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ABSTRACT 

The study aimed to assess the effects of pollinator cultivars on the bioactive compounds of 

hazelnut cultivars. ‘Tombul’, ‘Palaz’, ‘Çakıldak’, ‘Foşa’ and ‘Allahverdi’ were used as the 

main cultivars and ‘Sivri’, ‘Kalınkara’ and ‘Yassı Badem’ were used as the pollinators. 

Self-pollination was accepted as control. It was determined that pollinator cultivars resulted 

in significant changes in oil and protein ratios and fatty acid composition of hazelnut 

cultivars mostly because of xenia and metaxenia effects. Protein content and oil content 

changed depending on pollinator cultivar. The oleic acid was the dominant fatty acid in all 

hazelnut cultivars. 
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1. Introduction 

Turkey with about 700 000 ha production area is the leading 

hazelnut producing country of the world and constitutes 

about 75% of the world hazelnut production sites. With 
regard to production sites, Turkey is respectively, followed 

by Italy with 75 000 ha, Azerbaijan with 32 000 ha, and Iran 

with 18 000 ha. Turkey with 567 000 tons of annual 

production constitutes about 65% of world total hazelnut 

production and, followed by Italy with 106 000 tons, the 

USA with 34 000 tons and Azerbaijan with 34.000 tons 

(Anonymous, 2018a). 

Hazelnut has an important place in human nutrition. A 

100 g hazelnut provides 634 kcal energy (Baysal, 1993). 

Hazelnut has a carbohydrate ratio of between 10-22%. About 

2.8-7.9% of dry matter is composed of total sugar (Botta et 
al., 1994). About 90% of the total sugar is composed of 

sucrose. Glucose and fructose have only a 15% ratio. Around 

1-3.6% of dry matter is composed of starch (Anonymous, 

2018b). The protein ratio is between 10-24% and 100 g 

hazelnut meets about 22% of the daily protein need of an 

individual (Pala et al., 1996). Hazelnut oil has quite high 

unsaturated fat content, thus reduces blood cholesterol 

levels. Hazelnut has an oil content of between 50-70%. Oleic 

acid is the dominant fatty acid and, followed by linoleic, 

palmitic, stearic and linolenic acid (Garcia et al., 1994). 

Oleic acid also reduces blood cholesterol levels and linoleic 

acid reduces arteriosclerosis. Linoleic and linolenic acid also 
reduce blood fat and glycerol levels, thus play an active role 

in controlling hypertension (Kayahan, 1981). Hazelnut oil 

does not contain cholesterol, which is the primary reason for 

cardiovascular diseases. Hazelnut contains 1-3.4% ash and it 

is an important source of minerals. A 100 g hazelnut can 

meet the daily Fe, Mg, Cu, Mn, K, P, Zn and Ca needs of an 

adult (Köksal, 2002). 

Pollination and fertilization are the essential processes of 

the nut set in hazelnuts. Male and female flowers mature and 

blossom at different times. Blossoming time and duration of 

male and female flowers vary based on ecology, cultivar and 
years for the same cultivar (Beyhan, 2000). There are both 

self-incompatibility and cross-incompatibility in hazelnuts. 

Previous studies revealed the 33 S alleles as the reason of 

self-incompatibility in hazelnuts (Mehlenbacher, 2014). 

The dichogamy and incompatibility mechanisms of 

hazelnuts can be overcome with the use of pollinator 

cultivars. Previous pollinator cultivar studies revealed that 

cross-pollination improved nut set and reduced blank nuts. 

Besides, pollinator cultivars also influence nut quality 

attributes through xenia and metaxenia effects (Balik and 

Beyhan, 2019). 
Various researchers have made different definitions of 

xenia and metaxenia (Kirkpatrick, 1987; Morris, 1976; 

Neufeldt, 1988; Reiger et al., 1976; Soule, 1985; Westwood, 

1989; Winburne, 1962). Xenia was the first defined by Focke 

(1881) as the pollen-induced changes in mother tissues. 

Swingle (1928) defined xenia as the pollen-induced changes 

in embryo and endosperm and metaxenia as the pollen-

induced changes in mother tissues. Denney (1992) defined 

xenia as pollen-induced changes in seed and fruit shape, 

color, ripening time and chemical composition. The 

conceptual confusion about xenia and metaxenia was better 

elucidated by Strasburger (1878) and Navaschin (1898) with 
the invention of double-fertilization. Both researchers 

defined double-fertilization as the fertilization of the ovule 

in the embryonic sack with one of the male gamete and 

fertilization of the polar nuclei by the other male gamete. 

With the invention of double-fertilization, it was proved that 

it resulted in alterations in endosperm through the pollen 

effect. Then, following the invention of double-fertilization, 

xenia was envisaged as the pollen-induced changes in the 
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embryo, endosperm and entire mother tissue. Metaxenia has 

lost the validity, but whether xenia and metaxenia were 
different phenomena is still being argued by the researchers. 

Fatahi et al (2014), indicated that pollinator cultivars 

influenced nut set and blank nut ratios in hazelnuts. Golzari 

et al (2016), reported significant effects of pollinators on 

kernel diameter, weight, shell thickness, oil and protein 

ratios of walnuts. In Kodad and Company (2008), Dicenta et 

al (2000) indicated that pollinator cultivars did not alter the 

taste in almonds significantly. Dure (1975) indicated that the 

nutritional status of the plant during the embryogenesis 

influenced the nutritional values of the fruit, Saura Calixto et 

al (1988) indicated that oil accumulation was realized when 

the cotyledons matured. Along with these literature, it can be 
stated that the oil content and composition of the nut were 

influenced by both the main cultivars and pollinator 

cultivars. Vezvaei and Jackson (1995) were not able to 

identify any significant changes in the biochemical 

composition of ‘Nonpareil’ almond cultivar with different 

pollinators. In other plant species, for instance, in maize, 

pollen source mostly altered endosperm biochemical 

composition and partially altered embryo biochemical 

composition (Kodad and Company, 2008). 

Kodad and Company (2008), indicated that pollinator 

cultivars not only altered biochemical composition of walnut 
but also altered nut and kernel weights. However, changes in 

the other physical properties were not found to be significant. 

Self-pollination reduced kernel weight and sizes, oil ratio 

and linoleic acid content, but increased oleic acid ratios. 

Researchers indicated such changes in fatty acids as the 

factors improving kernel quality. High oleic/linoleic acid 
ratios indicate oil stability and resistance against spoilage 

Kester et al (1993) and nutritional value (Vezvaei and 

Jackson, 1996). 

Xuhui et al (2016), reported significant differences in 

harvest time, nut set, nut and kernel size, sugar, oil, protein, 

amylase, and vitamin C contents with different pollinators in 

chestnuts. Effects of pollinator cultivars on kernel ratio, total 

starch and moisture content were not found to be significant. 

In this study, the effects of self-pollination and different 

pollinator cultivars on oil and protein ratio and fatty acid 

composition of the hazelnuts were investigated. Such a study 

was conducted for the first time in hazelnut. 

2. Materials and methods 

This study was conducted under the ecological conditions of 

Giresun province in the years 2015 and 2016. The 

experimental orchard was established in multi-bushed 

system (Ocak system) at 3x3 m spacing in 1994. ‘Tombul’, 

‘Palaz’, ‘Çakıldak’, ‘Foşa’ and ‘Allahverdi’ cultivars were 

used as main cultivars. Self-pollination was practiced. These 

cultivars were controlled-pollinated with ‘Sivri’, ‘Kalınkara’ 

and ‘Yassı Badem’ cultivars (Table 1). Experiments were 

conducted in randomized block design with 3 replications 

and with 3 plants (bushes) in each replicate. Self-pollination 
was accepted as the control treatment.

Table 1. Characteristics of hazelnut cultivars 

Cultivar Registered 
date 

Pedigree Nut shape Traits 

Tombul 1990 Selection of Corylus avellana Globular 
Excellent kernel quality 
kernel market 

Palaz 1990 Selection of Corylus avellana Globular 
Excellent kernel quality 
kernel market 
susceptible of insects 

Çakıldak  1990 Selection of Corylus avellana Ovoid 
Late bud burst 
Low vigor tree 

Foşa  1990 Selection of Corylus avellana Conical 
High vigor tree 
High yield 

Allahverdi 2015 Selection of Corylus avellana Ovoid 
Late bud burst 

Low kernel percentage 
Sivri 1990 Selection of Corylus avellana Ovoid susceptible of drought 
Kalınkara 1990 Selection of Corylus avellana Ovoid Excellent pollinizer 
Yassı Badem 1990 Selection of Corylus avellana Long sub-cylindrical Early harvest 

2.1. Emasculation, isolation and pollen collection 

In plants of the main cultivars to be controlled-hybridized, 

male flowers (catkins) were removed as specified by 

Erdoğan and Mehlenbacher (1997). 

Plants of the main cultivars were surrounded by 4 m high 

and 4 m wide iron constructions and the entire plant was 

encapsulated within this framework and covered with Tyvek. 

When the catkins of pollinator cultivars started to be 

elongated, they were carefully cut together with the shoot 

bearing catkins, they were placed in water-filled glass jars 

and kept at room temperature for 24 h. Each cultivar was kept 

in different rooms to prevent interactions of pollens. 
Following 24 h, catkins were shaken over a black paper, 

pollens were sieved through 125 µ sieve and transferred to 

preservation cups. Pollens were preserved in a deep freezer 

at -18 °C until the time of hybridization. 

2.2. Controlled pollinations 

When the female flowers of the main cultivars turned into 

receptive status, pollens preserved in the deep freezer were 
used to perform hybridizations. Stigmatic styles can accept 

pollens as soon as they went out of florets, but it waited until 

these styles got a shiny red color for effective pollination. 

The pollens stored in preservation cups in a deep freezer 

were transferred to eppendorph tubes on the day of 

pollination. Lid of eppendorph tube was opened, the tube 

turned upside down and flower pollens were taken over the 
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index finger. Then artificial pollination was performed 

through touching to styles of the florets with the index finger. 
One week after hybridizations, browning was observed in 

styles. 

2.3. Crude oil (%) 

The total oil content of hazelnut kernels was determined by 

the Weende analysis method and expressed as the percentage 

of dry matter (Ayfer et al., 1986).   

2.4. Protein (%) 

Nitrogen content of ground kernels was determined with the 

aid of Kjheldal method and resultant value was multiplied by 

6.25 to get the protein ratio (N x 6.25) (Özenç et al., 2015). 

2.5. Fatty acid composition 

For fatty acid analyses in gas chromatography (GC), 

initially, fatty acid methyl esters (FAMEs) were prepared 

from the total oil content of hazelnut through the modified 

version of the following procedure. At first, 1 ml of total oil 

was placed into a tube and supplemented with 2 ml H2SO4 

(dissolved in 10%methanol). The mixture was incubated at 
57 °C and 140 rpm for 40 minutes and cooled off at room 

temperature. Incubated samples were supplemented with 1 

ml NaHC03 (2%) and vortexed. Following vortexing, 

samples were supplemented with 1 ml hexane and shaken for 

a minute. The upper hexane layer including FAMEs was 
transferred to a new tube and preserved at -20 ºC for further 

GC analyses. Samples were filtered through a 0.2 µm nylon 

membrane filter and analyzed in Shimadzu GC-20A (Kyoto, 

Japan) equipped with flame-ionization detector. In GC 

analyses, Stabilwax DA column (0.25 mm x 0.25 μm 60 m) 

was used, the flow rate was 3 ml min-1 and carrier gas was 

nitrogen. The initial column temperature was 100 °C for 4 

minutes and the column was gradually heated up to 245 °C 

(20 °C/min) and kept at this temperature for 40 minutes. 

Then the column temperature was raised to 250 °C and hold 

at that temperature for 5 min. Split injection (1:20) was 

performed at 250 °C. Fatty acid peaks were defined by 
reference standards comparing retention times. The results 

were processed with the aid of “GC Solution” software 

supplied by the manufacturer of the GC and relative 

percentages of fatty acids were identified. 

2.6. Statistical analysis 

Experimental data were subjected to statistical analyses with 

the aid of SAS Version 9.1 software. Data were subjected to 

analysis of variance separately for each year. Treatments 

means were separated by Duncan’s multiple range test 

(P<0.05). 

 

Table 2. Oil ratios in hybridization combinations in 2015 and 2016 (%) 

Pollinator 

cultivars 

Main cultivars 

2015 

Tombul Palaz Çakıldak Foşa Allahverdi 

Tombul  62.97 cd 59.16 d 62.18 c 62.26 ab 63.94 c 

Palaz 65.89 ab ** 62.52 bc ** 65.74 a 

Çakıldak  65.37 b 61.26 b ** 63.61 a 61.05 f 

Foşa 62.02 d 62.51 a 63.17 b 58.88 c 63.07 e 

Allahverdi 65.22 b 62.75 a 62.95 bc 63.25 ab 64.55 b 

Sivri 63.83 c ** 63.05 b 61.80 b 63.48 d 

Kalınkara 66.63 a ** 63.18 b ** 64.20 bc 

Yassı Badem 63.74 c 61.13 bc 64.43 a ** 64.45 b 

                               2016 

Tombul  63.33 ab 57.00 de 51.50 cd 68.42 a 59.08 c 
Palaz 62.55 ab ** 59.25 a 60.25 bcd 61.25 bc 

Çakıldak  57.47 d 62.33 ab 51.25 d 62.42 b 66.00 a 

Foşa 57.85 cd 61.50 abc 57.25 ab 53.90 e 52.50 d 

Allahverdi 66.00 a 64.00 a 61.17 a 58.67 cd 63.25 ab 

Sivri 61.42 bc 60.00 bcd 59.17 a 63.00 b 62.67 b 

Kalınkara 61.00 bc 65.08 a 58.33 ab 61.58 bcd 62.50 b 

Yassı Badem 61.42 bc 55.08 e 55.00 bc 62.00 bc 60.67 bc 
*The means indicated with the same letter in the same column are not significantly different at P<0.05. **: Data missing. 

3. Results and discussion 

3.1. Oil ratio   

The effects of pollinators on oil ratios were found to be 
significant in both years of the experiments (P<0.05). ‘Foşa’ 

cultivars in 2015 and 2016 had lower oil ratios in self-

pollination treatments than in the other treatments (Table 2). 

Kodad and Company (2008) reported decreased oil ratios 

with self-pollination treatments in almonds. 

Balik et al. (2016) investigated the oil ratios of important 

hazelnut cultivars of Turkey and reported the values as 

59.8% for ‘Tombul’, 61.0% for ‘Palaz’, 59.4% for 

‘Çakıldak’, 58.3% for ‘Foşa’ and 58.0% for ‘Allahverdi’ 

cultivars. Köksal (2002) reported the oil ratio as 64.6% for 

‘Tombul’, 57.7% for ‘Palaz’, 61.0% for ‘Çakıldak’ and 

59.5% for ‘Foşa’ cultivars. Okay et al. (1999) reported the 

oil ratio of ‘Allahverdi’ cultivar as 62.5%. Present findings 

on oil ratios comply with the results of those previous study. 

Kodad and Company (2008) and Saura Calixto et al. (1988) 

indicated oil accumulation when the cotyledons were 

ripened, thus both the main and pollinator cultivars had 
significant effects on kernel oil ratios and fatty acid 

composition. It was indicated in previous studies that 

pollinators significantly altered oil ratios and fatty acid 
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composition in chestnut (Xuhui et al., 2016) and walnut 

(Golzari et al., 2016). 

3.2. Protein ratio 

The effects of treatments on protein ratios were found to be 

significant in both years of the experiments (Table 3). Balik 

et al. (2016) reported the protein ratio as 17.07% for 

‘Tombul’, 17.36% for ‘Palaz’, 17.55% for ‘Çakıldak’, 

18.64% for ‘Foşa’ and 19.53% for ‘Allahverdi’ cultivars. 

Köksal (2002) reported protein ratio as 17.51% for 
‘Tombul’, 18.03% for ‘Palaz’, 19.44% for ‘Çakıldak’ and 

15.75% for ‘Foşa’ cultivars. Okay et al. (1999) reported 

protein ratio of ‘Allahverdi’ cultivar as 14.67%. It was 

reported in previous studies that pollinators significantly 

altered protein ratios in walnut (Golzari et al., 2016) and 

chestnut (Xuhui et al., 2016).

Table 3. Protein ratios in hybridization combinations in 2015 and 2016 (%) 

Pollinator 

cultivars 

Main cultivars 

2015 

Tombul Palaz Çakıldak Foşa Allahverdi 

Tombul  17.47 ab 18.46 a 18.02 b 17.48 a 17.30 ab 

Palaz 17.02 bc ** 16.89 d ** 17.66 a 

Çakıldak  17.05 bc 17.40 b ** 14.66 c 17.20 ab 

Foşa 16.73 cd 15.75 d 16.17 e 16.30 b 17.28 ab 
Allahverdi 16.53 cd 16.77 c 17.46 c 16.30 b 17.92 a 

Sivri 17.30 ab ** 16.90 d 16.12 b 17.58 a 

Kalınkara 16.27 d ** 19.07 a ** 17.80 a 

Yassı Badem 17.80 a 18.04 a 15.47 f ** 16.74 b 

                               2016 

Tombul  18.32 b 17.70 a 19.30 b 16.96 cd 16.19 d 

Palaz 16.67 d ** 16.87 e 16.50 ef 17.29 c 

Çakıldak  17.42 c 14.48 e 20.21 a 16.71 de 17.04 c 

Foşa 16.42 e 15.34 bc 16.28 f 15.71 g 19.58 a 

Allahverdi 17.66 c 14.96 d 16.40 f 18.08 b 15.64 e 

Sivri 19.49 a 15.30 bcd 18.17 c 18.82 a 17.91 b 

Kalınkara 18.18 b 15.23 cd 16.90 e 16.11 f 16.07 d 

Yassı Badem 15.80 f 15.20 cd 17.08 de 16.32 ef 16.17 d 
 *The means indicated with the same letter in the same column are not significantly different at P<0.05. **: Data missing. 

3.3. Oleic acid (C 18:1) 

Experimental treatments had significant effects on oleic acid 

content in both years of the experiments (P<0.05). In ‘Palaz’, 

‘Çakıldak’, ‘Foşa’ and ‘Allahverdi’ cultivars oleic acid was 

found to be lower in self-pollination than in other treatments 

in 2015. However, in 2016, a similar case was observed only 

in ‘Palaz’ and ‘Çakıldak’ cultivars (Table 4).

 

Table 4. Oleic acid (C18:1) in hybridization combinations in 2015 and 2016 (%) 

Pollinator 

cultivars 

Main cultivars 

2015 

Tombul Palaz Çakıldak Foşa Allahverdi 

Tombul  75.06 c 75.41 b 74.44 g 75.78 ab 75.39 de 

Palaz 75.70 a 77.77 a 75.27 e 60.16 c 76.60 b 

Çakıldak  67.69 g 77.29 a 77.15 a 69.96 b 74.96 e 

Foşa 74.17 ef 77.12 a 75.65 c 77.12 a 76.45 bc 
Allahverdi 74.03 f 75.50 b 75.44 d 77.23 a 77.47 a 

Sivri 74.54 d 75.93 b 74.64 f 76.72 a 75.90 cd 

Kalınkara 74.34 de ** 75.22 e 76.06 a 77.31 a 

Yassı Badem 75.32 b 77.52 a 75.91 b 77.28 a 75.52 de 

                               2016 

Tombul  59.86 h 66.52 ab 67.56 bc 67.24 d 66.19 g 

Palaz 64.82 d 66.18 ab 72.81 a 76.58 a 67.30 d 

Çakıldak  75.15 a 67.08 a 73.11 a 76.59 a 66.44 f 

Foşa 68.26 c 63.97 b 66.45 c 72.71 b 67.41 c 

Allahverdi 62.47 f 68.05 a 68.35 b 69.52 c 67.05 e 

Sivri 61.77 g 71.57 a 67.60 bc 67.04 d 67.69 b 

Kalınkara 63.32 e 69.01 a 68.25 bc 73.26 b 68.56 a 

Yassı Badem 68.40 b 68.30 a 69.23 b 70.56 b 64.01 h 
*The means indicated with the same letter in the same column are not significantly different at P<0.05. **: Data missing. 

Şimşek and Aslantaş (1999) indicated that high oleic acid 

contents improved the resistance of oil, reduced cholesterol 

levels with enriched diets and prevented the deposition of 

blood-platelets and thus prevented vein constriction. Kodad 
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and Company (2008) reported decreased linoleic acid ratios, 

but increasing oleic acid ratios with self-pollination 
treatments in almond and indicated such changes in fatty 

acids as the oil-quality improving factors. Köksal (2002) 

reported oleic acid content as 77.8% for ‘Tombul’, 77.6% for 

‘Palaz’, 80.7% for ‘Çakıldak’ and 79.0% for ‘Foşa’ cultivars. 

Koyuncu et al. (2005) reported oleic content as 78.8% for 

‘Tombul’ and 78.52% for ‘Palaz’ cultivars. Balik et al. 

(2016) worked on standard hazelnut cultivars and reported 

oleic content as 68.8% for ‘Tombul’, 72.6% for ‘Palaz’, 

67.7% for ‘Çakıldak’, 65.7% for ‘Foşa’ and 61.7% for 

‘Allahverdi’ cultivars. Although present oleic acid values 

generally comply with those earlier ones, some cultivars had 

low oleic acid contents in 2016. It was indicated in a previous 
study that nutritional and chemical composition of hazelnut 

may vary based on cultivar, ecology and cultural practices 

(Köksal, 2002). Greater oleic/linoleic acid ratios designate 

oil stability and resistance against degradation (Kester et al., 

1993) and nutritional value (Vezvaei and Jackson, 1996). 

3.4. Palmitic acid (C 16:0) 

Effects of treatments on palmitic acid contents were found to 

be significant in both years of the experiments (P<0.05). 

Palmitic acid contents of 2016 were greater than the palmitic 

acid contents of 2015 (Table 5). Köksal (2002) reported 

palmitic acid content as 5.17% for ‘Tombul’, 4.87% for 

‘Palaz’, 4.89% for ‘Çakıldak’ and 5.62% for ‘Foşa’ cultivars. 

Göncüoğlu and Gökmen (2015) reported palmitic acid 

content as 6.13% for ‘Tombul’, 6.54% for ‘Palaz’, 4.59% for 

‘Çakıldak’ and 5.69% for ‘Foşa’ cultivars. Balik et al. (2016) 

reported palmitic acid content of standard hazelnut cultivars 

as 10.24% for ‘Tombul’, 9.99% for ‘Palaz’, 10.0% for 
‘Çakıldak’, 9.68% for ‘Foşa’ and 13.0% for ‘Allahverdi’ 

cultivars. Present palmitic acid contents were lower than the 

values reported by Köksal (2002) and Göncüoğlu and 

Gökmen (2015), but similar to the values reported by Balik 

et al. (2016).  

3.5. Stearic acid (C 18:0) 

Experimental treatments had significant effects on stearic 

acid contents in both years of the experiments (P<0.05). The 

stearic acid contents of the second year were greater than the 

stearic acid contents of the first year. In 2015, the greatest 

stearic acid content in ‘Tombul’, ‘Foşa’ and ‘Allahverdi’ 

cultivars were obtained from ‘Çakıldak’ pollination 

treatments however the same case was not valid in the second 

year. In 2016, low stearic acid contents were observed in 

self-pollination treatments of all cultivars, except for 

‘Tombul’ (Table 6). Köksal (2002) reported stearic acid 

contents as 1.75% for ‘Tombul’, 2.13% for ‘Palaz’, 2.15% 
for ‘Çakıldak’ and 1.70% for ‘Foşa’ cultivars. Göncüoğlu 

and Gökmen (2015) reported stearic acid content as 3.58% 

for ‘Tombul’, 3.08% for ‘Palaz’, 4.61% for ‘Çakıldak’ and 

3.12% for ‘Foşa’ cultivars. Balik et al. (2016) also worked 

on standard hazelnut cultivars and reported stearic acid 

content as 4.37% for ‘Tombul’, 4.52% for ‘Palaz’, 3.77% for 

‘Çakıldak’, 3.81% for ‘Foşa’ and 5.12% for ‘Allahverdi’ 

cultivars. Present findings on stearic acid contents were 

greater than those earlier ones reported in previous 

literatures.

Table 5. Palmitic acid (C16:0) in hybridization combinations in 2015 and 2016 (%) 

Pollinator 
cultivars 

Main cultivars 

2015 

Tombul Palaz Çakıldak Foşa Allahverdi 

Tombul  9.16 b 8.47 d 9.52 d 9.20 bcd 8.77 c 

Palaz 8.34 f 8.76 cd 9.58 c 9.94 b 9.21 a 

Çakıldak  11.26 a 9.51 a 9.38 e 12.39 a 9.16 a 

Foşa 8.87 d 9.33 ab 8.88 h 9.46 bc 9.02 ab 

Allahverdi 8.99 c 9.64 a 10.13 a 9.34 bc 8.82 bc 

Sivri 8.90 c 9.70 a 9.80 b 8.93 cd 9.03 ab 

Kalınkara 8.31 f ** 9.09 g 9.46 bc 9.15 a 

Yassı Badem 8.53 e 8.69 c 9.13 f 8.91 cd 9.02 ab 

                              2016 

Tombul  13.10 a 11.69 cd 11.25 b 12.10 a 11.03 f 

Palaz 11.98 d 12.12 bcd 10.53 b 9.14 e 12.29 c 

Çakıldak  8.57 g 12.99 ab 11.26 b 10.10 de 12.51 b 
Foşa 10.87 f 13.92 a 12.62 a 11.38 b 11.33 e 

Allahverdi 12.30 c 11.96 bcd 12.72 a 11.30 bc 12.32 c 

Sivri 12.72 b 11.14 bcd 11.81 b 12.19 a 11.63 d 

Kalınkara 12.00 d 11.06 d 11.44 b 10.70 cd 10.93 g 

Yassı Badem 11.04 e 12.53 bc 11.82 b 11.52 bc 12.72 a 
*The means indicated with the same letter in the same column are not significantly different at P<0.05. **: Data missing  

3.6. Linoleic acid (C 18:2) 

The effects of experimental treatments on linoleic acid 

contents were found to be significant in both years of the 

experiments (P<0.05). Greater linoleic acid contents were 

observed in 2016 than in 2015. Self-pollination treatments 
yielded the greatest linoleic acid contents in ‘Çakıldak’, 

‘Foşa’ and ‘Allahverdi’ cultivars in 2015 and ‘Tombul’ and 

‘Çakıldak’ cultivars in 2016 (Table 7). Köksal (2002) 

reported linoleic acid content as 14.8% for ‘Tombul’, 15.0% 

for ‘Palaz’, 11.9% for ‘Çakıldak’ and 13.2% for ‘Foşa’ 

cultivars. Göncüoğlu and Gökmen (2015) reported linoleic 

acid content as 10.11% for ‘Tombul’, 7.28% for ‘Palaz’, 

6.39% for ‘Çakıldak’ and 15.99% for ‘Foşa’ cultivars. Balik 

et al. (2016) worked on standard hazelnut cultivars and 

reported linoleic acid content as 15.57% for ‘Tombul’, 

12.64% for ‘Palaz’, 13.39% for ‘Çakıldak’, 20.52% for 
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‘Foşa’ and 17.84% for ‘Allahverdi’ cultivars. Present 

linoleic acid contents were greater than the earlier ones. Such 
a case was especially more remarkable in ‘Foşa’ and 

‘Allahverdi’ cultivars. Bonvehi and Cool (1993) conducted 

a study about oil contents, stability and fatty acid 

composition of Catalonia hazelnut cultivars and reported that 

linoleic acid was the dominant fatty acid in nut set period, 
oleic acid content increased in ripening period and became 

the dominant fatty acid.  

Table 6. Stearic acid (C18:0) in hybridization combinations in 2015 and 2016 (%) 

Pollinator 

cultivars 

Main cultivars 

2015 

Tombul Palaz Çakıldak Foşa Allahverdi 

Tombul  7.88 c 7.84 bc 7.78 a 8.15 bcd 8.44 b 

Palaz 7.14 f 7.89 b 7.58 b 8.09 bc 8.28 c 

Çakıldak  9.98 a 7.44 d 6.96 f 10.96 a 9.06 a 

Foşa 7.90 d 7.84 bc 7.23 d 7.61 cd 7.92 d 

Allahverdi 7.29 e 7.59 bcd 7.22 d 7.29 d 8.43 b 

Sivri 6.12 g 7.52 cd 7.08 e 7.52 cd 7.96 d 
Kalınkara 7.76 d ** 7.54 c 8.62 b 7.40 e 

Yassı Badem 8.11 b 8.19 a 6.94 f 7.39 cd 8.37 bc 

                              2016 

Tombul  12.71 a 11.98 bc 11.04 ab 11.41 ab 10.77 g 

Palaz 11.59 d 10.54 de 8.47 e 7.94 f 12.12 c 

Çakıldak  7.38 h 10.65 de 9.32 d 7.83 f   12.46 a 

Foşa 10.32 f 13.14 a 11.23 a 9.13 e 11.86 d 

Allahverdi 11.45 e 10.08 e 10.47 c 11.11 bc 11.55 e 

Sivri 12.50 c 9.19 e 10.53 bc 11.79 a 11.18 f 

Kalınkara 12.56 b 11.09 cd 10.23 c 10.37 d 10.27 h 

Yassı Badem 10.01 g 11.35 bcd 9.62 d 11.22 cd 12.30 b 
*The means indicated with the same letter in the same column are not significantly different at P<0.05. **: Data missing. 

Table 7. Linoleic acid (C18:2) in hybridization combinations in 2015 and 2016 (%) 

Pollinator 

cultivars 

Main cultivars 

2015 

Tombul Palaz Çakıldak Foşa Allahverdi 

Tombul  6.23 f 6.71 a 5.59 f 5.57 bc 7.17 a 

Palaz 7.18 e 4.08 e 5.07 g 4.53 d 4.95 f 

Çakıldak  8.45 b 4.06 e 5.82 e 6.40 a 6.54 b 
Foşa 7.32 d 4.47 d 6.11 d 5.06 cd 6.18 d 

Allahverdi 7.82 c 6.18 b 6.49 a 5.79 b 4.90 f 

Sivri 8.72 a 5.30 c 6.31 c 6.67 a 6.79 b 

Kalınkara 7.78 c ** 6.37 b 5.76 b 5.74 e 

Yassı Badem 6.16 g 4.56 d 5.70 f 5.16 c 6.36 c 

                              2016 

Tombul  10.44 b 6.75 b 6.94 bc 6.94 b 11.75 a 

Palaz 8.56 e 8.66 a 5.14 f 5.99 d 6.91 h 

Çakıldak  6.93 h 6.74 b 5.45 e 5.17 f 8.06 g 

Foşa 8.29 f 6.77 b 6.00 d 5.95 d 8.93 d 

Allahverdi 10.92 a 7.50 a 7.63 a 7.79 a 8.52 f 

Sivri 10.00 c 6.14 b 6.66 c 6.54 c 8.74 e 

Kalınkara 9.20 d 5.71 c 7.35 ab 5.59 e 9.84 b 
Yassı Badem 7.92 g 5.66 c 6.05 d 4.96 g 9.75 c 

 *The means indicated with the same letter in the same column are not significantly different at P<0.05. **: Data missing. 

3.7. Palmitoleic acid (C 16:1) 

Experimental treatments had significant effects on 

palmitoleic acid contents in both years of the experiments 

(P<0.05). Palmitoleic acid values were found higher in 

‘Tombul’, ‘Palaz’ and ‘Çakıldak’ cultivars in the second year 
of the experiment. Palmitoleic acid in ‘Tombul’ cultivar was 

found to be the lowest in ‘Palaz’ pollination treatments in 

2015 and ‘Çakıldak’ pollination treatments in 2016. In the 

‘Palaz’ cultivar, ‘Allahverdi’ and ‘Yassı Badem’ pollination 

treatments in 2015 and ‘Foşa’, ‘Sivri’ and ‘Yassı Badem’ 

pollination treatments in 2016. In the ‘Çakıldak’ cultivar, the 

lowest palmitoleic acid was determined during the two years 

of the experiment in self-pollination and ‘Allahverdi’ 

pollination treatments. Palmitic acid was determined at the 
lowest level in the case of ‘Kalınkara’ pollination treatments 

in the ‘Foşa’ cultivar and in the ‘Tombul’ pollination 

treatments in the ‘Allahverdi’ cultivar. Greater palmitoleic 

values of controlled pollinations than the previous literatures 

may be considered as the effect of pollinators. Köksal (2002) 
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reported palmitoleic acid contents as 0.48% for ‘Tombul’, 

0.34% for ‘Palaz’, 0.32% for ‘Çakıldak’ and 0.37% for 
‘Foşa’ cultivars. Balik et al. (2016) reported palmitoleic acid 

contents as 0.10% for ‘Tombul’, 0.14% for ‘Palaz’ and 

‘Çakıldak’, 0.11% for ‘Foşa’ and 0.06% for ‘Allahverdi’ 
cultivars.

Table 8. Palmitoleic acid (C16:1) in hybridization combinations in 2015 and 2016 (%) 

Pollinator 

cultivars 

Main cultivars 

2015 

Tombul Palaz Çakıldak Foşa Allahverdi 

Tombul  1.68 d 1.57 b 2.67 a 1.30 b 0.24 g 

Palaz 1.63 e 1.50 b 2.51 b 1.73 a 0.96 a 

Çakıldak  2.62 a 1.70 a 0.69 f 0.28 b 0.28 f 

Foşa 1.74 c  1.24 c 2.13 d 0.75 b 0.42 c 

Allahverdi 1.88 a 1.09 d 0.71 f 0.35 b 0.37 d 

Sivri 1.72 c 1.54 b 2.16 d 0.16 b  0.32 e 

Kalınkara 1.81 b ** 1.78 e 0.10 b 0.39 d 

Yassı Badem 1.89 a 1.04 d 2.32 c 1.27 b 0.73 b 

                              2016 

Tombul  3.89 a 3.05 a 3.21 bc 2.31 a 0.27 f 

Palaz 3.05 b 2.49 b 3.05 c 0.34 d 1.38 a 

Çakıldak  1.98 g 2.54 b 0.86 e 0.31 e 0.53 d 

Foşa 2.25 f 2.20 c 3.70 a 0.82 c 0.47 d 

Allahverdi 2.86 d 2.41 b 0.84 e 0.27 e 0.56 d 

Sivri 3.01 b 1.96 c 3.40 ab 2.43 a 0.77 c 

Kalınkara 2.92 c 3.14 a 2.74 d 0.08 f 0.40 e 

Yassı Badem 2.64 e 2.15 c 3.29 bc 1.74 b 1.22 b 
 *The means indicated with the same letter in the same column are not significantly different at P<0.05. **: Data missing. 

4. Conclusions 

It has been determined that there are changes in hazelnut and 

kernel characteristics depending on the pollen sources. It was 

also observed in this study that pollinator cultivars resulted 
in significant changes in oil and protein ratios and fatty acid 

composition of hazelnut cultivars mostly because of xenia 

and metaxenia effects. Oil content and protein content 

changed depending on pollinator cultivars. Although varied 

with the treatments, in investigated hazelnut cultivars. While 

the oleic acid content was lower in the second year, greater 

values of the other fatty acids were observed in the second 

year. In self-pollination, generally more oleic and linoleic 

acid content was obtained, while a lower stearic acid content 

was found. As a result, it has been proven that pollinator 

cultivars change the biochemical content in hazelnut 

cultivation. 
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