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HIGHLIGHTS

¢ Different priming applications on seeds of hazelnut cultivars.

¢ Different parameters on germination were examined and it was determined that the effects of primer applications
showed different effects.

Abstract

Priming is a simple operation that partially hydrates seed in a controlled environment, followed by seed drying, allowing
germination processes to commence without the development of radicles. In this study, the germination of shelled and
kernel seeds of the Kara and Tombul cultivars was examined in relation to the effects of hormonal and hydro-priming
treatments. According to the results, the control group produced the best shelled seed of the Kara cultivar in terms of
germination rate, root length, root fresh and dry weight, plant fresh and dry weight, and number of leaves. The seeds of
the Kara cultivar kernel, 60 minutes of Perlan + 2 days of soaking in water in the control group (56.0 pcs), and the kernel
seeds of the Kara cultivar, respectively, and the seeds with shelled of the best Tombul cultivar (53.6 pcs), produced the
best results when the root diameters were measured. The application of 30 minutes of Perlan +2 days of soaking in water
to the seeds kernel of the Kara cultivar produced the best results in terms of leaf area, and the control group produced the
best results for the chlorophyll value in the seeds kernel of the Tombul and Kara cultivars.
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1. Introduction

One of the most significant species in the genus Corylus of the Betulaceae family is the European hazelnut
(Coryllus avellana L.) (Serdar and Akyuz 2017). The demand for hazelnuts in the food business is rising, and
there is a constant rise in production due to its high nutritional value worldwide. Turkey is the leader in the
world with 665.000 tons of hazelnut production in an area of 735 thousand hectares. (Anonymous 2023).

Hazelnuts have been used for nearly 5000 years and are employed in numerous products, from their fruit
to their wood (Silvestri et al. 2021). Although it thrives in cool, mid-altitude areas, the hazelnut tree can adapt
to different environmental conditions. It is a type of fruit that grows in the form of a hazelnut bush, can be
reproduced by bottom shoot, dip and grafting, and it has a monoic flower state. Fruit trees are typically
reproduced vegetatively because of their heterozygous structure. It has been observed that propagation by
tissue culture or by cutting of hazelnut plants have successful outcomes, however some other researches are
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still required to improve the production of hazelnut saplings (Islam et al. 2019; Kaplan et al. 2020; Rahemi et
al. 2016). Hazelnut bush cultivation system is widespread, particularly in Turkey and the Mediterranean
region (Silvestri et al. 2021) while single-stem cultivation system has recently been discovered to produce
greater yield and fruit qualities due to less labor. On the other hand bush cultivation system has long been
preferred since it renews itself with orchard bottom shoots and prevents erosion (Islam et al. 2019; Karata et
al. 2017).

Studies on rootstock breeding began in the United States in the 1940s and are still going strong today
because Corylus colurna L. has little to no tendency to shoots from the bottom. Grafting allows for the quick
development of new species without bottom shoots (Wilkinson 2005) and also makes it possible to take
advantage of rootstocks' outstanding qualities (Foidl and Paull 2008). Seedling and clone rootstocks are the
two categories of rootstocks. Compared to clone rootstocks, seedling rootstocks produce disease-free
individuals with a solid root system (Rahemi et al. 2016).

Because of their dormancy and pericarp structure, seeds with hard-shelled are challenging to germinate
(Ulu 2022). Due to this circumstance, both the workforce and the sapling production period are extended. As
with other fruit seeds, some pretreatments are made to hazelnut seeds to speed up germination. By folding,
dormancy brought on by the embryo is overcome (Alkan et al. 2015). By eliminating the seed coat or
surrounding tissues, physiological variables in the breaking of dormancy can be eliminated (Abbasi 2020).
Plant growth regulators like auxin, cytokinin, gibberellin, abscisic acid, salicylic acid, 6-Benzyladenine, and
Perlan, which encourage germination using the hormonal priming technique, are another way to overcome
dormancy (Adkins and Bellairs 2000; Baskin et al. 2000; Keshtkar et al. 2008). Another pre-germination
treatment is called "hydro-priming," which introduces very little water into the seeds during the initial stage
of water uptake in an environment with 100% relative humidity (Karakurt et al. 2010). Additionally, it is well
recognized that soaking techniques have a substantial impact on germination by allowing the inhibitors that
cause dormancy to dissipate or move away from the seed by weakening the impermeable testa (Akin 2004;
Edwards 1968; Giincan 1975).

To better understand how Perlan (18.5% GA4+7 + 18.8% 6-Benzyladenine) and hydro-priming applications,
which have an increasing impact on germination, affect the germination of the widely produced Tombul and
Kara hazelnut varieties in our nation.

2. Materials and Methods

The study was carried out in the climate cabinet of the Central laboratory of Bilecik Seyh Edebali University
during 2022 and 2023. In the study, 'Tombul' and 'Kara' hazelnut varieties, which have high economic value
in hazelnut production,were used as material, The seeds of the two hazelnut cultivars were obtained from the
producer's garden in Ordu province in 2022. The world's highest grade hazelnut cultivar, Tombul, is a very
productive type with round-shaped fruits and excellent oil, protein, and whitening rates. The Kara cultivar is
characterized by thick-shelled, dark-colored, big, low-fat hazelnuts. Perlan commercial preparation is a plant
growth regulator produced by Fine Agrochemicals Limited, containing (18.5% GA4+7 + 18.8% 6-
Benzyladenine.

Before the application, the seeds were soaked in 3% sodium hypochlorite solution for surface sterilization
for 10 minutes, washed several times with distilled water and mixed into perlite placed and folded at +4 °C
for 3 months. Some pre-germination treatments were applied to the shelled and kernel seeds of both cultivars,
after removing from stratification conditions (Table 1).

Table 1. Types and applications used in the experiment

Varieties Tombul Kara

Seed shape Shelled Kernel Shelled Kernel
1. Application Control Control

2. Application 30 min Perlan + 2 days soaking 30 min Perlan + 2 days soaking

3. Application 60 min Perlan + 2 days soaking 60 min Perlan + 2 days soaking

The collected data were subjected to analysis of variance at the 5% significant level by using the SPSS 23
package program.
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3. Results

Tables 2 and 3 illustrate the effects of soaking in water for specific periods (30 and 60 minutes) of seeds
treated with commercial preparation Perlan on germination.

The results showed that the pre-germination treatments were statistically significant (P<0.05) when seed
germination rates were considered. In the control group, germination rate of shelled seeds of Kara cultivar
was 80%, while germination rate was 20% in shelled seeds of Tombul and Kara cultivars treated with 60
minutes of Perlan and 2 days of soaking in water (Table 2).

Table 2. The effect of different applications on the parameters examined in the research

Germination Root Hypocotyl Hypocotyl Number of
L Root length . :
Application percentage diameter length diameter lateral root
(mm)
(%) (mm) (mm) (mm) (number)
TOMBUL- Shelled

Control 60,00ab 70,5ab 0,78bc 81,2abc 2,33d 56,0a
30 min PERLAN +2 46,6 ab 57,3b 0,95bc 103,5abe 1,38d 29,6abc
days soaking

60 min PERLAN +2 20,0 64,0b 1,40a 60,1bcd 2,10a 46,0ab
days soaking

TOMBUL - Kernel

Control 53,3abc 70,0ab 0,76bc 77,0bc 1,77cd 31,6abc
30 min PERLAN +2 33,3bc 54,1b 0,68bc 90,4abc 1,60cd 44,6ab
days soaking

60 min PERLAN +2 40,0bc 55,0b 0,60c 61,4bcd 1,80cd 42,6abe
days soaking

KARA- Shelled

Control 80a 113,9a 0,59¢ 124,4a 1,75cd 36,0abc
30 min PE'RLAN +2 26,6bc 55,1b 0,16d 0,0e 1,10e 31,3abc
days soaking

60 min PERLAN +2 20,0c 65,8b 0,83bc 47 Acde 1,30d 26,0abc
days soaking

KARA- Kernel

Control 53,3bc 77,2ab 0,77bc 109,9ab 1,39d 17,6¢
30 min PERLAN +2 40,0bc 52,3b 1,00b 89,0abc 3,10b 42,3abc
days soaking

60 min PERLAN +2 33,3bc 84,0ab 1,46a 24,3de 1,36d 53,6a
days soaking

The difference of root length and root diameter was found to be statistically significant in our study. The
best root length of the Kara cultivar shelled seeds in the control group was 113.99 mm, while the lowest was
obtained after 30 minutes of Perlan + 2 days of soaking in water of the Kara cultivar seeds (52.3 mm) (Table 2).
Rostamikia et al. (2018) reported that obtained from the kernel after four months of stratification period. The
difference of root diameters by the aplications was also statistically significant in our study at P<0.05 level. .
The highest root diameter values were obtained from kernel seeds (1.46 mm) of the Kara cultivar treated with
60 min Perlan + 2 days soaking. It is well recognized that hydro-priming and hormonal priming have beneficial
effects on seeds, and our findings support this (Ceritoglu et al. 2021).

The number of lateral roots was found to be statistically insignificant. The best number of lateral roots was
determined to be 56.0 pcs in the control group shelled hazelnut seeds of the Tombul cultivar, 53.6 pcs in the
60 minutes Perlan+2 days soaking application applied to the kernel seeds in the Kara cultivar, and the least
lateral root number was 17.6 pcs in the control group kernel seeds of the Kara cultivar. It turned out to be
statistically significant (P<0.05) when the root fresh weights were analyzed (Table 3). The control group of
shelled seeds of Kara cultivar had the highest fresh weight (2.95 g), followed by kernel seeds of Tombul
cultivar (1.73 g) treated with 30 min Perlan + 2 days soaking. In terms of root dry weights, the control treatment
in the shelled seeds of the Kara cultivar yielded 0.33 g, while the 30 minutes Perlan + 2 days soaking application
in the kernel seeds of the Tombul cultivar yielded 0.32 g (Table 3). Table 3 shows the fresh and dry weights of
the plants. The fresh weights of plants were found to be statistically significant (P<0.05). The shelled seeds of
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the control group Kara cultivar yielded the best plant fresh weight (1.42 g). The number of leaves data obtained
was judged to be statistically significant (P<0.05). The greatest number of leaves were obtained in the control
application of seeds with shelled from the land cultivar and the application of 60 minutes Perlan + 2 days of
soaking in kernel seeds from the Tombul cultivar. The optimal leaf numbers were found to be 6.08 pcs and
6.00 pcs (Table 3).

Table 3 shows the results of utilizing Adobe Photoshop CS6 Extend software (Ipek et al. 2014) to compute
the leaf area in cm2 based on the pixel value of the images generated by scanning the leaves with a gauge
(ruler) using a scanner. It was obtained by soaking treated seeds of the Kara cultivar with the maximum leaf
area, minus the shelled, in water for 30 minutes Perlan + 2 days. Table 3 provides the chlorophyll values
(SPAD) on the germination of seeds from several pre-treated hazelnut cultivars. The control application
Tombul and Kara cultivars kernel, yielded the highest concentration of chlorophyll. They discovered that there
was no change in terms of chlorophyll indices in a study on the germination of Guava (Sidium guajava L.)
seeds, which is similar to like our own conclusion (Nafiye et al. 2019).

Table 3. The effect of different applications on the parameters examined in the research

TOMBUL- Shelled

Plant fresh Plant dry Leaf
o Root.fresh Rooht dry weight weight number L‘eaf Amount of
Application weight weight ® ® (number) field chlorophyll
(g (g (cm2) (SPAD)
Control 1,20bc 0,12abc 0,82ab 0,32bc 5,00ab 28,2a 24,0b
30 min PERLAN +2 1,73b 0,05bc 0,27b 0,14cde 2,66b 23,4ab 23,6b
days soaking
60 min PERLAN +2 0,18d 0,02¢ 0,27b 0,065de 1,20¢ 17,4ab 26,4abb
days soaking
TOMBUL - Kernel
Control 1,27be 0,12abc 0,46b 0,29bcde 5,00ab 26,3ab 27,8a
30 min PERLAN +2 0,19d 0,26abc 0,27b 0,31bed 4,33ab 26,6ab 25,6ab
days soaking
60 min PERLAN +2 0,19d 0,32ab 0,46b 0,44ab 6,00 19,2ab 25,0ab
days soaking
KARA- Shelled
Control 2,95a 0,33a 1,42a 0,62a 6,08a 24,4ab 26,9a
30 min PERLAN +2 0,43cd 0,11abc 0,86ab 0,14cde 1,12¢ 29,5a 23,6b
days soaking
60 min PERLAN +2 0,45¢d 0,080abc 0,21b 0,05¢ 2,66b 8,43b 25,9ab
days soaking
KARA- Kernel
Control 1,12bcd 0,16abc 0,45b 0,11cde 4,60ab 32,1a 27,8a
30 min PERLAN +2 0,48cd 0,21abc 0,98ab 0,15cde 5,33ab 33,02a 25,3ab
days soaking
60 min PERLAN +2 1,46 0,16abc 0,20b 0,17cde 4,33ab 18,2ab 25,3ab
days soaking

4. Discussion

Beyhan et al. (1999) the germination rate of seeds treated to stratification between 12.3% and 39.5% was
determined in their study on seed germination and seedling growth of varied stratification and GA3 dose
treatments in hazelnut cultivars. The maximum germination rate was discovered to be 64.17% in the Cakildak
cultivar and 37.08% in the Kalinkara cultivar in the study examining the effects of potassium humate on the
germination of hazelnut kernels of various hazelnut varieties (Bostan et al. 2000). As the GA3 dose increased,
the germination percentage increased, but after a certain level, the best germination was obtained at 75 ppm
GA3 concentration, according to a study looking at the effects of various doses of GA3, and water applications
on germination in Turkish hazelnut seeds (Aygun et al. 2008).
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Yildirim et al. (2009) in a study on the germination of Chamaecytisus drepanolobus (Boiss.) Rothm species
seeds, it was shown that seeds kept in clean water for 48 hours had no germination whereas seeds kept in 10
ppm GA3 had the best germination. In a study where Ceratonia siliqua seeds were subjected to various
chemical etching treatments before germination, it was found that 30 minutes of H2SO4 + soaking in water for
2 days followed by 30 minutes in H2SO4 solution gave the best results. (Giibbiik et al. 2012). Carob seeds were
immersed in water after being exposed to sulfuric acid or mechanical abrasion, and germination rates ranged
from 10% to 80% (Kleynhans et al. 2016). Rostamikia et al. (2018). They evaluated the effects of folding in
hazelnut genotypes on germination in seeds with and without a shelled in their study, and they discovered
that kernel seeds had the highest germination rate of 51.66%. The maximum germination rate was found from
the 60-day folding treatment without chemical application in the study where varied folding and chemical
applications were done on the seeds of terebinth before germination (Hashim et al., 2018). Researchers
reported that gibberellic acid had no influence on germination rate in elderberry seeds that were not treated
with sulfuric acid, and that the germination rate remained constant at 67.50% with increasing doses of
gibberellic acid (Odabas et al. 2020). When the germination rate achieved in our study is compared to other
studies, itis shown that many studies obtain comparable or superior findings. The researchers discovered that
soaking the elderberry plant seeds in sulfuric acid (15 minutes) and 500 ppm gibberellic acid solution (24
hours) boosted root length by 22.6% compared to control seeds. (Odabas et al. 2020). Okatan (2017) discovered
that when abrasion and soaking in GA3 solution were applied to elderberry seeds, the rate of hypocotyl rose
by 143%. The best hypocotyl diameter of 3.10 cm was obtained from kernel seeds of Kara cultivar after 30
minutes of Perlan + 2 days of soaking in water. They reported 6.2 mm in the control application as a result of
the development status of the seedlings planted in the seedling plots by applying GA3 (0-50-100-200 ppm) at
different rates without folding in the hazelnut seeds (Beyhan et al. 1999).

In a study on Malta plum seeds, the lowest root wet weight was 0.04 g after pre-treatment with GA3,
whereas the greatest root weight was 0.09 g after 300 ppm GA3 application (Okatan 2017). In a study
conducted on hazelnut seeds, they reported that the highest rate of root dry weight was obtained from the
control group (56%) (Beyhan et al., 1999). For 24 hours, different concentrations of GA3 (control, 100, 200, and
300 ppm) were treated to Malta plum, and the root dry weight was 0.02 g in the control group and 0.05 g in
the highest 300 ppm treatment (Okatan 2017).

They discovered that applying nitric and gibberellic acid to black elderberry seeds at different intervals
had a detrimental influence on plumule fresh weight, resulting in a considerable drop (Odabas et al. 2020).
Plant dry weights were statistically significant (P<0.05). The control group yielded the best plant dry weight
(0.62 g) in the shelled seeds of the Kara cultivar. This was followed by the plant dry weight (0.44 g) of 60
minutes Perlan + 2 days of soaking.

5. Conclusions

Because of dormancy and the hard shell, germination takes a lengthy time in hard-shelled fruit species.
Both breeding experiments and rootstock production require rapid and smooth germination. In this study, the
responses of pre-germinated hazelnut seeds of Kara and Tombul cultivars to Perlan and soaking applications
were determined. The control application of shelled seeds of the Kara cultivar produced the best results in
many metrics tested, including germination percentage. Three months of cold folding was found to be
advantageous for the cultivation of shelled seeds by direct sowing in nurseries and forest regions. Perlan
application and soaking applications, in addition to folding, have a favorable influence on several parameters.
As a result, it is suggested that the study should be expanded in future studies by increasing the number of
species and applications.

Author Contributions: The authors have an equal contribution. All authors have read and agreed to the published version
of the manuscript.
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