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Abstract: Indigenous grape varieties represent a significant potential for viticultural diversification.
Due to fertilization problems, certain varieties from this group require suitable pollenizers for
successful fertilization and in order to achieve high-quality grapes. The study was conducted during
the years 2016 and 2017 in the vineyard in Herzegovina (southern part of Bosnia and Herzegovina).
The aim of this research is to define a suitable pollenizer for the ‘Blatina’ variety, which has a
functionally female flower. Manual pollination was performed with five different pollenizers during
the flowering period by applying pollen to the ‘Blatina’ variety inflorescence during the full bloom
stage in the early morning hours. Pollinated inflorescences were isolated, marked, and monitored
until the end of the vegetation, while open-pollinated clusters were the control group. The most
important characteristics of grape clusters and seeds were analyzed. The best results during the
research were obtained by open pollination. The significant effect of the pollenizers was registered in
parameters: cluster mass, mass of grape berries in the cluster, number of grape berries per cluster,
and average seed mass. Varieties ‘Zilavka’ and ‘Vranac’ had better characteristics compared to other
pollenizer varieties. The results show that the Blatina variety production with a greater number of
pollenizers ensures stable yields.

Keywords: grape; pollination; fertilization; grape quality; cluster; seed

1. Introduction

The grapevine reproductive development has a direct effect on yield. It also impacts
berry and wine quality by affecting traits such as berry and cluster size, cluster compactness,
and berry skin to pulp ratio. A better understanding of reproductive processes such as
gamete development, fertilization, seed development, and fruit-set is of great importance
for yield and grape quality management [1].

Even though pollination is a widespread biological process in cultivated grapevines,
there are still some uncertainties about the consequences of cross-fertilization regarding
grape productivity and quality [2]. In the grapevine, the morphological development
of inflorescences is well known; however, less information is available on the variety’s
relationship regarding compatibility during cross-pollination and cross-breeding as well as
the potential of different cross-breeds. Certain studies show that the grapevine has rather
complicated fertilization biology [3]. This was a subject of several studies that studied
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pollination and fertilization in wild grapevine relatives and also some local, economically
important varieties that have problems in the process of fertilization and fruit setting [4-14].

According to [3], several papers have cited that the characteristics of the microsporo-
genesis process are the main problem in the fertilization process, while in rare cases, one
of the causes may be self-pollination incompatibility (self-incompatibility). The same au-
thor states that the effect of the pollenizer pollen on the maternal plant is classified into
xenia (effects on the endosperm and embryo) and metaxenia (effects on the surrounding
tissue-berry flesh). The analysis of [15] shows that it is not possible to make such a simple
division, keeping in mind the interaction effect that pollenizer pollen can have on the
maternal plant as well as the complexity of the analyzed effects. Some authors consider the
influence of pollenizer pollen on the maternal plant through better reproductive abilities
(viability and pollen germination) and more successful fertilization, while some papers
have analyzed the specific influence of pollenizer pollen on changes in some berry and
seed characteristics. The analysis of pollen characteristics, such as viability, germination
capacity, and development characteristics of pollen tubes, is very important in defining
varietal compositions for new vineyards and in breeding programs [1,3,16-24]. According
to [25], pollen viability and pollen germination capacity are related to varieties, nutrition
conditions, and environmental factors. The effect of the pollenizer pollen on certain fruit
characteristics of maternal plants has been the subject of research in a number of fruit
species, of which apples [26-28], pears [29], sour cherries [30], and cherries [31] have
economic importance for our production conditions.

The grapevine cultivation in Bosnia and Herzegovina is traditionally associated with
the production area of Herzegovina, i.e., the southern part of the country where the modi-
fied Mediterranean climate prevails. Grape and wine production have great importance
for this region. In recent years, a lot of work has been done in terms of the introduction
of indigenous varieties into production. According to literature statements [32], a sig-
nificant number of indigenous grapevine varieties have been recorded in Herzegovina,
among which there is a small number of commercially significant and, notably, more
non-commercially significant, old, and less cultivated varieties. Only a small number of in-
digenous varieties are significantly used in production, and many of these varieties, which
are well adapted to local environmental conditions, are on the verge of total extinction. De-
tailed research on the genetic diversity of old varieties [33] and their use and conservation
potential is particularly important for the purpose of their sustainable use [34].

‘Blatina’ is an indigenous grapevine variety of Bosnia and Herzegovina used in red
vine production [35]. It is present in the region of Herzegovina, which, due to its production
importance, has been the subject of many studies, not only in Bosnia and Herzegovina
but also in the surrounding countries [36-38]. ‘Blatina’ is a variety with a functionally
female flower, and this has a great influence on the proper fruit setting and, thus, the
yield (Figure 1). Although most cultivated grapevines have perfect flowers, with a normal
ovary, pistil, and fully developed upright anthers, pollination insufficiency that results in
millerandage (hens and chicks) is a worldwide problem that occurs in almost all grapevine
varieties to varying degrees. Plants of one variety that have hermaphroditic and functionally
female flowers can be found in regular production [39]. Certain research indicates that the
occurrence of functionally female flowers is rare [24] in varieties with special significance
for cultivation in certain regions. The pollen of the variety ‘Blatina’ is morphologically
sterile [40] because it does not have fully formed openings for germination, so it does
not have the ability to germinate, which is confirmed by the fact that in the conditions of
self-fertilization, this variety lacks a fruit setting (Figure 2). Research on this variety in
the previous period unequivocally indicates the fact that the reproductive characteristics
of the variety ‘Blatina’ affect morphological sterility, and, for successful fertilization and
fruiting, it is necessary to grow this variety with other varieties that can play the role
of pollenizers. Finding varieties suitable for pollination of ‘Blatina’ is of great practical
importance in raising new vineyards. Pollination and fertilization are the basic factors
affecting fruit setting volume, and the most important goal of fruit producers is obtaining
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high quantity and quality yield in the horticultural industry, which depends on a sufficient
fruit setting [25].

h-.

Figure 1. Morphological appearance of the flower of the ‘Blatina’ variety, just before the rejection of

the cap of the crown leaves [41].

Figure 2. Hydrated pollen grain of the ‘Blatina’ variety without colpi and apertures that would
enable pollen germination [40,41].

This paper reports the effects of different pollenizers as the pollen source on cluster
and seed characteristics of ‘Blatina’ grapes. The results of cross-pollination were considered
from viticultural and variety improvement viewpoints. The obtained results have practical
importance in the assessment of the most suitable pollenizer for the Blatina variety based
on the grape quality characteristics that are important in its regular, commercial production.
Defining the most favorable pollenizer is of special importance not only for vine producers
in Bosnia and Herzegovina but also for producers in the surrounding countries where this
variety is grown.

2. Results
2.1. Pollen Germination

Quality issue—grapevine pollen functional abilities are of great importance for viticul-
tural practice, primarily for assortment selection since one-variety vineyards can be raised
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only with a self-fertile variety, which can provide pollination and fertilization with their
own quality pollen [42,43]. The highest pollen germination capacity during the research
period was in the varieties ‘“Trnjak’ (36.4%), ‘Cardinal’ (34.3%), and ‘Zilavka’ (32.9%) in
2017, and it was higher in all examined varieties in 2017 than in 2016 (Figure 3).
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Figure 3. Pollen germination capacity of tested varieties during the research period (2016-2017).

The difference in the germination capacity during the years of research, from the
aspect of the variety, was especially pronounced in the ‘Vranac’, ‘Cardinal’, and ‘“Trnjak’
varieties. The ‘Zilavka’ variety did not have much difference in pollen germination during
the research years, while the “Alicante Bouschet’ variety had almost uniform germination
capacity in both years.

2.2. Cluster and Berry Characteristics

In order to determine the effects of the pollination of the ‘Blatina’ grape variety with
different pollenizers (including open pollination) during the period of two years, a two-way
variance analysis at multivariate and univariate levels was applied, the results of which
are shown in Tables 1 and 2. A two-way (6 x 2) Anova with pollenizers (Open pollination,
‘Trnjak’, Cardinal, ‘Alicante Bouschet’, “Zilavka’, and ‘Vranac’) and research year (2016 and
2017) as between-subjects factors revealed the main effects of pollenizer (Fzg.390) = 2.53,
p = 0.000) and year of research (F.97) = 5.64, p = 0.000). These main effects were qualified
by an interaction between pollenizer and research year (F(30390) = 1.54, p = 0.037).

At the univariate level (Table 2), it can be noticed that the parameters: grape berry
number per cluster (F (5;102) = 2.52, p = 0.034), grape berry mass (F (5;102) = 2.99, p = 0.015),
and seed number per grape berry (F (5;102) = 3.17, p = 0.011) are accountable for the main
effect of factor interaction.

Table 1. Test of mutual multivariate dependence of pollenizer effects and year on basic grape and
cluster characteristics.

Wilks Value F Effect-df Error-df p
Variety 0.491 2.53 30 390 0.000 *
Year 0.741 5.64 6 97 0.000 *
Variety x Year 0.639 1.54 30 390 0.037 *

Legend: F—value of the Wilks test for analyzing the significance of difference between the centroid of groups;
Effect df, Error df—degrees of freedom; p—significance coefficient. * statistically significant difference of ob-
served parameters.
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Table 2. Univariate results of the dependence of pollenizer effects and year of research on the basic
cluster and grape characteristics.

. Pollenizer Year Pollenizer x Year
Variable
F (5;102) 4 F (1,102) P F (5;102) |4

Cluster mass (g) 10.13 0.000 * 9.92 0.002 * 1.52 0.190
Berries mass (g) 9.06 0.000 * 11.62 0.001 * 1.49 0.201
Berries number 9.14 0.000 * 14.20 0.000 * 2.52 0.034 *
Berry mass (g) 1.80 0.119 3.00 0.086 2.99 0.015*
Seed mass (g) 1.07 0.384 2.17 0.144 1.27 0.281
Seed number 2.02 0.082 6.10 0.015* 3.17 0.011*

Legenda: F—value of the Wilks test for analyzing the significance of difference between arithmetic means of
groups; p—significance coefficient; *—statistically significant differences.

Analyzing the pollenizer as a factor, it can be stated that the parameters-cluster mass
(F (5;102) =10.13, p = 0.000), grape berries mass in the cluster (F (5;102) = 9.06, p = 0.000),
and grape berry number per cluster (F (5;102)) = 9.14, p = 0.000)—are responsible for the
high level of differences, while no statistically significant differences were found in the other
parameters. Analyzing the year of research as a factor at the univariate level, the parameters
cluster mass (F (1;102) = 9.92, p = 0.002), grape berries mass in the cluster (F (1;102) = 11.62,
p = 0.001), and grape berry number per cluster (F (1;102) = 14.20, p = 0.000) are responsible
for the differences as well as number of seeds per grape berry (F (1;102) = 6.10, p = 0.015).
Post-hoc analysis using Tukey’s HSD test showed that the differences between the polleniz-
ers within the ‘Blatina’ clusters contributed to the statistically significant difference only
in cluster mass, mass of the grape berries in the cluster, and number of grape berries per
cluster; these are labeled with different letters (a—f) in the columns in Figures 4-9. In order
to more clearly understand the influence of pollenizers on the Blatina variety grape and
seed characteristics, an analysis of the fruit set percentage was conducted (Figure 4).
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Figure 4. Fruit set (%) immediately after fertilization (fruit set I —initial fruit set immediately after
fertilization) and in the harvest phenophase (fruit set [I—final fruit set in the harvest phenophase).

The initial fruit set during both years of the study was relatively uniform in all com-
binations and ranged from 40.06% (“Alicante Bouschet’ in 2016) to 58.42% (‘Zilavka’ in
2016). In most combinations, this percentage was close to 50.0%. Slightly better fertilization
was recorded during 2017, which could be related to the weather conditions during the
fertilization phase. In the time of flowering and fertilization in 2017, slightly less precipita-
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tion and higher (more favorable) temperatures for fertilization were recorded compared
to 2016, which was characterized by higher amounts of precipitation in that period. Final
fruit set indicated a significant difference in pollinizer influence. The best final fruit set
was registered in the conditions of open pollination (21.79%—in 2016 or 24.29%—in 2017).
During 2017, a high percentage of final fruit set was registered with the combination of the
varieties “Vranac’ (20.02%), ‘Zilavka’ (20.01%), and ‘Trnjak” (14.86%), which, among other
things, led to the larger size of berries and the higher number of berries per cluster.
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Figure 5. Pollenizer effect (“Trnjak’, ‘Cardinal’, “Alicante Bouschet’, ‘Zilavka’, and ‘Vranac’) on Blatina
variety cluster mass (g) during the research period (2016-2017). Means with different letters in a
column (a—open pollination and f —"Vranac’) are significantly different between pollenizers according
to the ANOVA test (p < 0.05); *—significant differences between years of research.
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Figure 6. Pollenizer effect ("Trnjak’, ‘Cardinal’, ‘Alicante Bouschet’, ‘Zilavka’, and ‘Vranac’) on Blatina
variety grape berries mass in grape clusters (g) during the research period (2016-2017). Means
with different letters in a column (a—open pollination and f—"Vranac’) are significantly different
between pollenizers according to the ANOVA test (p < 0.05); *—significant differences between years
of research.
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Figure 7. Pollenizer effect (“Trnjak’, ‘Cardinal’, “Alicante Bouschet’, ‘Zilavka’, and “Vranac’) on Blatina
variety number of berries per cluster during the research period (2016-2017). Means with different
letters in a column (a—open pollination, e—Zilavka’ and f—Vranac’) are significantly different
between pollenizers according to the ANOVA test (p < 0.05); *—significant differences between years

of research.
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Figure 8. Pollenizer effect (‘Trnjak’, ‘Cardinal’, “Alicante Bouschet’, ‘Zilavka’, and “Vranac’) on the
‘Blatina’ variety average berry mass (g) during the research period (2016-2017). Means with different
letters in a column (a—open pollination and b—"Trnjak’are significantly different between pollenizers
according to the ANOVA test (p < 0.05); *—significant differences between years of research.

The cluster mass is directly related to the grapevine yield. The pollen sources remark-
ably influenced the cluster mass [14]. The highest ‘Blatina’ variety cluster mass (Figure 5)
in our study was obtained in the open pollination conditions (respectively, 332.4 g in 2016
and 371.6 g in 2017) during both research years. This was especially pronounced in 2017,
when this difference, compared to all other pollinizers, was statistically significantly higher.
“Vranac’ as a pollinizer influenced the formation of statistically significantly larger clusters
compared to the results obtained with the varieties ‘Cardinal” and ‘Alicante Bouschet’. No
statistically significant differences were found in other mutual comparisons.
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Figure 9. Pollenizer effect (‘Trnjak’, ‘Cardinal’, ‘Alicante Bouschet’, ‘Zilavka’, and “Vranac’) on
the Blatina variety average number of seeds in the berry during the research period (2016-2017).
Means with different letters in a column (e—Zilavka’ and f—'Vranac’) are significantly different
between pollenizers according to the ANOVA test (p < 0.05); *—significant differences between years
of research.

In 2017, in addition to open pollination, the ‘Vranac’ variety (314.1 g) had a great
influence on the cluster mass, which caused a statistically significant higher cluster mass
compared to the pollenizer varieties ‘Cardinal” (143.9 g) and “Alicante Bouschet’ 164.8 g).
Although a slightly higher amount of precipitation was recorded in 2016, it did not have a
significant positive effect on the cluster mass as well as on other analyzed characteristics.

A similar effect of different pollenizers was found in the analysis of the berries mass
in the cluster (Figure 6). In that case, during 2017, open pollination resulted in the highest
mass of grape berries in the cluster.

During that year, the statistically significantly lower berries mass in the cluster was
recorded in the variety ‘Cardinal’ (140.1 g) compared to open pollination (361.1 g) and
cross-pollination with the “Vranac’ variety (303.7 g). The berries mass in the cluster in the
open pollination conditions was 18.9% higher compared to pollination with the variety
‘Vranac’. In the conditions of open pollination, a statistically significant higher mass of
berries in the cluster was recorded compared to other pollenizers, especially compared to
the varieties ‘Alicante Bouschet” and ‘Cardinal’ (127.68% and 157.74%). Other differences
in the berries mass in the cluster during 2017 did not have statistical significance. In 2016,
the berries mass in the cluster in open pollination conditions (302.9 g) was statistically
significantly higher than the mass achieved by pollination with other pollenizers, where
a relatively uniform effect on this grape cluster characteristic was recorded. Significant
variations between the years of observation were found in the “Trnjak and ‘Vranac’ varieties.
The berries mass in the cluster in the conditions of open pollination was higher by 63.29%
compared to the berries mass obtained by this variety’s pollination. The difference in the
berries mass obtained by open pollination was higher by 111.67% compared to pollination
with the variety “Alicante Bouschet” and by 156.26% compared to pollination with the
variety ‘Trnjak’.

In 2016, the highest number of berries per cluster (Figure 7) was obtained by open
pollination (96.7), and it was statistically significantly higher compared to the “Trnjak’ (31.3)
and ‘“Alicante Bouschet’ (45.4) varieties.

In 2017, the lowest number of berries per cluster was recorded when ‘Cardinal’ (40.6)
and ‘Alicante Bouschet’ (46.9) were used as pollenizers. These results were significantly
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lower than the numbers achieved by open pollination (119.9) and pollination with the
‘Zilavka’ (93.4) and “Vranac’ varieties (102.9). The number of berries in the cluster was also
significantly lower compared to the open pollination. The increase in the number of berries
per cluster in open pollination conditions ranged from 16.52% for the variety ‘Vranac’ to
195.32% for the variety ‘Cardinal’. The stated difference for the variety ‘Cardinal’ can be
partly explained by the specifics of this table variety. The difference between the research
years was found only in the “Trnjak’ variety.

The influence of pollenizers on the average berry mass was not statistically significant
(Figure 8) except for the “Alicante Bouschet’ variety, whose pollination achieved the highest
average berry mass (4.12 g).

The average berry mass was statistically higher in open pollination conditions (3.12 g)
compared to the conditions where Trnjak variety was used as a pollinizer (2.86 g). In
this variety, a difference was found at the year level in terms of the average berry mass.
However, from an agronomic aspect, it is evident that the number of berries per cluster
had a significant effect of great importance on the berry mass, keeping in mind that all
combinations with a larger number of berries per cluster had a lower average berry mass.
The berry mass was in the values range stated by [13] for the ‘Blatina’ variety during the
three-year research period, and it was 3.49 g.

Within our research, the berry mass in open pollination conditions was, on aver-
age, 9.04-12.08% higher compared to the varieties ‘Vranac’ and ‘Zilavka’, i.e., lower by
2.26-11.28% compared to the varieties ‘Cardinal’ and ‘Alicante Bouschet'.

2.3. Seed Development

The average number of seeds per grape berry of the ‘Blatina” variety, during the
research period, varied significantly with the ‘Cardinal’ variety as a pollenizer (Figure 9).
In other combinations, this number was relatively even. In 2016, there were no significant
differences between different pollenizers.

During 2017, the average number of seeds was statistically lower when the ‘Cardinal’
(1.1) and ‘Alicante Bouschet’ (1.2) varieties were used as pollenizers, compared to the
Zilavka variety as a pollenizer. There were no statistically significant differences between
the pollenizer varieties Cardinal and Vranac. Throughout the research period, there was no
statistical difference between the pollenizers regarding this parameter.

The average seed mass, depending on the pollenizer, ranged from 0.045 g (“Vranac’) to
0.141 g (open pollination). Analysis of the average seed mass (Figure 10) shows the rela-
tively uniform effects of different pollenizers and open pollination during 2017. Throughout
the year of 2016, the average seed mass of the variety ‘Blatina’ in the conditions of pollina-
tion with the ‘Cardinal’ variety was statistically lower compared to open pollination and
pollination with the ‘Trnjak’ and ‘Zilavka’ varieties. During the same year, the ‘Blatina’
variety average seed mass obtained by pollination with the “Alicante Bouschet’ variety was
statistically lower compared to open pollination and pollination with the “Trnjak’ variety
and statistically higher compared to pollination with the ‘Zilavka’ and ‘Vranac’ varieties.
There was no statistical difference between the varieties ‘Cardinal” and ‘Alicant Bouschet’
regarding average seed mass.
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Figure 10. Pollenizer effect (‘Trnjak’, ‘Cardinal’, “Alicante Bouschet’, ‘Zilavka’, and ‘Vranac’) on the
Blatina variety average seed mass (g) during the research period (2016-2017). Means with different
letters in a column (a—open pollination, b—Trnjak’, e—Zilavka’ and f—'Vranac’) are significantly
different between pollenizers according to the ANOVA test (p < 0.05); *—significant differences
between years of research.

3. Discussion
3.1. Pollen Germination

The assessment of the functional ability of grapevine pollen is significantly condi-
tioned by its germination capacity [23]. The ‘Vranac’ variety has shown very low pollen
germination capacity, although it is often present in vineyards together with the ‘Blatina’
variety. During the research period, the ‘Zilavka’ variety showed the highest pollen germi-
nation capacity. According to [42], the high pollen germination capacity of the ‘Zilavka’
variety is one of the most represented in the Herzegovina region. Depending on the sucrose
concentration in the solution (12.0% and 15.0%), it ranged from 31.5% and 29.0%. The
high pollen germination capacity of the ‘Zilavka’ variety in the area of Herzegovina is
also stated by [12]. According to them, the germination capacity of ‘Zilavka’ ranged from
18.21% to 42.52%, depending on the sucrose concentration in the solution and experimental
year. There were slightly higher average values for the pollen germination of varieties
‘Alicante Bouschet” and ‘Cardinal’, as stated by [21]. Based on another study’s results [25],
a large number of varieties have high pollen germination capacity when 20.0% sucrose
solution is used. The pollen germination of four grape varieties was examined by [3] in
order to examine the occurrence of xenia and metaxenia. According to that study, pollen
germination capacity ranged from 55.2% to 76.8%. According to research conducted by [20]
during the analysis of Iranian varieties, the pollen germination capacity varied between
23.6% and 83.1%, whereby in most varieties, it was above 80.0% if germination was con-
ducted immediately after sampling. According to [1], ‘Sangiovese” pollen viability and
germination capacity were, on average, 20.0% and 40.0%, respectively, and high viabil-
ity and germination were also registered for ‘Corinthe Noir’, with an average value of
79.0% and 44.0% during the two seasons. In vitro pollen germination capacity that varies
from 50.0% to 70.0% is considered normal, although many factors (genetic, physiological,
environmental influence) can significantly influence that percentage [42].

3.2. Cluster and Berry Characteristics

Weather conditions during the study period had a significant impact on the degree
of fertilization. This was especially pronounced on the initial germination in the varieties
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‘Cardinal’ and “Alicante Bouschet’. Differences in final germination over the research period
were smaller and somewhat more pronounced in the cultivars “Vranac’, ‘Zilavka’, and
‘Trnjak’. In the conditions of free fertilization during both years, the degree of the final
embryo was over 20%. Similar data on fruit set are provided by [23] in research on the
fertilization of the “Alphonse Lavallée” variety. According to this study, the highest fruit set
occurred when ‘Pembe Cekirdeksiz’ (20.2%) was used as a pollen source, while the lowest
fruit set was recorded in self-fertilization (9.1%). The decision of whether fruits will be set
generally depends on successful pollination, while further fruit growth is determined by
fertilization, which initiates seed development [3,4].

The characteristics of ‘Blatina’ grapes in regular production often do not meet the
producers’ expectations. The cluster usually does not have a satisfactory mass, which is
directly reflected in the yield. The values obtained in this study indicate a large variation
in the mass of the cluster (139.4-371.6 g), depending on the pollinator. The best results
were achieved in the conditions of open pollination. The cultivar ‘Zilavka’ had a stable
influence on the size of the grapes during the research period, as well as the cultivars
‘Vranac’ and ‘Trnjak’ during 2017. Slightly lower values of the ‘Blatina” grape cluster
average mass—228.28 g, during a three-year research period, are stated by [13]. We cannot
exclude that the individual genotype plays a role in this phenomenon, which could be
enhanced in certain varieties [1]. Open pollination increased the grape cluster mass by 55.6%
and 62.1% when compared to varieties ‘Vranac’ and ‘Zilavka’ pollination. A significant
increase was registered in comparison to the varieties “Trnjak’ (101.89%), ‘Alicante Bouschet’
(123.7%), and ‘Cardinal” (148.5%). Similar data for the cluster mass of the ‘Blatina’ variety
are given by [44]. They analyzed a large number of genotypes that were in the second
stage of selection, created by fertilization of the ‘Blatina” variety with the “Vranac” and
‘Cardinal’ varieties and grafted on the Kober 5 BB rootstock. The cluster mass of the
examined grapevine genotypes from the combination ‘Blatina’ x “Vranac’ ranged from
395.2 to 425.5 g. The genotypes that had the characteristics of the table grape varieties from
the combination of cross-breeding ‘Blatina” x ‘Cardinal” had an average mass that ranged
from 348.54 to 418.24g. In their study of the influence of different pollenizers, [14] also
stated that the best results were achieved by open pollination. At the same time, [2] stated
in their research that due to self-fertilization, the lowest results were achieved when it
comes to cluster mass and that open pollination and manual pollination gave significantly
better results. According to the same authors, this clearly indicates that the existence of an
external pollen source can increase yield.

Under normal conditions, berry-setting percentages can be considered a varietal
characteristic, but this is subject to various external and physiological factors [2], which was
also stated in this research. The largest number of berries in the cluster within the research
was recorded in the conditions of open pollination. Good results were also recorded with
fertilization of the ‘Zilavka’ and ‘Vranac’ varieties. In open pollination conditions, the
number of berries per cluster was high (96.7-119.9) and also significantly higher compared
to the statements of [13]. They concluded that an average number of berries per cluster was
65.80 for the ‘Blatina’ variety in the vineyard, which indicates a significant variation of this
characteristic depending on the production conditions and pollenizers. In his research, [3]
also stated that the ‘Narince’ variety in open pollination conditions has a higher percentage
of fruit-setting compared to self-fertilization. The pollenizers” utilization in table grape
varieties also affects significant differences, and it indicates a large variability in fruit setting
percentage depending on the pollenizers [2].

Average berry weight was relatively uniform during the research period. A slightly
larger mass of berries was found in the varieties “Alicante Bouschet” and “Trnjak’, which
is probably due to the smaller number of berries in the bunch. The obtained results are
in accordance with the statements of other researchers. According to the data of [44],
the berry mass of wine genotypes from the combination of the ‘Blatina’ x “Vranac’ vari-
eties ranged from 3.20 to 3.40 g, while for table genotypes from the combination of the
‘Blatina” x ‘Cardinal’ varieties’, grape berry mass ranged from 4.55 to 6.82 g. Based on
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results, Ref. [2] stated that the use of external pollen sources resulted in higher values
regarding berry mass, length, and width in comparison to self-pollination. The berry mass
in open pollination treatments was 26.6% and 22.8% higher than in the self-pollination treatment.

3.3. Seed Development

With the exception of the varieties ‘Alicante Bouschet’ and ‘Cardinal’, the number
of seeds in the berry was quite uniform in other combinations and ranged from 1.5 to
1.8. According to [13], the average number of seeds per grape berry was 1.51 during the
2008-2010 research period. According to [3], the number of seeds per grape berry varied
from 1.27 to 2.07, and these results were obtained in open pollination conditions. Certain
research shows that there were no significant differences in fruit setting and seed number
per berry between self-fertilization and cross-fertilization [22]. The pollenizer’s influence on
the mechanical composition of the indigenous variety ‘Grk’, depending on the pollenizers
that were included in the experiment (‘Plavac mali’, ‘Pro$ip bijeli’, and ‘Chardonnay’), were
monitored by [45]. The highest value of grape stalk mass and the largest average number
of seeds per 100 grape berries were achieved (133.81 g) when ‘Plavac mali’ was used as the
pollenizer. The highest number of seeds in grape berries in the variety ‘Grk” was obtained
when ‘Plavac mali’ (49.17) and ‘Prosip bijeli’ (45.17) were used as pollenizers. The difference
between these two pollenizers was not significant; however, the Chardonnay variety had
a significantly different number of grape berries compared to the first two pollenizers
(17.27). According to the same authors, during the berry analysis, the average number
of seeds per berry in the variety ‘Grk’ was obtained, and it showed that no significant
difference was found between the ‘Chardonnay’—1.07, ‘Prosip bijeli"—1.18, and ‘Plavac
mali’—1.34 pollenizers.

The weight of one seed within the research period was slightly higher in varieties
with larger berries, which was somewhat expected. A significant deviation in seed mass
was registered during the open pollination in 2016. Earlier research by [13] shows that the
average seed mass in the ‘Blatina’ variety in the vineyard in the 20082010 time period was
0.048 g and that it was in line with the results of this study. The use of pollen in the table
varieties’ pollination significantly affected the seed mass, which was the highest in open
pollination, then manual (controlled) pollination, and the lowest in self-pollination [2]. The
significant influence of pollenizers on the berry characteristics (mass, length, and width)
was stated by author [23] in his research.

4. Materials and Methods
4.1. Climatic Conditions

The experimental part of the research was realized during the years of 2016 and 2017
and Herzegovina (43°03/'55.4 N, 17°42/34.6 E, and 10 m above sea level). During 2017, a
lower amount of precipitation was recorded in the period of flowering and fruit setting
(Figure 11), compared to 2016, with slightly higher air temperatures in the same period [46].
The region is characterized by large amounts of precipitation during the year with an
irregular schedule, while very high temperatures are registered during the summer months.

4.2. Plant Material

The vineyard was raised in 2008, and it occupies a total area of 67 ha. The main
variety in the vineyard is ‘Blatina’, and there is also a large number of other economically
important varieties. All tested varieties were grafted on a ‘Kober 5BB’ rootstock. The
training system is Moser’s cordon, with the use of a short training system. Planting distance
in the vineyard for all cultivars is 3.0 x 1.2 m, with a density of 2700 vines per hectare. A
total of 90 individual grapevine inflorescence (flower cluster) on five vine plants of each
variety was labeled before the beginning of flowering (during the entire research period,
180 individual grapevine inflorescence). The study was conducted on three replicates that
consisted of five inflorescence clusters, with about 400-560 flower buds per cluster. The
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average number of flowers in the inflorescence was obtained by counting ten inflorescences
for each combination. Analysis of the number of flowers in the inflorescence was performed
in the BBCH 57 phase [47].
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Figure 11. Climatic indicators (precipitation and temperature) during the research period (2016-2017)
for the Mostar city area (meteorological station closest to the location of the vineyard where the
research was conducted).

4.3. Pollination Treatments

7

In mid-May, about five to seven days before the anthesis, clusters of the ‘Blatina
variety (75 of them) were enclosed within cheesecloth frames to avoid unwanted cross-
pollination that can occur as well as the negative impact of weather conditions. For
the open pollination treatment, flowers of 15 similar clusters were allowed to bloom
and pollinate spontaneously according to the weather conditions. All tested cultivars,
except ‘Cardinal’, were used as pollinators in open pollination. Each of these clusters was
specifically marked at the beginning of the pollination period. Inflorescences marking (later
grape clusters) was done by placing plastic labels with written numbers. The markings
enabled the monitoring of selected clusters during the entire vegetation until the harvest
phenophase. Manual pollination (cross-pollination) was performed during the bloom stage
(BBCH 65 phase). The following varieties were used as pollenizers: “Trnjak’, ‘Alicante
Bouschet’, ‘Zilavka’, “Vranac’, and ‘Cardinal’; these were grown in the same vineyard as
the Blatina variety. The pollen of each pollenizer variety was collected by shaking the
inflorescences onto petri dishes when most of the flowers were in full bloom. In the case
of earlier flowering (‘Cardinal” variety), the pollen was collected, sieved, and stored in
glass bottles in a desiccator (with anhydrous CaSQOjy) at a refrigerator temperature of 4 °C.
Pollen of other varieties was stored in the same way until the moment of pollination. The
pollen germination test was performed in vitro using the “hanging drop” technique with
a 20% sucrose solution [25,42]. Cross-pollination was carried out using a small pump
(enema-rubber pump) containing the pollenizer pollen. As soon as the cluster reached
receptivity, the pollination was implemented by blowing the pollen of each individual
pollenizer variety, via pump, into the cheesecloth frames in the early morning (in the
2-h period between 8 and 10 a.m.). This procedure was repeated for two consecutive days
to ensure that all the sequentially opening flowers in the inflorescence were pollinated [3].
An individual pump was used for each crossing combination in order to avoid pollen
contamination. During both years of research, the same pollen application procedure was
conducted. Seven days after fruit setting, the cheesecloths on self-pollination clusters were
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removed to expose the developing grapes to the sun throughout the development and
maturation stages. The initial fruit set analysis was performed in the germinated phase
(BBCH 71 phase).

4.4. Fruit Quality Characteristics

The harvest was performed at the time of optimal maturity for the ‘Blatina’ variety and
when the TSS (Total Soluble Solid) content was between 18 and 22 Brix (BBCH 89 phase).
The grape clusters were stored in portable containers and transported to the Laboratory
for Ampelography and Winemaking of the Faculty of Agriculture, University of Banja
Luka, for measurements and analysis. Individual clusters and mature grape berries of each
treatment were collected, counted, and weighed. Fifteen representative clusters from each
treatment were selected. The number of grape berries per cluster was recorded at maturity.
For each treatment, the mass of grapes in the cluster and the mass of an individual grape
berry were measured with a digital scale (KERN 440). Afterwards, the seeds from each
mature grape berry were extracted and washed to remove pulp. The seeds were then
submerged into water to separate viable and unviable seeds. The seeds that floated were
washed and counted as viable, and, after that, they were cleaned and dried. The number of
seeds in one grape berry for each of the treatments was counted. For the seed mass analysis,
10 viable seeds per combination were randomly selected, and their mass was measured on
a digital scale.

4.5. Statistical Analysis

The statistical analysis included descriptive analysis (means and standard deviations
for each pollinizer in each year of research as a whole). Levene’s test of homogeneity of
variances was used. The significance of main and interaction effects was analyzed using
two-way variance analysis (factorial ANOVA) (6 x 2). The factors included pollenizers
(Open pollination, “Trnjak’, ‘Alicante Bouschet’, ‘Zilavka’, ‘Vranac’, ‘Cardinal’) and the
year of research (2016, 2017). Tukey’s HSD post hoc test was used to test the differences
between pollenizer pairs. A criterion « level of p < 0.05 was used to determine statistical
significance. The data was processed using the STATISTICA 10.0 for Windows (StatSoft,
Inc., Tulsa, OK, USA).

5. Conclusions

The influence of different pollenizers on the variety ‘Blatina’ grape and seed character-
istics was examined during a two-year period (2016/2017). Varieties “Trnjak’, ‘Cardinal’,
‘Alicante Bouschet’, ‘Zilavka’, and ‘Vranac’ were used as pollenizers. Varieties ‘Trnjak’,
‘Zilavka’, and ‘Vranac’ are indigenous varieties, and they have been grown for a long period
of time in this area. This research shows that weather conditions can have a significant
influence on fertilization and cluster and seed characteristics. Heavy precipitation and
lower average air temperatures during the flowering phase and fertilization can have a
negative effect on fruit set and, later, the cluster characteristics. Study of the influence
of different pollenizers on the grape cluster and grape seed characteristics in the ‘Blatina’
variety during fertilization shows that significant differences exist between them. The
best grape cluster and seed characteristics are achieved in open pollination conditions
compared to conditions where other varieties are used as pollenizers. Open pollination
has an increase in grape cluster mass by an average of 55.6% to 148.5% and an increase
in grape berries mass in cluster by 18.9% to 156.3% compared to other analyzed polleniz-
ers. The ‘Vranac’ and “Zilavka’ varieties had a more significant influence on the observed
parameters compared to other pollenizer varieties in controlled pollination conditions.
The increase in the average cluster mass by pollination with these varieties was, on av-
erage, 24.5% to 59.3% higher compared to other pollenizers. This increase is especially
significant, keeping in mind that variety ‘Blatina” has a lower fruit set percentage in the
absence of a suitable pollenizer. Pollination with the indigenous “Trnjak’ variety also had
a fairly stable effect, with the lowest oscillations during the research period. The use of
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the variety “Trnjak” as a pollenizer for the variety ‘Blatina” can be somewhat justified if
the producers decide to grow indigenous grape varieties. The use of a larger number of
varieties for the ‘Blatina’ variety pollination, although it provides safer production, is not
justified due to vineyard production organization and the application of regular agro- and
ampelotechnical measures.
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