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This research aimed to determine the effect of the number of nuts per cluster on the fruit 
characteristics of the Foşa hazelnut cultivar grown  in the Arsin district of Trabzon province, 
Türkiye. Hazelnuts are divided into groups of 1 to 7 according to the number of nuts in 
cluster. Nut weight, nut length, nut width, nut depth, kernel weight, kernel length, kernel 
width, kernel depth, shell thickness, kernel ratio, husk length, husk width, and husk 
opening of the hazelnuts in each group were examined. Principal component analyses 
(PCA) was used to determine the relationship between the number of nuts in cluster and 
fruit characteristics. Nut weight, shell thickness, husk length, and husk width values were 
the highest values in single nut clusters. If the number of nuts in the cluster exceeds four, 
nut and kernel weights decrease. There was a negative relationship between the nut 
weight and nut length when the number of nuts in the cluster was above four. A strong 
relationship were observed in clusters 1, 2, 3, and 4, but a weaker relationship, was seen 
especially in clusters 5 and 7. A negative relationship was determined between the nut 
weight and nut length. This study clarified that increasing nut numbers shifts quality 
characteristics, particularly in a negative trend. 
 

ÖZET 

Bu araştırmada, Trabzon ili Arsin ilçesinde yetiştirilen Foşa fındık çeşidinde çotanak başına 
fındık sayısının meyve özelliklerine etkisinin belirlenmesi amaçlanmıştır. Fındıklar 
çotanaktaki fındık sayısına göre 1 ile 7 arası gruplara ayrılmıştır. Her gruptaki kabuklu fındık 
ağırlığı, kabuklu fındık  uzunluğu, kabuklu fındık  genişliği, kabuklu fındık kalınlığı, iç ağırlığı, 
iç uzunluğu, iç genişliği, iç kalınlığı, kabuk kalınlığı, iç oranı, zuruf uzunluğu, zuruf genişliği 
ve zuruf açıklığı incelenmiştir. Çotanaktaki fındık sayısı ile meyve özellikleri arasındaki 
ilişkiyi belirlemek için Temel bileşen analizi (PCA) kullanılmıştır. Fındık ağırlığı, kabuk 
kalınlığı, zuruf uzunluğu ve zuruf genişliği değerleri tekli fındık kümelerinde en yüksek 
değerleri göstermiştir. Çotanaktaki fındık sayısı 4'ü geçtiğinde fındık ve iç ağırlıkları 
azalmıştır. Çotanaktaki fındık sayısı 4'ün üzerinde olduğunda ise fındık ağırlığı ile  uzunluğu 
arasında negatif bir ilişki tespit edilmiştir. 1, 2, 3 ve 4‘lü çotanaklarda güçlü bir ilişki, ancak 
özellikle 5’li ve 7’li çotanaklarda daha zayıf bir ilişki belirlenmiştir. Fındık ağırlığı ile uzunluğu 
arasında negatif ilişki tespit edilmiştir. Bu çalışma, artan çotanak  başına fındık sayısının 
kalite özelliklerini özellikle olumsuz bir eğilimle değiştirdiğini ortaya koymuştur. 
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INTRODUCTION 

 

Hazelnuts are grown on 1 million and 61 thousand hectares of land worldwide, of which Türkiye holds 744 thousand 

hectares. Türkiye accounts 765 thousand tons of the 1 million 195 thousand tons of hazelnuts produced in the 

world, being the leading country with 63.98% of the world’s production. According to the Food and Agriculture 

Organization of the United Nations (FAO), hazelnuts are produced in 39 countries in the world and Italy (98 670 

tons), Azerbaijan (72 104.6 tons), USA (70 310 tons), Chile (62 557.07 tons), and Georgia (33 400 tons) are important 

hazelnut producing countries (FAO, 2024a). Although Türkiye is the leading country in hazelnut exports, it is far 

behind other hazelnut-producing countries in terms of hazelnut yield. Türkiye ranks 18th with a yield of 102.8 kg 

da-1. The highest yield per decare in the world is in Greece (256.9 kg da-1), the USA (255.5 kg da-1), and China (205.6 

kg da-1) (FAO, 2024a). In Türkiye, we fall behind other countries in terms of yield due to production with old 

branches, the completion of the economic life of orchards, and the inadequacy of technical practices. 

In Türkiye, hazelnuts have adapted to the climate characteristics of the Black Sea Region (Balta et al., 2018) and are 

a traditional product of the region (Karadeniz, 2021a). Hazelnuts are grown in 39 provinces in Türkiye, especially in 

Ordu (198 841 tons), Samsun (112 536 tons), Sakarya (82 581 tons), Giresun (72 060 tons), and Düzce (66 647 tons) 

(TUİK, 2024b). 

Anatolia is known for growing the highest-quality hazelnut cultivars and wild species worldwide (Karadeniz, 2018) 

and being home to unique genetic resources (Balta & Karadeniz, 1997). Twenty standard hazelnut cultivars are 

grown in Türkiye, including Tombul, Palaz, Çakıldak, and Foşa cultivars (Hazelnut Research Institute, 2024c). 

In Türkiye, the ‘ocak’ system is used for hazelnut cultivation (Bak & Karadeniz, 2021). Hazelnuts have a husk that 

surrounds the fruit. Fruits bear in the husk and shape the clusters with different numbers of fruits depending on 

the cultivar, which refers to the number of nuts in the cluster. The number of nuts in a cluster is a cultivar 

characteristic of hazelnuts. Although many factors such as pruning, fertilization, irrigation, planting, and training 

systems affect yield and quality in hazelnut cultivation, the genetic structure of the varieties is the most important 

factor. 

The heritability of the number of nuts in cluster, accepted as a cultivar trait, is high (Yao & Mehlenbacher, 2000). It 

is known that the number of nuts in the cluster is important for yield (Güler & Balta, 2020) and quality (Thompson 

et al., 1996), and as the number of nuts in cluster increases, the nuts become smaller (Bak & Karadeniz, 2021). 

This research was carried out to determine the relationships between the number of nuts in the cluster and the 

fruit characteristics of the Foşa hazelnut cultivar. 

 

MATERIALS and METHODS 

 

Material 

The Foşa hazelnut which is a cultivar that is generally grown in Trabzon and its surroundings were used in this study. 

This cultivar is intended for the domestic market thanks to its good taste, round shape, kernel ratio of 50%, and 

membrane removal capacity of 85% (Botta et al., 2019). Its shell is reddish-brown. It usually forms two nuts in a 

cluster, and 275-363 shelled fruits weigh about 1 kg (Karadeniz, 2021b). The study material was obtained from the 

Arsin district of Trabzon province, Türkiye. 
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Methods 

 

Characteristics of nut and husk 

The research selected 3 "Ocak" to represent the Foşa hazelnut cultivar. 40 clusters were randomly selected from 

each. 40 clusters were randomly selected from each "Ocak".The samples taken were divided into 1, 2, 3, 4, 5, 6, 

and 7 groups according to the number of nuts in the cluster. In each group, the number of nuts in the cluster, nut 

weight, nut length, nut width, nut depth, kernel weight, , kernel length, kernel width, kernel depth, shell thickness, 

kernel ratio, husk length, husk opening, and husk width were determined. 

The nut and kernels, separated according to the number of nuts in the cluster, were weighed one by one with a 

scale sensitive to 0.01 g. The length, width, depth, and thickness of the nuts and kernels were measured with the 

help of a digital caliper sensitive to 0.01 mm. Shell thickness was measured using a caliper sensitive to 0.01 mm 

from the middle or near-middle part of the fruit base upwards to the thickest part of the bulging part. Kernel ratio 

was determined by dividing the weight of nuts by the weight of kernels using the following formula (Bak, 2010; 

Güler & Balta, 2020). 

Kernel Ratio (%) = [Kernel weight/Nut weight] x 100 

Husk length was determined by measuring the distance between the bottom and top parts (İşbakan & Bostan, 

2020). The husk width was determined by measuring the part of the husk surrounding the nut. The husk opening 

was measured at the tip surrounding the nut. 

 

Statistical analysis 

The data were subjected to Tukey’s HSD test with an α of 0.05 to compare the means. Principal component analysis 

(PCA) was performed to determine the relationships of the features and nuts per cluster utilizing the ‘ggplot2’ 

(Wickham, 2016) package of R studio software (Boston, USA) (RStudio Team, 2020). 

 

RESULTS AND DISCUSSIONS 

 

In the Foşa hazelnut cultivar, differences were observed between the number of nuts in the cluster and the nut 

characteristics examined (Table 1 and 2). Nut weight and shell thickness values are highest in single clusters. (3.00 

g). There was a linear decrease in the nut weight when nuts per cluster increases from 1 to 7, which drops to 2.15 

g in 7 nuts per clusters. Kernel weights had the same value for the single and triple nuts (1.45 g). The kernel ratio 

was highest in the six-nutted clusters (50.63%). However, the kernel ratio values were not found to be statistically 

significant. When there are more than 4 nuts in the cluster, there is a significant decrease in nut weight and kernel 

weight. Although it is not significant, the thickest kernels appear to be on single nuts. In studies conducted by 

different researchers on the Foşa hazelnut cultivar, nut weights were determined as 2.55-2.70 g by Balta et al. 

(2018), 1.85-2.24 g by Semiz (2016) , 1.96 g by Yıldız (2016), 2.22-2.66 g by Karadeniz (2001) and 1.79 g by Bostan 

(2001) . Kernel weights were reported as 1.24-1.37 g by Balta et al. (2018), 0.99-1.15 g by Semiz (2016), 1.10 g by 

Yıldız (2016), and 0.96 g by Bostan (2001). Balta et al. (2018) and Bak and Karadeniz (2021) reported that as the 

number of nuts in the cluster increases, the weight of nuts and their kernels decreases. Bostan (1997), in their study 

with different hazelnut cultivars, reported that as the number of nuts in the cluster increases, nut length and kernel 

length increase.The same researcher also reported that as the number of nuts in the cluster decreases, the weight, 

kernel width, and kernel weight of the nuts increase. Balta et al. (2018) reported that increasing numbers of nuts 

in the cluster decreases shell thickness. Turan (2021) stated that the ideal number of nuts in the cluster should be 

four, and as the number of nuts increases, the hazelnuts become smaller and put pressure on each other. Our 

research is partially similar to the findings of other researchers. 
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Table 1. Nut characteristics of the Foşa hazelnut cultivar according to nut numbers in the cluster 

Çizelge 1. Foşa fındık çeşidinin çotanaktaki  meyve sayılarına göre fındık özellikleri 

NPC NWT (g) NL (mm) NW (mm) ND (mm) ST (mm) 
1 3.00 ± 0.25 a 19.72 ± 0.81 a 19.64 ± 0.73 a 17.83 ± 0.43 a 1.25 ± 0.34 a 
2 2.75 ± 0.31 a 20.14 ± 0.69 ab 19.81 ± 0.57 a 18.03 ± 0.73 a 1.10 ± 0.09 a 
3 2.89 ± 0.24 ab 20.34 ± 0.76 b 20.00 ± 0.96 a 17.78 ± 0.47 a 1.11 ± 0.13 a 
4 2.82 ± 0.34 abc 19.90 ± 0.60 b 19.57 ± 0.31 a 17.83 ± 1.14 a 1.22 ± 0.14 a 
5 2.40 ± 0.19 bcd 19.86 ± 0.41 b 19.07 ± 0.86 ab 17.22 ± 1.04 ab 1.12 ± 0.13 a 
6 2.47 ± 0.27 cd 21.21 ± 0.53 b 18.29 ± 0.98 bc 17.06 ± 0.94 ab 1.03 ± 0.13 a 
7 2.15 ± 0.28 d 19.97 ± 1.11 b 18.02 ± 0.57 c 16.53 ± 0.67 b 1.10 ± 0.12 a 

*Different letters in the same column indicate significant differences at p ≤0.05. 

NPC: Number of nuts per cluster; NWT: Nut weight; NL: Nut length; NW: Nut width; ND: Nut depth; ST: Shell thickness 

 

Table 2. Kernel characteristics of the Foşa hazelnut cultivar according to nut numbers in the cluster 

Çizelge 2. Foşa fındık çeşidinin çotanaktaki meyve sayılarına göre iç özellikleri 

NPC KWT (g) KL (mm)  KW (mm)  KD (mm) KR (%) 
1 1.45 ± 0.15 a 15.94 ± 0.75 a 14.44 ± 0.68 a 13.89 ± 1.32 a 48.83 ± 7.16 a 
2 1.27 ± 0.21 a 15.90 ± 1.16 a 14.30 ± 1.22 a 12.61 ± 1.51 ab 45.97 ± 3.54 a 
3 1.45 ± 0.14 a 16.19 ± 0.96 a 14.83 ± 1.28 a 14.10 ± 0.68 abc 49.97 ± 1.66 a 
4 1.40 ± 0.20 ab 15.81 ± 0.73 a 14.43 ± 0.86 a 13.20 ± 1.46 abc 49.54 ± 2.39 a 
5 1.15 ± 0.14 ab 15.54 ± 0.92 a 13.54 ± 0.75 ab 11.97 ± 1.23 abc 48.10 ± 2.96 a 
6 1.25 ± 0.16 b 16.61 ± 1.24 a 13.79 ± 1.54 ab 13.26 ± 0.92 bc 50.63 ± 3.43 a 
7 1.07 ± 0.20 b 15.27 ± 1.43 a 12.56 ± 0.76 b 12.19 ± 1.26 c 49.25 ± 4.84 a 

*Different letters in the same column indicate significant differences at p ≤0.05. 

NPC: Number of nuts per cluster; KWT: Kernel weight; KL: Kernel length; KW: Kernel width; KD: Kernel depth; KR: Kernel ratio 

 

The maximum husk length and husk widths of the Foşa hazelnut cultivar were in single cluster. Husk opening was 

not significantly different across different nut numbers in the cluster (Table 3). Kurt et al. (2022) reported that the 

husk length in the Foşa cultivar was 37.11 mm and the fruit was wrapped loosely. In their study with different 

hazelnut cultivars, İşbakan and Bostan (2020) reported that the husk length was 31.82-43.68 mm. Husk is an 

essential criterion in hazelnuts. Whether the husk is long or short is important in terms of its suitability for 

processing, depending on the openness of the husk and its wrapping around the nut. Yao and Mehlenbacher (2000) 

reported that there were positive relationships between husk length, nut weight, and kernel weight. İşbakan and 

Bostan (2020) reported a negative relationship between the husk length and the number of nuts in a cluster. 

 

Table 3. Husk characteristics in terms of number of nuts per cluster 

Çizelge 3. Çotanaktaki meyve sayısına göre zuruf özellikleri 

NPC HO (mm) HL (mm) HW (mm) 

1 25.77 ± 10.36 a 38.34 ± 4.10 a 22.89 ± 2.10 a 

2 27.17 ± 6.56 a 36.46 ± 2.71 ab 19.81 ± 0.93 ab 

3 23.97 ± 3.59 a 36.58 ± 5.64 ab 21.00 ± 1.47 ab 

4 29.68 ± 4.58 a 29.66 ± 3.59 abc 20.44 ± 0.84 b 

5 27.25 ± 3.92 a 30.77 ± 2.66 bc 19.06 ± 1.94 b 

6 26.66 ± 3.93 a 30.41 ± 3.76 bc 19.61 ± 1.19 b 

7 24.15 ± 4.64 a 26.13 ± 3.82 c 18.52 ± 1.32 b 

*Different letters in the same column indicate significant differences at p ≤0.05. 

NPC: Number of nuts per cluster;HO: Husk opening; HL: Husk length; HW: Husk width 

 

The relationships between the number of nuts in cluster and fruit characteristics as in principal component analysis 

(PCA) biplot are shown in Figure 1. Principal component 1 (PC1) explained 55.9% of the variablity, while principal 
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component 2 (PC2) accounted for 21.6% of the variation. Single nuts stand out in terms of nut weight, nut depth, 

nut width, and husk length. It is seen that if there are 2 nuts in the cluster, the husk opening comes to the fore, if 

there are 4 nuts, the shell thickness comes to the fore, and if there are 3 nuts, the kernel depth comes to the fore. 

If there are 6 nuts in the cluster, it is observed that kernel ratio and nut length come to the fore. It is seen that there 

is a positive relationship between the nut weight, husk length, nut depth, nut width, shell thickness, and husk 

opening, and a negative relationship between the nut length and kernel ratio. 

 

 
Figure 1. Distribution of the number of nuts per cluster and fruit characteristics in the PCA biplot 

Şekil 1. PCA biplotta çotanaktaki fındık sayısı ve meyve özelliklerinin dağılımı. 

NWT: Nut weight; NL: Nut length; NW: Nut width; ND: Nut depth; ST: Shell thickness; KWT: Kernel weight; 

KL: Kernel length; KW: Kernel width; KD: Kernel depth; KR: Kernel ratio; HO: Husk opening; HL: Husk length; 

HW: Husk width 

 

In conclusion, although the number of nuts in a cluster is a variety characteristic of hazelnuts, different numbers of 

clusters can occur in hazelnut cultivars. This study demonstrates that the increment of nut numbers causes quality 

shifts, which are mostly negative. Moreover, increment of the number of nuts in the cluster increases the pressure 

on nuts that results shape differences, which is an undesired characteristic in the hazelnut processing industry. This 

study indicates that more than 4 nuts in the cluster causes undesired characteristics. Further studies should 

evaluate some cultivation practices in order to obtain relatively more uniform nut numbers in the clusters. 
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