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Introduction

The grapevine is one of the most widely grown and 
economically important species globally. It is grown in a wide 
area from 50° latitude to the tropics in the northern hemisphere 
and to 43° latitude in the southern hemisphere [1]. 85.132529 
million tons of grapes are produced annually in 67.30179 
million hectares of vineyard area in the world [2].

Approximately 4 million tons of grapes are produced 
annually from 0.43 million hectares of vineyard area surface in 
Turkey. 1.99 million tons of grapes produced are table grapes, 
1.54 million tons are dried grapes, and 0.47 million tons are 
wine grapes [3]. A total of 1435 grape varieties collected from 
across the country and bred in recent years have been protected 
in the Turkish grapevine gene bank [4]. Despite this density in 
grape diversity, local and global markets and grape producers 
demand new varieties with superior characteristics.

Grape varieties developed by hybridizing Vitis vinifera L. 
varieties with each other and with other species constitute 

almost all the global grape production. Although some of the 
grape varieties have become international and are produced in 
many countries, grape variety development studies are actively 
carried out in most of the important wine-growing countries.

For example, the cv. Kyoho, which was developed in Japan 
in 1937 and released in 1946, has reached the largest vineyard 
area on a global scale. Cv. Cabernet Sauvignon, on the other 
hand, is a white wine variety that has become international and 
has the largest vineyard area globally [5]. Red Globe, bred in 
1958, is the best-selling, red colour, seeded table grape variety 
in the world, and Italia, bred in 1911, is the best-selling white-
seeded table grape variety in the international market [2,6].

Priorities in the development of grape varieties are 
increasing biotic and abiotic stress tolerance, reducing 
pesticide requirements, and improving yield and quality. In 
particular, the table grape market brings dynamism to the 
need for new grape varieties. In this context, table grape-
producing countries need to develop new varieties to maintain 
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and increase their market shares. In Turkey, efforts are being 
made to develop new superior varieties through hybridization 
and other breeding methods to protect and increase the share 
of the viticulture sector in the international market [7-9].

Pollen of grapevine and grape varieties is the subject of many 
studies because it aff ects fruit set. Characterization of cultivars by 
pollen grains has been frequently studied. Pollen morphology and 
germination are important indicators for taxonomic purpose and 
productivity. Knowing the pollen characteristics of grape varieties is 
a necessity for grape producers and especially vine breeders [10-12]. 

Grape production is related to pollen fertility, which 
depends on pollen viability and germination potential [13]. 
Pollen contains the male gametophyte and is produced in 
the anthers of higher plants, and its main role is the sexual 
reproduction of spermatophytes [14].

Pollen quality, also often called pollen fertility, is 
determined by a combination of different characteristics such 
as the viability of mature pollen and the germination ability 
of pollen under in vitro conditions, pollen tube formation, and 
growth [15]. These can be infl uenced by genetics, environmental 
(temperature and humidity) and agronomic factors [1].

Evaluation of pollen quality is important in various aspects 
such as examining the storage potential of pollen grains 
for controlled pollination, evaluation of intra- and inter-
varietal incompatibility, clonal selection and genetic breeding 
experiments [16], and identifi cation of some agronomic 
practices to increase pollen productivity [17-19]. 

Pollen quality plays a critical role in grape production and 
affects the fruit setting rate. Grape pollen effi ciency depends 
on its viability and germination potential [13]. Palynological 
studies are needed before designing hybridization programs 
for the development of rootstock and scion varieties [20,21].

Studies have shown that toxic substances such as 
pesticides, plant bio-stimulants, and chemical fertilizers 
used extensively in agriculture damage plant pollen viability 
and cause a decrease in productivity. Pollen amount, viability, 
and germination ability are important parameters for both 
productivity and breeding studies [19]. 

While pollen viability is determined by staining in 2,3,5 
Triphenyl Tetrazolium Chloride (TTC), Fluorescein Diacetate 
(FDA), and Trypan Blue (TB) solutions, pollen germination 
experiments in vitro can be performed using agar in a petri dish 
[22].

Kelen and Demirtas [23], the viability, germination ability, 
and production levels of pollen of various grape varieties (Vitis 
vinifera L.) grown in Isparta were examined under in vitro 
conditions. The vitality levels of pollen ranged between 23.8% 
and 80.8% in the FDA (fl uorescein diacetate) test and between 
31.5% and 68.8% in the TTC (2,3,5-triphenyl tetrazolium 
chloride) test. According to pollen germination rates, the most 
suitable medium in the hanging drop method and saturated 
petri dish method was 20% sucrose concentration and 1% agar 
+ 15% sucrose solution, respectively.

Sabir [19], examined the effects of nano-sized calcite and 
seaweed extract applications on the pollen size, productivity, 
and germination rates of cvs. Thompson Seedless and Narince. 
Calcite application, when done alone or in combination with 
seaweed, increased viable pollen percentages from 65% to 
77.9% in the cv. Thompson Seedless and from 55.3% to 68.8% 
in the cv. Narince. The improvement in germination rate due 
to calcite in the pollen of the cv. Narince was found to be more 
evident than that of the cv. Thompson Seedless. In response to 
the treatments, slight changes in the lengths of the polar and 
equatorial axes of grape pollen were observed. The correlation 
between pollen viability and germination percentages was 
found to be different among varieties.

Kara, et al. [24], in a study in which they examined the 
self-fertility among 220 clone candidates selected in the clone 
selection study of the Ekşi Kara grape variety, self-pollinated 
by closing the fl ower clusters, and free-pollinated with the 
Gök Üzüm variety, and examined the viability, germination, 
and tube growth of the pollen, they found that not all clone 
candidates formed seeded berries, and the pollen most of them 
were viable (90.67%) but they found the germination rate to 
be less than 3%.

Pereira, et al. [1], pollen quality of 15 Vitis vinifera L. 
varieties was examined. Pollen viability was determined 
by fl uor chromatic reaction and germination rates were 
examined in vitro in two different environments. In the 
viability test, viability was over 50% in 13 varieties, and over 
75% in 8 varieties, pollen germination rates showed signifi cant 
differences among grape varieties, and low (below 14%) in three 
varieties (cvs. Touriga Nacional, Cabernet Franc, and Cabernet 
Sauvignon), high germination rates were determined in three 
varieties (cvs. Castelão, Loureiro, Malbec and Petit Verdot), 
but no signifi cant difference could be determined between 
the germination percentages of the examined varieties in two 
different environments.

Burçak [25], examined the pollen morphology of ten grape 
varieties with a scanning electron microscope and determined 
signifi cant differences between varieties in the width (10.12 
- 22.44 μm), length (16.26 - 29.91 μm), and L/W ratio (1.08 
- 2.55) of pollens. In cvs. Alicante Boushet, Cardinal, and 
Syrah, groove-less pollens surrounded within the exine were 
observed, while in other varieties, areolate pollens were 
observed. TTC tests identifi ed signifi cant differences in pollen 
viability between varieties, ranging from 11.75% - 84.25%.

In grapevines and other cultivated plant species, the 
presence of suffi cient pollinators increases fruit yield and 
product quality [26-28]. Especially in grape varieties with 
functional female fl ower structures, fruit formation requires 
pollination of the ovary with viable and germinable pollen to 
develop into a functional fruit. Pollination and subsequent 
fertilization prevent fl ower shedding thanks to the synthesis 
of various phytohormones [29] and accelerate fruit setting and 
fruit development [30].

Although studies on in vitro pollen germination and pollen 
tube development have been conducted with several cultivars 
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[23,31-33], in this study, the in vitro characterization of 
pollinator qualities of cv. Gök Üzüm and cv. Kyoho was studied, 
especially for the cv. Ekşi Kara, which has a functional female 
fl ower.

Material and method

Plant material

In the trial conducted in 2023 at the Horticulture Department 
of Selçuk University Faculty of Agriculture, pollen of cvs. Ekşi 
Kara, Gök Üzüm (2n, V. vinifera L.) which are best adapted to the 
areas suitable for viticulture in the Central Taurus Mountains, 
in the clone comparison vineyard and cv. Kyoho (4n, Vitis 
interspecifi c hybrid) in the greenhouse was used.

Ekşi Kara (Vitis vinifera L.) is an old and autochthonous 
grape variety grown intensively in Konya, well adapted to the 
ecology and high yield. Therefore, it is promising in vineyard 
areas with similar ecology. Its fl owers are functionally female 
and need a pollinator variety for a good fruit set. Cv. Gök Üzüm 
(Vitis vinifera L.) is another autochthonous variety of the region 
and is used as a main pollinator for cv. Ekşi Kara in the region 
due to its hermaphrodite fl owers [24,34]. 

The cv. Kyoho was bred in Japan by crossing cv. Ishihara 
wase and cv. Centennial. It is a popular variety in Japan, 
Taiwan, China, and Korea due to its large (12 g - 14 g), foxy-
fl avoured, very sweet (18 - 20 °Brix) berries, and its popularity 
is increasing all over the world. It is resistant to diseases and 
seedless berries can be produced with GA applications. It is also 
used as a gene source in breeding studies in Turkey [5,35]. 

Pollen collection

A week before fl owering, the infl orescences were covered 
with paper bags (Figure 1). Bagged infl orescence of three 
vines of each genotype was monitored regularly, pollen was 
collected between 7 am - 9 am during the full bloom period 
(EL 23, when 50% of the fl ower heads have fallen) [36]. Fifteen 
infl orescences of each grape cultivars used in the experiment 
were used as pollen sources. It was dried in the laboratory at 
room temperature for 24 hours and sieved to remove fl ower 
residues [37].

Pollen viability

IKI (iodine potassium iodide) staining test was used to 
determine pollen viability. A drop of IKI solution was dropped 
on a slide, and the pollen grains were spread on the slide with 
a brush and covered with a coverslip. In determining pollen 

viability, pollens that turned orange or bright red under a light 
microscope were considered alive. Three randomly selected 
microscopic fi elds (each containing at least 100 pollen grains) 
were used to determine the viability of pollen on each slide.

In vitro pollen germination

An in vitro pollen germination test was performed on a 
standardized solid medium containing 20%   sucrose + 1% agar 
at pH 5.85. A small rectangular piece of media was removed 
with a scalpel and placed on a slide. Pollen grains were spread 
evenly on the surface of the medium with a fi ne brush. The 
slides were placed in a petri dish with moist fi lter paper at 
the bottom and covered with a lid to prevent the medium 
from drying out and maintain humidity. Petri dishes were 
kept in a dark environment for incubation. After 48th, 72nd, 
and 96th hours of incubation, pollen tube development in the 
environment was recorded under a light microscope. Pollen 
was considered germinated when the pollen tube length 
exceeded the pollen size [38]. The pollen germination rate was 
calculated by counting three fi elds, each containing at least 100 
pollen grains.

Statistical analysis

The trial design was random parcels, and the applications 
performed at each stage were evaluated in discrete trials by 
analysis of variance analysis and Tukey comparison tests in the 
JMP7 statistical program [39].

Results and discussion

Pollen viability

Pollen viability varied according to varieties. The highest 
pollen viability was determined in cv. Ekşi Kara (84.12%), 
the lowest pollen viability was determined in cv. Gök Üzüm 
(77.61%), and viable pollen rates were high in all three cultivars 
(Table 1, Figure 2).

In a similar study, Kelen and Demirtas [23] performed an in 
vitro viability test of Vitis vinifera L. pollen and found the viability 
rates of the pollen to be between 23.8% and 80.8% in the FDA 
(fl uorescein diacetate) test, and TTC (2, They determined it in 
the range of 31.5% - 68.8% in the 3,5-triphenyl tetrazolium 
chloride) test.

Korkutal, et al. [40], when they examined the pollen viability 
rate of 23 grape varieties during the full bloom period, found 
the highest in the cv. Trakya İlkeren and cv. Italian (100%), and 
the lowest in the cv. Chardonnay (54.8%).

Sabir [19], increased the viability and germination rates 
of pollen of cv. Thompson Seedless and cv. Narince grape 
varieties with nano calcite and seaweed extract applications. 
It was determined that when seaweed and calcite were applied 
together, the live pollen rate increased from 65% to 77.9% in 
the cv. Thompson Seedless and from 55.3% to 68.8% in the cv. 
Narince variety, compared to the application of calcite alone. 

Kara, et al. [24], determined pollen viability rates between 
38.5% and 96.83% using the IKI (iodinated potassium iodide) 
staining test in cv. Ekşi Kara clones.Figure 1: Intraoperative image, Complete section of the pancreas body.
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Pollen germination 

The change in pollen germination rates (%) according 
to varieties during the pollen germination process, at the 
48th, 72nd, and 96th hours, the highest germination rate was 
determined in the cv. Kyoho (54.77%, 65.54%, and 89.86%), 
while it was 38%, 55.70%, and 85.32% in the cv. Gök Üzüm, 
and in the cv. Ekşi Kara was determined as 1.03%, 2.4%, and 
3.05%, respectively (Figure 3).

While the average pollen germination rate was highest in 
the cv. Kyoho (70.06%), the lowest value was recorded in the 
cv. Ekşi Kara (2.28%). Pollen germination rates increased over 
time in all varieties. While the highest value of pollen viability 
was recorded in the cv. Ekşi Kara variety (84.12%), the pollen 
germination rate was quite low (1.03% - 3.05%).

Previous studies have reported differences in pollen viability, 
pollen germination, and pollen tube growth in different species 
according to varieties [23,41,42]. A direct relationship between 
pollen viability and germination ability has been observed in 
many species [43-45]. 

Pereira, et al. [1], pollen quality of 15 Vitis vinifera L. varieties 
was examined. Pollen germination rates varied greatly 
depending on the grape cultivars examined. Cvs. While Touriga 
Nacional, Cabernet Franc, and Cabernet Sauvignon gave low 
germination values   (below 14%) in two different germination 
environments, Cvs. Castelão Loureiro, Malbec and Petit Verdot 
had high germination rates (over 40%).

Kara, et al. [24], found the germination rate of the cv. Ekşi 
Kara pollen to be less than 3% in the medium containing 20%   
sucrose + 1% agar.

Baby, et al. [46] recorded in vitro pollen germination rates of 
cvs. Shiraz, Cabernet Sauvignon, and Merlot as approximately 
75%, 50%, and 25%, respectively.

Pollen tube length

During the pollen germination process, pollen tube lengths 

according to varieties were measured as 35.33 μm, 107.33 μm, 
and 204.33 μm at the 48th, 72nd, and 96th hours in cv. Kyoho, 
15.00 μm, 54.33 μm and 122.67 μm in cv. Gök Üzüm variety and 
5.13 μm, 8.33 μm and 23.40 μm in cv. Ekşi Kara, respectively. An 
increase in pollen tube length was recorded as the germination 
period extended in all three varieties (Figure 4). The ranking 
in terms of average pollen tube lengths was as follows: Kyoho 
(115.66 μm), Gök Üzüm 64.00 μm and Ekşi Kara (12.28 μm).

In a previous study, Baby, et al. [46] determined that 
the pollen tube length of cv. Shiraz was higher than that of 
cvs. Cabernet Sauvignon and Merlot. They determined that 
approximately 45% of the pollen tubes in cv. Shiraz extended 
more than 500 μm, but only 12% and 4% of the pollen tubes in 
cvs. Cabernet Sauvignon and Merlot reached a length of more 
than 500 μm. They considered that the longer growth of pollen 
tubes in cv. Shiraz played a functional role because the distance 
from the stigma surface to the ovary was longer than in other 
cultivars.

In another study, Padureanu and Patras [47] reported that 
in vitro, the pollen germination rate in cv. Othello was higher 
than in cv. Noah, pollen tube growth was faster in cv. Othello, 
and pollen tube growth increased signifi cantly in the fi rst 24 
hours in media containing 15% and 25% sucrose.

Table 1: Pollen viability according to varieties.

Cultivars Live pollen rate (%)

Kyoho 80

Gök Üzüm 77.61

Ekşi Kara 84.12

Figure 2: Live (dark brown-red) and dead (light yellow) pollen of Kyoho (a), Gök Üzüm 
(b) and Ekşi Kara (c) varieties. The pictures were taken with a 100x magnifi cation 
microscope (Olympus CX23LEDRFS1).
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In another similar study, Korkutal, et al. [40] investigated 
the in vitro pollen germination rate in 23 grape varieties and 
determined low germination rates in cv. Chardonnay (19.675%), 
cv. Pinot Noir (23.450%) and cv. Gamay (30.025%) varieties, 
and high germination rates in cvs. Boğazkere (81.400%) and 
Clairette (80.925%).

Germinating pollen grains of the cv. Ekşi Kara in a medium 
containing 20%   sucrose + 1% agar, Kara, et al. [24] determined 
the longest pollen tube length as 123.22 μm in germinated 
pollen grains.

Pollen tube diameter 

Signifi cant increases in pollen tube diameter were recorded 
according to the varieties during the pollen germination 
process (Figure 5), the change was recorded as 0.79 μm, 1.01 
μm, and 1.55 μm in cv. Kyoho, 0.61 μm, 1.14 μm and 1.35 μm 
in cv. Gök Üzüm and 0.28 μm, 0.35 μm and 0.50 μm in cv. Ekşi 
Kara at the 48th, 72nd, and 96th hours, respectively.

Pollen tube diameter is an important factor affecting 
the rate of pollen tube growth and fertilization success. The 
diameters of pollen tubes can vary depending on genetic 
factors, environmental conditions, and plant species. 
Different diameters can usually be observed in different grape 
varieties. Pollen tube diameters can affect the growth rate 
and fertilization success of pollen tubes. Previous studies 
examining plant physiology and fertilization processes have 
indicated that pollen tube diameters generally vary between 3 
μm - 12 μm [37,48,49]. Sharafi  [44] examined the pollen tube 
growth rates and diameters of 15 different grape varieties in 
a study. He observed signifi cant differences among varieties 
and determined the pollen tube diameters to be between 5 μm 
- 15 μm. The results we obtained in this study were like the 
literature examining the pollen tube.

Conclusion

The limitation of this study was that it was conducted in 
vitro on pollen samples taken from two diploids (Ekşi Kara and 
Gök Üzüm, both are Vitis vinifera L.) and one tetraploid (Kyoho 
Vitis complex) grape cultivars grown at 1200 m above sea 

level. It should be noted that pollen viability and productivity 
are affected by the pollen source grape varieties, growing 
conditions, and the environment in which the pollen was 
germinated.

According to the fi ndings obtained in this study, alive pollen 
rates were determined as 77.61% (cv. Gök Üzüm), 80.00% (cv. 
Kyoho), and 84.12% (cv. Ekşi Kara) according to the cultivars. 
There was no direct relationship between pollen viability and 
germination rates. While the highest alive pollen value was 
determined in the cv. Ekşi Kara, the germinated pollen rate in 
this variety was the lowest and reached only 3.05% at the 96th 
hour. 

The tetraploid cv. Kyoho had larger pollen tube length and 
pollen tube diameter than the diploid cvs. Ekşi Kara and Gök 
Üzüm. This may be attributed to the fact that cv. Kyoho, unlike 
the other two Vitis vinifera L. cultivars, has both Vitis labrusca L. 
and Vitis vinifera L. genes.

The pollens of cvs. Kyoho and Gök Üzüm were successfully 
germinated in 20% sucrose + 1% agar medium. Although a 
period of 48 hours was suffi cient to determine the pollen 
germination rates, germination periods up to 96 hours were 
used to examine the pollen tube length and thickness to make 
the differences between the varieties clear.

The germination rates of the cv. Ekşi Kara was insuffi cient 
for a normal berry set. It was once again confi rmed that the 
fl ower structure of this cultivar is functionally female. While 
cv. Gök Üzüm was used as a pollen source for cv. Ekşi Kara in 
traditional vineyard areas, cv. Kyoho was also found to be an 
effi cient pollen source when the fl owering process overlaps in 
open fi eld conditions.

The fl ower structure of Ekşi Kara grape variety was 
hermaphrodite, and the highest live pollen rate was determined 
in this variety in pollen bush tests, but because of the pollen 
germination test, it was confi rmed that the fl ower structure 
of this variety was functionally female. The necessity of pollen 
germination tests to determine the fl ower structures of grape 
varieties was confi rmed.

By knowing the pollen characteristics in grape cultivars, 
fertilization, fruit setting, and fruit quality can be increased. At 
the same time, basic data can be provided for the development 
of local varieties through hybridization.
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