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ABSTRACT

Objective: The aim of this study is to test the performance of the pollen grains of ‘Red Lake’and
‘Rosenthal’ blackcurrant varieties. Pollen morphological homogeneity ratio, pollen viability ratio
and germination rate at different temperatures were investigated.

Material and Methods: In this study, pollen germination, viability and quality of pollens belongs
to ‘Red Lake’ and ‘Rosenthal’ currant cultivars were studied. For the fertilization biology studies,
phenologic observations were first noted. In order to determine the pollen performance,
morphological homogeneity, pollen viability (TTC staining test) and germination rates (agar
in plate) were determined. In addition, the effect of different temperature conditions (15 °C, 20
9C, 25 %¢30°C) on pollen germination was noted and the most suitable germination temperature
was determined for each cultivar. The effect of different incubation times (6h, 12h, 24h, 48h) on
germination capacity was also determined.

Results: Morphological homogeneity value of the pollen of the two cultivars was quite high and
higher pollen viability should be obtained from morphologically homogenous pollens. Effect of
different temperatures on pollen germination percentage was found to be statistically different
(p<0.05) for both cultivars.

Conclusions: 15°C was the optimum temperature to obtain the highest pollen germination for
‘Red Lake’ while 20°C was the optimum for ‘Rosenthal’ pollen grains. Increasing incubation period
for both cultivars increased overall pollen germination rate.

0z

Amag¢ : Bu calismanin amaci ‘Red Lake’ ve ‘Rosenthal’ frenk uzimi gesitlerinin polen
performanslarinin belirlenmesidir. Bu amagla iki ¢eside ait ¢icek tozlarinda ¢icek tozu morfolojik
homojenlik orani, cicek tozu canlilik orani ve farkli sicakliklarda cicek tozu ¢imlenme orani
arastirimistir.

Materyal ve Metod: Calismanin bitkisel materyalini ‘Red Lake’ ve ‘Rosenthal’ frenk Gziimiine
ait cicek tozlan olusturmaktadir. Déllenme biyolojileri calismalari icin ilk once fenolojik kayitlar
tutulmustur. Polen performansini belirlemek amaciyla, morfolojik homojenlik, polen canliligi (TTC
boyama testi) ve cimlenme oranlari (petride agar) belirlenmistir. Ayrica, farkh sicaklik kosullarinin
(15C° 20C°, 25C° 30C° polen ¢imlenmesi lizerine etkileri yapilmis ve cesitler icin en uygun
cimlenme sicakligi belirlenmistir. Farkli inkiibasyon surelerinin (6 saat, 12 saat, 24 saat, 48 saat)
cimlenme kapasitesi tizerindeki etkisi de belirlenmistir.

Bulgular : Cesitlerin morfolojik homojenlik degerleri oldukca yuksekti ve morfolojik olarak
homojen polenlerden daha yiiksek polen canliligi elde edildi. Her iki ¢esidin cimlenme ylizdesine
gore farkli sicakliklarin etkisi istatistiksel olarak farkli bulundu (p <0.05).

Sonuglar: 15C° ‘Red Lake’ cesidi i¢in en uygun ciclenme sicakhgi olurken, 20 C° ‘Rosenthal’ cesidi
icin optimum cimlenme sicakligi olarak bulunmustur. inkubasyon siiresinin artmasiyla her iki cesit
icinde cicek tozu cimlenme oranlari artmistir.
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INTRODUCTION

The first condition of formation of seed and fruit is
developing healthy male and female organs of the flower and
cells, except for an apparent partenocarpy of some cultivars.
Pollen performance includes pollen produced in a flower,
pollen morphological homogeneity,pollen germination,
pollen tube growth and pollen competition; it is an important
component of fertilization success in fruit trees (Thompson
2004; Hedly et al., 2004; Khan and Anjum, 2014; Sulusoglu and

Cavusoglu, 2014).

Recently, the crops within the “berries” including Fragaria,
Rubus, Ribes, Morus, Vaccinium etc. have been the subject of
increased interest by both industry and individuals worldwide,
mainly due to the perceived health benefits of consumption
of anthocyanins, phenolics, vitamins, minerals, sugars,
organic acids etc. associated with these fruits (Henriques et
al., 2004). From among these berries, Ribes is usually regarded
as a member of the Saxifragaceae, and as such it has few
related crop genera. However, a more recent study by Sinnott
(1985) places the genus in the Grossulariaceae because of
its floral morphology. All of the species in the family are
diploids, and considerable debate has been generated over
the past century as to whether the currants and gooseberries
form a single genus, Ribes, or two, Ribes and Grossularia. A
single genus is now the most common consensus, based
on morphology, cross compatibility and molecular grounds
(Senters and Soltis, 2003). The genus Ribes is native to the high
latitudes of the northern hemisphere. Europe, Asia, and North
America all have native species. Most commercial production
is concentrated in Europe and the Russia Federation, and most
cultivars have been derived from species native to these areas.
Currant cultivation has been practiced at least since the 1500's
in Europe, and the late 1700’s in N. America when the first
colonists arrived (Brennan, 2008).

Production of blackcurrantin Europe is on large plantations
with a fully mechanized harvest, and much of the fruit is now
used for juice production and other processing applications.
However, there is a small but expanding fresh market sector,
including some protected cropping in some countries of
Europe such as Belgium. The cultivars used for processing
are generally different from fresh market types, with widely
divergent characteristics and requirements. Poland is the
largest world producer of blackcurrant in recent years,
followed by Russia, the United Kingdom and Scandinavia, with
some production also taking place in New Zealand (Brennan,
2008).

By definition, pollen performance includes pollen
produced in a flower, pollen morphological homogeneity,
pollen germination, pollen tube growth and pollen viability
and it is an important component for fertilization success,
cross breeding and fruit cultivation in fruit trees (Engin and
Hepaksoy, 2003; Thompson, 2004; Hedly et al., 2004, Tosun and
Koyuncu, 2007; Gicli et al., 2015). Pollen-pistil interactions
and environmental factors also affect pollen performance
(Dafni and Firmage, 2000). Temperature is one of the most
important environmental factors for pollen germination, fruit
set and seed set. Temperature has been shown to affect the

chemical composition of pollen, pollen viability, and pollen
tube growth (Johanson and Stephanson, 1998). The quality
and quantity of Ribes bush yield depends on both agronomic
factors and pollination processes. Pollination and fertilization
are quite complex in blackcurrant. The degree of flower
pollination crucially depends on the kind of pollen vector,
while fertilization also depends on the number of pollen
grains reaching the stigma (Denisow, 2002).

To determine pollen performance of many crops, plant
growers test in vitro pollen viability, pollen germination and
pollen tube growth because these tests are fast, inexpensive
and the results are reliable and easy to understand. It is critical
to these growing programs to identify favorable cultivars
and genotypes that will be used as pollinizers in establishing
orchards and in achieving breeding objectives (Sharafi et al.
2010; Gadze et al., 2011).

The aim of this work was to determine the pollination
requirements of two commonly cultivated crops, blackcurrant
‘Rosenthal’and redcurrant‘Red Lake’, in Turkey. In this context
we also tried to determine the pollen performance in two
currant cultivars.

MATERIAL and METHOD

Plant material: In 2013, plants of Ribes nigrum L.'Rosenthal’
and Ribes rubrum L. ‘Red Lake’' growing at the experimental
field of the Sivasli district of Usak province were used for the
experiment.

Phenological observations: First leaf date, full leaf date,
first blooming date, the end of blooming date, fruit set ratio,
verasion, and harvest date are determined.

Pollen performances: In this study, morphological
homogeneity of pollen grains, pollen viability tests and
germination tests were carried out. In addition, pollen
germination rate at different t emperatures w as d etermined
for pollen performance. For this purpose, pollens were
obtained from flowers of the above-mentioned cultivars at the
beginning of the flowering period. The flowers were harvested
in the field and transferred to the laboratory immediately.
Anthers were removed and placed into a dark-colored bottle
to promote dehiscence at room temperature. Morphological
homogeneity rates were determined first. Imperfectly shaped
pollen grains were considered as aborted pollen (Tosun
& Koyuncu, 2007). The final percentage of morphological
homogeneity (MH) was defined as:

(number of normal shaped pollen) - (number of aborted pollen) per area

MH = x 100

Total number of pollen area

In the pollen viability test (stain tests), pollen viability was
estimated by using TTC (2, 3, 5-triphenyl tetrazolium chloride)
stains (Tosun & Koyuncu, 2007). Pollen grains were scattered
onto TTC and solution and stained pollen grains were counted
after 2 hours. To determine the pollen viability, pollen grains
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of each cultivar (of four different areas) were observed under
a light microscope (100x magnification). The stained pollen
was considered as viable in the TTC test. The ‘agar in plate’
method was used to evaluate pollen germination. According
to preliminary studies (Tosun and Koyuncu, 2007; Koyuncu
and Giicli, 2009; Giglu et al., 2018) for the in vitro test, 1%agar
+ 10% sucrose + 5 ppm H,BO, (boric acid) medium was
determined to be the best germination medium. Petri dishes
were incubated at 15 °C, 20 °C, 25 °C and 30 °C to determine
effects of different temperature on pollen germination.
Statistical analyses were performed with the General Linear
Model using SPSS (V.10; Statistical software, SPSS. Inc., USA).
The differences were analyzed using the Duncan’s multiple
range test at p< 0.05 significance.

RESULTS and DISCUSSION

Phenological observation: First leaf date, full leaf date,
first blooming date, the end of blooming date, fruit set ratio,
verasion and harvest date are shown in Table 1. As indicated in
Table 1, first leaf date, full leaf date, first blooming date, the end
of blooming date, fruit set ratio, verasion, and harvest date of
‘Red Lake'and‘Rosenthal’ were 7 March-20 February; 7 April-25
April; 16 April-13 April; 1 May-25 April; 25 April-2 May; 3 June-
8 May and 25 June-14 July, respectively. The results revealed
considerable variation in these phenological observations for
both cultivars. These phenological stages observed for various
fruit species are influenced by a combination of climate
factors, including light, temperature, rainfall, and humidity
and also by specific cultivar (Ercisli, 2007). Because of their
close connection with climate, the timing of phenological
stages can be accurate indicators of climate change as well.
The first leaf date in these fruits relates to the timing of “early
spring”.

Pollen performance: Morphological homogeneity and
pollen viability rate of pollens were quite high for both cultivars
and there were no statistical differences between the cultivars
in terms of pollen viability and morphological homogeneity
(p< 0.05, Table 2). Morphological homogeneity level was 96%
for'Red Lake'while it was 98% for'Rosenthal . The pollen viability
test of TTC (2, 3, 5-triphenyl tetrazoliumchloride ) showed
that pollen viability of ‘Red Lake’ was 94%, and in ‘Rosenthal’
it was 97% (Table 1). The aim of the staining techniques was
to determine the pollen enzyme activity, membrane integrity
and stainability of the nucleus (Vizintin and Bohonec, 2004).

Table 1. Phenological observations in currant cultivars.
Cizelge 1. Frenk GzUm gesitlerinin fenolojik kayitlari.

Stain tests have advantages as indicators of pollen viability
because they are faster and easier to perform than pollen
germination. But, in some cases, differing results may be
obtained in stain tests for some fruit species or cultivars.
Therefore, to determine the actual amount of viable pollen,
germination tests are necessary. Koyuncu (2006) studied
strawberry pollen grains using TTC viability test and reported
that pollen viability ratios reached from 82% for ‘Allstar’ and
‘Elvira’ to 86.5% for ‘Chandler’ The viability and morphological
homogeneity related to pollen quality. These two properties
are among the most important properties for fruit trees and
they provide useful information for plant breeders, geneticists
and growers. However, an easy method for determining
pollen viability is required not only to increase the efficiency
of breeding programs but also in the selection of suitable
pollinizer varieties when the orchard is being established.

The effect of different temperatures on pollen germination
percentage is shown inTable 3. Effect of different temperatures
was found to be statistically different (p<0.05) for both
cultivars based on germination percentage (Table 3). As can
be seen from Table 3,’Red Lake'has reached its highest pollen
germination at 15 °C (88%). This was followed by, respectively,
20and 25 °C temperature regimes (75% and 70%, respectively).
There was a dramatic decline in pollen germination at 30 °C
with a decrease to 35% (Table 3). Optimum pollen germination
temperature was found 20 °C for ‘Rosenthal’ (83%). At 15
°C, the germination percentage of pollen was 76% in this
cultivar. With increasing temperature, pollen germination
rate decreased and at 30 °C it was found to be reduced to
41% for ‘Rosenthal’. Our results supports the claim that global
warming is indirectly a risk factor for fruit growing (reference).
Optimum pollen germination temperature can vary between
different fruit species and different cultivars. For example, in
sweet cherry, 20 °C and 25 °C were found as optimum pollen
germination temperatures (Tosun and Koyuncu, 2007); their
research confirmed our conclusion that higher temperatures
may reduce pollen germination for various fruit crops.. In
another study that was conducted with strawberry, 25 °C
and 30 °C were found to be optimum temperature for pollen
germination (Koyuncu, 2006). Pham et al. (2015) conducted a
study on Longan (Dimocarpus longan) pollen grains both in
in vivo and in vitro and they found that pollen grains showed
best germination performance at 23/24°C in vivo conditions,
but at 30 °C in in vitro conditions.

Cultivars First leaf Full foliation First bloom Bloomingend Fruitset Verasion Harvest
date date date

‘Red Lake’ 07.03 07.04 16.04 01.05 25.04 03.06 25.06

‘Rosenthal’ 20.02 25.04 13.04 25.04 02.05 08.05 14.07
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Table 2. Morphological homogeneity and viability rate of pollen grains from ‘Red Lake’and ‘Rosenthal’ currants.
Cizelge 2. Red Lake ve Rosenthall frenk izim gesitlerinin cicek tozlarina ait morfolojik homujenlik ve canlilik oranlari.

‘Red Lake’ ‘Rosenthal’
Morphological homogeneity ratio 96%"° 98%
Viability ratio (TTC) 949%Ns 97%
NS: Non significant
Table 3. Pollen germination rate at different temperature regimes (%) of currant cultivars.
Cizelge 3. Farkl sicaklik degerleri icin frenk Giziim cesitlerine ait polenlerin ¢cimlenme orani.
Cultivars Temperature Regimes
15°C 20°C 25°C 30°C
‘Red Lake’ 88 a* 75b 70b 35c
‘Rosenthal’ 67c 83a 76b 42d

*Values within a raw followed by different letters are significantly different (P < 0.05).

The in vitro germination of both ‘Red Lake’ and ‘Rosenthal’
pollen grains over different incubation periods (2, 12, 24 and
48 hours) at 15 °C and 25 °C are shown at Table 4. At 20 °C,
there was no pollen germination after 6 hours incubation for
‘Red Lake’while ‘Rosenthal’ had 4% pollen germination. Pollen
germination percentage increased with increasing incubation
periods for both cultivars. Germination of both cultivar’s
pollen grains reached own maximum percentage in 48 hours.
Our results closely paralleled the findings of Koyuncu and
Gucli (2009), who reported that germination percentage of
eight sweet cherry cultivar pollen grains reached maximum
germination after 48 hours incubation.

Pollen germination and pollen tube growth are
important characteristics for morphological, physiological,
biotechnological, ecological, evolutional, biochemical,
systematic and molecular studies (Dane et al, 2004).
Additionally, pollen performance could be a helpful criterion
for evaluating seedling fruit progeny for breeding purposes,
and especially for selecting which cultivars should be used
by growers to insure good pollination and fruit set in the
field. There are limited studies about fertilization biology of
currant. Our results, discovered in this work, have determined
that pollen performance can be a useful tool for studying
fertilization biology of currant.

Table 4. In vitro pollen germination percentages of ‘Red Lake’and ‘Rosenthal’ cultivars at 6, 12, 24 and 48-hour

incubation periods.

Cizelge 4. ‘Red Lake’ ve ‘Rosenthal’ frenk GzUm( gesitlerinin 6,12,24 ve 48 saat sonar in vitro cimlenme oranlari.

Incubation period/pollen germination rate (%)

6h
15°C'Red Lake’ 0.1¢*
20 °C‘'Rosenthal’ 4c

12h 24h 48h
19b 88a 91a
27b 83a 89a

*Values within a raw followed by different letters are significantly different (P < 0.05).

REFERENCES

Brennan, R.M. 2008. Currants and gooseberries. In: Hancock, J.E
(Ed.), Temperate Fruit Crop Breeding: Germplasm to Genomics.
Springer, Dordrecht, pp. 177-196.

Dafni, A. and D. Firmage. 2000. Pollen viability and longevity:
practical, ecological and evolutionary implications A. Dafni, M.
Hesse, E. Pacini (Eds.), Pollen And Pollination, Springer, Vienna
(2000), pp. 113-132.

Dane, E, G. Olgun and O. Dalgic. 2004. In vitro pollen germination
of some plant species in basic culture medium. J. Cell Mol. Biol.,
3:71-76. (in Turkey)

Denisow, B. 2002. The influence of the degree of pollination of black

currant flowers (Ribes nigrum L.) on the number of seeds in fruits
and its size. Annales UMCS section EEE 11: 11-18.

Engin, H. and S Hepaksoy. 2003. Determination of Pollen Germination
of Some Cultivars. Ege Journal of Agricultural Research., 40
(3):9-16

Ercisli, S. 2007. Determination of pollen viability and in vitro pollen
germination of Rosa dumalis and Rosa willosa. Bangladesh J.
Botany., 36:185-187.

Gadze, J., M. Radunic, L.V. Petric and S. Ercisli. 2011. In wvitro
pollen viability, germination and pollen tube growth in some
pomegranate (Punica granatum L) cultivars from Croatia and
Bosnia and Herzegovina. Acta Sci. Pol., Hortorum Cultus., 10
(3): 297-305

Giiglii, S.E, Sarikaya, A.G. and Koyuncu, E 2018. Pollen Performances
Of Naturally Grown Blackberriesin Isparta-Turkey. Scientific
Papers Series B. Horticulture, 62;141-146

316



Pollen Performance of ‘Red Lake’ and ‘Rosenthal’ Currant (Ribes rubrum) Cultivars

Giigli, S. E, Oncii, Z. and Koyuncu, E 2015. Some Stone Fruit Species
Pollen Germination and Tube Length Modeling with Multiple
Regression Method. Siileyman Demirel University Journal of
Natural and Applied Sciences Volume 19, Issue 3, 92-97.

Hedly A., J.I. Hormaza and M. Herrero. 2004. Effect of temperature
on pollen tube kinetics and dynamics in sweet cherry, Prunus
avium (Rosaceae). Am. J. Bot., 91: 558-564.

Henriques, A. T, V. L. Basan, M.B. Raseira and J.A.S. Zuanazzi. 2004.
Antocianos e capacidade antioxidante de frutas. In EMBRAPA
(ed). Proceedings of 2° Simposio Nacional do Morango, 1°
Encontro de Pequenas Frutas e Frutas Nativas do MERCOSUR,
Pelotas, Brasil, pp. 271-280.

Johanson, H.M. and G.A. Stephenson. 1998. Effect of temperature
during microsporogenensis on pollen performance in Cucurbita

pepo (Cucurbitacea). Int. J. Plant Sci. 159 (4): 616-626.

Khan, S.A. and R Anjum. 2014. In vitro pollen germination of five
citrus species. Pak. J. Bot. 46 (3): 951-956.

Koyuncu, E 2006. Response of in wvitro pollen tube growth of
strawberry cultivars to temperature. Eur. J. Hortic. Sci., 71:125-
128.

Koyuncu, E and E Giiglii. 2009. Effect of temperature on in vitro
pollen germination and tube growth in sweet cherries. American-
Eurasian J. Agric. & Environ. Sci. 6 (5):520-525.

Pham, W.T,, M. Herrero and J.I. Hormaza. 2015. Effect of temperature
on pollen germination and pollen tube growth in longan
(Dimocarpus longan Lour.) Sci. Hortic. 197, 70-75.

Senters, A.E. and D.E. Soltis. 2003. Phylogenetic relationships in
Ribes (Grossulariaceae) inferred from ITS sequence data. Taxon.
52:51-66.

Sharafi, Y., M. Babash Pour and M. Karimi. 2010. In wvitro pollen
germination and pollen tube growth in some Rosa canina
genotypes. Int. Med. Arom. Plants, 29-31.

Sinnott, Q. 1985. A revision of Ribes L. subg. Grossularia (Mill.)
per. Sect. Grossularia (Mill.) Nutt. (Grossulariaceae) in North
America. Rhodora, 87:189-286.

Sulusoglu, M., A. Cavusoglu. 2014. In witro pollen viability and
pollen germination in cherry laurel (Prunus laurocerasus L.) The
Scientific World Journal, 657123, 7 pages

Thompson M. 2004. Flowering, pollination and fruit set. In: Webster
A.D., Looney N.E. (eds.), Cherries, Crop Physiology, Production
and Uses. Wallingford, CABI Publishing: 223-243.

Tosun, E and E Koyuncu. 2007. Investigations of suitable pollinator
for 0900 Ziraat sweet cherry cv. pollen performance tests,
germination tests, germination procedures, in vitro and in vivo
pollinations. Hortic. Sci., 34 (2): 47-53.

Vizintin L. and B. Bohonec. 2004. In vitro manipulation of cucumber
(Cucumis sativus L.) pollen and microspores: isolation procedures,
viability tests, germination, maturation. Acta Biol. Cracov. Ser.
Bot. 46:177-183.

317



