 39 4.0 4.2
Record 3.9 3.7 3.5 4.0
LSD 5% - - 0.62 0.27
The diameter of the crown
Valerii
Cikalov 3.7 4.7 4.3 39
Record 4.3 4.7 5.1 4.2
LSD 5% - - 1.12 0.34

During the period of heavy bearing, the Valerii
Cikalov and Record varieties, grafted on the
Mahaleb rootstock, recorded a yield of
6.69 t/ha in 2012, and 28.2 t/ha in 2017 (Figure
1). The yield varied significantly from year to
year and was not always statistically proved for
each variety. Thus, in 2012, 2013, 2017 and
2018, the yield of the varieties was identical. In
2014, 2015, 2016 and 2017, a statistically
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proved yield of the varieties was recorded.
During the eight experimental years, similar
average yields of 15.71 t/ha were recorded for
the Valerii Cikalov variety and 16.13 t/ha for
the Record variety.

In the research years 2012-2014, the crown
width of the Bigarreau Burlat variety varied in
the control group from 120 cm to 262 cm
(Table 2). For the trees with improved slender
spindle-shaped crowns, the increase in the
crown width was greater with the increase in
the distance between the trees in a row. Thus,
in the 2014 research year, the width of the
crown of the trees, which had been planted at a
distance of 5 x 1.5 m, was 245 cm, and of those
which had been planted at a distance of 5 x
2.5m-260 cm.

Sweet cherry yield, t/ha

t/ha

W Valerii Cikalov

M Record

2015 ——

2016

2012 ==
2013
2014 m———l

2017
2018
2019

Anii

Figure 1. The yield of the sweet cherry trees, t/ha
(Mahaleb rootstock, the planting distance — 6 x 5 m,
the tree age — 10-17 years old)

In the Ferrovia variety in the control group, the
lowest indices were obtained in the first
research years (2012-2013), and in the trees
with improved slender spindle-shaped crowns,
which were planted at a distance of 5 x 1.5 m,
higher crown width values were recorded in
2014 (261 cm). In the Lapins variety in the
control group, the crowns of which were small
and naturally improved, the highest indices
were recorded during the years 2013-2014
when the trees had been planted at the distance
of 5 x 2 m, namely 172 cm and 262 cm,
respectively. In the trees with improved slender
spindle-shaped crowns, planted at a distance of
5 x 2 m, the highest indices were recorded in
2013-2014.



Table 2. The crown width of the sweet cherry trees depending on the planting distance and crown shape, cm
(Gisela 6 rootstock, the tree age — 3-5 years old)

Planting Blgarrea'u Burlat Ferrovia variety Lapins variety
The shape of the crown distance. m variety

’ 2012 | 2013 | 2014 | 2012 | 2013 | 2014 | 2012 | 2013 | 2014

Small naturally 5x 1.5 120 147 258 132 150 254 130 165 254
improved crowns 5x2 120 159 250 110 140 262 120 172 262
(control group) 5x2.5 120 150 249 135 180 248 130 152 254
Improved slender 5x1.5 116 140 245 128 162 261 140 169 260
spindle crowns 5x2 125 158 262 140 160 250 140 180 271
5x2.5 110 165 260 128 175 250 140 180 260

LSD 5% - - 384 | 129 - 384 | 129 - 384 | 129

During the first 4 years, the yield of the
Bigarreau Burlat, Ferrovia and Lapins varieties,
grafted on Gisela 6, increased progressively
from year to year. For example, in the
Bigarreau Burlat variety, planted at a distance
of 5 x 1.5 m, the fruit yield was 0.6; 4.47; 8.56
and 13.49 kg/tree, respectively (Figure 2).
During the first two fruiting years, the yield did
not depend on the distance between the trees in
a row. Starting with the third year, the fruit
yield per tree increased when the distance
between the trees in a row was larger. Thus, in
2015, in the Bigarreau Burlat variety, which
had been planted at the distance of 5 x 1.5 m,
the fruit harvest was 8.56-6.93 kg/tree, and the
trees, which had been planted at a distance of 5
x 2.5 m, yielded a better harvest which
amounted to 10.0-12.75 kg/tree. In the seventh
year of fruiting, the difference in yield between
the groups was significantly greater than in
previous years. Thus, in the trees of Bigarreau

Small naturally improved crowns

20 18,27
18 -

16 —

kg/tree

2013

2014 2015 2016

Burlat variety, which were planted at a distance
of 5 x 1.5 m, the fruit yield was 13.49-14.21
kg/tree, while the trees, which were planted at
the distance of 5 x 2.5 m, yielded a better
harvest which amounted to 18.27-19.54 kg/tree
ie. it was better by 35.4-37.5% and was
statistically proved. The Ferrovia and Lapins
varieties yielded the same harvest; the harvest
of the trees which were planted at smaller
distances were worse and statistically proved.
In the first four years of fruiting, the positive
impact of low densities on the yield per tree
was evident; the increases were 7.8-34.3% in
the Bigarreau Burlat variety, 19.2-41.1% in the
Ferrovia variety and 14.4-35.9% in the Lapins
variety. In the southern area, the orchards of
800 trees her hectare, in which the trees were
planted at a distance of 5 x 2.5 m, produced a
34.3-35.9% Dbetter yield compared to the
orchards in which the trees were planted at a
distance of 5 x 1.5 m.

Improved slender spindle crowns

19,54

~ m5x1,5

W 5x2

5x2,5

2013

2014 2015 2016

Figure 2. The yield of the sweet cherry trees of the Bigarreau Burlat variety depending on the planting distance
and the crown shape, kg/tree (Gisela 6 rootstock, the age of the trees — 4-7 years old, Terra-Vitis Ltd)
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It is worth mentioning that, during the period of
tree growth and fruiting, the average fruit yield
of the Bigarreau Burlat sweet cherry variety,
related to the surface unit, varied from 6.66 to
9.51 t/ha, being higher by 13.3-24.9%, when
the trees were planted at a distance of 5 x 1.5 m
(Figure 3). The same trend was recorded with
the Ferrovia and Lapins varieties — in high
density orchards, the fruit yield was higher. In
the Ferrovia variety planted at a distance of 5 x
1.5 m, the fruit harvest was better by 15.1-
24.5%, and in the Lapins variety — by 12.2-
18.9% compared to the varieties planted at a
distance of 4 x 2.5 m.

Small naturally improved crowns
(control group)

20

17,98

18
16

14

t/ha

2013 2014 2015

2016

In the fourth fruiting year, the Bigarreau Burlat,
Ferrovia and Lapins varieties with improved
slender spindle-shaped crowns, which were
planted at a distance of 5 x 1.5 m, recorded
productions of 17.98-20.07 t/ha. The studied
varieties proved to be less valuable when they
were planted at the distance of 5 x 2.5 m
(14.61-17.54 t/ha) and in the trees with
naturally improved crowns (14.61-16.15 t/ha),
while the 5 x 2 m planting distance can be
considered as medium valuable (15.16-
17.24 t/ha) in terms of fruit production.

Improved slender spindle
crowns

18,94

~m5x1,5

- m5x2

m5x2,5

2015

2013 2014 2016

Figure 3. The yield of the Bigarreau Burlat sweet cherry variety depending on the planting distance and the crown
shape, t/ha (the Gisela 6 rootstock, the tree age — 4-7 years old, Terra-Vitis Ltd)

The trees of the Ferrovia, Kordia and Regina
varieties, grafted on Gisela 6 rootstock and
planted at a distance of 4 x 2.5 m, began to bear
fruit in the fourth year of vegetation, yielding
400-500 kg/ha. In the second fruiting year, a
harvest of 4,600-5,000 kg/ha was recorded,
which was not statistically proved (Figure 4).
Starting with the third fruiting year, the yield
increased significantly, being higher and
statistically proved in the Ferrovia (12310-
13290 kg/ha) and Kordia (11270-12830 kg/ha)
varieties. In 2017 and 2020, the harvest
decreased significantly due to unfavourable
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climatic conditions during the blossoming
season — it was foggy, rainy and cold. Yields
higher than 10000 kg/ha were recorded only in
two out of seven years of tree fruiting, namely
in 2016 and 2019. It should be mentioned that
the crown shaping system did have a significant
impact on the productivity of the studied
varieties. The average yield during the first
seven fruiting years recorded average indices
for such orchards and was 8193-8308 kg/ha for
the Ferrovia variety, 7650-8314 kg/ha for the
Kordia variety and 7208-7877 kg/ha for the
Regina variety.



Small naturally improved crowns

18000
16000
14000
12000
10000

kg/ha

2000 4 2015 2016 2017

-4000 Anii

8000
6000
4000
2000 l
o i

2018 2019 2020

M Ferrovia
M Kordia

Regina

Figure 4. The yield of the sweet cherry trees, kg/ha (the Gisela 6 rootstock, the planting distance — 4 x 2.5 m,
small naturally improved crowns, the age of trees — 4-10 years old)

The data regarding the crown parameters in the
Adriana, Ferrovia and Skeena sweet cherry
varieties, grafted on Gisela 6 and planted at a
distance of 4 x 2 m, demonstrate that, during
the growth and fruiting periods, the highest
indices of the crown length were recorded in
the Ferrovia variety (172 c¢cm) in the trees with
improved slender spindle-shaped crowns
(Table 3). In the fifth year, the trees in the rows
had intertwined, and the crown length was 195-
220 cm. The width of the crowns also increased
once the trees became older — from 110-190 cm
in the third year to 195-245 cm in the fifth year
of vegetation. Over the years, the Ferrovia
variety proved to be more vigorous compared
to the Adriana and Skeena varieties, but the
growth indices were not distinctly significant.
Analysing the growth indices of the crowns of
the sweet cherry trees, grafted on the Gisela 6
rootstock and planted at a distance of 4 x 2 m,
it would be reasonable to say that they reached
the optimal level once the trees entered the
fruiting and growth periods.

In the fifth year of vegetation, the total length
of the branches, including the annual branches,
in the Adriana, Skeena and Ferrovia varieties
was 50.7-56.2 m/tree, which was more than
80% (Table 4). In the first two years of

vegetation, the number of annual branches
increased moderately.

Table 3. The crown length and width of the sweet
cherry trees depending on the variety and crown shape,
cm (the Gisela 6 rootstock, the planting distance —

4 x 2 m, the tree age — 3-5 years old)

Crown length Crown width

Variety 5014 [ 2015 | 2016 | 2014 | 2015 | 2016

Small naturally improved crown

Adriana 132 | 168 | 201 110 | 157 | 225

Ferrovia | 150 | 173 | 215 | 160 | 173 | 224

Skeena 120 | 146 | 195 | 124 | 146 | 198

Improved slender spindle crown

Adriana 120 | 168 | 195 | 124 | 157 | 214

Ferrovia | 172 | 222 | 220 | 190 | 222 | 245

Skeena 135 | 165 | 200 | 142 | 164 | 195

LSD 5% - 27 32 - 52 63

In the following two years it increased
progressively geometrically; in the fifth year of
vegetation, it was 64.3-72.3 pcs per tree. The
average length of the annual branches is about
65 cm, which is a basic index that demonstrates
the level of tree maintenance in the crown
formation process. It is well known that the
most suitable length of the annual branches, in
order to accelerate the tree formation and
fruiting, is 80-90 cm (Balan et al., 2001;
Gradinariu, Istrate, 2009; Bucarciuc, 2022).




Table 4. The morphology of sweet cherry trees (the Gisela 6 rootstock, the planting distance — 4 x 2 m,
the tree age — 5 years old, naturally improved crown)

Age of The total length of the Number of branches, pes/tree The average length of the
branch, branches, m/tree branches, cm
years Adriana | Ferrovia | Skeena | Adriana | Ferrovia | Skeena | Adriana | Ferrovia | Skeena
1 43.3 42.2 46.3 64.3 65.3 72.3 67.2 64.1 64.1
2 5.8 5.9 5.8 10.3 12.0 10.3 57.4 49.0 56.8
3 24 2.5 3.0 5.6 6.0 6.0 41.2 424 50.9
4 1.2 1.2 1.1 3.3 33 6.0 36.9 36.9 31.3
Total 52.8 50.7 56.2 83.5 86.6 94.6 - - -

The Adriana, Ferrovia and Skeena sweet cherry
varieties, grafted on Gisela 6 rootstock, began
to bear fruit in the fourth year after planting —
they yielded a harvest of 625-1562 kg/ha
(Table 5). The Ferrovia variety proved to be
more productive compared to the Adriana and
Skeena varieties — it yielded a harvest of 1125-
1562 kg/ha. In the second fruiting year, the
mentioned varieties yielded a considerably
better harvest which amounted to 4250-5000
kg/ha. As the trees grew, the fruit harvest
tripled; in 2016, the Adriana variety yielded
11875-13000 kg/ha, the Ferrovia variety
yielded 13250-14125 kg/ha and the Skeena
variety yielded 16000 kg/ha. In the seventh
year after planting, the sweet cherry yield
doubled compared to the previous year and
amounted to 21875-22500 kg/tree for the
Adriana variety, and to 26250-28000 kg/ha for
the Skeena variety.

The Ferrovia and Skeena varieties with both
types of crown shapes gave better yields
compared to the Adrian variety. In the
following year (2017), the fruit yield decreased

remarkably and was only 10750-10875 kg/ha
in the Adriana variety, 12700-15750 kg/ha in
the Ferrovia variety and 14000-16785 kg/ha in
the Skeena variety. In the following years, the
fruit yield remained at the level of 9316-18986
kg/ha, being higher in comparison with the
Ferrovia and Skeena varieties.

Analysing the fruit yield indicators in the
eighth to tenth years of tree growing season
(2017-2020), and comparing them with the
data presented by other authors (Long et al.,
2014; Miter et al., 2012), it can be said that
they are average for the sweet cherry orchards
with trees grafted on the Gisela 6 moderate
vigour rootstock.

As regards the impact of the variety and the
crown shaping system, the Skeena variety with
improved slender spindle-shaped crowns
yielded the best harvest (14581 kg/ha),
followed by the Ferrovia variety (12931 kg/ha).
The lowest average yield was recorded for the
Adriana variety (10659 kg/ha) in the group in
which the trees had small naturally improved
Crowns.

Table 5. The yield of sweet cherry trees, kg/ha
(the Gisela 6 rootstock, the planting distance — 4 x 2 m, the tree age — 4-12 years old)

Years The average
Variety index
2013 2014 2015 2016 2017 2018 2019 2020 (2013-2020)
Small naturally improved crowns
Adriana 625 4375 11875 21875 10875 12958 13375 9319 10659
Ferrovia 1125 4875 13250 24750 15750 15222 10791 14277 12505
Skeena 625 4250 16000 26250 16875 17583 17042 | 16652 14409
Improved slender spindle crowns
Adriana 875 4500 13000 22500 10750 14820 13125 10819 11298
Ferrovia 1562 5000 14125 24500 12700 15388 13541 16638 12931
Skeena 375 4375 16000 28000 14000 17500 17416 | 18986 14581
LSD 5% - 435.2 971.8 1315.2 1429.1 1423.6 | 2305.7 | 1314.8 -

The total number of buds, including the
flowering ones on annual branches, in sweet
cherry trees depends on their length (Table 6).
In the Ferrovia variety, as the length of the

annual branch increased, the diameter of the
branches increased from 4.7 to 11.7 mm, the
total number of buds increased from 16.7 to
35.4 pcs, and the number of flower buds
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decreased from 9.0 to 3.8 pcs. The Skeena
variety, being a self-fertile variety, constantly
and moderately produces fruit on annual
branches; flower buds on annual branches
practically develop in the lower third of the
branches, namely up to 1.9 pcs on long
branches (20-100 cm) and up to 7 pcs on the
short ones (20-40 cm).

Table 6. The distribution of buds on sweet
cherry trees depending on variety and the length of
annual branches (the Gisela 6 rootstock, the planting
distance — 4 x 2 m, naturally improved crowns, the tree
age — 6 years old)

The Diameter of Number of buds, Number of
length of | annual branches, o
the mm pcs fruiting buds, pcs
bannual Ferrovia | Skeena | Ferrovia | Skeena | Ferrovia | Skeena
ranches
20-40 4.7 4 16.7 14 9.0 7
20-60 6.7 8 19.7 18 6.4 5
20-80 8.2 8.2 27 23,8 52 5.4
20-100 11.7 10.8 354 334 3.8 1.9

When the trees are 5 years old, most of the
short fruiting branches 2-5 cm long with a
vegetative apical bud were found on 2-year-old
branches (Table 7). Thus, in the Adriana
variety, 139.1 short fruiting branches developed
on 2-year-old branches, 46.3 pcs — on 3-year-
old branches and 6.6 pcs on 4-year-old
branches. The number of short fruiting
branches decreased as the branches got older.
The number of the short fruiting branches on
most of the trees amounted to 192.0 pcs/tree.
The number of short fruiting branches in the
Ferrovia and Skeena varieties slightly differed
from the Adriana variety, and was not
statistically proved.

Table 7. The number of short fruiting branches in sweet
cherry trees depending on variety and crown shape,
pes/tree (the Gisela 6 rootstock, the planting distance —
4x2m, the tree age — 5 years old, small naturally
improved crown)

The number of the short fruiting Total,
branches pes/tree
Variety Two- Three- Four-years-
years-old | years-old old
branches branches branches
Adriana 139.1 46.3 6.6 192.0
Ferrovia 119.9 54.6 6.3 180.8
Skeena 132.2 49.0 7.0 188.2
LSD 5% 37.45 17.42 4.33 -

During the growth and fruiting periods of the
trees, the impact of the annual branches’ length
on the yield and quality of sweet cherries of the
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Kordia variety was also studied (Table 8). The
sweet cherry tree is a species which produces
many fruit. Under favourable climatic condi-
tions, this fruit tree can produce 30-50% of the
total number of flowers (Cimpoies, 2018). The
research showed that, regardless of the length
of the annual branches, the number of fruit was
34.0-44.4%. The diameter and weight of the
sweet cherries, as well as the soluble dry
matter, changed according to the length of the
annual branches. As the branch length
increased (40 cm), the diameter of the cherries
(28.2 mm), their weight (10 g) and soluble dry
substance (16.55%) increased compared to
cherries that grew on shorter annual branches.
Thus, the branches 40 cm long born higher
quality fruit compared to shorter branches.

Table 8. The impact of the length of annual branches
on the yield of the Kordia variety.
(the Gisela 6 rootstock, the planting distance
—4 x 2.5 m, the tree age — 5 years old)

Length of | Number . Diameter | Weight | Soluble
Fruit
the annual | of sweet . of sweet | of sweet dry
. formation, . .
branches, | cherries, Y cherries | cherries | matter
cm pes ° mm g/fruit | Brix%
10+2 99 38.0 22.7 7.4 14.02
20+2 85 34.0 25.8 8.4 16.51
30£2 131 44.4 26.0 8.7 16.46
40+2 111 38.9 28.2 10.0 16.55

The data presented in Table 9 indicate the close
interdependencies  among  the  features
considered as cherry quality elements, namely
the fruit diameter (mm), the fruit weight (g),
the fruit firmness (kg/cm?), the soluble solids
content (SSC, % Brix) and the titratable acidity
(%). The variability of the indices of the sweet
cherry diameter and weight was high and it
depended on the variety, the shape of the
crown, the fruit harvesting period and the
climatic conditions. In the sixth year after
planting, at harvest, the sweet cherry trees of
the Skeena variety yielded fruit which had a
diameter of 26.0-28.1 mm and a weight of
8.59-9.18 g/fruit. The diameter of the fruit
produced by the trees with improved oblate
vessel-shaped crowns was 28.1 mm, and the
indices were statistically proved, compared to
the fruit produced by the trees with small and
naturally improved crowns and those with
improved slender spindle-shaped crowns.

The SSC content of the sweet cherries varied
between 18.0 and 18.6 % Brix. The trees with
improved crowns of oblate vessel shape




produced fruit with the highest concentration of
soluble solids (18.6% Brix). The titratable
acidity of the fruit was 0.85-0.89%, and the

firmness was 2.87-2.98 kg/cm?, which gave the
sweet cherries a balanced acidity and firmness
required by consumers.

Table 9. The impact of the crown formation system on the quality of fruit of the Skeena variety

(the Gisela 6 rootstock, the planting distance — 4 x 2 m)

Crown shape ' Fruit Fruit weight, SSC., Ti‘tre‘itable Fruit firmness,
diameter, mm g % Brix acidity, % kg/cm?
Small naturally improved crowns 26.0 8.59 18.0 0.89 2.98
Improved slender spindle crowns 26.3 8.60 18.0 0.85 2.87
Improved oblate vessel 28.1 9.18 18,6 0.88 2.90
LSD 5% 1.13 0.42 0.85 0.33 0.21

The soluble solid content in sweet cherries was
determined dynamically from the time of
fruit reddening to the time of their harvesting
(Table 10).

Table 10. The soluble solid content (SSC) in sweet
cherries according to the colour, % (the Gisela 6
rootstock, the planting distance — 4 x 2.5 m,
small naturally improved crown,
the age of the tree — 6-7 years old)

Skin colour
Variety Bright Dark | Dark reddish ‘ Dark
Red

ruddy red brown brown

Year 2016
Ferrovia | 43 | 68 [ 12.8 | 17.5 [ 185
Regina | 39 | 70 | 133 | 17.0 | 183

Year 2017
Ferrovia 3.5 6.4 13.4 17.2 18.8
Regina 3.5 6.0 13.8 17.4 18.5

From the moment the fruit were red, the content
of soluble solids grew much. In 2016, the
soluble solid content (SSC) in the Ferrovia
variety increased from 4.3%, in red fruit, to
18.5%, in dark brown fruit, and respectively

from 3.9% to 18.3%, in the sweet cherries of
the Regina variety. The same trend was obser-
ved in 2017, namely, starting from the phase
when the fruit became red, the SSC increased
until the sweet cherries became dark reddish-
brown, then the rate of SSC storage decreased.
The maximum SSC value was recorded during
the phase of rapid skin colour change, which can
be used to determine the optimal harvest time.
The size of fruit born by branches 20, 30 and
40 cm long recorded significantly higher
indices compared to fruit born on branches 10
cm long. (Table 11). Thus, the diameter of the
sweet cherries on 20-centimetres-long branches
was larger by 14.2% (Adriana), by 23.6%
(Ferrovia) and by 20.6% (Skeena) compared to
the fruit born by 10-centimetres-long branches.
The size of the sweet cherries on the 30- and
40-centimetres-long  branches was larger
compared to the sweet cherries formed on the
20-centimetres-long branches, but it was not
significantly proved.

Table 11. The diameter of sweet cherries according to the length of the biennial branches, mm (the Gisela 6 rootstock,
the planting distance — 4 x 2 m, small naturally improved crown, the age of trees — 6 years old)

The length of the branch
Variety 10 cm 20 cm 30 cm 40 cm LSD 5%
mm % mm % mm % mm %
Adriana 21.2 100 24.2 114.2 29.4 138.7 30.0 141.5 3.42
Ferrovia 21.2 100 26.2 123.6 274 129.3 29.0 136.8 4.36
Skeena 21.4 100 25.8 120.6 29.0 135.5 28.8 134.6 3.72

The position of branches in space plays a
decisive role in growing quality sweet cherries.
(Table 12). It is worth mentioning that the
diameter and weight of the fruit decreased from
branches oriented upward to branches oriented
downward. Thus, the diameter of the fruit on
the two-year-old branches with a spatial
position upward increased in the Adriana
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variety by 23.1%, in the Ferrovia variety by
27.1%, and in the Skeena variety by 7.8%
compared to the branches oriented downward,
horizontal branches occupied an intermediate
position. The results highlight the importance
of controlling the direction of branch growth as
needed.




Table 12. The diameter of the sweet cherries according to the position of annual branches in space, mm (the Gisela
6 rootstock, the planting distance — 4 x 2 m, small naturally improved crowns, the age of the trees — 6 years old)

Position of biennial branches
Variety Upward Horizontal Downward LSD 5%
mm % mm % mm %
Adriana 29.3 123.1 29.0 121.8 23.8 100 4.95
Ferrovia 28.6 127.1 27.3 121.3 22.5 100 3.78
Skeena 29.0 107.8 29.0 107.8 26.9 100 2.36

The information analysis of the experimental
data made it possible, through deduction and
calculation, to establish the interdependence of
the fruit diameter and weight according to the
following formula: Y = 1.39X + 13.72, where
Y is the diameter of sweet cherries, mm; X is
the weight of sweet cherries, g. (Balan et al,
2023).

CONCLUSIONS

The esearch was aimed at promoting
sustainable integrated cultivation systems that
would ensure early economic fruiting of sweet
cherry trees and the production of quality,
healthy fruit that is marketable. All these
problems can be solved by determining the
most suitable planting distance, crown
formation and pruning systems, and by
maintaining a balance between growth and
fruiting. Currently, all sustainable integrated
fruit growing systems are successfully used,
which are based on geographical conditions,
the degree of natural soil fertility, the relative
strength of the variety-rootstock association,
planting density, simple crown shape, and
which are aimed at obtaining early high-quality
yields.
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Abstract

This work refers to the study of the structure of the vegetative ensemble of apple trees organized in the experimental
orchards of SRL "Elit Fruct" and SRL "Prodcar". The apple varieties Granny Smith, Gala Delicious, Gala Buckeye
Simmons, Golden Delicious, Golden Delicious Reinders, Red Velox and Fuji Kiku, grafted on MY, intended for the
establishment of high density plantations, cultivated in the conditions of the central area of the Republic of Moldova. The
vegetative growth of the trees in the apple varieties taken in the study is expressed, quantitatively, by the volume of
vegetative growth accumulated annually by the size of the height and width of the crown of the trees, by the size of the
surface and volume of the crown, as well as the level of soil coverage of the whole vegetative growth of trees.

Key words: Apple variety, vegetative assembly, tree crown.

INTRODUCTION

The apple is the priority fruit tree species in the
country's fruit growing, which provides about
80% of the global fruit production. Obtaining
large, constant and high-quality apple produc-
tions can only be achieved as a result of the
implementation of modern technological links,
and in addition to the technological processes
applied in the orchard, the fruits must be
exploited according to an appropriate techno-
logy, which allows maintaining the quality at the
highest possible levels raised, from harvesting to
delivery to the consumer [Bucarciuc, V. 2008].
The variety represents one of the basic links
related to the production technology in apple
culture and the exploitation of climatic
conditions, being at the same time a mobile
element, with continuous possibilities for
improvement [Bucarciuc, V. 2008]. The
assortment of varieties that are grown in a fruit-
growing area is of particular importance, fruit
growing being profitable only if the cultivated
varieties are able to capitalize on local
conditions,  giving  large,  high-quality
productions, competitive on the domestic and
foreign markets [Babuc, V. 2012].

At the present time, the world assortment of the
apple is very rich, representing about 10-12
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thousand varieties obtained by man through the
empirical selection of the most valuable forms
existing in nature, as well as through the activity
of research and scientific improvement
[Cimpoies Gh., 2000]. Thus, the large number of
varieties is also explained by the fact that, in
each apple-producing country, research institu-
tions were opened to improve apple varieties
and improve assortments [Bucarciuc, V., 2008].
The analysis of the evolution of the world range
of apple culture demonstrates that, in the 21st
century, there is a tendency to reduce the number
of apple varieties cultivated in accordance with
the conditions of environmental exploitation and
the requirements of the international market.
Today, in the large apple-producing countries, a
small number of varieties are grown on huge
areas, but with great production potential and
quality fruit [Bucarciuc, V., 2008].

The most important cultivars cultivated in the
world are those from the Red Delicious, Golden
Delicious and Fuji groups [Babuc, V., 2012]. It
is observed that, while the surfaces with red
varieties remain stable, those with yellow
varieties are decreasing, and the surfaces with
bicolor varieties are increasing.

Vegetative growth and stem development in
trees is determined by biological (variety,
rootstock, resistance to diseases and pests) and



technological factors (fruit load, provision of
food and water), which condition the
development of physiological processes [Babuc
et al, 2008]. The influence of pedological
factors, such as soil structure and fertility,
restrictive soil factors, and climatic factors, such
as solar energy, temperature, through its
maximum and minimum values, but especially
through the values recorded in the vegetation
period (fruiting phenophases), the amount of
precipitation, etc. [Babuc, V. et al., 2013]. From
a genetic point of view, the variety is the basic
factor in determining the culture system and
technology [Bucarciuc, V., 2015].

MATERIALS AND METHODS

Experience 1. The research was carried out at
SRL "Elit Fruct" in the village of Cosernita,
Criuleni district, during the years 2015-2019.
The plantation was founded in 2015, the
varieties Red Velox and Golden Delicious
Reinders grafted on the M9 rootstock were
studied. The distance between rows was 3.2 m,
and per row - 0.8 m, which is equivalent to 3900
trees’ha. When planting, the grafting site was
placed 15-20 cm above ground level. Until the
orchard was planted, the tree support system was
installed - monoplane, simple, made of
reinforced concrete poles, with a height of about
4.0 m above the ground, and a metal wire
installed at a height of 50 cm from the ground
level, which it is also used as a support for the
irrigation system. In the first year of vegetation,
5 more metal wires were added. The first 2 wires
were fixed at 80 cm from the ground and at 80
cm from each other, the following - at 160 cm,
240 cm and 320 cm from the ground,
respectively. The experiment was set up in 4
randomized replicates of 8 trees each [Cimpoies
Gh., 2000].

Experience 2. The research was carried out at
SRL "Prodcar" from Negureni village, Telenesti
district, during the years 2015-2019. The apple
orchard was planted in 2014. In order to
establish an assortment of apples intended for
sustainable production in the ecopedo-climatic
conditions of the central area of the Republic of
Moldova, 4 apple varieties recently introduced
into the intensive culture system were studied,
namely Granny Smith, Gala Buckeye Simmons,
Red Velox and Golden Delicious Reinders
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grafted onto M9 rootstock at 3.2 x 0.8 m spacing
(3900 trees/ha). As a witness served the variety
Granny Smith. The trees are driven in the form
of a thin improved spindle and planted at a
distance of 3.5 x 1 m (2857 trees/ha) in the
north-south direction. When planting, the
grafting site was placed 20 cm above ground
level. Each variant included four repetitions of
eight trees each. During the research, the
maintenance and phytosanitary protection works
of the trees, provided for in the technology of
super-intensive apple culture, were applied in
the orchard. The soil in the orchard is maintained
by weeding and weeding the row of trees

RESULTS AND DISCUSSIONS

Vegetative growth and stem development in
trees is determined by biological (variety,
rootstock, resistance to diseases and pests) and
technological factors (fruit load, provision of
food and water), which condition the
development of physiological processes [Babuc,
V., 2012] The influence of pedological factors,
such as soil structure and fertility, restrictive soil
factors, and climatic factors, such as solar
energy, temperature, through its maximum and
minimum values, but especially through the
values recorded in the vegetation period
(fruiting  phenophases), the amount of
precipitation, etc. [Balan, V. et al., 2018]. From
the genetic point of view, the variety is the basic
factor in determining the culture system and
technology.

The vegetative growth of the trees in the apple
varieties taken in the study is expressed,
quantitatively, by the volume of vegetative
growth accumulated annually by the size of the
height and width of the crown of the trees, by the
size of the surface and volume of the crown, as
well as the level of soil coverage of the whole
vegetative growth of the trees (Table 1). The
height of the crown, in the studied varieties, was
256-282 cm in the 3rd year after planting. The
variety Red Velox, of weak vigor, recorded the
lowest value (256 cm) of crown height.

The width of the crown at the base recorded
maximum values (105-124 cm) admissible in
relation to the distance of planting trees in a row
(80 cm). The width of the crown at the top
depends on the growth vigor of the variety and
varied between 25 cm, in the variety Red Velox,



and 65 cm, in the variety Granny Smith (control)
of high vigor.

The level of soil coverage with the vegetative
assembly receiving solar energy has values of
32.8-38.8%. The difference in the use of the

nutrition surface of the trees is insignificant,
since the distances between the rows and within
the row are optimal for the apple varieties
grafted on the M9 rootstock in high density
plantations.

Table 1 Structure of the vegetative ensemble of apple trees according to age
and the biological characteristics of the variety

Crown Crown width, The level of ' The lateral Crown volume
Variety height cm ground cover with surface of the m?
om ’ atthe | atthe | the projection of | crown, thousand _— ha
base top the crown, % m?*ha

year 2017, age of the trees — 3 years
Granny Smith (control) 282 124 65 38.8 24568 2.6 10155
Gala Buckeye Simmons 270 112 45 35.0 22850 2.1 8202
Red Velox 256 105 25 32.8 20975 1.6 6249
Golden Delicious Reinders 265 115 50 359 22654 2.2 8593
Fuji Kiku 265 116 45 36.3 22459 2.1 8202

year 2019, age of the trees — 5 years
Granny Smith (control) 329 130 75 40.6 28630 34 13280
Gala Buckeye Simmons 335 130 65 40.6 28709 3.2 12499
Red Velox 285 130 45 40.6 24021 2.5 9765
Golden Delicious Reinders 333 130 70 40.6 28748 3.3 12889
Fuji Kiku 324 130 65 40.6 27849 3.2 12499

Based on the tree vigor data, the crown volume
at the tree level was calculated and reported to
the surface unit. The lateral crown surface of 3-
year-old apple trees was 20975-24568 m?/ha,
and the crown volume was 1.6-2.6 m*/tree and
6249-10155 m>/ha, respectively.

Along with the growth and development of the
trees, the parameters of the crown also increase.
In 5-year-old trees, the height of the crown is
285-335 cm, depending on the variety, and the
width of 130 cm remains constant in all the
varieties studied (the distance between rows of
3.2 m does not allow wider crowns) [Balan, V.
et al., 2001]. The width of the crown at the top
varies from 45 cm, in the trees of the Red Velox
variety, to 75 cm, in the Granny Smith variety
(control). The soil coverage with the vegetative
assembly reached the optimal level possible for
the row spacing of 3.2 m and recorded values of
40.6% for all varieties.

The lateral surface of the crown in 2019 (24021-
28709 m*/ha) increased significantly compared
to 2017 (20975-24568 m?/ha) and achieved
optimal values for such orchards. Crown
volume, which depends on crown area, also
increased significantly, constituting 2.5-3.4
m3/tree and 9765-13280 m3/ha, respectively. In
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2019, crown area and volume were greater in
Gala Buckeye Simmons, Granny Smith
(control), Golden Delicious Reinders and Fuji
Kiku varieties compared to Red Velox variety.
Thus, in the 5th year of vegetation, the trees of
the apple varieties studied achieved an optimal
crown surface and volume, which characterizes
the productive potential of the plantation. The
data related to the structure of the vegetative
ensemble of apple trees from SRL "Prodcar" are
presented in Table 2. From the data obtained
regarding the height of the trees, it follows that
the trees of the Red Velox variety have the
lowest height both in 2017 (272 cm) and in 2019
(271 cm). The medium to high vigor varieties
(Gala Buckeye Simmons, Granny Smith
(witness) and Golden Delicious Reinders)
exceed the height of the less vigorous trees (Red
Velox) by 50-100 cm.

The width of the crown in 4-year-old trees varies
depending on the variety and is 118-132 cm at
the base of the crown and 32-71 c¢m at its top. In
the 6th year of vegetation, these indices
increased insignificantly, and the crown of the
trees did not exceed the space reserved by the
planting distances between rows and per row.




Table 2. The structure of the vegetative ensemble of apple trees according to age
and the biological particularities of the variety

Crown width, The level of ground The lateral Crown volume
Crown . 3
Variety height cm cover with the surface of the m
> | atthe | atthe projection of the crown, thousand
cm o ) Tree Ha
base top crown, % m*/ha
year 2017, age of the trees — 4 years
Granny Smith (control) 295 132 70 41.3 25779 2.97 11600
Gala Buckeye Simmons 295 127 60 39.7 25389 2.75 10741
Red Velox 272 118 32 36.9 22498 2.04 7968
Golden Delicious Reinders 285 126 71 39.4 25037 2.80 10936
year 2019, age of the trees — 6 years
Granny Smith (control) 341 140 75 43.8 29568 3.66 14295
Gala Buckeye Simmons 355 140 75 43.8 30662 3.81 14881
Red Velox 271 140 42 43.8 22811 2.46 9608
Golden Delicious Reinders 338 140 70 43.8 29138 3.55 13866

The level of ground cover with crown projection
in 4-year-old trees was 36.9-41.3%, varying
slightly from one variety to another. The 6-year-
old trees occupied the maximum planting area
and reached values of 43.8% for this index.

The lateral area of the crown in the 4th year of
vegetation varied from 22498 m?/ha, for the Red
Velox variety, to 25779 m%/ha, for the Granny
Smith variety (control), and at the age of 6 the
trees had a maximum area of the crown of 30662
m?/ha.

The volume of the crown differs both at the level
of the tree and at the level of the surface unit.
The crown of the trees provides the support
structure for the branches, leaves and fruits, and
through its structure it must ensure the
penetration of solar energy to all skeletal, semi-
skeletal and garnishing branches to maintain
their coverage with fruit formations and to print
a production volume as high as possible. The
volume of the crown varies depending on the
size of the trees, and these are influenced by the
vigor of the variety. The studied varieties form a
continuous crown in the direction of the row,
which allows receiving no more than 43.8% of
solar energy. In 4-year-old trees, the volume of
the crown was 7968 m3/ha in the Red Velox
variety, increasing considerably in the high-
vigor varieties, up to 10741-11600 m’/ha. In
2019, the crown volume of 6-year-old trees
reached optimal values and was 9608-14881
m>/ha.

At the tree level, in the 6th year after planting,
the recorded crown volume fluctuated quite a lot
between varieties - from 2.46 m®/tree, for the
Red Velox variety, to 3.81 m’/tree, for the

variety Buckeye Simmons Gala. The crown
volume data demonstrate that Gala Buckeye
Simmons, Granny Smith (control), Golden
Delicious Reinders and Fuji Kiku apple
varieties, during the growth and fruiting period,
formed an optimal vegetative ensemble for the
rational use of solar energy and obtaining a yield
enhanced by quality fruit. Similar results
regarding the formation of the productive
volume in modern orchards were obtained and
argued by V. Balan (1997), Gh. Cimpoies
(2000), the data being a function of the size of
the crown, the volumetric density coefficient of
the lateral surface of the crown and the
coefficient of effectiveness of the plantation.
Along with the growth and development of the
trees, the parameters of the crown also increase.
In 5-year-old trees, the height of the crown is
285-335 cm, depending on the variety, and the
width of 130 cm remains constant in all varieties
studied (the distance between rows of 3.2 m does
not allow wider crowns).

The width of the crown in 4-year-old trees varies
depending on the variety and is 118-132 cm at
the base of the crown and 32-71 cm at its top. In
the 6th year of vegetation, these indices
increased insignificantly, and the crown of the
trees did not exceed the space reserved by the
planting distances between rows and per row.
The volume of the crown varies depending on
the size of the trees, and these are influenced by
the vigor of the variety. The studied varieties
form a continuous crown in the direction of the
row, which allows receiving no more than
43.8% of solar energy.
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CONCLUSIONS

Vegetative growth and stem development in
trees is determined by biological (variety,
rootstock, resistance to diseases and pests) and
technological factors (fruit load, provision of
food and water), which condition the
development of physiological processes [Babuc,
V., 2012]. The influence of pedological factors,
such as soil structure and fertility, restrictive soil
factors, and climatic factors, such as solar
energy, temperature, through its maximum and
minimum values, but especially through the
values recorded in the vegetation period
(fruiting  phenophases), the amount of
precipitation, etc. [Balan, V. et al., 2018]. From
the genetic point of view, the variety is the basic
factor in determining the culture system and
technology.

The volume of the crown differs both at the level
of the tree and at the level of the surface unit.
The crown of the trees provides the support
structure for the branches, leaves and fruits, and
through its structure it must ensure the
penetration of solar energy to all skeletal, semi-
skeletal and garnishing branches to maintain
their coverage with fruit formations and to print
a production volume as high as possible. The
volume of the crown varies depending on the
size of the trees, and these are influenced by the
vigor of the variety. The studied varieties form a
continuous crown in the direction of the row,
which allows receiving no more than 43.8% of
solar energy. In 4-year-old trees, the volume of
the crown was 7968 m3/ha in the Red Velox
variety, increasing considerably in the high-
vigor varieties, up to 10741-11600 m*/ha. In
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2019, the crown volume of 6-year-old trees
reached optimal values and was 9608-14881
m’/ha.

The level of soil coverage with the vegetative
assembly receiving solar energy has values of
32.8-38.8%. The difference in the use of the
nutrition surface of the trees is insignificant,
since the distances between the rows and within
the row are optimal for the apple varieties
grafted on the M9 rootstock in high density
plantations.

Along with the growth and development of the
trees, the parameters of the crown also increase.
In 5-year-old trees, the height of the crown is
285-335 cm, depending on the variety, and the
width of 130 cm remains constant in all varieties
studied (the distance between rows of 3.2 m does
not allow wider crowns).
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Abstract

This study aims to screen new peach and nectarine cultivars for disease sensitivity. The peach orchard was planted in
2017 using 14 peach and 16 nectarines new cultivars, grafted on various rootstocks: Adesoto, Myrobalan 29C, Saint
Julien A, and GF677 on two different planting systems: Trident and Vertical Axis. The planting distances varied from
4.0 x 1.5 m for Vertical Axis (1,666 trees/ha - 1,666 axis/ha) to 4.0 x 2.0 m for Trident (1,250 trees/ha - 3,750 axis/ha).
The research was conducted over six years, and in the last year, 2023, leaves were analyzed in the growing season and
at the end (late November). The leaves were harvested at three heights (bottom, half, and top of the tree canopy). Only
ten leaves per cultivar were analyzed, and the incidence of the bacterial disease Xanthomonas arboricola pv. pruni
(XANTPR) and Pseudomonas syringae pv. persicae (PSDMPE) was measured using a scanner and the WinFolia
Software. Significant differences in bacterial disease incidence were registered in nectarine cultivars, according to the
tree canopy, and the vertical axis showed more sensitivity.

Key words: Xanthomonas arboricola, Pseudomonas syringae, cultivars, sensitivity.

INTRODUCTION pests and pathogens are essential factors in the
disease of leaves and plants, regardless of
Unlike most other cultivated species, Prunus  climatic changes (Wakelin et al., 2018). There
persica (L.) Batsch is a diploid species that are several reasons why measuring or estima-
self-pollinates naturally (Byrne et al., 2012). ting plant disease is necessary. Understanding
China is the world’s largest producer of  the degree of attack is essential to quick
peaches and nectarines, followed by Spain, management since disease and yield loss are
Italy, Greece, Turkey, and the U.S.A., with a strongly correlated.
global annual production of ~26 million tons in ~ In plant breeding, it is important to rate crop
2022 (FAOSTAT, 2024; EU Peach and  resistance and susceptibility to disease, but
Nectarine Consumption, 2022) In Europe and sometimes it may also involve the planting
North America, the yearly consumption of  system (Stanica, 2019). Estimating plant resis-
peaches reaches 6.1 kg per person (compared to  tance is a tool for crop protection so pesticides
15 kilograms of apples), a significant amount  can be applied efficiently. Analysis of plant
considering all fruits available during summer. disease and symptom severity solves
(EU Peach and Nectarine Consumption, 2022). fundamental problems and concerns in plant
Plant diseases still impact society and the stress biology (Martinelli et al., 2015).
economy today. According to the Food and  Pseudomonas syringae pv. persicae (P. s. pv.
Agriculture Organization (FAO), around 25%  persicae) was found for the first time in the
of crop loss is attributed to diseases, pests, and ~ Ardéche region in France and described under
weeds. For example, each year, the rice blast the name Pseudomonas mors-pronotum f. sp.
disease destroys enough rice to equal Italy's  persicae. The bacteria overwinter in cankers,
rice production (Dean et al., 2005). The way dead and symptomless buds, and systemically
that crop diseases spread is a crucial infected branches (Vigouroux, 1970; Kennelly
component. Viruses, bacteria, fungi, and other et al., 2007). During spring, bacteria that have
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invaded leaf scars may become active, leading
to bud blasts and die-back of shoots and
branches (Young, 1987b). Symptom manifes-
tation varies based on tree age, with trees under
six years old being more vulnerable. It causes
olive-green discoloration on shoots and
branches during winter, quickly turning brown.
A relationship exists between disease severity,
plant dormancy, and early severe frost in
autumn and winter (Young, 1987; 1988). The
bacterium on young nectarine leaves initially
creates angular, water-soaked patches that turn
necrotic, measuring 1-2 mm in diameter and
surrounded by a chlorotic halo. The necrotic
tissue may vanish, causing a shot-hole effect.
Young nectarine fruits may have superficial
circular, dark olive-colored, greasy patches of
1-2 mm in size (Young, 1987b). Xanthomonas
arboricola pv. pruni (Xap) is the source of
bacterial spot, a dangerous peach disease that
causes severe defoliation and black surface
pitting, cracking, or blemishes on peach fruit.
Identified for the first time in 1903 in the USA,
the disease has spread worldwide and has been
reported from all continents (Diagnostics,
2006; Socquet-Juglard et al., 2013). Eventually,
severe leaf spot infections can cause early tree
defoliation, reducing vigor and winter hardi-
ness. Bacterial spots influence the worldwide
economy. Under favorable conditions, bacterial
spots can affect 100% of the fruit in peach
orchards (Fleming et al, 2022). It is
widespread in all fruit-growing areas on all
stone fruits in Romania. Due to the attack,
significant damage was recorded in plums,
peaches, or apricots through strong defoliation
and fruit fall in varieties susceptible to the
attack of this bacterium (Florea et al., 2019).
For the past 80 years, conventional disease
measures have been frequently used to achieve
acceptable accuracy and precision in naked-eye
disease assessments. These techniques are
overly subjective, however. There is now a
chance to evaluate diseases more objectively
thanks to new technology (reliability, precision,
and accuracy) (West et al., 2003). The
WinFolia software is one of these. The
software's capabilities to accurately measure
various leaf parameters, such as area, shape,
perimeter, length, and width, allow for the early
detection of pests and disease symptoms that
may manifest on the leaves correlated to their
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color. Thus, this work aimed to screen new
peach and nectarine cultivars for sensitivity to
Xanthomonas arboricola pv. pruni (Smith) and
Pseudomonas syringae pv. persicae.

MATERIALS AND METHODS

The peach orchard was planted in 2017 in the
Experimental orchard of the Faculty of
Horticulture of the University of Agronomic
Sciences and Veterinary Medicine of
Bucharest, using 14 peach and 16 nectarines
new cultivars, grafted on various rootstocks:
Adesoto, Myrobalan 29C (M29C), Saint Julien
A, and GF677 on two different planting
systems: Trident and Vertical Axis.

The planting distances varied between 4.0 x 1.5
m for Vertical Axis (1,666 trees/ha - 1,666
axis/ha) to 4.0 x 2.0 m for Trident (1,250
trees’/ha - 3,750 axis/ha). The peach and
nectarine cultivars are presented in Figure 1.

Peach Nectarine

Cultivar
Honey Late
Nectaross
Stark Red Gold
Maria Anna
Nectareine

Cultivar Rootstock

Saint Julien A
Saint Julien A
Saint Julien A
Saint Julien A
Adesoto
Saint Julien A
Saint Julien A
Saint Julien A
GF677
Saint Julien A
GF677
GF677
GF677
Mirobolan 29 C
Saint Julien A
GF677

Adesoto
Mirobolan 29C
Mirobolan 29C

Adesoto

Adesoto

GF677
GF677
SAINT JULIEN A
GF677
Adesoto
Adesoto
Mirobolan 29C
GF677
GFo77
GF677
GF677

Sugar Time

Springbelle
Cardinal
Royal Majestic
Royal Glory
Nabb;
Royal Summer
Royal Summer
Sweet Dream

Guerriera
Nectagrand 4
Caldessi 2000
Honey Royale

Nectagrand 1
Big Top
Big Fire
Big Bang

Delta
Early Sun Grand
Nectabelle

Royal Jim

Sweet Henry
Red Top
Sweet Ivan

Sweet Juana
Gladys
Lucius

Figure 1. Peach and nectarine cultivars

The analyses were conducted over the 6 years
(2018-2023). Thirty leaves per cultivar were
harvested at three heights: base, middle, and
top. The leaves were stored at 3°C and 90%
humidity. Ten leaves were randomly selected
from a total number of leaves and were
analyzed using the Epson Expression 11000XL
scanner, then interpreted by the WinFolia
software. In 2023, leaves were evaluated twice
during the vegetative period: first on July 11
and November 4, and then at the end of
November on the 28th. Results and
dendrograms depict this indication.

The WinFolia system, created by Regent
Instruments Canada Inc., includes an Epson
11000XL scanner and image processing
software (Figure 2).



Figure 2. Royal Summer/GF677 (a) and SJA (b)
(Trident system planting)

RESULTS AND DISCUSSIONS

Bacterial disease sensitivity determined with
WinFolia system

None of the peach and nectarine cultivars were
immune to the bacterial disease attack (Tables
1 and 2), confirming the results of Werner et al.
(1986).

Comparing nectarine cultivars'  sensitivity
(Table 1), in the 2018-2023 period,
Nectabelle/GF677 [39.68% on Vertical Axis
(VA) and 37.66% on Trident (T)] presented the
highest values on the attack. Big Bang/GF677
and Nectagrand1/SJA had similar values. The
lowest values were at Big Fire/GF677 (26.25%
- VA). Analyzing the dynamic in the 2023
months, Big Bang/GF677 recorded signifi-
cantly higher values on 11.07.2023 - 55.7% (T)
and 04.11.2023 - 58.75% (T).

The lower values at the end of November were
primarily due to leaves drop. When comparing
the influence of the system planting, Vertical
Axis, and Trident, the Vertical Axis system
generally showed higher values than the
Trident towards the end of the analyzed period.

Table 1. Nectarine cultivars under Winfolia analysis: bacterial disease attack (%) in 2018-2023
on two different canopies, Vertical Axis and Trident

Genotype/Rootstock 2018-2023 11.07.2023 4.11.2023 28.11.2023

VA T VA T VA T VA T
Early Sun Grand/SJA ~ 37.1259  abc 33.6418  ab 17.5260  be 15.6800 cd  9.8280  def 19.5345 ¢ 333010 abc 24.0530  bed
Caldessi2000/SJA 33.4493  abed 27.8447  bed 46170 e 55910 de  5.0740 ef  17.4650 cd 33.4200  abc 462210 a
Nectagrand1/SJA 38.5968  ab 38.3987 ab 10.8940 bede 9.4590 cde  46.1070 b 74730 de 446010 a 427780 ab
Nectagrand4/SJA 27.6083  cd 28.7337 bed 10.1330  bede 4.6130 e 7.5860 ef  6.5440 de 14.0150 d 324270 abed
Guerriera/SJA 27.0685  cd 362822 ab 46750 e 58680 de 83350 ef 21.5280 ¢ 174320 cd 12,6960 d
Nectabelle/GF677 39.6790 a 37.6634  ab 17.6260 be 11.6290 cde 574750 a 5.8900 e 28.5930  abed 204370 od
Honey Late/SJA 32,5513 abed 314535 abe 7.6420  cde 27890 e 77030 ef  3.6750 e 26.0850  bed 145700 d
Nectaross/SJA 28.8390  bed 27.6942 bed 292710 a 17.0120 ¢ 54910 ef 77740  de 17.5420  cd 146200 d
Nectareine/Adesoto 28.6438  bed 221320 cd 6.6760  de 49720 e 45330 ef 41810 e 39.9690  ab 18.5810 d
Stark Red Gold/SJA 30.1023  abed 31.4142 abe 16.0930 bed 49720 e 29330 f 41810 e 20.8930  cd 18,5810 d
Big Bang/GF677 329617 abed 415058  a 121230 bede  55.8660 a 58.0150 a 587460 a 15.0660  cd 204380 cd
Big Fire/GF677 262520 d 341332 ab 164380 bed 174320 ¢ 15.4460 cde 43.5910 b 24.4960  bed 16.6830 d

For the peach, in the 2018-2023 trends, the
highest VA wvalue was 4843% (Sweet
Ivan/GF677), while the lowest was 20.46%
(Cardinal/M29C). For the Trident canopy, the
highest value was  43.04%  (Royal
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Summer/SJA), and the lowest was 14.30%
(Sweet Henry/Adesoto). Vertical Axis and
Trident systems showed an increasing trend in
bacterial attack values over the year. Specific
cultivars were more susceptible in the Trident



canopy (ex., Royal Summer/GF677), while
others presented uniform behavior on both
systems (ex., Sweet Henry/Adesoto). Sweet
Ivan/GF677 and Big Bang/GF677 cultivars
generally showed higher values on the Vertical
Axis than on the Trident canopy.

Research conducted by Adaskaveg & Forster
(2023) focusing on the bacterial spot and other
common bacterial diseases in stone fruits could
share common observations regarding patterns
(Adaskaveg & Forster, 2023).

Table 2. Peach cultivars under Winfolia analysis: bacterial disease attack (%) 2018-2023 on two different canopies,
Vertical Axis and Trident

Genotype/Rootstock 11.07.2023
VA T VA T VA T VA T
Cardinal/M 29C 204553 ef 211610 be 7.8460 de 20.0900 be
Royal Summer/SJA 329998 de 43.0367 a 8.0700  ef 185280 ¢ 46560 def  7.0240 de 36.1020 29.0440 abe
Sugar Time/Adesoto 29.5952 e 29.1993  bede 229040 bed 17.7600 ¢ 153300 be 244520 b 26.7920 30.4620 abc
Red Top/M29C 37.6228 bede 343912 abed 102880 def 344610 a 13.1990  bed 15.4540 c 24.7040 28.7200 abe
Royal Glory/Adesoto 35.7567 cde 31.9617  abede  30.6350  ab 31.2880  ab 174790 b 10.2070 cd 21.8710 33.8630 abe
Sweet Henry/Adesoto 36.9923 bede 143003 f 4.0070 f 9.6920 c 1.6760 f 1.6390 e 30.6190 19.2920 be
Sweet Juana/GF677 452302 abe 273847 cde 24,1360 be 120590 ¢ 1.0350 f 1.7800 e 22.2280 27.5040 be
Royal Jim/Adesoto 39.6698 abede  27.6295  cde 340170 ab 18.2600 ¢ 44.1010 a 6.9820 de 40.2350 16.1030 c
Lucius/GF677 39.1632 abede  34.1302  abed 133500  cdef 17.3600 ¢ 3.2790 ef 83110 de 30.0240 35.8220 abc
Royal Majestic/Adesoto 337687 de 39.1182  abe 312920  ab 361370 a 78440 cdef 127990 od 252700 385220 abe
Sweet Ivan/GF677 48.4270 a 333300 abed 207330 bede 133150 ¢ 8.1750 cdef 59320 de 36.3680 253010 be
Sweet Dream/GF677 40.0648 abede  36.7173  abe 226670 bed 18.1350 ¢ 8.0680 cdef  8.1030 de 30.7920 17.6710 bebe
Royal Summer/GF677 36.2702 cde 311532 abede  39.0120  a 17.2850 ¢ 7.6850 cdef  6.8340 de 30.8440 50.1800 a
Nabby/GF677 47.2792 ab 40.6300  ab 33.8260 ab 217110 be 7.7130 cdef  5.8130 de 39.8170 38.8740 ab

Analyzing the rootstock influence on the tree
sensitivity to  bacterial  attack, Royal
Summer/SJA presented lower values than
Royal Summer/GF677 on the Vertical Axis and
higher on the Trident system in 2018-2023. The
trends were similar in the summer and
beginning of fall in 2023. The trees on SJA are
less vigorous than GF677, but the results were
not in line for both canopies.

Morphological leaf parameters

WinFolia software analysis includes an
accurately measured series of leaf morpho-
logical parameters, from which a leaf area
comparison between cultivars and system
planting is presented below.

The biological characteristics of the cultivar
influence the trunk circumference and the
constructive parameters of the canopies. Leaf
area is correlated to tree vigor, canopy shape,
and rootstocks (Pesteanu, 2021). At nectarine
(Figure 3), comparing the cultivars grafted on
similar rootstocks, there were differences in the
leaf area on the SJA rootstock. Stark Red
Gold/STA had a leaf area of 6.95 cm® (VA),
while Caldessi2000/SJA had a lower leaf area
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of 5.75 e¢cm? (VA). On the GF677 rootstock,
Nectabelle/GF677 had a higher leaf area (6.95
cm?) than other cultivars on the same rootstock
(ex., Big Fire/GF677 with 5.92 cm?). On the
Trident planting system, leaf area values were
similar or slightly higher than on the Vertical
Axis.

Leaf Area

Genotype/ Rootstock

Early Sun Grand/SJA 34.3089 ab 34.3012 b
Caldessi2000/SJA 28.7275 c 31.5578 b
Nectagrand1/SJA 33.4287 abe 33.7184 b
Nectagrand4/SJA 325815 abe 3.3962 b

Guerriera/SJA 30.8808 be 325718 b
Nectabelle/GF677 34.7561 ab 353537 ab
Honey Late/SJA 31.5251 abe 33.6139 b
Nectaross/SJA 32.8342 abe 35.0963 ab
Nectareine/M29C 344914 ab 342653 b
Stark Red Gold/SJA 347576 ab 33.5407 b
Big Bang/GF677 33.4109 abe 31.9784 b
Big Fire/GF677 29.6077 be 32.0596 b
Big Top/GF677 29.9222 be 35.0355 ab

Figure 3. Nectarine cultivars under WinFolia
analysis: leaf area (cm?) 2018-2023 on two
different canopies, Vertical Axis and Trident
(values cumulated for five leaves)



For peach (Figure 4), the highest value on the
Vertical Axis system was registered for Royal
Summer/SJA (8.24 cm?), even higher than on
the vigorous rootstocks such as GF677 (Stanica
et al., 2020) and M29C. As nectarine cultivars,
the trees on the Trident system planting
presented similar or slightly higher values than
those on the Vertical Axis.

Genotype/ Rootstock Leaf Area
VA T
Cardinal/M 29C 36.2005 cdefgh
Royal Summer/SJA 41.1986 a 40.8637 abe
Sugar Time/Adesoto 34.8799 bed 37.5602 bedefgh
Red Top/M29C 33.3087 bed 36.1167 cdefgh
Royal Glory/Adesoto 31.2090 cd 38.4258 abede
Sweet Henry/Adesoto 36.1509 be 33.0709 gh
Sweet Juana/GF677 32.2844 cd 32.2208 h
Royal Jim/Adesoto 30.8315 d 34.4613 defgh
Lucius/GF677 33.0261 bed 33.5553 efgh
Royal Majestic/Adesoto 33.3950 bed 36.6003 bedefg
Sweet Ivan/GF677 33.9028 bed 34.6793 defgh
Sweet Dream/GF677 34.6267 bed 34.5953 defgh
Royal Summer/GF677 37.7526 ab 38.8014 abed
Nabby/GF677 34.7271 bed 31.6928 h
Gladys/GF677 35.0761 bed  33.0812 fgh
Springbelle/M29C 424258 a

bacterial incidence than those with denser
forms. These findings differed from our results
for some cultivars, where the Vertical Axis
system exhibited greater susceptibility.

H 10 15 0 2
Early Sun Grand/SJA_t 27 : * t * 1
Big Bang/GF877_t 4
AL

Nectabele/GF677_axis 320
Detani29C t 3
Honey Royale/GFE77_t 8l
Honey Royale/GF&77_axis 25—

7] _ais 2
Nectagrand1/SJA_axis 261
Nectagrand4/SJA t 100
Stark Red Gold/SJA_t 14
Honey Late/SJA_t 16—
Dettani29C_axis
Nectabele/GF677_t 1
GuerrierarSJA_t 1
Big Top/GF877_t 6

Early Sun Grand/SJA_axis 31

NectareinneM29C_t

Maria Anna/SJA_t
Big Fire/GF677. 5

Stark Red GoldISJA_axis

Honey Late/SJA_axis
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Caldesi2000/SJA_axis 24
Nectaross/SJA_axis 18—
Big Top/GF&77_axis 270
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Nectagrand4/SJA_axis 23}
Caldesi2000/SJA t 9
Nectaross/SJa_t 151
Maria AnnarSJA_axis 20—

_axis 22|

Figure 5. Nectarine cultivars dendrograms on bacterial
disease sensitivity

Figure 4. Peach cultivars under WinFolia analysis: leaf
area (cm?) 2018-2023 on different canopies, Vertical
Axis, and Trident (values cumulated for five leaves)

The dendrograms illustrate the similarities or
differences between various peach and
nectarine cultivars based on the degree of
bacterial attack. The cultivars were analyzed
across two canopies, Vertical Axis (" axis")
and Trident (" t"), and different rootstocks.
This analysis can support identifying patterns
of resistance or susceptibility among the
cultivars.

Both dendrograms (Figures 5 and 6) showed
that the interaction between canopies,
rootstock, and inherent cultivar traits shaped
similarities or differences in bacterial disease
levels among cultivars. Rootstocks like GF677
and Adesoto also contributed to cultivar
clustering, highlighting bacterial resistance
profiles.

Research by Tsogbadrakh et al. (2024) and
Oliveira et al. (2018) they have identified
comparable effects of canopy shape on disease
susceptibility when canopies tend to have lower
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Figure 6. Peach cultivars dendrograms on bacterial
disease sensitivity

CONCLUSIONS

The canopies and rootstock-cultivar
combinations influenced leaf area, impacting
plant health, disease resistance, and growth



conditions. Trident canopy shape tended to

exhibit higher leaf area values in some
cultivars, suggesting favorable leaf
development within this training system.

Significant differences in vigor were observed
among the cultivars studied, with Myrobalan
29C and GF677 generally presenting greater
vigor. However, significant differences in
bacterial disease incidence were registered in
nectarine and peach cultivars, with the Vertical
Axis showing more sensitivity for more
cultivars.
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Abstract

Cracking in sweet cherry is often mentioned as a serious problem in many commercial orchards. Research was
conducted on reducing the phenomenon of cracking and keeping in mind that cheap, easily accessible, effective
solutions for farmers in the specific climatic conditions of our country, is of particular importance. Fruit quality is the
target of every farmer. In an attempt to obtain higher quality fruit, it is possible that sometimes, especially if significant
rainfall occurs during the ripening period, producers neglect the cracking susceptibility of their varieties. In 2023 we
evaluated three Romanian sweet cherry cultivars from the perspective of fruits quality parameters as follows: weight,
firmness, pH, total soluble solids, colour. “Special’, "Tentant" and "Severin" cvs. grafted on "IP-C8" rootstock have been
quantitatively assessed by the cracking index. "Severin" recorded the largest fruits while "Special’ registered the highest
content of total soluble solids and these traits represent ones of the most important quality attributes in relation with the
intensity of sweet cherry fruit cracking.

Key words: sweet cherry, cracking index, fruit quality, spray treatments.

INTRODUCTION in all areas where sweet cherry is cultivated in
Romania. If occurs during the blooming period,
In recent years, Romania has consistently  petween 10 to 90% of the flowers can be
maintained in the first top 10 countries ranked affected (Chitu et al., 2020).
in terms of sweet cherries production in Europe  On the other hand, the unpredictable weather
(Faostat, 2022). Due to an extensive favourable specific to the sweet cherries ripening period
geographical conditions for growing (many (May-June) causes big problems for farmers in
hilly areas with altitudes of 600-700 m) and a  many years. In a multi-year characterization
long traditions of sweet cherry cultivation,  (1961-2023) of Romania's climate, the National
considering also the economic efficiency of the  Meteorological Administration indicates that
crop that can generate important incomes for ~ May and June are the months characterized by
fruit growers, the cherries are in the main  periods of sunny and warm days (sometimes
attention for farmers and investors too. too hot) that alternate with periods of cold and
Nevertheless sweet cherry production faces a  rainy days. The rains have many times torrential
lot of challenges. Certainly the most important  feature. In addition, June is the richest month in
ones are spring frosts and fruit cracking. Spring  precipitation among all the months of the year.
frosts is a threat of a high risk for the  In terms of cracking susceptibility, fruit of all
production of sweet cherries in temperate  cultivars cracks, but some differences between
climate regions through cold climate regions,  the sweet cherry cultivars exist (Knoche and
especially when the bacterial canker infection  Winkler, 2019). Research should be conducted
follows this low temperature wave (Demirsoy  towards the use of less susceptible cultivars to
et al., 2022), and its severity is determined by  cracking and their selection for the establish-
many factors, such as the cultivar, the pruning  ment of new orchards, especially in areas where
intensity, the duration of the freeze and the  the rain risk is present during the picking time.
stage of bud dormancy (Webster and Looney,  These sweet cherry varieties that prove to be
1996). Such accidents are quite often and  tolerant to cracking, can be a valuable source of
become more often due to the climate change genes for the sweet cherry breeding programs.
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MATERIALS AND METHODS

The biological material used in the present
research was represented by three Romanian
sweet cherry varieties grafted on IP-C8

vegetative rootstock and established in a non-
irrigated eight years old orchard of the
Research Institute for Fruit Growing Pitesti -
Maracineni (Figure 1).

Figure 1. Eight years old orchard at RIFG Pitesti -
Maracineni

The main traits of the sweet cherry cultivars are
as follows:

Special - is a bitter-sweet taste variety,
specially bred for processing as jam and for
alcoholic beverages, a better alternative to the
varieties used for ‘kirschwasser’ or older
similar varieties present in the official ISTIS
assortment list.

Figure 2. ‘Special’ fruit

The fruit is medium-sized (6 g), with a deep
stylar point, dark red to black skin, good
firmness of the flesh, dark red flesh and juice
(Figure 2).

Tentant — is a variety for fresh consumption,
with a very firm purple-red pulp and sweet
taste. Flowering is starting late and the tree is
medium as vigour, with upright or semi-upright
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habit and high productivity. It is tolerant to
Monilia sp. and Blumeriella jaapii (Rehm Arx.)
and can be a good substitute for ‘Kordia’ in a
high density orchard (Figure 3).

Figure 3. ‘Tentant’ sweet cherry variety fruits

Severin — variety bred for fresh consumption,
with large fruits (9g), dark red skin, firm pulp
and sweet taste (Figure 4). The productivity is
medium and the tree is tolerant to Monilia sp.
and Blumeriella jaapii (Rehm Arx.).

Figure 4. ‘Severin’ sweet cherry variety fruits

The cracking susceptibility of the varieties was
assessed by calculating the cracking index,
using the Verner (1957) method revised later
by Christensen (1972).

For each sweet cherry variety, 50 fruits at full
maturity were picked, without any disorders,
cracks or bumps and were placed in distilled
water at 20°C for 6 hours. Every 2 hours the
fruits have been checked, and those that were
found cracked have been removed from the
water and counted (Figure 5).



Figure 5. Immersing sweet cherry fruits
in distilled water for 6 hours

The cracking index (CI) was calculated

according to the formula below:
CI=(5a+3b+c)/250) x 100

where a, b and ¢ represent the number of fruits
cracked after 2, 4 and 6 hours of immersion,
total number of fruits immersed 50,
maximum cracking 50 x 5 =250

The quality traits of the sweet cherry fruits
have been evaluated considering the following
items (Figure 6):

- weight — measured with a high precision
electronic scale;

- fruit firmness — using a non-destructive
penetrometer, Bareiss Qualitest HPE, with 0.25
cm? plate and cylindrical tip;

- the skin color - was assessed using the Konica
Minolta CR 400 Chroma Meter;

- total soluble solids (TSS) — was measured by
refractometric method using a Hanna HI 96801
portable refractometer;

- pH of the fruit juice - was determined using
the Mini Lab pH meter.

For the evaluation of the fruit’s skin colour, we
used the CIELAB system. The colour is
represented using coordinates in a uniform
colour space consisting of the brightness
variable L* and the chromaticity indices a* and
b*. Thus, if the L* coordinate provides
information regarding the brightness, the
positive values of a* are located on the red axis
and the negative ones on the green axis, and the
positive values of b* are located on the yellow
axis and the negative ones on the blue axis.
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Figure 6. Sweet cherry fruit measurements

Statistical analysis of data was done using
analysis of variance (one way-ANOVA),
followed by post hoc Duncan’s Multiple Range
Test (DMRT) to measure specific differences
between samples means.

The relationships between parameters were
also performed in order to determine, above all,
the relationships between fruit quality
parameters and CI, by Pearson’s correlation.
The aim of the researchwas to emphasize the
relationship between some quality traits of
three sweet cherry Romanian varieties and their
susceptibility to cracking.

RESULTS AND DISCUSSIONS

Sweet cherry fruit quality is closely related
with the cultivar, but also with the specific
environmental conditions of the current year,
and is decisively affected when abundant
precipitation is recorded before or during
harvesting. In 2023, 12" of  June was
considered the harvesting day for full ripen
stage of 'Tentant' and 'Special' varieties and two
days later, on June 14, for 'Severin'. In setting
up the experiment, we considered very relevant
for an objective evaluation, to choose sweet
cherry varieties that have the same or very
close harvesting time. One week behind the
harvest date, no precipitation occurred (Figure
7), and even that 7.2 mm of precipitation fell
on the eve of the harvest, it wasn’t affect the
fruits. As a result of this environmental
condition, in the field we counted only 2.5% of
cracked fruits.

According to the data registered for each
variety (Table 1) in terms of fruit weight,
'Severin' presented the largest fruits (7.67 g),
very closed followed by ‘Tentant’ (7.56 g) with
no statistic differences.
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Figure 7. Environmental conditions during
the harvest time (1-15 June, 2023)

Table 1. Analyzed quality parameters of the sweet cherry
varieties
Weight Firmness pH TSS
Cultivar (g) (HPE) (°Brix)
b
Special 5.57° 3.1 38 21
b
Tentant 756" 51.00 3.62¢ 1621
Severin 7.67° 34.1° 344 1.78¢

*Values followed by the same letter are not statistically different
according to DMRT (P<0.05).

The lowest cracking index (Table 2) of
‘Severin’ variety (6.4) did not support the
results obtained by Perreira et al. (2020) in case
of cultivar ‘Lapins’ and ‘Early Bigi’ that
showed a higher CI correlated with the bigger
size of the fruits. In other particular cases and
varieties, as results obtained by Stojanovi¢ et.
al. (2013) the late ripening varieties are less
susceptible to cracking and not the heaviest
ones.

In our research, we noticed a significant
negative correlation between weight and the

cracking index (Table 3). The same conclusion
was indicated in the experiments initiated by
Demirtas and Aydinli (2020) who could not
demonstrated a strong connection between the
fruit size and the cracking index in 16 sweet
cherry early ripening genotypes.

Table 2. Colour and Cracking Index of the three sweet
cherry varieties

Cultivar 1L a* b* CI

Special 23.25¢ 6.15¢ 1.16¢ 38.4°
Tentant 24.72° 13.00° 2.78° 35.6°
Severin 25.07* 15.86% 4.042 6.4¢

*Values followed by the same letter are not statistically different
according to DMRT (P<0.05).

Although 'Special' and 'Severin' varieties
showed similar firmness values (Table 1), their
behaviour was totally differently once the fruits
were introduced to water for 6 hours. These
data are in line with other experiments that did
not reveal a very strong correlation between
firmness and the cracking index (Perreira et al.,
2020). In our case, the correlation is significant
at the 0.05 level and highlight big differences
between the CI wvalues of ‘Special’ and
‘Tentant’ varieties (Table 3).

Variations of pH can influence taste, flavour,
consistency, fruit shelf life and depreciation of
juice. Comparing to the finding of Kappel et al.
(1996) where the pH was around 3,8 and those
reported by Skrzynski et al. (2016), where 10
of the 14 sweet cherry genotypes had pH below
3.5 and only four cultivars had higher pH value
than 3.8 our sweet cherry varieties significantly
varied between 3.44 at ‘Severin’ to 3.62 at
‘Tentant’.

Table 3. Correlations between cracking index and the biometric attributes of the sweet cherry varieties

Cultivar  Weight (g)  Firmness (HPE) pH TSS (°Brix) L& a* b* CIL
Cultivar 1 821(**) 070 -262(*) -.958(**) 448(**) 693(*%) 634(*%) ~.905(**)
Weight (g) 1 415(°%) 027 _817(*%) 452(*%) 651(7%) 565(+%) _563(*%)
Firmness (HPE) 1 425(*%) -.097 170 169 083 250(%)
pH 1 199 -.050 =132 -.180 440(**)
TSS (°Brix) 1 _417(%) _661(*%) ~595(t%) 842(*%)
L* 1 885(**%) 921(**) _338(*%)
a* 1 972(**) _558(**)
b* 1 _554(%%)
CI 1

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed)

50



Under our specific experimental conditions, the
increase in pH was positively correlated with
the cracking index (Table 3).

Concerning the total soluble solids, the
spectrum of values ranged from 11.78 “Brix at
‘Severin’ to 21.7 ‘Brix at 'Special' (Table 1).
Even that Kappel et al. (1996) considered
optimal a value of TSS = 15 for the harvest
time, the specific color and the very balanced
taste of the fruits assured us that the moment of
harvesting for ‘Severin’ was the right decission.
Similar values were also reported by Ruiz-
Aracil et al. (2023), in the case of ‘Early Lory’
cultivar and after foliar applications of 0.5 mM
MelJA.

Zheng et al. (2016) have shown that flavour
and sweetness are main priorities in consumer
acceptance, followed closely by colour, size
and firmness of sweet cherry fruits. Also
important we consider to research if there is
any connection between the intensity of these
attributes and the susceptibility to fruit
cracking.

In our research, the correlation between TSS
and CI is consistent and positive (Table 3) even
that the differences between the varieties were
statistically assured for both parameters.
Analyzing the 3 coordinates for skin colour of
the fruits, we remarked that the bright red skin
color of 'Severin' was the lightest one in
contrast with 'Special' variety where the skin
was darker (Table 2). Overall, 'Severin' cherries
had recorded higher values than 'Special' and
‘Tentant’ cultivars in all parameters, and
significant differences (p < 0.05) were found
for all L*, a* and b* coordinates. We found
significant negative correlation between skin
colour and CI. Chelpinski et al. (2019)
considered that the color measured with a
spectrophotometer is a sufficient tool for
appreciating the degree of ripening of the fruits.
Low values of the coordinates L*, a* and b*
generally assume darker and therefore over
ripen fruits, correlated with higher CI values.
The lowest average value of fruit cracking
index was recorded in the cultivar ‘Severin’
(6.4), while the highest value was fund for the
cultivars ‘Special’ (38.4) and ‘Tentant’ (35.6).
These values split the varieties in two out of the
four groups established by Christensen (1972):
‘Severin’ in the group of low susceptible (CI <
10.0) and ‘Special’ and ‘Tentant’ in cracking
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susceptible group, were the cracking index
values range between 30.1 and 50.0. We expect
some differences in rankings and cracking
index values depending on the year. For
instance, Demirtag and Aydinli (2020) found
for one of the studied genotypes value of 5.7
for cracking index in the first year, and 43 for
the 2nd year of experimentation.

CONCLUSIONS

Not all quality traits of the ‘Severin’, ‘Special’
and ‘Tentant’ Romanian sweet cherry varieties
proved a strong correlation with the cracking
index.

'‘Special' had the best coloured fruits, the
highest TSS content and the lowest fruit
firmness. The highest cracking index at the
moment of the variety ripening time has to be
connected to the rain fell on the eve of the
harvest.

Some parameters such as the TSS content,
better coloration of the fruit skin indicated a
good correlation with the cracking index.

For the tested sweet cherry varieties, neither the
firmness, nor the fruit weight did not confirm
the expectation of a higher cracking index.
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Abstract

Raspberries are shrubs that belong to the genus Rubus idaeus L., Rosaceae’s family. The raspberry culture is one of the
most widespread among fruit bushes. Raspberries include a large number of varieties with different ripening periods,
with summer and autumn fruiting of the remontant ones. The fruits of the genus Rubus are among those rich in bioactive
compounds (anthocyanins, dietary fiber, vitamins, minerals and carbohydrates), so beneficial for human and animal
health (Vega et al., 2021) The objective of the paper was to evaluate the bioactive compounds with antioxidant properties
from raspberry fruits obtained from plants grown on different culture substrates, such as: manure, garden soil, forest
compost, semi-fermented compost and spent mushroom substrate (SMS), applied to the soil. The studied plantation was
established in the spring of 2020, and the presented results refer to the fruits harvested in 2022. The experiments were
set up in the field within SCDP Bdneasa - the Moara Domneasca Afumati Experimental Farm.

Key words: raspberry cultivation, nutritive substrates, bioactive compounds.

INTRODUCTION

Red raspberry (Rubus idaeus L.), a herbaceous
plant in the Rosaceae family, is a shrub
described as a nanophanerophyte. Raspberry, is
an important commercial product in fresh or
processed form due to its nutritional, medicinal
and cosmetic uses (Giilcin et al, 2011;
Papaioanou et al., 2018).

Raspberries contain high concentrations of
important nutrients, bioactive compounds and
phytochemicals. Raspberries are also an
excellent source of vitamin C. It is well known
that vitamin C has health and wellness attributes
that make the fruit very popular among
consumers (Papaioanou et al., 2018).
Raspberries contribute to the nutritional value of
a diet. They contain phytochemical components
with documented biological activity, many of
which were originally investigated for their in
vitro antioxidant properties .

The chemical constitution of raspberry leaves,
which are a by-product of raspberry processing,
has not been studied as thoroughly as its fruit. In
particular, the healing properties of raspberry

53

leaves, known since ancient times, are
prescribed for the treatment of a wide variety of
diseases, for example, by including them in
herbal preparations used to relax the uterus
during childbirth. Other applications of
raspberry leaves include their use as an additive
to  beverages, nutritional  supplements,
functional herbal preparations, teas and
chocolate to enhance their nutritional and flavor-
forming properties (De Santis et al., 2022; Wu
et al., 2022). Rubus fruits have been shown to be
an increasingly important source of bioactive
substances due to their antioxidant, anti-
inflammatory, chemopreventive and
antibacterial properties, positive effects on
blood lipids and atherosclerosis mentioned
above, as well as their advantageous
composition. Therefore, due to their biological
effect, they can potentially be applied as a health
promoting factor (Schulz and Chim, 2019).

The objective of the work was the evaluation
of the bioactive compounds with antioxidant
properties from raspberry fruits (Rubus idaeus
L.) in correlation with their culture substrate.



MATERIALS AND METHODS

The study was carried out at the Moara
Domneascd Experimental Base, located NE of
Bucharest (in Campia Vlasiei, a subunit of the
Romanian Plain), in [Ifov County, just about 17
km from Bucharest. The farm belongs to the
Research and Development Station for
Pomiculture (RDSFG) Béneasa.

The experimental plot was established in early
spring 2020 by planting three varieties of
raspberry  (Rubus  idaeus L.): "Citria",
"Przehyba" and "Tulameen", on different
nutrient substrates (peat moss, semi-fermented
compost, forest compost, and mixture of the 4
substrates in equal amounts), at distances of 3.0
m between rows and 0.5 m apart in each row.
The environment in which the plant grows and
develops is one of the most important factors in
agriculture. Substrates must be able to provide
adequate water, nutrients and oxygen for the
plant, as well as support for the whole plant.
(Kang et al., 2004; Miller and Jones, 1995)

The better the substrate, the healthier and more
vigorous the plant

Biochemical investigations were carried out at
the Faculty of Biotechnologies of USAMV-
Bucharest, using spectrophotometric
determination methods.

Determination of total ascorbic acid content
in fruit juices was performed by spectropho-
tometric method using potassium permanganate
(KMnOs4) as chromogenic reagent (Zanini et al.,
2018; Elgailani et al., 2017). The concentration
of ascorbic acid in the samples was expressed in
mg/L.

Determination of total anthocyanins content
Total anthocyanins content (TA) was carried out
using the pH differential spectrophotometric
method (Giusti & Wrolstad, 2000).
Determination of total phenolics

For determination of TPC, a method with Folin
- Ciocalteu reagent (Sigma-Aldrich) (Singleton,
1999)

Determination of antioxidant activity

It was determined by two methods: the DPPH
(2,2-diphenyl-1-picrylhydrazyl) method and the
phosphomolybdate method for total antioxidant
capacity.

Statistical analysis

All measurements were carried out in three
replicates (n = 3) and results were presented as

means + standard deviations (SD). Anova test
and Duncan test were performed with SPSS
software.

RESULTS AND DISCUSSIONS

The biological material consisted of three
varieties of raspberry (Rubus idaeus L.):
"Citria", "Przehyba" and "Tulameen", from the
Béaneasa Pomiculture Research and Develop-
ment  Station Bucharest. A brief
characterization of the three raspberry cultivars
and the general appearance of the fruit are
presented in Table 1.

Table 1. General description of the raspberry genotypes
studied

The
appearance
of the fruit

Genotype General description

"Citria" The  "Citria"  raspberry (origin
Romania) is a variety with yellow fruits. It
forms a bush with a tall stem, with few
branches and medium sprouting capacity.
The fruits are medium-sized, short-shaped,
conical, with small seeds, yellow in color
and excellent taste. The planting period is | §
spring and autumn, and the harvesting
period in June. The fruits can be consumed
fresh or processed. It is an extremely early
variety, adaptable to different
environmental conditions, resistant to frost
and raspberry diseases and is very
productive.

"Przehyba" "Przehyba" (origin Poland) is an early
variety, created in recent years and
appeared on the market in 2016. It is
available from autumn 2017 for testing,
and from 2018 for professional crops. It
keeps very well, has good firmness and
withstands transport in suitable packaging.
The Przehyba raspberry belongs to
seasonal varieties with an early ripening
period. The fruits are elongated,
cylindrical, of a bright red, of sizes that
come out of any pattern, up to 5 cm in
length, very sweet and tasty. It is a dessert
variety.

The "Tulameen'" raspberry variety
(origin Canada ), is a variety that easily
adapts to environmental conditions, being
widespread in many climate zones sweet [
noted for its excellent flavor. For optimal J¢
development, it needs a rich, deep soil that
retains water quite well but not with excess
moisture and sunny exposure. The fruit is
very large, weighing between 5-7 g, intense
red, shiny, conical, elongated. Fruit
characters of Tulamen, apparent derived
from black raspberries,include late ripenng
and relatively firm textured fruit.

"Tulameen"
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The soil at Moara Domneasca is a reddish pre-
vosol. Several soil profile analyses were carried
out in the in-house agrochemical laboratory to
determine  the  soil's  physico-chemical
properties.




The following soil characteristics were
determined (by particle size analysis to
determine the clay, dust and sand content of the
soil): a high percentage of clay ranging from
40.55% in the upper horizon 0-40 cm to 41.63%
at depths of 41-53 cm and 47.39% at depths
greater than 54 cm (Table 2).

Table 2. The granulometric composition of the soil
(Experimental Base Moara Domneasca, 2019)

Horizon | Depth | Clay | Coarse | Fine | Dust | Texture

(em) | (%) | sand | sand | (%)

(%) | ()

Ao 0-40 |40.55/0.36 3433 |24.75| Clay
loam
Ao/Bt [41-53 |41.63]0.52 21.54 |56.28| Clay
loam
Bt 54- 47.39(0.37 27.59 |30.34| Clay
200 loam
C Over |36.18)0.42 32.04 |32.04| Clay
200 loam

The clay texture results in low nutrient mobility
and poor soil water permeability.

Soil humus content is good in the first 40 cm of
the profile, where most of the roots of young
trees, reaching a value of 3.26%, then drops
sharply to 1% in the Bt horizon profile (Table
3).

Table 3. Physical and chemical properties of the profile
soil (Experimental Base Moara Domneasca, 2019)

. Horizons | o | AoBt | Bt f
Properties
Humus (%) 3.26 1.87 1.0 1.0
Soluble Ca
(mg/100 g soil) 332 2
Hydrolitic acidity (meq) 2.8 2.04 1.72 0.18
Exchangeable Bases (meq) 22.6 23.62 | 26.28 | -
Total cation exchange capacity 28.65 | 28.04 | 3001 | -
(meg)
Degree of saturation in bases (%) | 78.94 | 84.28 | 87.53 | -
pH 6.4 6.6 6.8 83
Total N (%) 0.144 | 0.102 | 0.075 | 0.07
Soluble P (mg / 100 g soil) 50 40 40 30

The pH is slightly acidic at the soil surface (6.4),
reaching alkaline in the C horizon (8.3). Other
indicators such as nitrogen index (NI),
hydrolytic acidity, humus, organic carbon were
determined during 2020

The climate at Moara Domneasca is temperate
continental

The plants were grown on different nutrient
substrates (peat moss, semi-fermented compost,
forest compost, and a mixture of the 4 substrates
in equal amounts) (Table 4).
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Table 4. Variants of nutrient substrates in which
blackberry varieties are planted

Nr. crt. Variants of nutrient substrates

Control

Bramble

Mushroom Compost

Forest Compost

Semifermented Compost

Mixture Compost 25 % of the 4 substrate variants

N |B|w | |—

Biochemical determinations were performed by
analyzing fresh raspberry fruit from "Citria",
"Przehyba" and "Tulameen", Fruits were
obtained from plants grown on different culture
substrates: peat moss, compost from mushroom
growing substrates, forest compost, semi-
fermented compost and compost substrates,
forest compost and semi-fermented compost).
The plants produced fruit on all substrates used
for their culture.

Determination of total ascorbic acid content

The determination of the total content of
ascorbic acid in fruit juices was carried out by
the spectrophotometric method using potassium
permanganate (KMnOs) as a chromogenic
reagent (Zanini et al., 2018; Elgailani et al.,
2017). The decrease in absorbance was
measured when a potassium permanganate
solution was reacted with ascorbic acid solution
in acid medium.

The results for the total ascorbic acid content
(g/L) of blackberry fruit are summarised in
Table 5 and Figure 1.

Variation of "Vitamin C" in each variety raspberries,
according to nutritive substrates
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Figure 1. Variation in total ascorbic acid content (g/L)
of three varieties of raspberry as a function
of nutrient substrates

To raspberry fruits from the "Citria" variety
obtained from the plants grown on different
substrates, it was found that, compared to the
control substrate (84.90 + 1.02 mg/L), the
highest amounts of vitamin C were recorded in
the fruits of the plants grown on the substrate



(157.35 = 1.20 mg/L) represented by the
compost obtained from the mixture of 25% each
of the other substrates taken into the study
(Mranita; Mushrooms Compost; Forest compost;
Semi-fermented compost).In the case of fruits
from plants grown on the other substrates, the
vitamin C content varied between 50.28 + 0.47
mg/L and 79.40 = 0.47 mg/L (Figure 1).

Table 5. Total ascorbic acid content (mg/L)
of raspberry fruit
Descriptive Statistics

Dependent Variable: Total Ascorbic Acid (mg/l)
Std.

Substrat Variety Mean  Deviation N

CITRIA 84.90 102 3
PRZEHYBA  592.13 061 3

CONTROL
TULAMEEN 120429 172 3
AVERAGE 627.11 L2 9
CITRIA 79.4 047 3
PRZEHYBA 1087 100 3

BRAMBLE
TULAMEEN  1027.86 177 3
AVERAGE 731.42 108 9
CITRIA 50.28 047 3
MUSHROOM ~ PRZEHYBA 3
COMPOST TULAMEEN  484.67 1.01 3
AVERAGE 267.48 074 9
CITRIA 56.1 048 3
FOREST PRZEHYBA  574.00 1.0 3
COMPOST TULAMEEN 68833 104 3
AVERAGE 439.48 084 9
CITRIA 157.35 120 3
MIXTURE PRZEHYBA 1106 .00 3
COMPOST TULAMEEN  485.17 104 3
AVERAGE 582.84 108 9
CITRIA 67.72 050 3
SEMIFERMENTED PRZEHYBA  485.67 076 3
COMPOST TULAMEEN 51433 076 3
AVERAGE 355.91 1019

In the raspberry fruits of the "Przehyba"
variety, the highest values of vitamin C com-
pared to the control (592.13 + 0.61 mg/L) were
obtained in the fruits from the plants grown on
the substrates (mixed compost) (1106 + 1.0 mg/L)
and (bramble) (1087 £+ 1.0 mg/L) (Figure 1).

On the substrate variant (compost from
mushroom culture) no fruit was obtained until
the time of harvest, as a result the experiments
could not be performed. On the substrate variant
forest compost, the ascorbic acid content
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(574.00 + 1.0 mg/L) was close to that obtained
from the fruits of plants grown on the control
variant (592.13 £ 0.61 mg/L). The lowest values
of vitamin C, 485.67 + 0.76 mg/L, were
recorded in the fruits of plants grown on semi-
fermented compost substrate (Table 5, Figure 1).

In the raspberry fruits from the "Tulameen"
variety, the highest values regarding the total
content of ascorbic acid (vitamin C) were
obtained in the case of the fruits from plants
grown on bramble substrate (1027.86 + 1.77
mg/L) and from the control variant (1204.29 +
1.72 mg/L), followed by the variant (forest
compost substrate) with 688.33 + 1.04. In the
fruits obtained from the variants (484.67 = 1.01
mg/L) (514.33 £ 0.76 mg/L) and (485.17 + 1.04
mg/L), the values were relatively close (Table 5,
Figure 1).

From the data regarding the total content of
ascorbic acid (vitamin C) in the raspberry fruits
obtained from the plants grown on the different
culture substrates, it can be noted that the mixed
compost substrate (V5) was conducive to the
accumulation of vitamin C in large quantities in
the case fruits from the "Citria" and "Przehyba"
varieties. In the "Tulameen" raspberry variety,
vitamin C recorded significant levels in the
control and substrate variant V1 (bramble). The
V1 variant was conducive to the accumulation
of vitamin C also in the case of the "Przehyba"
variety.

Among the 3 analyzed varieties, the highest
levels of vitamin C are found in the "Tulameen"
and "Przehyba" varieties.

Determination of total monomeric anthocyan
The intense red color of the raspberry itself is
related to its composition, including the content
of anthocyanins, the concentration of which is
influenced by several factors, such as the
variety, the stage of ripening and the climatic
and soil characteristics of the cultivation areas,
among others Anthocyanins, and by extension
raspberry color, are important elements for
growers because they improve consumers'
perception of quality.

The results regarding the total content of
anthocyanins (mg equivalent of cyanidin-3-
glucoside/L) from raspberry fruits resulting
from plants grown on different substrates are
summarized in Table 6 and Figure 2.



Table 6. Total monomeric antocyan content (mg/L)
of raspberry fruit

Descriptive Statistics

Dependent Variable: Total Ascorbic Acid (mg/l)
Std.

Substrat Soi Mean  Deviation N
CITRIA 1.4 0.1 3
CONTROL PRZEHYBA 50.6 0.65 3
TULAMEEN 62.05 0.21 3
AVERAGE 38.02 0.32 9
CITRIA 5.49 0.02 3
BRAMBLE PRZEHYBA 20.19 0.3 3
TULAMEEN 76.33 0.6 3
AVERAGE 34.00 0.31 9
CITRIA 1.82 0.02 3
MUSHROOM PRZEHYBA 3
COMPOST TULAMEEN 66.5 0.49 3
AVERAGE 34.16 0.26 9
CITRIA 6.33 0.24 3
FOREST PRZEHYBA 6.7 0.99 3
COMPOST TULAMEEN 99.08 0.26 3
AVERAGE 58.37 0.50 9
CITRIA 5.99 0.01 3
MIXTURE PRZEHYBA 37 0.23 3
COMPOST TULAMEEN 82.92 0.21 3
AVERAGE 41.97 0.15 9
CITRIA 4.99 0.01 3
SEMIFERMENTED PRZEHYBA 40.96 0.11 3
COMPOST TULAMEEN 59.62 0.52 3
AVERAGE 35.19 0.21 9

Figure 2. Variation of Total monomeric antocyan (mg/L)
content of three varieties of raspberry
as a function of nutrient substrates

The raspberry variety "Citria" is a variety
with yellow fruits, as a result the total content of
anthocyanins in mg cyanidin-3-glucoside equi-
valents / L was lower than in the raspberry
varieties with red fruits.

In the results of this work, in the fruits of "Citria"
obtained from plants grown on different
substrates, high values of anthocyanins were
noted, relatively close, in the case of the fruits
obtained from the substrate variants of: forest
compost (6.33 + 0.24 mg/L), semi-fermented
compost (5.99 + 0.01 mg/L), bramble substrate
(549 + 0.02 mg/L) and respectively on the
mixed compost substrate (4.99 + 0.01 mg /IT).
The lowest anthocyanin values were recorded in

57

the control (1.40 = 0.1 mg/L) and the substrate
variant represented by compost from mushroom
culture (1.82 £+ 0.02 mg/L) (Table 6 and
Figure 2).

In the raspberry variety "Przehyba" with bright
red fruits, the highest amount of anthocyanins,
69.7 + 0.99 mg ECy 3-Glu/L, was recorded in
the case of the fruits of the plants grown on the
forest compost variant (V3), followed by the
control variant with 50.6 £ 0.65 mg ECy 3-
Glu/L and respectively by V5 (mixed compost)
with 40.96 £ 0.11 mg ECy 3-Glu/L and V4
(semi-fermented compost) with 37.0 £ 0.23 mg
ECy 3-Glu/L. The lowest values of
anthocyanins were recorded in the fruits of the
plants grown on the V1 variant of the bramble
substrate (20.19 + 0.30 mg ECy 3-Glu/L) (Table
6 and Figure 2).

In the raspberry variety "Przehyba'" with
bright red fruits, the highest amount of
anthocyanins, 69.7 + 0.99 mg ECy 3-Glu/L, was
recorded in the case of the fruits of the plants
grown on the forest compost variant (V3),
followed by the control variant with 50.6 + 0.65
mg ECy 3-Glu/L and respectively by V5 (mixed
compost) with 40.96 + 0.11 mg ECy 3-Glu/L
and V4 (semi-fermented compost) with 37.0 £
0.23 mg ECy 3-Glu/L. The lowest values of
anthocyanins were recorded in the fruits of the
plants grown on the V1 variant of the bramble
substrate (20.19 = 0.30 mg ECy 3-Glu/L) (Table
6 and Figure 2).

In the "Tulameen" raspberry variety with
intense red fruits, the results revealed that the
highest content of anthocyanins was in the fruits
from plants grown on the forest compost
substrate (V3), with 99.08 + 0.26 mg ECy 3-
Glu/L, followed by the data obtained from the
fruits of plants grown on V4 - semi-fermented
compost - with 82.92 + 0.21 mg ECy 3-Glu/L
and V1 - blackberry with 76.33 = 0.60 mg ECy
3-Glu/L. On the variants of substrates V2
(compost from mushrooms), control substrate
(C) and V5 (mixed substrate) the results were
relatively close. The lowest values of the
anthocyanin content were recorded for the
substrate variant V5 - compost mixture (Table 6
and Figure 2).

Following the results obtained regarding the
content of anthocyanins in the fruits of plants
grown on different substrates, it is noted that the
most favorable substrate for the accumulation of



anthocyanins in the fruits was represented, for
all three raspberry varieties, by the compost
substrate of forest (V3). Among the 3 raspberry

varieties analyzed, the "Tulameen" and
"Przehyba" varieties have the highest levels of
anthocyanins.

Anthocyanins are a group of natural phenolic
compounds responsible for the color of many
plants, flowers and fruits. These compounds are
of great importance due to their proven
pharmacological activities. Forest fruit extracts
(Rubus spp.) contain large amounts of
anthocyanins, and their consumption either in
food or in some therapeutic applications is
common. The anthocyanin composition of the
fruits of different species of Rubus species are
quite distinct. Raspberry (R. idaeus) contains a
distinct spectrum of anthocyanins (Dugo et al.,
2001). The major components are cyanidin and
cyanidin-3-sophoroside, with smaller amounts
of other anthocyanins, including cyanidin-3-
(2G-glucosylrutinoside), cyanidin-3-glucoside,
cyanidin-3-rutinoside, pelargonidin and its
glycosides. More recently, Chen et al. (2007)
established an ultrasound-assisted extraction of
anthocyanins from R. idaeus. The anthocyanin
composition of the extracts was identified by
high-performance liquid chromatography-mass
spectrometry. The content of anthocyanins,
found in large quantities in red raspberries, is
influenced by several factors, such as: the
variety, the ripening stage and the climatic and
pedological characteristics of the cultivation
areas, among others (Stamenkovic et al., 2019).
Determination of total phenol content

The total phenolic content, expressed as gallic
acid equivalent, in "Citria" with yellow fruits,
originating from plants grown on different
substrates, varied from 355.86 + 1.78 mg
EAG/L, with the highest value (recorded in the
sample control), at 175.38 + 1.26 mg EAG/L
(value recorded in samples V5- compost
mixture). Among the samples from plants grown
on different substrates, the highest values were
recorded in sample V4 — semi-fermented
compost (197.32 + 1.13 mg EAG/L). The other
samples had close values (Table 5 and Figure 2).
In the red fruits of raspberry cv. "Przehyba",
the highest values (125.67 = 1.13 mg EAG/L)
were recorded in sample V3 (forest compost),
and the lowest (85.78 £ 0.80 mg EAG/L ) in
sample V1 (bramble). With the exception of the
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compost substrate variant from mushroom
culture for which no fruits were obtained until
the analysis was carried out, the control sample
(M) and the other samples (V4 and V5) recorded
close values (Table 7 and Figure 3 . In the case
of red raspberry fruits cv. "Tulameen", the
most significant values were noted in samples
V4 (256.43 £ 0.89 mg EAG/L) and V3 (220.41
+1.13 mg EAG/L), and the lowest in the control
sample (137.41 + 0.88 mg EAG/L) (Table 7 and
Figure 3).

As noted from the obtained results, the
concentration of polyphenols can vary
depending on the variety and the specific
nutritional needs of each variety, provided by
the culture substrate. Probably, the raspberry
studied had different climatic and agrotechnical
conditions during growth, which it could have a
significant impact on the amount of analyzed
compounds. Contaminants from fertilizer use
and the lower nutritional quality of the fruit
could affect the low concentration of these
compounds.

Table 7. Total Poliphenoli content (mg EAG/L)
of raspberry fruit

Descriptive Statistics

Dependent Variable: Total Ascorbic Acid (mg/l)
Std.

Deviatio

Substrat Variety Mean n N
CITRIA 355.86 1.78 3
PRZEHYBA  110.51 1.02 3

CONTROL
TULAMEEN  137.41 0.88 3
AVERAGE 201.26 123 9
CITRIA 188.08 0.47 3
BRAMBLE PRZEHYBA 85.78 0.80 3
TULAMEEN  176.74 1.23 3
AVERAGE 150.20 0.83 9
CITRIA 187.72 1.48 3
MUSHROOM PRZEHYBA 3
COMPOST TULAMEEN  169.33 1.41 3
AVERAGE 178.53 145 9
CITRIA 181.22 0.83 3
FOREST PRZEHYBA  125.67 1.13 3
COMPOST TULAMEEN  220.41 0.89 3
AVERAGE 175.77 0.95 9
CITRIA 197.32 1.13 3
MIXTURE PRZEHYBA 11223 1.24 3
COMPOST TULAMEEN  256.43 0.89 3
AVERAGE 188.66 1.09 9
CITRIA 175.38 1.26 3
SEMIFERMENTE ~ PRZEHYBA 11574 0.81 3
D COMPOST TULAMEEN  166.49 1.24 3
AVERAGE 152.54 1.10 9



Variation of "Total Poliphenoli" (mg EAG/L) contentin each variety of raspberry,
according to nufritive substrates
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Figure 3. Variation of total poliphenoli content
(mg EAG/L) of three varieties of raspberry
as a function of nutrient substrates

Polyphenols can act in several ways: as reducing
agents, as compound that blocks free radicals,
chelates metal ions that catalyze oxidation
reactions (thus preventing reactions caused by a
single active oxygen atom) and inhibits the
activity of oxidative enzymes such as
lipoxygenases. Polyphenols have an ideal
chemical structure to scavenge free radicals and
form chelates with metals, making them more
effective than antioxidant vitamins (Ruskovska
et al., 2020; Kruk and et al., 2022).
Determination of Total oxidant capacity
(ng/m)

The total antioxidant capacity of the samples
was evaluated by the phosphomolybdate
method, according to the procedure described by
Prieto (Pricto et al., 1999). The results were
expressed in pg equivalent of ascorbic acid/ml.
In the phosphomolybdenum test, which is a
quantitative method for evaluating antioxidant
capacity, all analyzed samples presented
different degrees of activity, as shown in Table
7 and Figure 2. In the "Citria" cultivar, all the
samples obtained from different substrates
showed an antioxidant activity ranging between
306.92 £ 1.77 pg/ml of ascorbic acid (for the V1
variant - bramble substrate) and 202.79 + 0.78
pg/ml of ascorbic acid (at V2 — mushroom
compost). A significant total antioxidant activity
0f284.01 + 1.54 ng/ml of ascorbic acid was also
recorded in fruit samples from plants grown on
semi-fermented compost (V4).

In the "Przehyba" cultivar, the highest
antioxidant activity was recorded in fruit
samples from plants grown on forest compost
substrate (V3) (206.76 + 0.63 pg/ml of ascorbic
acid), on semi-fermented compost substrate
(V4) (143.47 £ 0.17 ug/ml of ascorbic acid) and
on mixed compost substrate (V5) (138.53 £0.42

pg/ml). The lowest antioxidant activity was
presented by the fruit samples from the plants
grown on bramble substrate (V1) (108.77 £0.16
pg/ml). On the substrate variant V2 - the fruits
did not develop.

In the "Tulameen " variety, in the raspberry
samples from different substrates, a significant
total antioxidant capacity is possessed by the
fruit samples from the forest compost substrate
(V3) (211.35 + 0.63 ng/ml) and respectively
those from the substrate of sea buckthorn (V1)
(201.48 + 1.49 pg/ml). The sample from the
mushroom compost substrate (V2) presented the
lowest antioxidant activity, equivalent to
143.16+0.77 pg/ml of ascorbic acid (Table 8,
Figure 4).

Table 8. Total oxidant capacity(pg/ml)
content of raspberry fruit

Descriptive Statistics

Dependent Variable: Total Ascorbic Acid (mg/l)
Std.

Substrat Variety Mean | Deviation | N
CITRIA 275.92 1.05 3
PRZEHYBA 141.23 0.25 3
CONTROL TULAMEEN 232.37 1.21 3
AVERAGE 216.51 0.84 9
CITRIA 306.92 1.77 3
BRAMBLE PRZEHYBA | 10877 | 016 |3
TULAMEEN 201.48 1.49 3
AVERAGE 205.72 1.14 9
CITRIA 202.79 0.78 3
MUSHROOM PRZEHYBA 3
COMPOST TULAMEEN | 14316 | 077 |3
AVERAGE 172.98 0.78 9
CITRIA 22731 1.18 3
FOREST PRZEHYBA 206.76 0.63 3
COMPOST TULAMEEN 211.35 0.63 3
AVERAGE 215.14 0.81 9
CITRIA 284.01 1.54 3
MIXTURE PRZEHYBA 143.47 0.17 3
COMPOST TULAMEEN 170.51 0.13 3
AVERAGE 199.33 0.61 9
CITRIA 230.49 1.61 3
SEMIFERMENTED PRZEHYBA 138.53 0.42 3
COMPOST TULAMEEN 161.19 1.06 3
AVERAGE 176.74 1.03 9

Figure 4. Variation of Total oxidant capacity (ng/ml)
content of three varieties of raspberry as a function
of nutrient substrates




Determination of antioxidant activity using
DPPH radical scavenging activity . Fruit
samples were evaluated for antioxidant activity
using the DPPH method and were expressed as
percentage DPPH - inhibition (Table 9)

Table 9. Total Antioxidant activity of the samples
expressed as DPPH (RSA %) content of raspberry fruit

DPPH RSA%*
Przehyba
94.37+0.24
59.92£0.79

when
59.93+0.79
79.93+0.73
77.48+0.20

variants

Citria
8714038
61384048
78.58+0.09
77.26+0.98
8830025
88.40+0.09

Tulameen
88.220.48
82.01+0.33
90.79+0.45
80.61+0.66
83.50+0.86
88.1120.57

Substrate type/variety
Blank substrate
garden soil

m
Vi
V2
V3
V4
Vs

Compost from mushrooms

Forest compost

Semi-fermented compost

Compost mix

Regarding the antioxidant activity of the plant
raspberry fruits, significant differences were
found between the control samples of the three
cultivations and the tested samples. In " Citria",
a strong antioxidant activity with
approximately the same values, was found both
in samples V4 - semi-fermented compost (88.30
%) and V5 - compost mixture (88.40%), as well
as in the control sample (87.14%) (Table 9). In
"Przehyba ", a high antioxidant activity was
registered especially in the control sample
(94.37%) and similar to "Citria", in samples V4
- semi-fermented compost (79.93%) and VS5 -
mixed compost (77.48%). The fruits of the
"Tulameen" variety also recorded antioxidant
activities of over 80%, among which the sample
grown on mushroom compost substrate (V2)
(90.79%) stands out.

The strong antioxidant activities of these
raspberry samples may be a possible result of the
high level of phenolic compounds and
flavonoids that have been shown to have
antioxidant properties (Zheng et al., 2009).
These results were consistent with previous
studies that reported that phenolic compounds in
various plant extracts are the major constituents
with the free radical scavenging property of
donating a hydrogen atom from their phenolic
phenolic hydroxyl (Wang et al., 2011).
1,1-Diphenyl-2-picrylhydrazyl (DPPH) is a
stable free radical that is frequently used in the
measurement of antioxidant activities due to the
following  strengths: direct  inhibition
measurement, simplicity, and rapid analysis
(Mammadov et al., 2011).

The results of the antioxidant evaluation based
on the two models (DPPH and Total Antioxidant
Capacity) used in this study , showed that
raspberry samples from plants grown on
different substrates possess an interesting
antioxidant activity that varies depending on the
culture substrate and the variety of raspberries
that benefited from these substrates.

Table 10 includes the data obtained regarding
the biochemical compounds with antioxidant
activity in raspberry fruits in correlation with
their culture substrates.

Table 10. Biochemical compounds with antioxidant activity in raspberry fruits harvested from plants grown on different

substrates
The variety VIT. C (mg/L) ANTHOCYA Phenols DPPH RSA% CAT pg/ml
NS (mg/L) mg GAE/L Total antioxidant capacity

1 Citria -witness 84.90+1.02 1.40+0.1 355.86+1.78 87.14+0.38 275.92+1.05
2 Vi 79.40+0.47 5.49+0.02 188.08+0.47 61.38+0.48 306.92+1.77
3 V2 50.28+0.47 1.82+0.02 187.72+1.48 78.58+0.09 202.79+0.78
4 V3 56.10 +0.48 6.33+0.24 181.2240.83 77.26+0.98 227.31+1.18
5 V4 67.72 £ 0.50 5.99+0.01 197.3241.13 88.30+0.25 284.01+1.54
6 V5 157.35+£1.20 4.99 +0.01 175.38+1.26 88.40+0.09 230.49+1.61
7 Przehyba - witness 592.13+0.61 50.6 £ 0.65 110.51£1.02 84.37+0.76 141.2340.25
8 V1 1087 £ 1.0 20.19+0.30 85.78+0.80 59.92 +0.79 108.77+0.16
9 V2
10 V3 574.00 + 1.0 69.69 +0.99 125.67+1.13 59.93+0.79 206.76+0.63
11 V4 485.67+0.76 37.00+0.23 112.23+1.24 79.93+0.73 143.47+0.17
12 V5 1106 + 1.0 40.96+0.11 115.74+0.81 77.48+0.20 138.53+0.42
13 Tulameen - witness 1204.29 +1.72 62.05+0.21 137.41+0.88 88.22+0.48 232.37+1.21
14 \%! 1027.86 + 1.77 76.33+0.60 176.74+1.23 82.01+0.33 201.48+1.49
15 V2 484.67 +1.01 66.5+0.49 169.33+1.41 90.79+0.45 143.16+0.77
16 V3 688.33 + 1.04 99.08+0.26 220.41+.1.13 80.61+0.66 211.35+0.63
17 V4 514.33+0.76 82.92+0.21 256.43+0.89 83.50+0.86 170.51£1.03
18 V5 48517+ 1.04 59.62+0.52 166.49+1.24 88.11+0.57 161.19+1.06

M: Witness; V1: Bramble; V2: Compost from mushrooms; V3: Forest compost; V4: Semi-fermented compost;

V5: Compost mix.

* Data are expressed as mean and standard deviation (+SD) of three replicates (n= 3).
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CONCLUSIONS

The results of the study led to the following
conclusions:

» From the data regarding the total content of
ascorbic acid (vitamin C) in the raspberry
fruits obtained from the plants grown on the
different culture substrates, it was noted that
the mixed compost substrate (V5) was
conducive to the accumulation of vitamin C
in a significant amount in the case of the
fruits from the "Citria" and "Przehyba"
varieties.

"Tulameen" raspberry variety , vitamin C
recorded significant levels both in the
control variant and in the substrate
variant V1 (mranita).

The bramble substrate was conducive to the
accumulation of vitamin C also in the case of
the "Przehyba" variety.

» Among the 3 raspberry varieties analyzed,
the highest levels of vitamin C were found in
the "Tulameen" and "Przehyba" varieties (the
last one without the V2 substrate variant);
Following the results obtained regarding the
content of anthocyanins in the fruits of plants
grown on different substrates, it was noted
that the most favorable substrate for the
accumulation of anthocyanins in the fruits
was represented, in all three raspberry
varieties, by the compost substrate of
forest (V3).

Among the 3 raspberry varieties analyzed,
the "Tulameen" and "Przehyba" varieties had
the highest levels of anthocyanins.

For cv. "Citria" with yellow fruits, the most
favorable substrate both for the accumulation
of phenolic compounds and for the two
antioxidant activity evaluation models was
the semi-fermented compost substrate
(V4); A significant accumulation of phenols,
with a high total antioxidant activity, was
also recorded in the case of "Citria" raspberry
fruits grown on bramble substrate (V1);

For cv. "Przehyba" with red fruits, the most
favorable substrate for the three parameters
analyzed was also semi-fermented compost
(V4); Significant results were also obtained
in the case of fruits from the substrate
represented by forest compost, but only for
the supply of phenols and for an increased
total antioxidant capacity;
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> For cv. "Tulameen" with red fruits, for the
accumulation of phenolic compounds in high
quantities, the favorable substrates were
forest compost (V3) and semi-fermented
compost (V4); For the accumulation of
compounds with DPPH antioxidant activity,
the growth substrates V2 (compost from
mushrooms) and V5 (compost mixture)
stood out , and for the total antioxidant
capacity and viability , the best results were
obtained in the case of the samples from
substrates V1 (bramble) and V3 (forest
compost).

The results obtained may vary depending on the
variety and the specific nutritional needs of each
variety, provided by the culture substrate.
Probably, the raspberry studied had different
climatic and agrotechnical conditions during
growth, which it could have a significant impact
on the amount of analyzed compounds.
Contaminants from fertilizer use and the lower
nutritional quality of the fruit could affect the
low concentration of these compounds.
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Abstract

In recent decades, the attention of scientists has been focused on the fruits of Vaccinium L. due to their significant
potential to be used in the food, pharmaceutical, and cosmetic industries. In the present experiment, the biochemical
composition of fruits of four introduced highbush blueberry varieties (Bluecrop, Bluegold, Spartan, Toro) grown in a
demonstration plantation of RIMSA-Troyan was analyzed. The changes in the biochemical composition of fresh and
frozen fruits after 1-year of storage at - 18°C (in refrigerated conditions) were compared. The fresh fruits of Bluegold
are distinguished by a higher content of total and inverted sugar, ascorbic acid, tannins, anthocyanins, and pectin than
the other studied varieties. In Bluecrop fruits, after one year of storage under refrigerated conditions, higher content of
dry matter weight, ascorbic acid, tannins, and pectin were reported. The best results in terms of colour brightness were

reported for fruits of the Spartan variety (22.68).

Key words: blueberry, chemical composition, colour parameters, storage, Vaccinium corymbosum L.

INTRODUCTION

In conditions of a quite polluted environment
and irrational nutrition, humanity pays attention
to the connection between the fruit diet and the
preservation of human health. Fresh fruits have
always had an essential role in the traditional
diet and healthy menu of people. They are used
for fresh consumption and processing, such as
freezing, production of fruit juices and
preserves, drying, and as an additive in sugar
products. Blueberry fruits consist of balanced
amount of sugars (invert and sucrose), organic
acids, vitamins, tannins, pectin, anthocyanins,
polyphenols, etc., which are used in the food,
pharmaceutical and medical industries (Hung et
al., 2004; Puupponen-Pimia et al., 2005; Kalt et
al., 2007; Szajdek & Borowska, 2008;
Petronelli et al., 2009; Gilbert et al., 2014; Lin
et al.,, 2016; Correia et al.,, 2017; Shi et al.,
2017; Dare et al., 2022; Ferrdo et al. 2022,
Felipe et al., 2022, Bai et al., 2023; Antal, 2024).
Their biochemical composition and sensory
evaluation are not constant, but they change
depending on the variety, ripeness stage,
abundance of the harvest, applied agrotechnical
events, the influence of soil and climatic
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conditions in the growing region, altitude, etc.
(Skupien, 2006; Bryla & Strik, 2007;
Leposavi¢, 2014; Gilbert et al, 2015;
Solovchenko et al.,, 2019; Spinardi, 2019;
Niedbata et al., 2022).

The present study aims to evaluate the bioche-
mical composition (qualitative characteristics)
and colour parameters in fresh and frozen
(-18°C) fruits of the genus Vaccinium.

MATERIALS AND METHODS

Fruits of four highbush blueberry varieties
(Bluecrop - standard, Bluegold, Spartan, and
Toro) were gathered from a demonstration
plantation of RIMSA over three years.

The planting scheme is 3.00 m x 1.50 m, as
inter and intra-row spacings are with natural
grass cover. The area around the stems is
maintained in black fallow using tillage. The
collection plantation is located 474 m above sea
level, on an eastern exposure slope. Drip
irrigation was provided during the vegetation.
The heaviest rainfall in the period from March
to July in the region was registered in the 2020
vegetation season (346 1/m?), whereas the
lowest amount was in 2021 (232.1 /m?). In



2022, the vegetation sum of average monthly
rainfall (from March to July) was 253.3 I/m?. In
the last two years of the experimental period,
the lowest reported vegetation precipitation
amount for the last five years was reported
(Atanasova, 2021).
The average monthly temperature sum from
March to July does not differ significantly in
the research period and is from 13.9°C (2020)
to 14.3°C (2022).
The relative humidity for vegetation season
from March to July within the three years is in
the range of 69-81%, as the lowest was in 2022.
The varieties included in the study are
distinguished by growth habitus, fruit ripening
period, and resistance to abiotic and biotic
stress factors.
Ripe fruits were picked by hand and put in
polythene boxes. The following biochemical
indicators of fresh and frozen fruits were
observed (after storage one year of storage at -
18°C in laboratory freezer, model Indesit):
- dry matter (DM) (%), total soluble solids
(TSS) and sugars (total, invert and sucrose
%) had been made, according to the
methods described by Donchev et al., 2001;
- titratable acidity (malic acid %), ascorbic
acid (mg %) and tannins substances (%)
had been made according to the method of
Donchev et al., 2000, using 1: 4 H2SO4,
0. N KM404 and indigo carmine as
indicator for tannins quantification;

- total anthocyanins (mg %) was made using
the method of Fuleki & Francis (1968);

- pectin according to the method of Melitz
(Donchev et al., 2000) has been performed,
using 0.1 N NaOH, CH3 COOH, CaCl 2,
AgNO3;

- total polyphenols (mg/100 g) has been
made using the method of Folin-Ciocalteu,
(Singleton & Rossi, 1965).

Colour parmeteres

The indicators were reported according to the
CIE Lab system. The colour coordinates L, a,
and b were measured: (L) — colour brightness;
(+a) - red; (-a) — green; (+ b) — yellow; (- b) —
blue. The colour analysis has been made with
Color meter CM-200S.

The colour tone value or dominant wavelength
is represented by the ratio a/b.

The data were statistically processed by the
software product MS Excel —2010.

RESULTS AND DISCUSSIONS

Tables 1, 2, and 3 present the results for the

main biochemical composition of four
blueberry varieties, including dry weight
matter, total soluble solids, total sugars,

inverted sugar, sucrose, malic acid, ascorbic
acid, tannins, anthocyanins, pectin and total
polyphenols. Our study shows differences in
some quality indicators among varieties.

Table 1. Biochemical composition of fruits of some highbush blueberry varieties, 2022 harvest

Indicators ;\? = _ o) - -
= ~ < o s = 3 £ _ S 2w
S ]S s |3 ce |22 | g2 |23S |% |zis
Varietie = 2 g £ g ST | £2F £T €E8g | 3 EE%
2 = = 2 E 2 2~ = g ~ o 7& g
e = K < °
Bluecrop 18.74 14.00 8.90 8.90 0 0.20 17.60 0.219 20.32 1.02 229.73
Bluegold 17.38 12.50 16.70 14.30 2.28 0.27 21.12 0.263 49.03 1.51 197.31
Spartan 14.63 10.00 12.10 11.45 0.62 0.27 17.60 0.197 42.26 0.39 149.19
Toro 16.10 9.50 8.35 5.70 2.52 0.27 12.32 0.197 27.42 0.72 166.88
Mean 16.71 11.50 11.51 10.09 1.36 0.25 17.16 0.22 34.76 0.91 185.78
SE 0.88 1.06 1.92 1.83 0.62 0.02 1.81 0.02 6.60 0.24 17.70
St Dev 1.76 2.12 3.83 3.66 1.24 0.04 3.63 0.03 13.19 0.48 35.41
CV 10.52 18.45 33.30 36.32 91.28 13.86 21.14 14.21 37.96 52.26 19.06
Amplitude min 14.63- 9.5-14 8.35- 5.7-14.3 0-2.52 0.2- 12.32- 0.197- 20.32- 0.39- 149.19-
- max 18.74 16.7 0.27 21.12 0.263 49.03 1.51 229.73

64




The comparative analysis shows that the dry
matter weight in the fresh fruits is from 14.63%
(Spartan) to 18.74% (for Bluecrop), with a low
coefficient of variation of 10.52%.

The highest content of TSS was reported for
Bluecrop with 14.00% and Bluegold with
12.50%. The average value is 11.50%, with an
average coefficient of variation of 18.45%.

The content of carbohydrates in blueberry fruits
includes various types of sugars (total, inverted
sugar, and sucrose), which are quickly absor-
bed by the human body and are an indis-
pensable energy source (Mondeshka, 2005).
The variation in the content of total sugars is
significant. The highest content is reported for
Bluegold with 16.70%, and Toro with 8.35%,
whereas the lowest content is observed in
Bluecrop with 8.90%. The average value of the
indicator for varieties is 11.50%, with an
average coefficient of variation of 33.30%. A
similar coefficient of variation (36.32%) was
also reported for inverted sugar. Bluegold has
the highest content with 14.30%, whereas Toro
shows the lowest with 5.70%. The average
indicator among varieties is 10.09%. No
sucrose was reported in Bluecrop, as it is from
0.62% (Spartan) to 2.52% (Toro), with a very
high coefficient of variation.

In agreement with the present results,
Leposavi¢, (2014) analyzed the main
biochemical composition of the fruit of five
blueberry genotypes (Bluecrop (control), Duke,
Reka, Nui, and Ozarkblue) and found the
highest amount of soluble dry matter, total and
reducing sugars in the fruit of Ozarkblue, least
of all in those of Nui.

It is a well-known fact that fruit acids are
associated with accelerating the metabolism
and increasing the defenses of the human body.
In the present paper, they are represented by
malic and ascorbic acid (Mondeshka, 2005).
The established organic acids were in close
values among the varieties in the range of 0.2-
0.27%. The highest ascorbic acid content was
found in Bluegold (21.12 mg/%), whereas the
lowest was in Toro (12.32 mg/%). The average
value of the indicator is 17.16%, with an
average coefficient of variation of 21.14%.

The astringent taste of blueberry fruits is due to
the content of tannins, which have anti-
inflammatory properties for colds (Mondeshka,
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2005). The largest amount was registered in
Bluegold (0.263%) and Bluecrop (0.219%)
varieties (VC-14.21%).

The highest anthocyanin values were observed
in Bluegold (49.03 mg/%) and Spartan (42.26
mg/%), whereas the lowest were in Bluecrop
(20.32 mg/%). The average content of
anthocyanins is 34.76 mg/%, with a very high
coefficient of variation (37.96%).

The highest pectin level was reported in
Bluegold (1.51%), followed by Bluecrop

(1.02%), and the lowest was in Spartan
(0.39%).
Total  polyphenol  values are  from

149.19 mg/100 g (Spartan) to 229.73 mg/100 g
(Bluecrop). The average value of the indicator
is 185.78%, with an average coefficient of
variation of 19.06%.

Similar to our results were obtained by Skupien
(2006), who compared the main biochemical
composition of four highbush blueberry
cultivars (Spartan, Bluecrop, Jersey, and
Blueray) grown in an orchard in the Szczecin
region. The author found that the fruits of
Bluecrop had the highest total content of
polyphenols, and those of Blueray were
distinguished by the highest amount of total
acids. The lowest total content of total
polyphenols was analyzed in Jersey berries.

Frozen Fruits

Freezing fruits is one of the most practical
methods of preservation and storage of their
valuable biochemical components. The species
and varietal specificity, agrotechnical practices,
duration, and storage conditions are of primary
importance for their preservation
(Lohachoompol et al., 2004; Poiana et al.,
2010; Celli et al., 2015; Stamenkovi¢ et al.,
2019; Zlabur et al., 2021; Wang et al., 2024;)
The changes that occurred in the biochemical
composition of blueberry fruits after one year
of storage at -18°C are presented in Table 2
The dry matter weight of the frozen fruits is
from 15.84% (Toro) to 19.39% (Bluecrop),
with a low coefficient of variation (CV-8.91%).
More significant differences were observed
compared to fresh fruit in the Spartan variety
with approximately four units more in frozen
fruit.



Table 2. Biochemical composition of frozen fruits of some highbush blueberry varieties, after 1 year of storage at -18°C

Indicators S = z = 2
— —~ < 13 S = 5 g IS -
g g 2| 2| E_| fs| &-| zis| S| zES
= @ o S 2 S Z W ER £E2% £ g=2
= a Z £< I 5 E 5% E2E 5 =S
Varieties a] = s % 2 =} 3 = = & —g g
in 2022 g i z 2 g
Bluecrop 19.39 13 3.70 3.70 0| o013 1056 | 0.109 452 0.66 24737
Bluegold 16.73 12 2.85 2.85 0| o013 1056 | 0.088 13.55 0.42 162.75
Spartan 18.13 13.50 4.05 4.05 0 | 020 8.80 0.088 1.94 0.20 23824
Toro 15.84 11.50 3.20 3.20 0| 027 8.80 0.066 129 0.20 336.99
Mean 17.52 12.50 3.45 3.45 0.18 9.68 0.09 5.33 0.37 24634
SE 0.78 0.46 027 027 0.03 0.51 0.01 2.83 0.11 35.67
St Dev 156 091 0.53 0.53 0.07 1.02 0.02 5.66 022 7135
cv 8.91 7.30 15.38 1538 3672 | 1050 | 2001 10625 | 5930 28.96
Amplitude 15.84- 115- 2.85- 0.15- 8.8 0.066- 0.2- 162.75-
min - max 1939 135 405 | 285405 027 | 1056 | 0109 | M3 g6 336.99

The highest level of refractometric solids is
found in Spartan (13.50%) and Bluecrop
(13.00%). Their increase is more significant
again in Spartan (13.50%), compared to their
amount in fresh fruit. The average value of the
indicator is 12.50%. A significant decrease is
reported in the total sugars of frozen fruit,
compared to the fresh ones, which are from
2.85% (Bluegold) to 4.05% (Spartan) (CV-
15.38%).

A decrease in the amount of inverted sugar was
registered and no sucrose was detected for all
frozen fruits.

No significant changes were observed in the
values of organic acids compared to those of
fresh fruit. A decrease in the ascorbic acid
content was reported, compared to those in
fresh fruit, which was from 8.80 mg/% (for
Spartan and Toro) to 10.56 mg/% (for Bluecrop
and Bluegold), with a coefficient of variation of
10.50%.

A strong decrease in the content of tannins
compared to the starting raw material was
reported, with a high coefficient of variation -
20.01%. The lowest amount is reported for
Toro with 0.066%, and the highest for Bluecrop
with 0.109%.

The decrease of anthocyanins in frozen fruits is
several times and with a very high coefficient
of variation, with the lowest values reported for
Toro - 1.29 mg/%, Spartan - 1.94 mg/%, and
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Bluecrop - 4.52 mg/%, and the highest is that of
Bluegold - 13.55 mg/%.

A decrease in the pectin level was observed, as
it was most pronounced in Bluegold with
0.42%, compared to fresh fruit. Its content is
from 0.20% (Spartan and Toro) to 0.66%
(Bluecrop).

Regarding the total polyphenols, a decrease in
their amount in the frozen fruit was observed
only in Bluegold (162.75 mg/100 g), compared
to fresh fruit. The most significant increase was
found in Toro (336.99 mg/100 g) and Spartan
(238.24 mg/100 g), compared to the starting
material (VC - 28.96%). The average value of
total polyphenols in the varieties is
246.34 mg/100 g.

Comparing the brightness of the color of the
blueberry varieties studied, the highest value
was reported for the fruits of the Spartan
variety (22.68) and the lowest for Bluegold
(8.87). The average value for the varieties is
16.78 (Table 3).

The lowest values for the red colour component
were measured in Toro (0.50) and the highest
in Bluegold (5.97).

For the established blue colour component, the
best results were reported for the Bluegold
variety and the lowest values for the Bluecrop.
The quality indicator of colour tone has the
highest value for fruits of the Spartan variety
(15.09).




Table 3. Colour parameters of frozen fruits of different highbush blueberry varieties

Colour parameters L a b a/b
Varieties
Bluecrop 19.15 1.54 -1.60 -5.24
Bluegold 8.87 5.97 -0.11 -60.46
Patriot 15.94 5.05 -0.93 -0.31
Spartan 22.68 4.20 -0.61 15.09
Toro 17.28 0.50 -0.85 -0.75
Mean 16.78 3.45 -0.82 -10.33
SE 2.28 1.04 0.24 12.99
St Dev 5.10 2.34 0.54 29.06

CONCLUSIONS dried blueberries. Journal of Agriculture and

The obtained results of the biochemical
analyses show that the valuable components
in the fruits of highbush blueberries are
preserved to a significant extent even after
freezing at -18 °C for one year. The reported
differences in biochemical composition and
colour parameters are probably due to the
diverse soil and climatic conditions during
the vegetation combined with the biological
characteristics of the varieties within the
experimental period.

Fresh Bluegold berries had a higher content
of total and inverted sugar, ascorbic acid,
tannins, anthocyanins, and pectin of all the
varieties studied.

After one year of storage, Bluecrop fruits
had a higher content of dry matter weight,
ascorbic acid, tannins, and pectin, whereas
the Spartan fruits had a higher content of
refractometric solids, total and inverted
sugar.

Biologically active substances, ascorbic
acid, and anthocyanins are best preserved in
Toro and Bluegold fruits, respectively,
whereas total polyphenols are in Toro.

The Spartan variety is distinguished by the
highest values for brightness and color tone
of the fruits, and for the red and blue color
components those of Bluegold stand out.
The comprehensive analysis of fresh and
frozen blueberry fruit can be used in future
studies to incorporate health-promoting
compounds of fruit into healthy foods, with
potential benefits for human health.
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Abstract

The scientific experiment was conducted in a demonstration plantation at the Research Institute of Mountain
Stockbreeding and Agriculture of Troyan. A fertilizing scheme was applied to aronia shrubs with various types of
fertilizers, as well as combinations among them. The biochemical composition of aronia berries was compared after
harvest and after one year of storage at -18°C. High values of dry weight, dry matter by Re, pectin, and total
polyphenols were identified in the potassium sulfate fertilizing variant. The combined fertilizing with triple
superphosphate, potassium sulfate, and carbamide gave the highest content of total sugars, sucrose and total
polyphenols in fruits after the storage period. Statistical differences were proven among fertilizing variants in terms of
dry matter by Re, total sugars, sucrose, and ascorbic acid. Organic acids, anthocyanins, and total polyphenols had
proven results. The objective of the present study is to analyze the changes in the biochemical composition of aronia
berries after the application of various fertilizing variants, after harvest, and one-year storage period.

Key words: Aronia berries, Aronia melanocarpa L., biochemical composition, fertilizing, storage

INTRODUCTION

Aronia or black chokeberry (Aronia
melanocarpa L.) is a perennial shrub with a
height of about 2.5-3 m, belonging to the
Rosaceae family, genus Aronia. It originates
from North America, from where it was
brought to Europe. The fruit type has found
wide distribution in Russia, where it is known
under the name ‘chernoplodnaya ryabina’ (T.N.
— transliteration from Russian). The first plants
were imported into Bulgaria from there in the
late 1960s, and early 1970s. The species was
originally used in Bulgaria for decorative
purposes and the preparation of home products
in the past. Its industrial cultivation began in
the 80s when numerous plantations were
established (Mondeshka, 2005).

Aronia is a precocious species, as it starts fruit-
bearing in the second year after planting. Its
fruits ripen mainly in August, but the optimal
harvesting period is the beginning of
September when they have matured enough
and the anthocyanin content has reached high
levels (Andrzejewska et al., 2015). Their taste
is pleasant, slightly sour, slightly astringent,
and intensely coloured. They are suitable for
fresh consumption, drying, and canning. They
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are used for wonderful juices, syrups, nectars,
jam, purees, pestles, fruit teas, dessert wines,
with an attractive dark ruby color, and
nutritional supplements (Georgiev & Ludneva
2009; Sidor et al., 2019; Yang et al., 2021).
Their  characteristic ~ rich  content  of
polyphenolic compounds, anthocyanins, and
ascorbic acid, makes them desirable ingredients
(components) in the composition of bioactive
foods, which has a healing effect on
physiological processes in the human body
(Hakkinen et al., 1999; Oszmianski & Wojdylo,
2005; Ochmian et al., 2009; Denev et al., 2013;
Jurikova et al., 2017; Denev et al., 2018). The
therapeutic effect of aronia berries is
determined by their hypotensive effect,
lowering the cholesterol level in the blood,
cardioprotective, immunomodulating,
antidiabetic, and anticarcinogenic properties
(Simeonov et al., 2002; Yaneva et al., 2002;
Hellstrom et al., 2009; Kokotkiewicz et al.,
2010; Park & Park 2011; Balansky et al., 2012;
Ren et al., 2022).

Typical of aronia berries is the low sucrose
content, which makes them suitable for the diet
of diabetics (Simeonov et al., 2002;
Mondeshka, 2005; Valcheva-Kuzmanova,
2007; Banjari et al., 2017; Catana et al., 2021).



The biochemical composition of its fruits is not
constant, but changes depending on the soil and
climate conditions in the growing region, the
applied agrotechnical events, the harvesting
period, the cultivated varieties, and the fruit
processing techniques (Misiak & Irzyniec
2009; Tolic et al., 2017; Pop et al., 2022).

The objective of the present experiment is to
observe the impact of different fertilizing types
on the biochemical composition of fresh aronia
berries compared to the changes that occurred
in them after one year of storage at -18°C.

MATERIALS AND METHODS

The aronia shrubs were planted in 2019 and
were grown with drip irrigation. The planting
scheme of the plants is 3.00 m x 2.50 m. Inter-
row spacings and intra-row areas are naturally
grassed, as mowing is performed when
necessary. In contrast, the area around the stem
is maintained in black fallow by tillage. The
collection plantation is located 450 m above sea
level, on an eastern exposure slope. The soils
are light gray forest soils with pH varying from
4.6 to 5.6.

In 2022, the vegetation amount of average
monthly precipitation was 253.3 1/m? which
was the lowest reported vegetation precipitation
amount for the last five years (Atanasova,
2021).

The following experimental fertilizing variants
were set up:

Variant I - control;

Variant II - carbamide (0.150 kg) per shrub;
Variant III - triple superphosphate (0.150 kg)
per shrub);

Variant IV - potassium sulfate (0.100 kg) per
shrub;

Variant V - triple superphosphate (0.150 kg)
and potassium sulfate (0.100 kg) per shrub;
Variant VI - triple superphosphate (0.150 kg),
potassium sulfate (0.100 kg) and carbamide
(0.150 kg) per shrub;

The biochemical composition of fresh and
frozen Aronia berries from the 2022 harvest
was analyzed (after one year of storage at -
18°C), to which the corresponding fertilizing
scheme was applied.

The following biochemical parameters of fresh
and dried fruits were studied:

e dry matter weight (%);

o refractometric solids (%);

e sugars (total, invert and sucrose %) and
acid, according to the method of Schoorl
(Donchev et al., 2001), 25 g of sugars were
taken from the sample; chemicals: 10%
NaCO3, NaHPO4, Fehling’s solution I,
Fehling’s solution II (made in the
laboratory), 30% KI, 1: 6 H2SO4 , titrated
by 0.1 n Na 2S2 O3 and starch indicator -
sugars; 5 ml of acids were taken from the
primary filtrate (as malic) by titration with
0.1 n NaOH (%) and phenolphthalein
indicator;

e acids (such as malic) (%) by titration with
0.1 NaOH;

e ascorbic acid (mg %) has been made by the
following method: 10 g of the ground
sample is quantitatively transferred into a
100 cm3 volumetric flask. Top up with 2%
HCL, then filter. Take 20 ml and place in a
100 ml Erlenmeyer flask, adding 10 ml
H20 and 5 ml KI. Titrate with KIO3 (in the
case of starch indicator) until a deep blue-
permanent coloration.

e tannins substances (%) according to the
method of Levental (Donchev et al., 2000),
25 g of tannins were taken from the
sample. Chemicals: 1: 4 H2SO4, titrated by
0.1 KM404 and an indicator (indigo
carmine);

e anthocyanins (mg %) by the method of
Fuleki & Franciss (1968);

e pectin according to the method of Melitz
(Donchev et al., 2000), 12.5 g were taken
from the sample. Chemicals: 0.1 n NaOH, 1
n CH3 COOH, CaClz, AgNOs3;

e total polyphenols (mg/100 g) Folin-
Ciocalteu, (Singleton & Rossi, 1965).

The data were statistically processed using the
program product MS Excel — 2010, Descriptive
statistics. The indicators were calculated -
Mean, Standard error, Standard deviation,
Minimum-Maximum and Coefficient of
variation.

RESULTS AND DISCUSSIONS

Table 1 presents the biochemical composition
of fresh aronia berries grown under different
fertilizing variants. The dry matter weight is
from 26.78% (Il variant) to 32.61% (IV



variant). The refractometric solids have the
highest value after the application of triple
superphosphate (19.00%) and those in the
variant with potassium sulfate (24.50%),
whereas it has the lowest value after using
carbamide (15.00%).

There is a wide range in the amounts of total
sugars between the variants. The smallest
amount (3.85%) was analyzed in the third
variant (compared to the control - 5.00%), and
the largest was reported in the second variant
with 12.10% (CV% - 38.17).

A greater reduction was observed in the
inverted sugar compared to the values of the
total sugar in the second and fifth variants. The
lowest value was registered after fertilizing
with carbamide (1.75%). The variation
coefficient for sucrose is very high (CV% -
64.96). The lowest value of this indicator was
recorded in the variants with triple
superphosphate  (1.24%) and the control
(1.57%), and it was several times more in
fertilizing with carbamide (9.83%).

The analyzed organic acids in fresh aronia
berries are in the range of 0.13% - 0.20%.
Ascorbic acid was in the range of 12.32 mg/%

to 14.08 mg/% and no significant difference
was  observed between the different
experimental variants (CV% - 7.04).

The smallest amount of tannins was recorded in
the control variant (0.044%) and more than
twice in the shrubs fertilized with triple
superphosphate and with the combined
application of triple superphosphate, potassium
sulfate, and carbamide (0.109%). The
calculated coefficient of variation is 37.50%.
The lowest amount of pectin was recorded
(0.10%) in the variant with the combined
application of triple superphosphate, potassium
sulfate, and carbamide. It was slightly higher in
fertilizing with triple superphosphate (0.18%),
whereas it was the highest in the variant with
potassium sulfate (0.95%). The coefficient of
variation is very high with 70.59%.

The highest content of total polyphenols was
reported in the fourth variant (326.32 mg/
100 g), lower in the sixth one (196.27 mg/
100 g) and the first one (146.39 mg/100 g),
whereas it was the least in the third variant
(83.04 mg/100 g) (Figure 1). The obtained
coefficient of variation among the variants is
very high — 60.32%.

Table 1. Biochemical composition of fresh aronia fruits, after application of an experimental fertilizing scheme in 2022

Sample No . E ” §0 z - i

= s 5 |2 g 2,20 s |z g

E5 2= 2 B 5 SRGAE IR =) ‘= i)

4 - = <

Variant [ 32.00 19.50 5.00 3.35 1.57 0.20 14.08 0.044 0.54
Variant IT 27.31 15.00 12.10 1.75 9.83 0.20 12.32 0.066 0.90
Variant I1T 26.78 19.00 3.85 2.55 1.24 0.13 12.32 0.109 0.18
Variant IV 32.61 24.50 9.20 3.20 5.70 0.13 14.08 0.044 0.95
Variant V 29.93 23.00 8.70 2.55 5.84 0.13 12.32 0.088 0.36
Variant VI 28.94 19.00 9.55 420 5.08 0.13 12.32 0.109 0.10
Mean 29.60 20.00 8.07 2.93 4.88 0.15 1291 0.08 0.51
Minimum- 26.78- 15- 3.85- 1.75- 1.24- 0.13- 12.32- 0.044- 0.1
Maximum 32.61 24.5 12.1 42 9.83 0.2 14.08 0.109 0.95
St error 0.98 1.37 126 0.34 1.30 0.01 0.37 0.01 0.15
St Dev 2.39 3.36 3.08 0.84 3.17 0.04 0.91 0.03 0.36
CV % 8.08 16.81 38.14 28.70 65.07 23.57 7.04 38.99 71.17
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Figure 1. Total polyphenols after application of an experimental fertilizing scheme in 2022 (mg/100 g)

Table 2 shows the results for the biochemical
composition of aronia berries after a one-year
storage period at - 18 °C. The dry matter
weight substance in aronia berries is in a wide
range from 17. 67% (Il variant) to 28.18 % (V
variant), respectively the obtained values are
several units lower.

A reduction in the values of refractometric
solids was reported after one year of storage.
The lowest content was found in the variant
with carbamide (12.00%), whereas the highest
was reported in the control (16.50%).

The range of variation of total sugars is in close
values among the selected variants. The lowest
content was found in the control (3.20%),
whereas the highest content was found in the
fertilizing variant with triple superphosphate,
potassium sulfate, and carbamide (4.05%). The
variation coefficient is average (10.23%). The
decrease compared to the previous year is
57.87%.

Average inverted sugar values were roughly
similar for both years: 2.93% (2022) and 2.85%
(after storage). The reduction of sucrose in
fruits is 89.34%, after one year of storage. In
some of the variants, it was not registered at all,
whereas the highest was found in the variant
with  combined fertilizing with triple
superphosphate,  potassium  sulfate, and
carbamide (1.57%).
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The increase in organic acids is 48.28%,
compared to the raw material of the previous
year. The average value among variants is
0.29%, and the variation coefficient is 19.48%.
The highest content of ascorbic acid was
reported from the wvariant with carbamide
(12.32 mg/%). The average value among the
variants is 10.27 mg/%, and the registered
reduction is 20.45%, compared to the raw
material of the previous year. An analogous
trend, as for organic acids, was also found for
tannins, as an increase in fruit after storage by
24.53% was reported. The content is in close
values among the variants and has a low
variation coefficient of 8.77%.

Increased pectin values were found in the
control, variant III, variant V, and variant VI.
The average value for the variants is 0.78%,
and the increase is 34.62%, compared to the
starting raw material. An increase in the
content of total polyphenols in the fruit was
reported in all variants, after storage, which
was 62.02%. The highest value was recorded
after the application of combined fertilizing
with triple superphosphate, potassium sulfate,
and carbamide (585.84 mg/100 g), whereas the
lowest was in fertilizing with carbamide
(279.56 mg/100 g) (Figure 2).



Table 2. Biochemical composition of aronia berries, with a different fertilizing scheme applied,
after one year of storage — 2023
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Variant [ 24.19 16.50 3.20 3.20 0.34 10.56 0.094 0.96
Variant I1 17.67 12.00 3.55 2.70 0.81 0.34 12.32 0.094 0.66
Variant I11 26.75 14.50 3.20 3.20 - 0.27 8.80 0.112 0.98
Variant [V 27.63 13.00 3.20 2.40 0.76 0.27 10.56 0.112 0.96
Variant V 28.18 16.00 320 320 - 034 10.56 0.112 0.60
Variant VI 2175 14.50 4.05 2.40 1.57 0.20 8.80 0.112 0.52
Mean 24.36 14.42 3.40 2.85 0.52 0.29 10.27 0.106 0.78
Minimum- 17.67- 12- 32- 24- 0- 02 8.8- 0.094- 0.52-
Maximum 28.18 16.5 4.05 32 157 0.34 12.32 0.112 0.98
St error 1.66 0.70 0.14 0.16 0.26 0.02 0.54 0.00 0.09
St Dev 4.06 1.72 0.35 0.40 0.64 0.06 1.32 0.01 0.21
CV % 16.68 11.90 10.23 13.99 12251 19.48 12.90 8.77 26.84
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Minimum-Maximum 279.56-585.84
St error 46.58
St Dev 114.10
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Figure 2. Total polyphenols with a different fertilizing scheme applied, after one year of storage (mg/100 g )

Table 3. Percentage decrease and increase in the indicators of the biochemical composition
of aronia berries after one year of storage
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Percentage (%)
decrease /
increase Decrease Decrease Decrease Decrease Decrease Increase Decrease Increase Increase Increase
y 17.70% 279 57.87 2.73 89.34 48.28 20.45 24.53 34.62 62.02
compared to
2022
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CONCLUSIONS

Aronia, as a representative of the small-fruited
fruit species, is a more unpretentious crop to
growing conditions.

The biochemical composition of fruits was
evaluated depending on the applied
fertilization. The values of the ascorbic acid
index in the fresh fruits are higher in the control
than in the variant with added potassium
sulfate. The highest content of total sugars and
sucrose was recorded in a urea fertilization
scheme. The highest values of dry weight, dry
refractometric substance and pectin were found
in the variant with added potassium sulfate.
Freezing as a storage method for aronia berries
ensures the preservation of their biological
activities and provides an opportunity for their
longer use and inclusion in organic products
and nutritional supplements.
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Abstract

Ribes nigrum L. (blackcurrant) is widely cultivated across temperate Europe, Russia, New Zealand, parts of Asia, and
to a lesser extent, North America. Blackcurrants are a valuable source of bioactive compounds like anthocyanins and
polyphenols. The berries are used in the production of juices, nectars, jams and functional food. Cultivars with
enhanced levels of anthocyanins are currently requested by juice processors and consumers due to their health benefits.
The experiment has been carried out at the Research Institute for Fruit Growing Pitesti - Mdrdcineni, Romania, using
six cultivars with different origins: 'Tiben', 'Ruben’, 'Tisel’, 'Gagatai’, 'Titania', and 'Kalinka'. The following physical
parameters were measured: yield, berry weight (BW), diameter, firmness, soluble solids content (SSC) and total sugar
content (TSC). Also, a series of biochemical parameters were determined, such as: total polyphenols content (TPC),
total flavonoids content (TFC), total tannins content (TTC), total anthocyanins content (TAC), and lycopene and (-
carotene contents. All the determined parameters were correlated with the antioxidant activity values.

Key words: blackcurrant, breeding, antioxidant activity, total polyphenol content (TPC), total flavonoid content (TFC),
total anthocyanin content (TAC), lycopene content, [-carotene content.

INTRODUCTION numbers of offspring, which are generally
screened by the breeders to select candidates
Blackcurrant (Ribes nigrum L.) is a significant ~ that meet the specific industry requirements for
fruit crop grown extensively in northern Europe flavour typicality (Currie et al., 2013). The
(Griffiths et al., 1999; Brennan et al., 2008) and phenolic compounds dominantly locate in the
Russia (Mitchell et al., 2011) with a history of  berry skin whereas most sugars and organic
domestication dating back to at least 400 years acids are in the pulp (Sandell et al., 2009).
ago. Poland has been the leading producer of  Consequently, the berry pulp has a more
blackcurrants in Europe (Pluta et al., 2012) for intense flavour than the skin because the
many years. potentially astringent and bitter compounds are
Blackcurrants are small, dark purple fruits that bound by polysaccharides.
originate from medium-sized woody shrubs The study aims at comparing the physical
(Torronen et al., 2012; Corrigan et al., 2014). characteristics and chemical composition of
The berries are highly valued for their high  blackcurrants, specifically focusing on: yield,
vitamin C and anthocyanin content (Szajdek et  berry weight, shape index, firmness, soluble
al., 2008), and are used in large-scale solids content, total sugar content, total
production of fruit juices, nectars, jams and  polyphenol content, total flavonoid content,
functional food products (Griffiths et al., 1999; total tannin content, total anthocyanin content,
Brennan et al., 2008). as well as on lycopene and B-carotene contents.
Various breeding programs in Romania and  The goal of the current study is providing
other countries have mainly concentrated on comprehensive information as regards the
enhancing agronomic traits like: yield, pest selection of appropriate blackcurrant genotypes
resistance, and disease resistance (Corrigan et for breeding and fruit production toward a
al., 2014). These programmes generate large
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potential development at the Research Institute
for Fruit Growing in Pitesti.

MATERIALS AND METHODS

Plant material

The experiment was carried out at the Research
Institute for Fruit Growing (RIFG) Pitesti-
Maracineni in South of Romania 44°54°12”
Northern Ilatitude, and 24°52°18” Eastern
longitude, 284 m altitude, over a period of 2
years (2022-2023).

The study included the following genotypes:

- three Polish cultivars: 'Tiben' obtained from
crossing 'Titania' with 'Ben Nevis'; 'Tisel'
obtained from crossing 'Titania' with itself;
'Ruben’ obtained from crossing 'Bieloruskaja
Slodkaja' with 'Ben Lomond';

- a Swedish cultivar 'Titania' was developed by
Tamas (1984) from crossing 'Altayskaya
Desertnaya' with 'Consort' x 'Kajaanin Musta',

- a Lithuanian cultivar: 'Gagatai' obtained from
crossing 'Minaj Shmyriov' with 'Ojebyn';

- a Belarusian cultivar: 'Kalinka' with unknown
genitors.

Fruit quality parameters

During the peak fruit harvesting period we
recorded various indicators from a sample of
50 fruits, with each measurement and analysis
repeated 3 times.

Fruit production (g/plant) was calculated by
weighing the fruits on each plant at every
harvest and summing the yield.

The average fruit weight was determined by
using the HL-400 digital balance to weigh each
fruit. Additionally, the fruit diameter was
measured using a digital calliper, and the berry
firmness was assessed non-destructively using
a Bareiss HPE II Fff penetrometer for each
sample.

Various quality parameters were measured,
such as total soluble solids, total sugars
content, total polyphenol content, total
flavonoid content, total tannin content, total
anthocyanin content, as well as lycopene and 3-
carotene contents.

Total soluble solid content (TSS) was
measured using a  Kruss DR201-95
refractometer, and the findings were expressed
as °Brix at 20°C.
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Total sugar content (TSC) was determined by
the methodology suggested by Dubois et al.
(1956).

Total polyphenol content (TPC) was measured
using the method recommended by Mati¢ et al.
(2017). This involved the reaction of
polyphenols with phosphotungstic acid in an
alkaline medium, resulting in the formation of a
blue-coloured compound. The newly formed
compound has maximum absorption at 760 nm.
The results were reported as mg gallic acid
equivalent (GAE) per 100 g fresh weight (FW).
Total flavonoid content (TFC) was measured
using the method proposed by Giosanu et al.
(2016). Flavonoids reacted with aluminum
chloride to form a yellow-orange compound
which exhibited maximum absorption at 510
nm. The findings were reported as mg catechin
equivalent (CE)/100 g fresh weight (FW).

To determine the total anthocyanin content
(TAC), the pH differential method suggested
by Di Stefano and Cravero (1989) was used.
According to this method, the total monomeric
anthocyanin content is measured by taking into
account the reversible structural transformation
of the anthocyanin chromophore based on the
pH. The absorbance at 520 nm was measured
30 minutes after preparing the blueberry extract
samples in pH 0.6 (2% hydrochloric acid) and
pH 3.5 (a phosphate buffer with 0.1 M citric
acid and 0.2 M disodium phosphate). The
results were expressed as cyanidin-3-O-
glucoside equivalent (C3GE) per 100 g fresh
weight (FW).

Total tannin contents (TTC) were measured
following the method described by Cosmulescu
et al. (2023). The results were reported as mg
gallic acid equivalent (GAE) per 100 g fresh
weight (FW).

The levels of lycopene and [f-carotene were
determined using the method proposed by
Tudor-Radu et al. (2016). Carotenoids were
extracted using a mixture of hexane, ethanol
and acetone in a 2:1:1 ratio. The results were
expressed in milligrams of lycopene or -
carotene per 100 grams of fresh weight (FW),
utilizing the molar extinction coefficients of
both compounds at 470 and 503 nm (Tudor-
Radu et al., 2016).



The antioxidant activity was assessed using the
DPPH assay method (Vijan et al., 2023). The
results were expressed as a percentage of the
inhibition of 2,2-diphenyl-1-picrylhydrazyl
(DPPH 1%).

Chemicals and Reagents

All the chemicals and reagents were purchased
from Merck, Darmstadt, Germany. They
include 2,2-diphenyl-1-picrylhydrazyl (DPPH),
sodium hydroxide, sodium carbonate, sodium
nitrite,  disodium  phosphate, aluminum
chloride, acetone, n-hexane, ethanol, gallic
acid, catechin, cyanidin-3-O-glucoside, and
Folin-Ciocalteu reagent.

Statistical Analysis

The analyses were conducted with three
repetitions, and the data were presented as
mean + standard deviation (SD). Excel 2021
(XLSTAT) was utilized for statistical analysis
of the data. One-way analysis of variance
(ANOVA), two-way ANOVA and Duncan’s
multiple range tests were carried out.

RESULTS AND DISCUSSIONS
The Tables 1-3 show the values for yield, berry

weight, diameter, firmness, total soluble solids
(TSS), total sugar (TSC), total polyphenols

(TPC), total flavonoids (TFC), total tannins
(TTC), total anthocyanins (TAC), lycopene and
B-carotene contents, and the antioxidant
activity (DPPH%) with indication of the values
of mean and standard deviation for six
blackcurrant cultivars.

The fruit mass ranged from 0.8 kg for 'Tiben' to
1.78 kg for 'Kalinka' (Table 1), with no signi-
ficant variation observed among the different
cultivars.

The weight of the blackcurrant is a crucial
quality factor significantly influenced by the
genotype, and also impacted by the growing
conditions (Woznicki et al., 2016). The weight
of the berries ranged from 0.73 g/fruit for
'Tisel' to 1.55 g/fruit for 'Titania'. A similar
finding was reported by Kikas and Libek, 2023
for the Estonian blackcurrant cultivar 'Elmar’.
The fruit size is a key factor that determines the
quality of the yield (Ochmian et al., 2014).
'Gagatai' had the largest fruit diameter, a
diameter of 13.02 mm, while 'Tisel' had a
diameter of 9.93 mm, which was the smallest
fruit diameter.The firmness, susceptibility to
damage, and the force needed to detach the
fruit from the stem are key factors that
influence the suitability of different cultivars
for mechanical harvesting (Ochmian et al,
2014).

Table 1. Fruit biometric characteristics of blackcurrant genotypes (average 2022-2023)

Genotype Yield Berry weight Diameter Firmness TSS
(kg/plant) (g/fruit) (mm) N) (°Brix)
Ruben 1.22+0.78* 0.84+0.09¢ 11.66+0.60° 26.97+3.23 19.13+2.00%
Tisel 1.68+0.89° 0.73+0.10¢ 9.93+0.91¢ 29.13+£7.27% 22.93+2.14°
Kalinka 1.78+0.31° 0.86+0.22¢ 10.38+0.69%¢ 30.90+7.04° 21.23+4.48°
Gagatai 1.24+0.90° 1.2940.12% 13.02+0.48° 46.53+4.75° 15.23+1.46°
Titania 1.62+0.13° 1.55+0.35° 11.08+0.28" 37.97+5.75% 18.53+1.78*
Tiben 0.80+0.09* 1.07+0.19" 11.53+0.10° 36.40+5.30% 16.03+2.10°

Note: "Different letters between cultivars denote significant differences (Duncan test. p < 0.05).
Different letters between susceptible and resistant cultivars denote significant differences (LSD test. P < 0.05).

The berry firmness oscillated between 26.97 N
for 'Ruben’ and 46.53 N for 'Gagatai’.

Over the two years, the highest TSS
concentration was found in the fruits of 'Tisel'
(22.93°Brix), and the lowest in the fruits of
'Gagatai' (15.23°Brix).

Other parameters such as: total sugar (TSC),
total polyphenols (TPC), total flavonoids (TFC),
total tannins (TTC), total anthocyanins (TAC),
along with lycopene and B-carotene contents
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and the antioxidant activity (DPPH%) are vital
in assessing the taste of fruits and their suita-
bility for fresh consumption. Blackcurrants are
rich in phytochemicals, thus possessing strong
antioxidant, anti-inflammatory, and anti-micro-
bial properties (Tabart et al., 2006; Nour et al.,
2014).

The impact of environmental conditions on the
concentration of active components in different
plants is well-documented. Factors like light,



temperature, water availability, mineral nutrition,
grafting, increased atmospheric CO, elevated
ozone levels, and agricultural practices directly
influence biochemical processes, consequently
impacting the production of these secondary
metabolites. Additionally, genetic makeup can
significantly influence the antioxidant, micro-

nutrient, and phytochemical composition of
plants (Tabart et al., 2006; Treutter, 2010; Nour
et al.,, 2014). Total sugars content (TSC) of
blackcurrant fruit varied from 33.37 g
glucose/100 g for 'Tiben' to 80.53 g glucose/100
g for 'Tisel' (Table 2).

Table 2. Fruit biochemical characteristics of blackcurrant genotypes (average 2022-2023)

Genotype TSC TPC TFC TTC TAC
(g glucose/100 g) (mg GAE/100 g) (mg CE/100 g) (mg GAE/100 g) (mg C3GE/100 g)
Ruben 41.55+33.88"" 718.03+7.80* 161.8+0.82° 541.08+9.62° 40.98+3.81°
Tisel 80.53+0.25" 727.11+0.10° 164.06+0.65° 530.05+0.04¢ 36.87+0.11%
Kalinka 49.34+19.92° 687.18+22.47° 216.08+50.56" 579.68+8.30 62.45+14.44*
Gagatai 46.78+0.09° 712.9240.11* 143.48+0.67° 596.36+0.18" 14.73£0.01%
Titania 55.70+0.07° 493.09+0.12¢ 80.28+0.40° 389.20+0.10° 9.18+0.18°
Tiben 33.37+0.04° 653.71+0.22¢ 125.15+0.67" 440.73+0.04¢ 23.8120.15%

Note: "Different letters between cultivars denote significant differences (Duncan test. p < 0.05).
Different letters between susceptible and resistant cultivars denote significant differences (LSD test. P < 0.05).

During the two years of experimentation, the
total polyphenols content (TPC) in the fruits of
the blackcurrant cultivars ranged from an
average of 493.09 mg GAE/100 g for 'Titania' to
727.11 mg GAE/100 g for the 'Tisel'. Similar
results for TPC were reported by Kikas et al.,
2020 for 37 blackcurrant cultivars of different
geographical origin (Belarus, Estonia, Finland,
Latvia, Lithuania, Norway, Poland, Russia,
Scotland, Sweden, and Ukraine) grown in
Estonia.

The flavonoid content (TFC) in the analyzed
blackcurrants varied from 80.28 mg CE/100 g
for 'Titania' to 216.08 mg CE/100 g for
'Kalinka'. The TFC results obtained in our study
fall between the previously reported data by
Mikkonen et al. (2001), Laczko-Zold et al.
(2018), and Mili¢ et al. (2022) for blackcurrants
and redcurrants.

The total tannin content (TTC) ranged from
389.20 mg GAE/100 g for 'Titania' to 596.36
mg GAE/100 g for 'Gagatai'.

Our results revealed that blackcurrants have
high levels of tannins and low levels of
flavonoids.

The total anthocyanin content (TAC) in the
fruits of the blackcurrant cultivars showed
significant differences over the two years of
research. The average total anthocyanin content
(TAC) was 9.18 mg C3GE/100 g for 'Titania'
and 6245 mg C3GE/100 g for 'Kalinka'
Sellappan et al. (2002) noted significant
differences and inconsistencies among cultivars
over different periods of time. These variations
may be attributed to genetic disparities, harvest
maturity, agricultural techniques, as well as to
variations in  extraction and laboratory
procedures (Clark et al., 2002).

As regards the content of carotenoids (Table 3),
the lowest level of B-carotene was of 0.20
mg/100 g in 'Tisel', while the highest level was
of 0.39 mg/100 g in 'Kalinka'. The lycopene
content ranged from 0.003 mg/100 g for 'Titania'
to 0.03 mg/100 g for 'Kalinka' and 'Tiben'.

Table 3. Fruit biochemical characteristics of blackcurrant genotypes (average 2022-2023)

Genotype p-carotene Lycopene DDPH %
(mg/100 g) (mg/100 g)

Ruben 0.2440.04° 0.01+0.01¢ 93.44+1.12¢%
Tisel 0.20+0.01° 0.02+0.01°¢ 94.65+0.04*
Kalinka 0.39+0.05* 0.03+0.01° 91.78+2.14°
Gagatai 0.34+0.01* 0.02+0.01% 95.52+0.05*
Titania 0.22+0.01° 0.003+0.01¢ 95.4140.05*
Tiben 0.25+0.01° 0.03+0.01% 94.64+0.05*

Note: "Different letters between cultivars denote significant differences (Duncan test. p < 0.05).
Different letters between susceptible and resistant cultivars denote significant differences (LSD test. P < 0.05).
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The antioxidative activity of all the tested berry
extracts showed appropriate values, ranging
from 91.78% for 'Kalinka' to 95.52% for
'Gagatai'. No significant differences were
observed among the six cultivars. Similar values
were also reported by Anisimoviené in 2013.

In our study, TPC was positively correlated with
TTC (r=0.834**), TFC (r=0.696**), lycopene
(r=0.578%), and TAC (r=0.524*) (Table 4). TFC

presented a positive correlation with TAC
(r=0.931**), TTC (r=0.753**), and both
carotenoids: lycopene (r=0.780**), and J3-
carotene (r=0.704**). In terms of antioxidant
activity (DPPH %), there was a significant
negative correlation with TFC (r=-0.867*%),
TAC (r=-0.931%%*), both lycopene (r=-0.655%%*)
and B-carotene (r=-0.629*%*).

Table 4. Correlation matrix of TSC, TPC, TFC, TTC, TAC, B-carotene, lycopene and DPPH % in blackcurrant fruits

TSC TPC TFC TTC TAC B-carotene lycopene DPPH %
TSC Pearson 1 -0.047 -0.148 -0.011 -0.136 -0.380 -0.331 0.416
(g/100 g) Correlation
TPC Pearson 1 0.696™ 0.834™ 0.524" 0.347 0.578" -0.351
(mg GAE/100g) Correlation
TFC Pearson 1 0.753™ 0.931" 0.704™ 0.780™ -0.867"
(mg CE/100 g Correlation
TTC Pearson 1 0.559" 0.685™ 0.520" -0.422
(mg GAE/100 g) Correlation
TAC Pearson 1 0.568" 0.684™ -0.931™
(mg C3GE/100 g) | Correlation
B-carotene Pearson 1 0.709™ -0.629™
Correlation
lycopene Pearson 1 -0.655™
Correlation
**Correlation is significant at the 0.01 level (2-tailled).
*Correlation is significant at the 0.05 level (2-tailled).
CONCLUSIONS flavonoids, low levels of anthocyanins and
especially of carotenoids. Presented data
The cultivar significantly influenced the  confirmed the usefulness of Ribes nigrum L.

composition of blackcurrant fruits regarding
the total phenolic content, in general, and
tannins, flavonoids and anthocyanins, in
particular. In addition, a significant fluctuation
in lycopene content was observed. The
antioxidant activity of all the tested
blackcurrant extracts showed high values
(91.78-95.52%), but no significant differences
among the six cultivars.

The current study indicated that 100 g of fresh
blackcurrant from 'Ruben', 'Tisel', 'Kalinka',
'Gagatai', 'Titania' and 'Tiben' contained 33.37-
80.53 g of total sugars, 493.09-727.11 mg GAE
of polyphenolic compounds, 389.20-596.36 mg
GAE of tannins, 80.28-216.08 mg CE of
flavonoids, 9.18-62.45 mg C3GE of
monomeric anthocyanins, 0.003-0.03 mg of
lycopene, and 0.20-0.39 mg of P-carotene.
These results indicate that blackcurrants have
high level of tannins, medium level of

species as a rich source of bioactive phenolic
compounds with the potential to be used in
food and pharmaceutical industries.

Regarding all the studied cultivars, 'Tisel' stood
out with the highest values for weight/plant,
TSS, TSC and TPC. Also, 'Kalinka' stood out
with the highest values for TAC and
carotenoids. The interest in breeding programs
will increase due to their potential as sources of
genetic variability.

However, further research is needed to
determine the other antioxidant compounds
from the blackcurrant fruits.
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Abstract

Highbush blueberry is a popular berry with an attractive flavour and colour. It provides health benefits due to an
important number of bioactive compounds with antioxidant, antitumor, antimutagenic, and antidiabetic effects, as well
as to its ability to prevent cardiovascular disease. Blueberry juice is one of the most widespread blueberry products and
it is demanded by consumers since it is tasty and it preserves most of the nutrients. The aim of this study is the
evaluation of the blueberry fruits and juice of some cultivars grown at the Research Institute for Fruit Growing Pitesti -
Mardcineni, Romania. Since heat processing affects the nutritional and sensory properties, blueberry juices have been
prepared by cold pressing the fruit. In order to inhibit the development of the fermentation microbiota and improve the
organoleptic characteristics of blueberry juices, the samples of each juice were prepared in a 1:1 (w:w) mixture with
acacia honey. Total tannin content (TTC) and total flavonoid content (TFC) were periodically determined for all juices.
The results revealed very significant effects of the three factors (genotype, storage period and sweetener) on TTC and
TFC, with acacia honey showing the lowest effect size.

Key words: highbush blueberry, total tannins content (TTC), total flavonoids content (TFC.)

INTRODUCTION Blueberries are a valuable crop that can thrive
in acidic, poorly drained sandy soils, which
Analysis of public health shows an alarming  may otherwise be considered unsuitable for
increase in the number of people who suffer  agricultural production. North America is the
from or are prone to cardiovascular diseases, primary producer of blueberries.
cancer, disorders of lipid metabolism  Cultivated blueberries belong to the
(increased cholesterol and blood sugar, weight Cyanococcus section of the Vaccinium genus in
gain), allergic diseases, or various nervous  the heath family Ericaceae (Ballington et al.,
system diseases (Hera et al., 2023; Mazilu et 1997). Species within this section are often
al., 2022). Nutritionists strongly recommend a  referred to as the "true" or cluster-fruited
diet rich in fruits and vegetables so as to blueberries (Camp, 1945). Wild Cyanococcus
prevent premature aging, metabolic diseases, species are exclusively found in North America
and even to fight obesity (Lavefve et al., 2020). (Hancock and Draper, 1989).
Since fruits and vegetables are seasonal and  Blueberry species are commonly classified as
perishable, they are transformed into functional lowbush, highbush, and rabbiteye types based
foods so that they can keep their nutritional on their stature. Lowbush plants are
value closer to that of fresh products while  rhizomatous, with stems ranging from 0.3 m to
being available beyond the harvest season 0.6 m. Highbush plants are crown-forming
(Slavin and Lloyd, 2012). shrubs and they are generally 1.8-2.5 m tall.
Among these, the blueberry juice is one of the Rabbiteye plants are also crown-forming
most widespread blueberry products, and it is shrubs; normally, they are 2-4 m tall
demanded by consumers since it is tasty and it (Ballington et al., 1997). Among major fruit
preserves most of the nutrients (Tobar-Bolafios ~ crops, blueberries have been domesticated
etal., 2021). recently, during the 20th century.
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The berries that cannot be sold on fresh
markets are used to make juices, which
decreases waste and allows the obtaining of
some blueberry products that can still maintain
the flavour and nutrients of the fruit (Bates et
al., 2001).

The blueberry juice is a popular product
demanded by consumers for its appealing taste
and ability to preserve the nutrients from fresh
fruit (Hotchkiss et al., 2021). Due to its high
level of anthocyanins and other antioxidant
compounds like polyphenols, vitamins C and E,
the blueberry juice is recommended to maintain
human health (Nindo et al., 2005; Tobar-
Bolafios et al., 2021). It can be made from fresh
or frozen berries, using a juice squeezer. Since
blueberries have a balanced composition in
sugars and acids (Hera et al., 2023), the prepa-
ration of blueberry juices does not require the
dilution with water or the addition of sugar or
other sweeteners. The abundance of blueberry
juice in bioactive phenolic compounds is
correlated with the synthesis of secondary
metabolites by the plant, and with the process-
sing juice technology (Brambilla et al., 2008).
The impact of juice processing on fresh berry
bioactive compounds content has been studied
and the results showed a detrimental effect of
the processing technology of juice explained
through oxidative degradation because of tissue
disorganization (Lee et al., 2002; Skrede et al.,
2000). It has been proven that the steam-
blanching of berries before milling is effective
in improving stability and in the recovery of the
phenolic bioactive compounds (Rossi et al.,
2003). It seems that blanching acts by
inactivating the oxidative enzymes of the
processed fruits and by physically improving
the permeability of the pigmented pericarp cells
(Pizzocaro et al., 1988). The juice needs to be
clarified, filtered, and pasteurized to ensure that
it becomes a microbiologically stable food
product with an appealing colour, a quality
highly valued by consumers (Girard and Sinha,
2006; Siddiq et al., 2018; Song et al., 2018).

It is in our interest to improve knowledge as
regards the bioactive compounds in raw fruit
and to preserve these compounds in the end-
product. To this end, four blueberry cultivars
were grown in the same environmental
conditions (at the Research Institute for Fruit
Growing Pitesti - Maracineni), and they were

individually processed into juice after an initial
blanching step, with a special focus on the
cultivar influence upon the phenolic content of
the juice. To preserve the organoleptic charac-
teristics and inhibit the fermentation micro-
biota, simple juices and samples mixed 1:1
(w:w) juice with acacia honey were prepared
from the fruits of each variety. Total tannin
content (TTC) and total flavonoid content (TFC)
were periodically determined for all juices.

MATERIALS AND METHODS

Chemicals and Reagents

All the chemicals and reagents were purchased
from Merck, Darmstadt, Germany.

Plant material

The study was carried at the Research Institute
for Fruit Growing in Pitesti-Maracineni (RIFG)
in southern Romania, located at 44°54°12”
north latitude, and 24°52°18” east longitude,
with an altitude of 284 meters.

The study included the following genotypes:
(1) two American cultivars:

- 'Duke' obtained from crossing ('[vanhoe x
Earliblue') with 192-8 (E-30 x E-11),

- 'Northblue' obtained from crossing Vaccinium
corymbosum with Vaccinium angustifolium,

(2) two Romanian advanced selections:

- '4/6' open-pollinated 'Spartan’,

- '6/38' obtained from crossing 'Pemberton' with
'Bluecrop'.

Figure 1. The blueberry genotypes

Acacia honey was produced by bee populations
of the Apis mellifera Carpatica race in a small



apiary of Southern Romania (Costesti, Arges).
Physicochemical analysis of some honey
samples (Vijan et al., 2023) showed the acacia
honey had a safe moisture content (14.36%) for
storage and consumption, an average level of
ash (0.14%), free acidity (7.50 mEq/kg) and
sugar (63.79 g glucose/100 g), the lowest 5-
hydroxylmethylfurfural (16.07 mg/kg),
phenolic content (90.18 mg GAE/100 g), and
flavonoid content (11.83 mg CE/100 g), but a
high level of tannins (62.73 mg GAE/100 g).
Fruit quality parameters

The average fruit weight was determined by
weighing a sample of 50 fruits from each
repetition at each harvest, using a scale (in
grams). After the harvesting work, depending
on the ripening period of each genotype, a
weighted-average weight was calculated.

The length and diameter of the fruit were
determined by measuring the fruit with a digital
calliper. The size index of the fruit was
calculated as the ratio of these two dimensions
(Titirica et al., 2023).

The total soluble solids content was measured
using a digital refractometer Haana Instruments
96801, and values were recorded in °Brix.

The fruit firmness was assessed non-
destructively using a Bareiss HPE II Fff
penetrometer for each sample.

Blueberry juice preparation and treatments
Fully mature and good-quality blueberries were
picked from Maracineni, Romania. After
washing with distilled water, the fruits were
poured into a motorized juice extractor (Midea
WIE2802D, Midea, Guiyang, China) for about
10 s to obtain the juice. Afterwards, the juice
was filtered by a sterile muslin cloth, necessary
to provide uniform consistency. The extracted
juice was separated into two, depending on the
two treatments to which it was exposed: simple
juices obtained without adding honey and
juices to which acacia honey was added to
improve the organoleptic characteristics of the
juice and inhibit the fermentation microbiota.
The blueberry juice samples were kept at 4°C
throughout the current study, in hermetically
sealed glass containers. The samples were
analysed at 5 different time points: I
(immediately after obtaining the juice), II (after
one month), III (after 3 months), IV (after 4
months), and V (after 6 months).
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Blueberry juice biochemical parameters

The total tannins content (TTC) was measured
using the method recommended by Mati¢ et al.,
2017. This involved the reaction of tannins
with phosphotungstic acid in an alkaline
medium, resulting in the formation of a blue-
coloured compound. The newly formed
compound has maxi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>