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Abstract

SEDAY, U., A. UZUN, C. YILMAZ and S. ETI, 2013. Production and quality of pollen in terms of fruit set on 
some self-pollinated pomegranate cultivars. Bulg. J. Agric. Sci., 19: 513-517

Pomegranate is well-adapted fruit species to arid and semi-arid conditions. This species have male (A type - unfertile) and 
hermaphrodite flowers (B type - fertile) on the same plant. Because of several problems, appear for fertilization and fruit set, 
researches on pollen quality and fruit set may be essential. In the present study pollen viability, germination, pollen quantity of 
A and B type flowers of seven pomegaranate cultivars were investigated. Pollen viability assessment was carried out using 1% 
2, 3, 5 triphenyl tetrazolium chloride (TTC) test. Pollen germination capability was investigated agar in petri method by using 
four different media.  Pollen production per anther and per flower was assayed by Hemacytometric method. In addition, fruit 
set of these cultivars under self-pollination condition was determined. The highest pollen viability level obtained from ‘May-
hos VIII’ and ‘Hicaz’ cultivars. Pollen germination was assayed using 1% agar and different sucrose concentrations (5, 10, 15 
and 20%). In general, 15% and 20% sucrose concentrations determined as the best germination medium. Anther number per 
flower ranged between 275 and 410 according to the cultivars. ‘Katirbasi’ had the highest pollen number per flower whereas 
‘Cevlik’ had the lowest. Self-pollination of “Hicaz” with B type flowers showed the best fruit set. Besides, “Eksi Goknar” 
did not provide any fruit on self-pollination treatments. For that reason, this cultivar can determine as self-incompatible. This 
study showed that, some cultivars need pollinators to set fruit and this should be considered for new plantations.
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Introduction

Punica granatum L. commonly known as “Pomegranate”, 
‘Anar’ (in India) and ‘Nar’ (in Anatolia) belongs to family Pu-
nicaceae. The genus includes two species Punica granatum 
L. and Punica protopunica Balf. f.. Punica protopunica is 
endemic to Socotra Islands (Yemen) and is the only one rela-
tive of the cultivated pomegaranate (Yilmaz, 2007; Verma et 
al., 2010). Pomegranate is considered as an excellent fruit tree 
for growing in arid and semi-arid areas and especialy outside 
of suitable areas and saline waters without special conditions 
(Mars and Marrakchi, 1999). This fruit is an ancient, mysti-
cal, unique fruit borne on a small, long-living tree cultivated 
throughout the Mediterranean region, as far north as the Hi-
malayas, in Southeast Asia, and in California and Arizona in 

the United States. In addition to its ancient historical uses, 
pomegranate is used in several systems of medicine for a va-
riety of aliments. The Mediterranean Basin is one of the areas 
best adapted to pomegranate cultivation. The great adapta-
tion ability of this species to the Mediterranean climate has 
enhanced its dispersion in large areas (Amoros et al., 2000; 
Jurenka, 2008). People preference pomegranate fruits for its 
attractive and refreshing characteristics. Growing of this spe-
cies is incrasing for quality of fruits with fresh use and such 
processed materials like juice, syrup, squash and wine (Ja-
likop, 2010).

In Turkey, pomegranate has been produced in the Mediter-
ranean, Aegean, Southeastern Anatolian and Bilecik-Eskise-
hir regions. Pomegranate growing is increasing in all regions 
and the highest increasing expected to be happen in Mediter-
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ranean region (Yilmaz, 2007). Total pomegranate production 
of Turkey was nearly 170 thousand tons (TUIK, 2009). 

Because of presence of andromonoecious form in pome-
granate flowers, male (A type - unfertile) and hermaphrodite 
flowers (B type - fertile) develope on the same plant. Flow-
ers have an imposing red calyx and corolla. Approximately, 
200-350 anthers exist in a flower and hermaphrodite flowers 
contain 400-1000 ovules. The insects realize pollination of 
pomegranate and major pollinator is the honeybee. To meet 
correspond export market standards, the fruit has to be of a 
certain size; this is related to pollination success and con-
sequently to seed number (Derin and Eti, 2001). Sometimes 
several problems appear in fertilization and fruit set between 
different flower types of a cultivar or between flower types of 
different cultivars (Gozlekci and Kaynak, 1998).

Several studies have carried out pollen viability and ger-
mination of pomegranate cultivars because of its importance 
in fertilization. Engin and Hepaksoy (2003) investigated pol-
len germination of type A flowers of 11 İzmir series pome-
granate varieties and according to results, media containing 
15 and 20% sucrose offered higher polen germination ratio. 
Derin and Eti (2001) determined the pollen quality (pollen 
viability and germination), quantity (pollen production) of 
‘Hicaz’ and ‘33 N 26’ pomegranate cultivars. The highest 
pollen viability, germination rate and production capabil-
ity were observed in ‘Hicaz’. Besides, Gozlekci and Kaynak 
(1998) found pollen viability of six pomegranate cultivars be-
tween 22% and 61% according to triphenyl tetrazolium chlo-
rid (TTC) test. 

The aim of this study is determining the pollen production 
and quality of seven important Turkish pomegranate culti-
vars. Furthermore, to find the existing fruit set problems, self-
pollination treatments were investigated on B type flowers.

	
Materials and Methods

Seven pomegranate cultivars selected from Mediterra-
nean region of Turkey were used for this study (Onur and 
Kaska, 1985). Among them, ‘Hicaz’, ‘Mayhos I’, ‘Katırbasi’, 
and ‘Silifke Asisi’ have sourish, ‘Cevlik’ have, ‘Eksi Goknar’ 
and ‘Mayhos VIII’ have sour taste (Onur and Kaska, 1985; 
Yilmaz, 2007). All trees were seventeen years old and plant-
ed in field of Alata Horticultural Research Institute, Erdemli, 
Mersin, Turkey. ‘Hicaz’ is the most produced cultivar in Tur-
key and ‘Katirbasi’ and ‘Silifke Asisi’ were produced mostly 
in Hatay and Mersin province respectively.

Flower samples of seven cultivars were collected from 
three plants of each cultivar just before anthesis. For each 
assay, male (A type - unfertile) and hermaphrodite (B type 
- fertile) flowers were used separately. Pollen viability assess-

ment was carried out using 1% 2, 3, 5 triphenyl tetrazolium 
chloride (TTC) test (Norton, 1966). Pollen germination ca-
pability was investigated agar in petri method (Stanley and 
Liskens, 1985) by using four different media. All media in-
cluded 1% agar and each of them included 5%, 10%, 15% 
and 20% of sucrose. Pollen grains were distributed uniformly 
with a brush on the media poured petri. Pollen production per 
anther and per flower was assayed by Hemacytometric meth-
od (Eti, 1990). For pollen viability of cultivars three lamella 
and five regions of each lamella were assayed. Numbers of 
viable (stained dark red), semi-viable (stained red-pink) and 
non-viable (not stained) pollens were investigated. At the 
same way, for pollen germination capability, three petri and 
five regions of each petri were assayed. Besides, fruit setting 
of each cultivar by self-pollination was determined. For this, 
approximately 100 hermaphrodite (B type) flowers of each 
cultivars cultivar were self pollinated with brush and were 
covered with air permeable fabric. Fruit numbers were re-
corded at harvest time in order to investigate fruit set ratios 
of each cultivar by self-pollination.

The study was carried out according to randomized de-
sign. Data were analyzed using a SAS based programme and 
means were grouped by using Tukey’s test (P < 0.05).

	
Results and Discussion

Pollen viability showed significant differences for culti-
vars and flower types (A, B) (Table 1). Rate of viable pollen 
of A type flowers varied between 64.35% (‘Mayhos VIII’) 
and 29.44% (‘Cevlik’). Gozlekci and Kaynak (1998) observed 
similar findings for pollen viability of A type flowers of some 
pomegranate cultivars (28-56%). In another two studies, ‘Hi-
caz’ had the highest ratio of viable pollen as 77.52% (Go-
zlekci and Onursal, 2005), and 75.24% (Derin and Eti, 2001).  
In this study, “Mayhos VIII” and Hicaz showed the highest 
polen viability respectively. On the other hand, for B type 
hermaphrodite flowers of studied cultivars, while the highest 
pollen viability ratio was found in ‘Mayhos VIII’ (54.93%), 
the lowest rate determined in ‘Silifke Asisi’ (27.14%). Semi-
viable pollen ratio showed lower variation than viable ones 
for A type flower. The highest percentage of semi-viable 
pollen of A type flower was observed in ‘Cevlik’ (38.75%) 
whereas the lowest value obtained from ‘Mayhos I’ (17.87%). 
Semi-viable pollen for hermaphrodite B type flowers ranged 
between 51.30% (‘Silifke Asisi’) and 23.19% (‘Katirbasi’). 
In terms of non-viable pollens, “Mayhos I” had the highest 
(35.39 %) while “Mayhos VIII” the lowest (12.39 %) ratio for 
A type flowers. On the other hand, non-viable pollen rates 
of B type flowers varied between 36.64% (‘Katirbasi’) and 
9.10% (‘Mayhos VIII’) (Table 1). 
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In all cultivars except ‘Cevlik’ A type (male) flowers had 
higher viable pollen than B type flowers. Similar results also 
found in previous studies (Derin and Eti, 2001; Gozlekci and 
Onursal, 2005). In addition, it was reported that number of A 
type flowers on a pomegranate plant are 1.5–4.5-fold higher 
than B type flowers (Engin and Hepaksoy, 2003). For these 
reasons, A type flowers may play more important role in fruit 
setting. 

Pollen germination tests were carried out by using 1% 
agar + and different sucrose concentrations (5, 10, 15 and 
20%). Although there were no statistically differences for the 
pollen germination among sucrose concentrations, the ger-
mination rates of cultivars were varied to sucrose concentra-
tions (Table 2).  Sucrose level of 5% showed slightly lower 
germination rates than the other concentrations but not sig-
nificantly so. In general, the highest germination ratio was 
obtained from 15% and 20% sucrose concentrations for 2 

flower types of all cultivars. Pollen germination percentages 
of some pomegranate cultivars in 10, 15 and 20% saccharose 
concentrations found as 13.76%, 25.16% and 23.15% respec-
tively in previous study (Engin and Hepaksoy, 2003). Their 
results were consistent with our present study. On the other 
hand, Derin and Eti (2001) reported that the most suitable su-
crose concentrations were 10% and 15% for pollen germina-
tion of pomegranate cultivars. Melgarejo et al. (2000) notified 
that 10% saccharose concentration provided higher percent-
age of pollen germination for ‘ME15’ pomegranate. As sum-
marized above, there were little differences between sucrose 
concentarions in terms of germinated pollen ratio. It was as-
sumed, variable outer factors such as humidity, temperature 
and ingredients of the substrate used for germination may 
have an effect on pollen germination (Gozlekci and Kaynak, 
1998). At the same time, different ecological conditions and 
cultivars may affect the pollen germination tests.	

Table 1
Pollen viability levels of A and B type flowers of some pomegranate cultivars, %

Cultivar
Viable Non-viable Semi-viable

A B A B A B
Mayhos VIII 64.35 a 54.93 a 12.39 b 9.10 d 23.27 bc 35.98 ab
Katirbasi 49.08 ab 40.18 ab 27.99 ab 36.64 a 22.93 bc 23.19 b
Mayhos I 46.75 ab 47.46 ab 35.39 a 15.56 cd 17.87 c 36.98 ab
Eksi Goknar 46.15 ab 45.73 ab 33.77 a 26.50 ab 20.08 bc 27.77 ab
Cevlik 29.44 b 32.55 b 31.81 a 27.27 ab 38.75 a 40.18 ab
Hicaz 61.02 a 41.19 ab 17.39 ab 20.13 bc 21.59 bc 38.67 ab
Silifke Asisi 47.29 ab 27.14 b 23.88 ab 21.56 bc 28.83 ab 51.30 a
D 5% 21.65 21.52 18.57 10.28 10.85 28.02

Mean separation within columns by Tukey’s multiple range test. P < 0.05.

Table 2
Pollen germination levels under 1% agar and different sucrose concentrations for A and B type flowers of some 
pomegranate cultivars, % 

Cultivar
Sucrose concentrations

5% 10% 15% 20%
A B A B A B A B

Mayhos VIII 23.35 b 22.35 b 35.70 bc 30.20 c 25.70 bc 44.90 a 32.25 b 38.60 c
Katirbasi 38.40 a 41.05 a 54.05 ab 50.80 a 50.10 a 50.20 a 54.40 a 53.85 ab
Mayhos I 45.50 a 40.20 a 48.15 abc 40.05 b 51.65 a 41.15 a 54.75 a 58.80 a
Eksi Goknar 19.85 bc 27.75 ab 34.15 c 31.60 c 50.15 a 33.90 a 33.45 b 42.95 bc
Cevlik 8.75 c 3.90 c 14.20 d 2.70 d 15.15 c 2.45 b 11.10 c 4.50 e
Hicaz 42.20 a 23.00 b 56.70 a 27.60 c 48.00 a 35.50 a 61.90 a 22.75 d
Silifke Asisi 38.35 a 28.70 ab 34.35 c 46.15 ab 38.55 ab 48.15 a 33.50 b 57.35 a
Mean 30.91ns 26.71ns 39.61ns 32.73ns 39.90ns 36.61ns 40.19ns 39.83ns

D 5% 12.07 14.41 18.58 7.78 15.91 17.18 11.44 13.86
Mean separation within columns by Tukey’s multiple range test. P < 0.05, ns: insignificant.
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On the other hand, significantly differences among culti-
vars for pollen germination also found (Table 2). For 1% agar + 
5% sucrose concentration of A type flower the highest pollen 
germination was obtained from ‘Mayhos I’ (45.50%) whereas 
‘Cevlik’ had the lowest ratio (8.75%). In B type flowers for 1% 
agar + 5% sucrose concentration, germination ratios ranged 
between 41.05% (‘Katirbasi’) and 3.90% (‘Cevlik). Among A 
type flowers for 1% agar + 10% sucrose concentration ‘Hicaz’ 
showed the highest ratio of polen germination (56.70%) and 
‘Cevlik’ provided the lowest ratio (14.20%). In B type flow-
ers of same media, pollen germination ratio varied between 
50.80% (‘Katirbasi’) and 2.70% (Cevlik). For 1% agar + 15% 
sucrose concentration of A type flowers the best pollen ger-
mination was observed in ‘Mayhos I’ (51.65%) whereas the 
lowest ratio was found in ‘Cevlik’ (15.15%). Among all ger-
mination medias 1% agar + 15% sucrose concentration was 
the most suitable for pollen germination of A type flowers of 
‘Eksi Goknar’ with ratio of 50.15%. Pollen germination ra-
tio of B type flowers studied in 1% agar + 15% sucrose con-
centration ranged between 50.20% (‘Katirbasi’) and 2.45% 
(‘Cevlik). Most of cultivars showed higher pollen germina-
tion in 20% sucrose. For A type flowers, the highest value 
obtained from ‘Hicaz’ (61.90%) and the lowest from ‘Cevlik’ 
(11.10%). Besides, germination percentages ranged between 
58.80% (‘Mayhos I’) and 4.50% (‘Cevlik’). 

Pomegranate pollen germination rate of A type flower 
found higher than B type flower in previous researches (Derin 
and Eti, 2001; Gozlekci and Onursal, 2005). In this study, A 
type flowers of ‘Hicaz’ and ‘Cevlik’ showed higher percent-
age of germination than B type flowers for all sucrose con-
centrations. It was a remarkable finding that B type flowers 
germination percentage of ‘Hicaz’ clearly lower (about 50%) 
than A type flowers. In contrast, B type of ‘Silifke Asisi’ had 
higher level of pollen germination than A type flowers except 
5% of sucrose.  On the other hand, A type flowers of ‘Mayhos 

I’ showed higher germination percentages than B type flowers 
except 20% sucrose concentration. There was no correlation 
between germination of A or B type flowers and sucrose con-
centartions for ‘Katirbasi’, ‘Mayhos VIII’ and ‘Eksi Goknar’. 
Consistently with pollen viability tests, ‘Cevlik’ had the low-
est germination rate, which clearly separated from other cul-
tivars for all sucrose concentrations. Furthermore, pollen ger-
mination rates can vary by different ecological and growing 
conditions. For example, in a study made in west Mediterra-
nean region of Turkey, A and B type flowers of ‘Mayhos VIII’ 
and ‘Hicaz’ were investigated higher pollen germination rates 
than the existing results (Gozlekci and Onursal, 2005).

There were significant differences among cultivars in 
terms of anther number and pollen production (Table 3). 
Whereas anther numbers of A type flowers varied between 
410 (Mayhos I) and 275 (Mayhos VIII), for B type flowers it 
ranged between 352 (Cevlik) and 276 (Mayhos VIII). This 
results were consistent with previous study made in Adana 
conditions (213-325 anthers/flower) (Derin and Eti, 2001). 
The highest number of pollen per anther obtained from 
‘Katırbasi’ and ‘Hicaz’ cultivars for A type flowers. ‘Hicaz’ 
also had the highest pollen number per anther for B type flow-
ers. On the other hand ‘Mayhos I’ showed the lowest pollen 
number in both of A and B type flowers. Pollen number per 
anther of all cultivars except ‘Katirbasi’ was higher in B type 
flowers than A type. In contrast, pollen viability and germi-
nation level of most cultivars were higher in A type flowers 
than B type. Oppositely with our results, higher level of pol-
len production was observed in A type flowers compared to 
B type for some pomegranate cultivars (Derin and Eti, 2001; 
Gozlekci and Onursal, 2005). 

Pollen number per flower ranged between 889 760 (A 
type of ‘Katirbasi’) and 503 800 (A type of ‘Mayhos VIII’). 
As pollen number per anther, B type flowers also had higher 
pollen number per flower for all cultivars except ‘Katirbasi’.

Table 3
Number of anther and pollen production levels in different flower types and cultivars

 Cultivar
Anther  number Number of pollen per flower Number of pollen per anther

A B A B A B
Mayhos VIII 275.00 c 276.60 b 503.800 c 553.200 b 1.832 bc 2.000 cd
Katirbasi 332.00 b 307.00 ab 889.760 a 704.872 a 2.680 a 2.296 abc
Mayhos I 410.20 a 310.20 ab 607.096 bc 528.580 b 1.480 c 1.704 d
Eksi Goknar 310.00 bc 291.80 ab 523.280 c 747.008 a 1.688 c 2.560 ab
Cevlik 284.00 c 352.00 a 433.952 c 765.952 a 1.528 c 2.176 bcd
Hicaz 282.60 c 286.00 b 743.803 ab 787.072 a 2.632 a 2.752 a
Silifke Asisi 332.20 b 347.60 a 773.361 ab 820.336 a 2.328 ab 2.360 abc
D 5% 47.30  60.62 178.469   148.869   574.79  508.42 

Mean separation within columns by Tukey’s multiple range test. P < 0.05. 
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In addition, the fruit set ratios of cultivars under the self-
pollination conditions were observed. For this trait, there were 
significant differences among cultivars (Table 4). The highest 
fruit set was found in ‘Hicaz’ (61.20%), whereas no fruit set 
observed in ‘Eksi Goknar’. Consistent with their high level of 
pollen viability and germinaton ability, ‘Hicaz’ had the high-
est fruit set in self-pollination. In previous study, B type flow-
ers of ‘Hicaz’ were self-pollinated and 57.55% fruit set was 
investigated (Derin and Eti, 2001). From these results, it can 
be concluded that ‘Hicaz’ is a self-compatible cultivar. On 
the other hand, although ‘Eksi Goknar’ had moderate pollen 
number, viability and germination level, there was no fruit 
set in self-pollination. For that reason, ‘Eksi Goknar’ can be 
accepting as a self-incompatible cultivar. For new planta-
tions, there must place suitable pollinator cultivars in same 
orchard to provide higher fruit set ratios. Concordant with 
low level of pollen germination of ‘Cevlik’, there was a very 
low fruit set (3.40%) in self-pollination of this cultivar. In ad-
dition, ‘Mayhos VIII’ had low level of fruit set ratio (8.70%) 
to assess as self compatible. In this case, using pollinator cul-
tivars may increase fruit set of both cultivars? These reports 
are important to know whether pollinator cultivars are neces-
sary or not for new orchards.

Conclusion

Knowledge of pollen production level, viability and ger-
mination ratio of pollen and fruit set by self-pollination in 
pomegranate may help to decide cultivars for growing and 
obtain higher yield. Especially it’s important to understand 
the self-(in) compatiblity feature of cultivars for establishing 

new plantations. We believe this study may offer valuable in-
formation ragarding to these subjects.

References
Amoros, A. P., Melgarejo, J.J. Martinez, F. Hernandez and J. 

Martinez, 2000.  Characterization of the fruit of five pome-
granate (Punica granatum L.) clones cultivated in homoge-
neous soils. Options Mediterraneennes, 42: 129-135.

Derin, K. and S. Eti, 2001. Pollen quality, quantity and effect of 
cross pollination on the fruit set and quality in the pomegran-
ate. Turk. J. Agric. Forestry, 25: 69-173.

Engin, H. and S. Hepaksoy, 2003. Bazı nar çeşitlerinin çiçek 
tozu çimlenme güçlerinin belirlenmesi. Ege University Jour-
nal of Agricultural Faculty,  40: 9-16 (Tr).

Eti, S., 1990. Çiçek tozu miktarını belirlemede kullanılan pratik 
bir yöntem. Çukurova University Journal of Agricultural Fac-
ulty,  5: 49-58 (Tr).

Gözlekci, S. and L. Kaynak, 1998. Investigations on the pollen 
production and quality in some standard pomegranate (Punica 
granatum L.) cultivars. Options Mediterraneennes, 42: 79-86.

Gözlekci, S. and C.E. Onursal, 2005. Standart Dört Nar (Pu-
nica granatum L.) Çeşidinde Çiçektozu Canlılığı ile Bazı 
Morfolojik Özelliklerin Belirlenmesi. GAP I.Tarım Kongresi 
Bildiriler, 2: 244-251 (Tr).

Jalikop S. H., 2010. Pomegranate breeding. Fruit Veg. and Ce-
real Sci. and Biotech., 4 (Special Issue 2): 26-34.

Jurenka, J., 2008. Therapeutic applications of pomegranate (Pu-
nica granatum L.): A Review. Alternative Medicine Rev., 13: 
128-144.

Malgarejo, P., J. J. Martinez and F. Hernandez, 2000. A study 
of different culture media for pomegranate (Punica granatum 
L.) pollen. Options Mediterranéennes, 42: 63-69.

Mars, M. and M. Marrakchi, 1999. Diversity of pomegranate 
(Punica granatum L.) germplasm in Tunisia. Genetic Resourc-
es and Crop Evolution, 46: 461–467.

Norton, J. D., 1966. Testing of plum pollen viability with tetrazo-
lium salts. Proc. Amer. Soc. Hort. Sci., 89: 132-134.

Onur, C. and N. Kaska, 1985. Akdeniz bölgesi narlarının (Punica 
granatum L.) seleksiyonu. Doğa Bilim Dergisi, 9: 25-33 (Tr).

Stanley, R. G. and H.F. Linskens, 1985. Pollen Biologie, Bio-
chemie Gewinnung und Verwendung. Urs Freund Verlag Gre-
ifenberg -Ammersee: 344 pp.

TUIK, 2009. Türkiye İstatistik Kurumu, Tarım ve Çevre İstatis-
tikleri Başkanlığı, at
http://www.tuik.gov.tr/rip/temalar/5_1.html

Verma, N., A. Mohanty and A. Lal,, 2010. Pomegranate genetic 
resources and germplasm conservation: A review. Fruit Veg. 
and Cereal Sci. and Biotech., 4 (Special issue 2): 120-125.

Yilmaz, C., 2007. Nar. Hasad Yayıncılık, İstanbul, Turkey, 
190 p. (Tr).

Table 4
Fruit set ratios in self-pollination of some pomegranate 
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Cultivar Fruit set
Mayhos VIII 8.70 d
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D 5% 8.22  

Mean separation within columns by Tukey’s multiple range 
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