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UNVEILING THE GENETIC WEALTH: CHARACTERIZATION OF
WILD HAZELNUT (Corylus avellana L.) POPULATIONS IN
DUZCE PROVINCE FROM TURKIYE
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Abstract: This study was carried out in Yigilca, Giimiisova, Cumayeri and Ak¢akoca districts of Diizce province in 2023. In the study,
pomological and morphological characteristics of 129 genotypes in natural hazelnut populations and orchards were determined.
Genotypes were distributed in the altitude range of 25-760m, 90.5% were detected in orchards and 9.5% in areas such as roadsides,
stream beds and mountain slopes. When the genotypes were grouped in terms of plant height, it was determined that 75.39% were
taller than 4 m, 22.24% were between 3-4 m, 1.58% were between 2-3 m and 0.79% were between 1-2 m. In the examined genotypes,
nut length was measured between 15.0-25.4 mm, nut width was measured between 14.5-28.1 mm, nut size was measured between
14.19-20.61 mm and nut shape index was measured between 0.75-1.84. Leaf length varied between 8.92-15.36 mm, leaf width
between 6.85-12.89 mm, and petiole length varied between 0.5-2.68 mm. While 79.13% of the genotypes have a husk longer than the
nut, 66.09% have a husk slit. The number of hazelnut husk, one of the basic elements of yield, was determined to be 3 and above in
50% of the genotypes. In the study, it was evaluated that the hazelnut genetic resources in Diizce have a wide variation and that it is
important to protect and use them in breeding studies. It was emphasized that especially genotypes with a nut size of 20 mm and

above, round-shaped and number of nuts in cluster is over four in new cultivar development.
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1. Introduction

The Corylus genus of the Betulaceae family is in the form
of hazelnut bushes or trees, and is among the hard-
shelled fruits with the highest economic value. Species in
tree form are highly valued as timber. Molnar (2011)
reported that there are 10 polymorphic species in the
Corylus genus as a result of morphological and molecular
studies. The most studied and best known of these
species is Corylus avellana L. Hazelnut is an endemic
plant in the northern hemisphere and is widespread in
countries such as Tiirkiye, Italy, Spain and the USA
(Ozgagiran et al, 2014). Commercial production in
Tirkiye is largely concentrated in the Black Sea Region,
and important cultivars such as “Tombul’ and ‘Palaz’ have
been developed as a result of local selection (Balik and
Arif, 2023). Tiirkiye has an important place in terms of
plant biodiversity, being located at the intersection of the
Mediterranean and Near East Gene Centers (Vavilov,
1994). Anatolia is the origin of hazelnuts (C. avellana L.
and C. colurna L.), as well as many other fruit species
(Molnar, 2011). Significant variations are observed
among hazelnut cultivars in orchards and natural
populations in the Black Sea Region (Balik et al,, 2014).

Some researchers note that in addition to the variation
among Turkish hazelnut cultivars, there is also a rich
variation within the cultivar. They even classify Turkish
hazelnut cultivars as a collection of clones (islam, 2008;
Balik et al,, 2018; Bostan and Karakaya 2024). In order to
take advantage of this clonal variation in Tiirkiye, many
clonal selection have been carried out in different
cultivars and locations (Demir, 1997; islam and Ozgiiven
2001; Turan, 2007; Cayan, 2019; Karakaya, 2021; Uzun,
2021; Bilgen, 2023). The main characteristics taken into
consideration in hazelnut breeding are nut and yield
characteristics, morphological and  phenological
characteristics, resistance, and rootstock (islam, 2019).

Climate change has caused yield and quality problems in
hazelnut production, as in other agricultural products, in
recent years. Especially the risk of late spring frost,
pollination and fertilization problems, and drought
negatively affect yield (Beyhan and Odabas, 1996;
Ustaoglu, 2009; Balik et al, 2021). Determination of
genotypes tolerant to biotic and abiotic stresses is of
great importance in hazelnut production. Population
growth, urbanization and climate change threaten
hazelnut genetic cultivar

resources, making new
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development studies necessary (Erat and Balik, 2022).
Tiirkiye, the world's number one hazelnut producer, has
70% of the world's hazelnut production area and 80% of
its trade, but lags behind countries such as the USA and
China in terms of yield. In Tiirkiye, hazelnut cultivation is
carried out as licensed production in 16 provinces and
123 districts on an area of 760.000 hectares. While Ordu,
Samsun and Giresun are at the top in terms of production
area and quantity, the highest yield is in Sakarya. Diizce
produces approximately 83 thousand tones of hazelnuts,
accounting for 11% of the country's hazelnut production;
most of the production takes place in the Akcakoca,
Merkez and Yigilca districts (Unver, 2024).

Genes possessed by genetic resources are valuable in the
process of increasing yield in agriculture and developing
cultivars that are resistant to diseases and pests and have
high adaptability. Therefore, genetic resources offer
significant advantages, especially against climate change.
In order to benefit from the advantages of plant
biodiversity against the negativities caused by climate
change, strategies for the collection,
characterization and evaluation of genetic resources are
needed. Genetic resources research in Anatolia, a place
where three important gene centers intersect, has been
carried out since the 1930s. Research on hazelnut genetic
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resources was initiated by the Hazelnut Research
Institute in 1969. 460 genotypes are preserved in the
field gene bank (Anonymous, 2024a). However, no
studies on hazelnut genetic resources conducted in Diizce
province, which is an important hazelnut production
region, have been found in the literature. Biodiversity
studies will not only protect valuable hazelnut genetic
resources but will also enable the development of new
cultivars through the use of genotypes with different
characteristics in selection and hybridization.

The aim of this research was to determine and
characterize wild hazelnut types found in natural
populations and orchards in Yi8ilca, Glimiisova, Cumayeri
and Akcakoca districts of Diizce province.

2. Materials and Methods

The material of the research consists of 129 hazelnut
genotypes determined as a result of surveys conducted in
the districts of Diizce province in 2023 (Figure 1). 33 of
the genotypes were identified in Akcakoca, 35 in
Cumayeri, 32 in Glimisova and 29 in Yigilca district.
Genotypes are distributed in the altitude range of 25-
760m. 90.5% were detected in orchards and 9.5% in
areas such as roadsides, stream beds and mountain
slopes.
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Figure 1. Locations of genotypes (blue: Ak¢akoca, white: Cumayeri, red: Giimiisova, yellow: Yigilca)

2.1. Surveys

Before the survey, contact was made with Diizce
province Akgakoca, Cumayeri, Giimiisova and Yigilca
Agriculture and Forestry District Directorates, Chambers
of Agriculture, leading farmers and producers, and
potential villages where wild hazelnut types could be
found were determined and determinations were made
by sampling method in areas with different altitudes,
directions and locations. The location and altitude of the
points where samples were taken were determined and
recorded with the GPS location application. Tree, trunk,

husk and nut photos were taken to be used in the
identification of hazelnut types. Additionally, leaf, nut
and shoot samples of the genotypes were taken and
characterized (UPOV, 2025).

2.2. Nut characteristics

Nut sizes were determined on 30 randomly selected nuts
using a digital caliper sensitive to 0.01 mm (Figure 2).
Nut shape is classified from 1 to 6 (Figure 3). The number
of nuts in cluster was calculated by counting the fruits in
each of 10 randomly selected clusters and the average
was taken. Curvature of basal scar is divided into 3
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classes as concave, flat and convex according to the
criteria specified (Figure 4). Shape of apex was according
to the criteria specified, it is divided into 4 classes:
narrow acute, broad acute, obtuse, truncate (Figure 5).
2.3. Morphological characters

Plant height is divided into four classes as 1-2m, 2-3m, 3-
4m and longer than 4m, measured from the soil level to
the tip of the top shoot. The suckers were counted and
divided into four classes: 1-3, 3-5, 5-7 and more than 7.
Leaf dimensions were measured as in Figure 6. Leaf color

length

Figure 2. Measuring nut dimensions.

Figure 3. Classification of genotypes according to nut
shape (1: globose 2: conical, 3: ovoid, 4: obloid, 5: Short-
sub cylindrical, 6: Long-sub cylindrical) (UPOV, 2025).

Figure 4. Curvature of basal scar; concave (1), flat (2)
and convex (3) (UPOV, 2025).

i T VI

1 2 3 4

Figure 5. Classification of genotypes according to shape
of apex, narrow acute (1), broad acute (2), obtuse (3),
truncate (4) (UPOV, 2025).

is divided into four classes yellow, light green, green and
dark green. Leaf shape was divided into four classes
(Figure 7).

The size of the involucre is divided into three classes:
shorter, equal and longer (Figure 8). Density of hairs are

divided into three classes: sparse, medium, dense.
Additionally, depth of indentation and serration of
indentation of the involucre were evaluated based on
observation.

Leaf length

Leaf width

Figure 6. Leaf dimensions (leaf length, leaf width, petiole
width).
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Figure 7. Leaf shape (elliptical, ovate/obovate and circular) (UPOV, 2025).
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Figure 8. Involucre categories: shorter, equal and longer.

3. Results

In the research, nut length, nut width, nut height, nut size,
nut shape index, nut oblateness index, nut shape,
curvature of basal scar, shape of apex and number of nuts
in cluster of the genotypes were determined (Table 1).

Table 1. Nut characteristics of genotypes

Characteristics Max Min Average
Nut length (mm) 25.4 15 19.02
Nut width (mm) 28.1 14.5 18.07
Nut height (mm) 27.6 11.8 15.57
Nut size (mm) 20.61 14.19 17.44
Nut shape index 1.84 0.75 1.14
Nut oblateness 1.39 1.04 1.17
index

Nut length of the genotypes was determined between
15.0-25.4 mm. While Koksal (2002) determined the nut
length as 19.6 mm in Turkish hazelnut cultivars, Unver
(2024) determined the nut length as 13.5-15.94 mm in
the ‘Mincane’ grown in the Akgakoca region. In the same
region, nut length of ‘Yomra’ (Sny. Yomrali) was
determined to be between 16-75-20.43 mm by Ak¢a and
Soylemezoglu (2024). Nut width of the examined
genotypes was determined between 14.5-28.1 mm. While
Koksal (2002) determined the nut width as 17.6 mm in
Turkish hazelnut cultivars, Unver (2024) determined the
nut width as 15.26-17.90 mm in the ‘Mincane’ grown in
the Akgakoca region. Nut width in ‘Yomra’ (Sny. Yomrali)
was determined to be between 16.89-20.61 mm by Akca
and Soylemezoglu (2024). The nut heigth of the

L
, &

Equal

Longer

genotypes was determined to be between 11.8-27.6 mm.
While Kéksal (2002) determined the nut heigth as 15.5
mm in Turkish hazelnut cultivars, Unver (2024)
determined the nut heigth as 16.34-18.67 mm in the
‘Mincane’ grown in the Ak¢akoca region.

Nut size is an important quality parameter in terms of
marketability, and genetic and environmental factors
play a role in the formation of nut size. Nut size was
determined between 14.19-20.61 mm. Nut size was
determined as 16.43-17.90 mm in ‘Palaz’ by Balik and
Beyhan (2007); 15.38-18.91 mm in ‘Tombul’ and ‘Palaz’
by Isbakan and Bostan (2020); 16.54-21.81 mm in
standard hazelnut cultivars by Balik et al. (2016); and
16.34-18.67 mm in ‘Mincane’ by Unver (2024).

The nut shape index was determined between 0.75-1.84.
While Koksal (2002) determined the nut shape index
between 0.8-1.7 in Turkish hazelnut cultivars, Unver
(2024) determined the nut shape index between 0.97-
1.16 in the ‘Mincane’ grown in the Akc¢akoca region. Nut
shape index is especially important for export. It is an
important factor affecting the marketing, processing,
quality control and storage processes of hazelnuts. By
choosing symmetrical and regular shaped hazelnuts,
companies can improve product quality and thus achieve
a higher market value. It is also extremely important in
terms of addressing consumer preferences and ensuring
product segmentation (Anonymous, 2024b).

Nut shape was classified according to UPOV; 73% were
globose, 16% cylindrical, 7% long-sub
cylindrical, 2% ovoid and 2% conical. Curvature of basal
scare was evaluated under 3 classes and 53% was
determined as concave, 33% as flat and 14% as convex.

short-sub
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Shape of apex was evaluated under 4 classes and 47%
was determined as narrow acute, 34% as broad acute,
14% as obtuse and 5% as truncate. When genotypes
were grouped according to the number of nuts in cluster,
genotypes with one nut in the cluster were determined as
13%, genotypes with two nuts as 17%, genotypes with
three nuts as 42%, genotypes with four nuts as 17%, and
genotypes with more than four nuts as 11% (Figure 9).
Caliskan (1992) determined the number of nuts in
cluster of genotypes preserved in the Hazelnut Research
Institute field gene bank between 1.42-6.40. While
Beyhan and Demir (1998) determined the number of
nuts in cluster in the ‘Palaz’ to be between 1.82-2.15,
islam and Ozgiiven (2001) determined it to be between
3.25-4.67. Although a higher number of nuts in cluster
generally means higher yield, this is an indication of a
balance between yield and quality. Balik (2018) noted
that the number of nuts in cluster may change due to the
effect of pollen, and if there are too many, the shape of
the nut may deteriorate. Bak et al. (2024) reported that
nut weight and nut length decreased when the number of
nuts in cluster was more than four in ‘Fosa’.

When the genotypes were grouped in terms of plant
height, it was determined that 75.39% were taller than
4m, 22.24% were between 3-4m, 1.58% were 2-3m and
0.79% were between 1-2m (Figure 10). Caliskan (1992)
grouped 676 genotypes preserved in the field gene bank
of the Hazelnut Research Institute into 8 classes ranging
from very short (< 150cm) to very tall (601cm <) and 4 of
the genotypes were categorized as very short (< 150cm),
108 as very short-short (151-250cm), 202 as short (251-
300cm), 234 as short-medium (301-350cm), 57 as
medium-long (401-450cm), 26 as long (451-500cm), 28
as long-very tall (501-600cm) and 17 as very tall (601cm
<). In the same study, the habitus of the genotypes was
also evaluated and 60.5% were classified as spreading,
28.7% as semi-erect, 10.5% as upright, 0.24% as
drooping and 0.12% as very upright. In recent years, the
development of cultivars suitable for mechanization has
become more important in developing cultivars with
strong growth and upright growing habitus (Anonymous,
2024a).

Nut shape

80
60
40
20
0
Globose  Short-sub  Long-sub Ovoid Conical
cylindrical cylindrical

Curvature of basal scare
60

40
20
0

Concave Flat Convex

Shape of apex

50
40
30
20
10

0

Narrow acute  Broad acute Obtuse Truncate

Number of nuts in cluster
60

1 2 3 4

4<

Figure 9. Classification of genotypes according to nut
characteristics (%).

0.79%

®1-2m
®2-3m
3-4m

m4<

Figure 10. Classification of genotypes according to plant
height (%).

Leaf length, leaf width, petiole length and leaf color of the
genotypes were determined (Table 2). Leaf length varied
between 8.92-15.36 cm. Caliskan (1995) determined the
leaf size (width+length/2) in Turkish hazelnut cultivars
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as between 7.9-11.8cm. Balik and Beyhan (2007)
determined the leaf length in the ‘Palaz’ as 10.23-
13.21mm. Bostan and Karakaya (2024) determined the
leaf length as 11.6cm in the hazelnut types they
examined in Giirgentepe district of Ordu province. Leaf
width of the genotypes was determined between 6.85-
12.89cm. Balik and Beyhan (2007) found the leaf width
to be between 9.09-12.19 cm in ‘Palaz’, while Bostan and
Karakaya (2024) found the leaf width to be 9.9 cm on
average in the hazelnut types they examined in the
Giirgentepe district of Ordu province. The leaf petiole
length of the genotypes was determined between 0.5-
2.68 cm. Balik and Beyhan (2007) determined the leaf
petiole length in ‘Palaz’ to be between 1.18-2.72 cm.

Table 2. Leaf characteristics of genotypes

Characteristics Max Min Average
Leaf length (cm) 15.36 8.92 11.09
Leaf width (cm) 12.89 6.85 8.86
Petiole length (cm) 2.68 0.5 1.37

In the study, the leaf shape of the genotypes was
evaluated under 3 classes according to UPOV and it was
determined that 59% of them had ovate/obovate, 25%
elliptical and 16% circular leaf shape. It was determined
that 54% of the genotypes had dark green, 37% green
and 9% light green leaf color. Yellow leaf color was not
recorded (Figure 11).

The size of the involucre is divided into three classes:
shorter, equal and longer. It was found that 79% of the
time it was longer than the nut, 18% of the time it was
equal to the nut and 3% of the time it was shorter. In
Turkish hazelnut cultivars, the involucre is longer and
tightly wraps the nut. This feature of the cultivars makes
mechanical harvesting difficult. Therefore, there is a need
to develop new cultivars suitable for mechanical
harvesting, which are separated from the involucre
spontaneously when ripe and where the husk is shorter
than the nut and wraps loosely (Anonymous, 2018)
(Figure 12). Balilk and Beyhan (2019) stated that
involucre characteristics may differ depending on the
pollinators.

Leaf shape
80

60

40

20

0

Ovate/obovate Elliptical Circular

Leaf color
60

40

20

0

Dark green Green Light green Yellow

Figure 11. Classification of genotypes according to leaf
characteristics (%).

Size of the involucre

100

80

60

40

20

0

Longer Equal Shorter

Figure 12. Classification of genotypes according to
involucre characteristics (%).

4. Conclusion

In this study conducted to determine the hazelnut
diversity in Diizce province, it was determined that the
hazelnut genotypes in Akgakoca, Cumayeri, Glimiisova
and Yigilca districts have a wide diversity in terms of the
examined traits. Considerable variations were detected
among genotypes in terms of nut size, nut shape, leaf
characteristics and involucre structure. It has been
determined that genotypes with globose nut shape and
high number of nuts in cluster can be evaluated
commercially. Research on the protection of hazelnut
diversity in the region should be expanded, genotypes
should be preserved in gene banks, characterised and
evaluated in breeding programmes.
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