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Abstract: The aim of this study was to determine the influence of genotype,
environmental factors across three consecutive years (2022—2024), and incubation
temperature (17°C and 20°C) on in vitro pollen germination and pollen tube length
in sour cherry, as well as to monitor flowering phenology during the same period.
Six cherry genotypes were used: two cultivars created in the Republic of Serbia
(“Sofija” and “Sumadinka™), one introduced cultivar (“Erdi Bétermd”), one
autochthonous cultivar (“Feketicka”) and two promising genotypes (“GV-6" and
“GV-107). The flowering phenophase was recorded as the beginning, full and end
of flowering. To determine germination and pollen tube length, pollen was
collected and sown in Petri dishes on an agarose-sucrose nutrient medium and
incubated at the two temperatures for 24 h. The obtained results demonstrated that
flowering time varied between years in terms of date and duration. /n vitro pollen
germination ranged from 3.16% to 53.75%, while pollen tube length ranged from
225.6 um to 960.2 pm. Significant differences were recorded between most sour
cherry genotypes for both pollen germination and tube length. Differences between
years were also significant, while incubation temperatures did not significantly
affect the evaluated traits. The significant influence of many interactions, as
established by analysis of variance, indicates that the response of genotypes to
environmental conditions was different, which could be explained by differences in
their stability. Knowledge of pollen germination and pollen tube growth plays a
crucial role in understanding the value of a cultivar as a pollinator, both for
commercial cultivation and breeding.
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Introduction

Sour cherry (Prunus cerasus L.) is a unique fruit crop that is cultivated
worldwide in many regions across the temperate zone due to its distinctive tart
flavour and versatile uses. In the Republic of Serbia, sour cherry is one of the most
important fruit species in terms of harvested area, production and economic value
(Milosevi¢ et al., 2022), and together with raspberry, it represents one of the most
important exporting fruits (Luki¢ et al., 2015). In this regard, several sour cherry
breeding programmes are currently underway in Serbia to develop superior
cultivars.

In fruit trees, successful pollination accompanied by effective fertilization is
critical for optimising both the high quality and quantity of fruit yield.
Nonfunctional or poor pollen production is a limiting factor for fertilisation (Uzun
et al, 2018). Moreover, when growing self-incompatible or partially self-
compatible genotypes, such as certain sour cherry cultivars, one of the most
important factors for successful production is the appropriate varietal design of the
orchard. In addition to compatibility with the main cultivar and overlapping
flowering time, a pollinating cultivar should have good pollen quality (Nikoli¢ et
al., 2012). Therefore, knowledge of the viable pollen percentage and germination
capacity is very important when choosing and selecting the appropriate polleniser
(Nyéki et al., 2008). Understanding pollen functional ability is also important in
breeding programmes, as it influences the prediction of hybrid formation
(Davarynejad et al., 2008).

To be an effective pollen donor, a cultivar/genotype must have high-quality
pollen. Pollen germination and tube growth rates are the most important
characteristics related to pollen quality and effective pollination. Due to its
allopolyploid nature and irregularities in microsporogenesis, sour cherry is
characterised by lower pollen germination compared to other diploid species in the
genus Prunus (Cerovi¢, 1991; Fotiri¢ AkSi¢ et al., 2016). In order to determine the
actual amount of viable pollen, germination tests are necessary (Bolat and Pirlak,
1999). Parfitt and Ganeshan (1989) examined the validity of seven pollen viability
tests in Prunus species and found that the in vitro germination test on agarose—
sucrose medium had the highest degree of validity and a high correlation for pollen
viability assessment.

Pollen performance is clearly affected by genetic factors and represents one of
the important criteria for determining the genotypes (Rakonjac et al., 2025). In
addition to genetic factors, the percentage of pollen germination and tube growth
are also influenced by environmental and management factors such as climate,
mutagens, fertilisers, herbicides, and pesticides (Uzun et al., 2018; Corneanu et al.,
2021). Temperature is one of the most important environmental factors that could
affect pollen performance (Hedhly et al., 2005). Interest in the effect of
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temperature on reproductive biology has increased due to the global rise in
temperature, which impacts different stages of the reproductive process, such as the
flowering phenophase (Osterman et al., 2024) and pollen germination and pollen
tube growth (Fotiri¢ AkSi¢ et al., 2014; Irenaeus and Mitra, 2014; Feldmane et al.,
2017; Beltran et al., 2019).

Considering the importance of understanding the pollen functional ability
from both commercial cultivation and breeding perspectives, the aim of this study
was to evaluate the influence of environmental factors and incubation temperature
on pollen germination and pollen tube length in six sour cherry genotypes under in
vitro conditions.

Material and Methods

The study investigated the flowering phenophase and the functional ability of
pollen in six sour cherry (Prunus cerasus L.) genotypes including two cultivars
recognised in the Republic of Serbia (“Sofija” and “Sumadinka”), one introduced
cultivar (“Erdi B6termd”), one autochthonous cultivar (“Feketicka™), and two
promising genotypes (“GV-6,” and “GV-10). The experiments were carried out at
the experimental farm of the Faculty of Agriculture, Belgrade, “Radmilovac”
(“Feketi¢cka” and “Sumadinka™) and at the experimental site of the Fruit Research
Institute, Cadak, “Ljubi¢” (“Erdi Bétermd”, “Sofija”, “GV-6,” and “GV-107).
Standard cultural practices (pruning, fertilisation, pest, and disease control) were
applied in the orchards.

During the examination period (January—April, 2022-2024) the mean,
minimum and maximum air temperatures were monitored at the nearest
meteorological stations to evaluate the influence of the climate on the studied
properties. Based on these data, mean, minimum, and maximum monthly
temperatures, as well as the number of frosty days, were calculated. The blooming
period was determined based on the beginning, full and end of flowering (growth
stages 61, 65 and 69, respectively, according to the BBCH scale) (Meier, 2018). As
indicators of the functional ability of pollen, in vitro germination (%) and tube
growth (um) were studied.

To collect pollen samples, flower buds of each genotype were taken from the
branches at the late balloon stage and transferred to the laboratory. Anthers were
removed from the flower buds, transferred to Petri dishes, and dried at room
temperature (24-48 h) until pollen was released. Pollen from each genotype was
placed in three Petri dishes (three replicates) on a nutrient medium containing 0.7%
agar and 15% sucrose. The dishes were then transferred to “FOC 2251” incubators
(Velp Scientifica, Usmate, Italy) and maintained at two temperatures (17°C and
20°C). After 24 hours of incubation, pollen germination and tube growth were
stopped by adding formaldehyde. For each replication, at least 300 pollen grains
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were counted to determine the germination percentage. Pollen was considered
germinated when the pollen tube length exceeded the diameter of the pollen grain.
For pollen tube growth assessment, 20 randomly selected pollen tubes per replicate
were measured. Observations were made using a Leica DM2000 light microscope
with a Leica DFC320 digital camera and a Leica IM 100 image processing
software.

The experiment was set up as a three-factorial (genotype, temperature and
year) design. For the in vifro pollen germination, as the values were expressed as
percentages, an arcsine square-root transformation was applied prior to analysis.
The data were statistically analysed by analysis of variance (ANOVA) at the 0.05
and 0.01 significance levels, and the Tukey’s test for post hoc comparison at the
0.05 significance level, using the statistical software package STATISTICA,
version 8 (StatSoft, Inc., Tulsa, OK, USA). Based on the expected mean squares
from the three-factorial ANOVA, the variance components were calculated and
expressed in % (Annicchiarico, 2002).

Results and Discussion

A similar trend in the values of mean, minimum and maximum air
temperatures, as well as the number of frosty days, was recorded at Radmilovac
and Ljubi¢ in all three years (Table 1), which confirms that both sites are within
typical fruit-growing areas of the Republic of Serbia.

Table 1. Air temperatures for the period January—April at the Belgrade and Ca¢ak
sites (2022-2024).

Climatic Year Belgrade Cagak
parameter January February March April January February March April
Mean air 2022 2.8 7.6 72 125 1.1 43 5.4 10.8
temperature 2023 4.9 3.9 9.0 10.3 3.9 35 8.4 9.7
°O 2024 2.6 9.7 10.6 146 2.1 9.1 10.7 14.2
Minimum air 2022 -8.8 -0.8 -5.4 0.8 -13.0 -3.4 <13 -1.2
temperature 2023 -09 -9.2 -3.8 -0.6 -1.4 -8.7 -2.9 -1.2
(°O 2024 99 -4.8 -0.8 -1.2 -9.0 -3.4 -0.2 -0.3
Maximum air 2022 6.1 18.5 23.0 25.5 14.5 152 23.0 25.8
temperature 2023 169 19.0 24.1 23.0 16.0 21.6 23.6 23.6
(°C) 2024  18.6 20.6 28.6 304 19.4 20.9 28.9 304

2022 17 1 9 0 23 11 20 2
Number of 3 5 12 6 4 10 15 7 3
frosty days

2024 21 4 1 1 19 3 1 1

Source: Data from meteorological stations on “Radmilovac” experimental farm of the Faculty of
Agriculture, Belgrade and experimental site “Ljubi¢” of the Fruit Research Institute, Cacak.
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Flowering phenology is summarised in Figure 1. In 2022, flowering stages
occurred later than in 2023 and 2024. In 2023, two distinct groups of genotypes
were clearly separated based on the beginning of flowering. The first group
included “Sumadinka”, “Erdi Bétermd” and “Feketi¢ka” (30 March, 31 March, and
2 April, respectively), while the second group comprised “GV 67, “GV 10” and
“Sofija” (8, 9 and 12 April, respectively). Differences in the duration of this
phenophase, which ranged from 11 days (“Sofija”) to 22 days (“Feketi¢ka”), were
also observed. The smallest differences in both the beginning and duration of
flowering were recorded in 2024.

In all three years, “Sofija” exhibited the latest beginning of flowering, which
allows it to avoid damage from late frosts. In addition to the genetic factors, the
flowering phenophase was also influenced by air temperatures. The large number
of frost days in March 2022 delayed the start of flowering for all genotypes, while
high average and maximum temperatures in March and April 2024 led to explosive
flowering.

Genotype March April
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Figure 1. Flowering phenology of sour cherry genotypes (2022-2024).

Source: Authors observation.
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In vitro pollen germination ranged from 2.42% in the “Erdi Botermd” cultivar
at 20°C in 2024 to 53.75% in the “GV 10” genotype at 17°C in 2023 (Table 2).
“Sumadinka” exhibited the smallest variation in pollen germination across
experimental variants (36.97%—44.53%), while “Sofija” showed the largest
variation (6.57%—52.27%). This indicates that the response of these two cultivars
to environmental conditions was different, which could be explained by differences
in their stability.

Table 2. Pollen germination (%) of six sour cherry genotypes at 17°C and 20°C
(2022-2024).

G 17°C 20°C
enotype 2022 2023 2024  Average 2022 2023 2024  Average

Erdi Botermd 1876 2269 3.16 1487 2145 2271 242 1552
Feketicka 1554 29.62 2443 2320 1477 29.53 1950 2127
GV-6 17.10 2725 1350 1928 1618 3198 1444  20.87
GV-10 3410 5375 2210 3665  39.82 4838 2992 3937
Sofija 2215 5227 657 2700 1841 4826 657 2441
Sumadinka 36.97 4453 3803 3984 4374 4409 3825  42.03
Average 2410 3835 1797 2681 2573 3749 1852 275

Source: Authors’ own research.

The minimum pollen tube length (225.6 pm) was observed in the cultivar
‘Erdi Botermo’ at 17°C in 2024, while the maximum length (960.2 um) was
recorded in “Sumadinka” at 17°C in 2022 (Table 3). Opposite trends were
observed with respect to incubation temperatures. Namely, four genotypes (“Erdi
Botermo”, “Feketicka”, “GV 6” and “Sumadinka”) had higher pollen tube lengths
at 17°C, whereas in the other two genotypes (“GV 10” and “Sofija”), higher values
were recorded at 20°C.

Table 3. Pollen tube length (um) of six sour cherry genotypes at 17°C and 20°C
(2022-2024).

17°C 20°C
2022 2023 2024 Average 2022 2023 2024 Average
Erdi Botermo 767.1 576.7  225.6 523.1 6573 6012  265.0 507.8

Genotype

Feketicka 833.6 7352 5352 701.3 7254 8019 5564 694.6
GV-6 701.7 498.7  286.0 495.5 478.1 668.5 3014 482.7
GV-10 523.0 355.8 2405 373.1 629.5 5459 401.7 525.7
Sofija 361.7 362.0 2534 325.7 4720 5731 2853 443.4
Sumadinka 960.2 716.5 585.2 754.0 878.2 6864 3129 625.8
Average 691.2 540.8 3543 528.8 640.1 646.2  353.8 546.7

Source: Authors’ own research.
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A high percentage of germinated pollen does not necessarily correlate with a
high growth rate of pollen tubes. This phenomenon has been previously observed
in different fruit trees (Bolat and Pirlak, 1999; Miaja et al., 2000; Sharafi, 2011;
Stosser et al., 1996), indicating that these two traits are genetically independent.

Table 4. Mean squares (MS) and variance components (%) from three-factorial
ANOVA for pollen germination and pollen tube length.

.. In vitro pollen germination Pollen tube length
Source of variation df MS % MS %
Genotype (G) 5 1,897.35%* 343 29,8605.4** 23.2
Year (Y) 2 3,606.14** 36.3 95,7885.8** 44,0
Temperature (T) 1 5.20ns 0.0° 8,647.4ns 0.0
GxY 10 366.05** 229 32,613.8%* 6.0
GxT 5 21.94ns 0.5 46,884.9%* 8.3
YT 2 13.96ns 0.0 57,388.1%* 4.5
GxYXxT 10 24.07* 1.8 12,639.7* 4.4
Error 72 10.58 43 5,384.6 9.7

™ not significant, * p < 0.05, ** p <0.01, * negative values expressed as 0.
Source: Authors’ own calculations.

As shown in Table 4, the ANOVA results indicate a significant effect of
genotype and year, but no significant effect of temperature on the variability of
pollen germination and pollen tube length. In addition, a significant influence of
the G x Y and G x Y x T interactions on pollen germination was observed. For
pollen tube length, all possible interactions were also significant.

Variance components analysis (Table 4) showed that year (36.3%), genotype
(34.3%) and their interaction (22.9%) contributed most to the total variability of in
vitro pollen germination. The variability of pollen tube length was mainly
determined by year (44.0%) and genetic differences among sour cherry genotypes
(23.2%). The remaining sources of variation accounted for less than 10% of the
total variability of these traits.

Taking into consideration all three years and both incubation temperatures, it
was shown that “Sumadinka” (40.9%) and “GV-10" (38.0%) had significantly the
highest pollen germination, while “Erdi Botermé” (15.2%) was characterised by
the lowest pollen germination value (Figure 2). According to previous studies, the
in vitro pollen germination in sour cherry was found to range between 7% and70%
(Milutinovic et al., 1998), 24%-49% (Bolat and Pirlak, 1999), 29%—65%
(Davarynejad et al., 2008), 19%-67% (Szpadzik et al.,, 2008), 43%—62%
(Milatovi¢ and Nikoli¢, 2014) and 32.7%-57.4% (Feldmane et al., 2017). The
results obtained in the present study were in accordance with the above-mentioned
results. Regarding the years, the highest average pollen germination was recorded
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in 2023 (37.9%), followed by 2022 (24.9%) and 2024 (18.2%). Radicevi¢ et al.
(2021) also reported a significant influence of the year on pollen germination in the
studied sour cherry cultivars.
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Figure 2. Mean values for the main factors (genotype, year and temperature) for in
vitro pollen germination (%). Different letters indicate statistically significant
differences (p<0.05) according to the Tukey’s test.

Source: Authors’ analysis.
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Figure 3. Mean values for the main factors (genotype, year and temperature) for
pollen tube length (um). Different letters indicate statistically significant

differences (p<0.05) according to the Tukey’s test.
Source: Authors’ analysis.
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Pollen tube growth showed a similar trend to that of pollen germination with
respect to the main factors (Figure 3). This trait was modified not only by the
genotype but also by weather conditions during the winter and spring periods of the
study years. On average, “Feketicka” (698 um) exhibited the longest pollen tubes,
whereas “Sofija” (385 um) had the shortest. Pollen tube length in 2023 (593 pum)
was significantly higher than in 2024 (354 um), but significantly lower than in
2022 (666 um).

Several studies on the effect of temperature on sour cherry pollen germination
have been published (Cerovi¢ and Ruzi¢, 1992; Nenadovic-Mratinic, 1996; Pirlak,
2002; Hedhly et al.,, 2004; Milatovi¢ and Nikoli¢, 2014). According to these
studies, the maximum pollen germination percentage and pollen tube length were
obtained at a temperature of around 20°C. In our study, the absence of significant
differences in pollen germination and tube length due to incubation temperature
confirmed that both tested temperatures were within the optimal range.

Conclusion

The study contributes to the understanding of the factors influencing flowering
phenology and pollen quality in sour cherry genotypes, which is essential for
improving breeding programmes and optimising cultivation conditions. The
obtained results show that both genetic factors and air temperatures influenced the
flowering time. Frost conditions in March 2022 delayed flowering across all
genotypes, while high temperatures in March/April 2024 caused explosive
flowering. There was a wide variation in terms of pollen germination and pollen
tube length. Variation in these characters was determined not only by genotype but
also strongly influenced by environmental factors. Incubation temperatures (17°C
and 20°C) did not significantly affect pollen germination or tube length, confirming
that these temperatures were within the optimal range. Due to low pollen quality,
“Erdi Botermd”, “Feketiéka” and “GV 6” were unlikely to achieve satisfactory
yield after self-pollination and probably required appropriate pollinators for
optimal fruit set.
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Rezime

Cilj ovog istrazivanja bio je da se utvrdi uticaj genotipa, faktora spoljasnje
sredine tokom tri uzastopne godine (2022-2024) i temperature inkubacije (17°C i
20°C) na klijavost polena in vitro i duzinu polenovih cevCica kod visnje, uz
istovremeno pracenje fenofaze cvetanja. Kao material koris¢eno je Sest genotipova
visnje i to: dve sorte stvorene u Republici Srbiji (,,Sofija” i ,,Sumadinka”), jedna
introdukovana sorta (“Erdi Bétermd”), jedna autohtona sorta (,,Feketicka™) i dve
perspektivne selekcije (,,GV-6" i ,,GV-107). Fenofaza cvetanja je prikazana kroz
pocetak, puno i kraj cvetanja. Da bi se utvrdila klijavost i duzina polenove cevéice,
nakon ekstrakcije, polen je zasejan u Petrijeve posude na agarozno-saharoznu
hranljivu podlogu i inkubiran na dve razli¢ite temperature tokom 24 h. Dobijeni
rezultati su pokazali da je vreme cvetanja variralo izmedu godina kako u pogledu
datuma tako i u pogledu duzine trajanja. Klijavost polena in vitro kretala se od
3,16% do 53,75%, dok se duzina polenove cevcice kretala od 225,6 pm do 960,2
pum. Ispoljene razlike izmedu veéine genotipova visnje bile su statisticki znacajne
za klijanje polena i za duzinu polenovih cevéica. Takode, razlike su bile znacajne i
izmedu godina, dok temperature inkubacije nisu znacajno uticale na varijabilnost
ovih osobina. Znacajan uticaj mnogih interakcija ustanovljen na osnovu analize
varijanse ukazuje da je odgovor genotipova na uslove sredine bio razlicit, Sto se
moze objasniti razlikama u njihovoj stabilnosti. Poznavanje klijavosti polena i rasta
polenovih cevcica ima klju¢nu ulogu u razumevanju vrednosti sorte kao oprasivaca
i sa aspekta komercijalnog gajenja i sa aspekta oplemenjivanja.

Kljucne reci: Prunus cerasus, fenofaza cvetanja, klijavost polena in vitro,
duZzina polenove cevcice.
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