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Abstract

Pollen germination and pollen tube growth in vitro in eight quince cultivars (‘Leskovacka’,
‘Vranjska’, ‘Morava’, ‘Pazardzijska’, ‘Hemus’, ‘Asenica’, ‘Portugal’ and ‘Triumph’) were
studied in the three-year period (2010-2012). Agar-plate method with three different
concentrations of sucrose (10%, 15% and 20%) was applied. Statistically significant
differences between quince cultivars were found in terms of pollen germination and pollen
tube length. The highest germination rate was found in 15% sucrose (78.72% in average).
Slightly lower germination was found in 20% sucrose (78.52%), while the lowest germination
was determined in 10% sucrose (73.76%). Among quince cultivars, the highest germination
rates were found in ‘Triumph’ and ‘Asenica’, and the lowest in Leskovacka. Increasing the
concentration of sucrose increased the pollen tube length (from 1435.8 um in 10%, followed
by 1790.7 pm in 15% to 2077.5 um in 20%). Pollen tube length in 20% sucrose concentration
ranged from 1770.3 um (‘Vranjska’) to 2574.4 um (‘Asenica’). Based on obtained results, the
sucrose concentrations of 15% and 20% can be recommended as optimal for pollen
germination of quince cultivars.
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Introduction
Pollen germination and pollen tube growth are the most important characteristics that
determine the quality of pollen. The quality of pollen is a very important factor for successful
fertilization, fruit set and yield in quince (Cydonia oblonga Mill.).
Pollen viability varies between individual cultivars within the same fruit species (Stosser et
al., 1996). In addition to the cultivar, pollen viability depends of rootstock on which the
cultivar is grafted (Kidman et al., 2014). Besides these factors, pollen viability varies
depending of microclimate, locality, character of last year's vegetation, vigour, age, nutrition
and health status of fruit trees (Pejki¢, 1980). Pollen viability can be affected by the presence
of heavy metals: Cd, Cu, Hg and Pb (Gur and Topdemir, 2008; Kili¢ et al., 2009), boric acid
(Imani et al., 2011; Mondal and Ghanta, 2012; Liu et al., 2013), plant growth regulators
(Bolat and Pirlak, 2003; Tosun and Koyuncu, 2007) and the fungicides (Yi et al., 2003;
Kargar and Imani, 2011). Also, the quality of pollen depends on the time of taking, methods
of collecting (Stanley and Linskens, 1974), the length and mode of its storage (Aslantas and
Pirlak, 2002; Perveen and Khan, 2008). The germination of pollen varies depending of
temperature (Pirlak, 2002; Sorkheh et al., 2011; Milatovi¢ and Nikoli¢, 2014).
One of the most important factors affecting to the pollen germination is sucrose concentration
(Dalkilic and Mestav, 2011; Sutyemez, 2011). The optimum concentration of sucrose for
testing the pollen germination varies between different fruit species and it is ranging from 10
to 20% (Mahanoglu et al., 1995; Milatovi¢ and Nikoli¢, 2007; Mert, 2009; Dalkili¢ and
Mestav, 2011; Sutyemez, 2011). However, the concentration of sucrose over 20% may have
an inhibitory effect on pollen germination (Bolat and Pirlak, 1999).
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Knowledge of pollen functional ability is a very important parameter in fruit breeding for the
choice of male parent in hybridization. In addition, this parameter is very significant in the
production practices for the selection of appropriate pollenisers when planting of quince
orchards, because pollenisers, among other parameters need to be distinguished by good
pollen germination.

The aim of this study was to determine the pollen germination and pollen tube length in eight
quince cultivars, in order to evaluate suitability of these cultivars as potential pollenisers.
Also, testing of nutrient media with different concentrations of sucrose aimed to determine the
optimal concentration for testing pollen germination and pollen tube length.

Material and methods
Investigations were carried out in the collection orchard of quince at the Experimental Station
‘Radmilovac’ of the Faculty of Agriculture in Belgrade during a three-year period (2010-
2012). The orchard was established in the spring of 1999, with the planting space of 4.5 x 3
m. The study comprises eight cultivars of quince: ‘Leskovacka’, ‘Vranjska’, ‘Morava’,
‘Pazardzijska’, ‘Hemus’, ‘Asenica’, ‘Portugal’ and ‘Triumph’. The examined cultivars were
grafted on the rootstock ‘Quince MA”’.
For examination of pollen germination branches with flower buds in the ‘balloon’ phase were
taken and carried to the laboratory. In order to collect pollen from the flower buds anthers
were isolated in Petri dishes. They are stored at room temperature (20£2°C) for 24-48 h to dry
and to release the pollen. Then, the pollen of each cultivar was sown with fine brushes in Petri
dishes (9 cm diameter) on the previously prepared nutrient medium consisting of three
different sucrose concentration (10%; 15% and 20%) and 0.7% agar-agar.
Petri dishes with a sowed pollen were observed under light microscope ‘Leica DM LS’ (Leica
Microsystems, Wetzlar, Germany), for counting of germinated pollen grains. The experiment
was done in three repetitions, each including at least 300 pollen grains. Pollen is considered as
germinated if the length of pollen tube was larger than the diameter of the pollen grain.
Pollen tube length was measured from images taken under the microscope ‘Leica DM LS’
using ‘Leica IM 1000’ program. From each cultivar 60 pollen tubes were measured.
The data were statistically analyzed using three-factor analysis of variance (ANOVA). In the
results expressed in percentages, the arcsin square-root data transformation was performed.
The significance of differences between the mean values was determined using the Tukey’s
test for significance level p <0.05. Data analysis was performed using the statistical software
package STATISTICA, Version 8 (StatSoft, Inc., Tulsa, Oklahoma, USA).

Results and discussion

Test of pollen germination in vitro is one of the main indicators of pollen functional ability
(Figure 1). The average pollen germination for all cultivars in the three-year study period was
quite high and amounted to 77.00% (Table 1). It has significantly varied between the
examined cultivars and ranged from 65.12% (‘Leskovacka’) to 84.74% (‘Triumph”). Pollen
germination at a concentration of 10% sucrose was highest in “Triumph’ cultivar (82.40%)
and lowest in ‘Leskovacka’ cultivar (62.61%). ‘Leskovacka’ cultivar had lowest pollen
germination at sucrose concentrations of 15% (64.62%) and 20% (68.12%), while the
‘Asenica’ cultivar had highest pollen germination in sucrose concentrations 15% (86.43%)
and 20% (87.58%). In addition to ‘Asenica’ and ‘Triumph’ cultivars, high pollen germination
had ‘Pazardzijska’ and ‘Morava’ cultivars, which is consistent with the findings of Stancevi¢
(1986) and Stancevi¢ (1990). Pollen germination between quince cultivars examined in our
work was much less varied in relation to the one established by Sharafi (2011a) in Iran, in
which the pollen germination ranged from 45.4% to 82.3%. This is due to genetic differences
between tested cultivars.
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Figure 1. Pollen germination of Triumph cultivar at three different sucrose concentrations:
a) 10%, b) 15%, c) 20%.

In addition to the cultivars, pollen germination differed significantly between investigated
concentrations of sucrose, which is in accordance with the results Dalkili¢ and Mestav (2011).
The highest germination rate was found in 15% sucrose (78.72% in average). Slightly lower
germination was found in 20% sucrose (78.52%), while the lowest germination was
determined in 10% sucrose (73.76%). These results partially agree with those obtained by
Cetin and Soylu (2006), where the highest pollen germination in quince cultivars was found in
10% and 15% sucrose solution. Pollen germination rate also varied depending on the
concentration of sucrose in the Japanese pear (Okusaka and Hiratsuka, 2009), apricot
(Mahanoglu et al., 1995; Milatovi¢ and Nikoli¢, 2007; Asma, 2008), sweet and sour cherry
(Bolat and Pirlak, 1999; Sutyemez, 2011) and walnut (Mert, 2009).

Table 1. Pollen germination (%) of investigated quince cultivars (average 2010-2012).

Sucrose concentration

Cultivar/Year 10% 15% 50% Mx
‘Leskovacka’ 62.61 64.62 68.12 65.12d
‘Vranjska’ 68.75 71.86 75.45 72.02¢c
‘Morava’ 74.41 82.60 80.61 79.21b
‘Pazardzijska’ 74.14 80.76 78.75 77.88 b
‘Hemus’ 76.76 80.47 77.27 78.17b
‘Asenica’ 79.38 86.43 87.58 84.46 a
‘Portugal’ 71.64 77.22 74.36 7441 c
‘Triumph’ 82.40 85.81 86.02 84.74 a
2010 80.26 83.13 83.00 82.13b
Year 2011 80.61 85.79 84.69 83.70 a
2012 60.41 67.24 67.87 65.17 ¢
Sucrose concentration 73.76 b 78.72 a 78.52 a 77.00

The pollen germination in our study was significantly different between years, but it was a
more balanced in the first two years, amounting to over 82%. However, it was about 15-20%
lower in 2012 and amounted to 65.17%. It can be connectted with the influence of low
temperatures on the pollen germination in this year.

Pollen tube length was significantly different among quince cultivars, sucrose concentrations
and years of study (Table 2), which is in line with the results Milatovi¢ and Nikoli¢ (2007).
An average length for all cultivars was 1768.0 um, and it varied between cultivars from
1577.5 um (‘Hemus’) to 2015.8 um (‘Asenica’). At a sucrose concentration of 10%, pollen
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tube length ranged from 1236.1 um (‘Hemus’) to 1674.2 um (‘Portugal’). ‘Hemus’ cultivar
had shortest pollen tubes (1411.9 um) in 15% sucrose solution, and the longest pollen tube
lenght had ‘Asenica’ cultivar (2072.0 um). At a sucrose concentration of 20% lowest pollen
tube lenght had “Vranjska’ cultivar (1770.3 um), and highest ‘Asenica’ cultivar (2574.4 um).
Pollen tube lenght in our work was significantly higher compared to the results obtained by
Sharafi (2011 a, b), at the quince cultivars in Iran, what is result of genetic differences
between these two groups of cultivars.

Table 2. Pollen tube length (um) of investigated quince cultivars (average 2010-2012).

Sucrose concentration

Cultivar/Year 10% 15% 50% Mx
‘Leskovacka’ 1543.2 1898.5 2011.9 1817.9 ad
“Vranjska’ 1375.0 1797.2 1770.3 1647.5 bcde
‘Morava’ 1371.5 1593.9 1926.2 1630.5 cde
‘Pazardzijska’ 1528.0 1839.6 2154.0 1840.5 ab
‘Hemus’ 1236.1 1411.9 2084.5 1577.5¢e
‘Asenica’ 1401.0 2072.0 2574.4 20158 a
‘Portugal’ 1674.2 1735.2 1957.2 1788.9 bcd
‘“Triumph’ 1357.3 1977.1 2141.5 1825.3 ac
2010 1774.0 21215 2300.4 2065.3 b
Year 2011 1964.5 2407.4 2798.8 2390.2 a
2012 568.8 843.1 1133.2 848.4 c
Sucrose concentration 1435.8 ¢ 1790.7 b 20775 a 1768.0

Increasing the concentration of sucrose increased the pollen tube length (from 1435.8 um in
10%, followed by 1790.7 pm in 15% to 2077.5 pum in 20%). This trend was evident in all
cultivars except the “Vranjska’ cultivar, in which the pollen tube length was the highest at a
concentration of 15% sucrose. However, Bolat and Pirlak (1999) were determined the highest
pollen tube length at sucrose concentrations of 10% and 15% at some cultivars of apricot,
sweet and sour cherry. This indicates that the optimal concentration of sucrose for testing of
pollen tube growth depends of fruit species.

Depending on meteorological conditions, the pollen tube length has differed by years. It was
the highest in 2011, and the lowest in 2012. The occurrence of late spring frosts in April 2012
reduced the pollen tube length two to three times compared to the previous two years. This
effect was present in all tested cultivars, except for ‘Asenica’ cultivar at sucrose
concentrations of 15% and 20%.

Conclusion

Based on the results of three year trials, it can be concluded that the pollen germination and
pollen tube length differed significantly depending on the cultivar, year and the concentration
of sucrose. ‘Triumph’ and ‘Asenica’ cultivars were characterized with highest and
‘Leskovacka’ cultivar with lowest pollen germination. All studied cultivars had high pollen
germination, so they can be recommended as a potentially good pollenisers in new
commercial plantations of quince. Based on obtained results, the sucrose concentrations of
15% and 20% can be recommended as optimal for pollen germination of quince cultivars.
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